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 It was 1995, in Dresden, Germany. I had stopped to linger over the display in a bookstore 
 window. Suddenly, my eye caught the cover of a book with two pictures of spruce discs. 
My curiosity as a forester was piqued. The title read, “Holzfehler – Die Abweichungen von der 
normalen Beschaffenheit des Holzes” (“ Wood Defects  –  Deviations from Standard Wood 
Structure ”), by Hermann Knuchel. I hesitated, because, as far as I knew, the book had been 
published last century, back in the 1930s. This had to be a new version of the 1934 edition. But 
why a reprint after 60 years of advances in wood research? Was there no more recent work of 
its kind? 

 Investigating further I learned that since Knuchel’s work, many studies had indeed touched 
on the topic of “wood defects” with some surprising new fi ndings, but none provided such a 
systematic overview as Knuchel had in his day. “Wood defects” were either the subject of 
 in- depth scientifi c research, carried out by specialists and published for specialists in scien-
tifi c journals, or they appeared as subtopics in broader works on wood and wood processing, 
never as the main subject. Yet, the impact of “wood defects” on price and intended use plays 
just as important a role in the marketing and manufacturing of wood today as they did back 
in 1934. 

 Since that memorable day in front of the bookstore window, I’ve been nurturing a dream to 
publish a revised study on “wood defects”; at the same time fully aware of the diffi cult balanc-
ing act between covering the topic in suffi cient scope and breadth while maintaining the 
desired technical and scientifi c depth. 

 I began by refl ecting on the term “wood defect” and the unfortunate way it can stigmatize 
wood. Can’t the same characteristic that prevents the wood from being used for a specifi c pur-
pose actually make it suitable for another? Of course. For this reason, going forward I began 
using the more neutral term “wood characteristics”. 

 The book begins by discussing the “General factors leading to the formation of wood char-
acteristics”. These infl uences are responsible for the diversity among the wood characteristics. 

 The individual characteristics are then categorized into four groups of wood 
characteristics.
    1.     Wood characteristics inherent in a tree’s natural growth . 

 These include changes to a tree’s stem contour, limbiness and anatomical structure.   
   2.     Biotically induced wood characteristics . 

 Involving all tree internal and external wood characteristics created by micro-organisms, 
animals and humans or plants.   

   3.     Abiotic induced wood characteristics . 
 Wood characteristics created by heat, cold, humidity, wind and other external forces.   

   4.     Crack forms and causes , where different causes can lead to cracks with similar forms or 
different forms can have the same causes, are assigned to a separate group of 
characteristics.     
 The chapters on the individual characteristics generally cover these fi ve questions:

    1.    How can the characteristic be described (anamnesis)?   
   2.    What are its causes (diagnosis)?   
   3.    How can characteristics be infl uenced as the tree grows (prophylaxis)?   
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   4.    How does a characteristic effect the various ways the wood is used (impact assessment)?   
   5.    How can technology respond to wood characteristics (treatment)?     

 The discussion on the individual wood characteristics is supported by corresponding illus-
trations and a separate section of photographs shows examples of how the characteristics typi-
cally appear in nature. The English edition of “Wood Characteristics” maintains the same 
objective as the 3rd 2010 German edition (Richter 2010). 

 The book addresses all who work with wood professionally. Foresters, gardeners and arbor-
ist want to be able observe a living tree and identify its internal features and the causes of any 
existing wood characteristics. Based on these fi ndings they can determine how to avoid certain 
undesirable characteristics, or alternatively how to promote favorable characteristics as the tree 
and stand grow. 

 My aim is also to address wood technologists seeking to prevent the impact of adverse 
wood characteristics on wood processing, or enhance any favorable wood characteristics, as 
the case may be. Lastly, it gives options for technically adapting, handling and processing 
wood with specifi c wood characteristics. 

 Botanists and dendrologists learn how wood characteristics occur, how they affect living 
trees and wood products, and how they can be either avoided or encouraged. 

 New to this English edition is a comparison of wood characteristics found in trees from the 
boreal, temperate and tropical climate zones. The results show a clear relationship between the 
effects of sunshine duration, the vertical and horizontal angle of radiation, and crown coverage 
and the way wood characteristics form. 

 The infl uence of wood characteristics on wood quality – compiled in numerous national 
wood grading standards – is discussed to an extent that clearly shows the connection between 
wood quality and wood price in the timber industry. 

 The knowledge gathered in this book is based on the scientifi c and practical work of forest-
ers, wood technologists and biologists spanning many generations. Without them, but also 
without the more recent generous support of certain people and institutions, this edition of the 
book could certainly never have been completed. Therefore I extend my special thanks to 
Michael Köhl, Institute for World Forestry at the University of Hamburg, for encouraging me 
to pursue this new edition; Gerald Koch and Hans-Georg Richter (Thünen Institute of Wood 
Research Hamburg) for supporting me with their wood science expertise. 

 I would like to thank the German Federal Ministry for Food and Agriculture (BMEL) for 
providing the material basis for the necessary research in the tropics; the staff at the Centre for 
Agricultural Research (CELOS), the Stichting voor Bosbeheer en Bostoezicht (SBB) as well 
as Jos Dennebos, Herman Fräser and Rasdan Jerry (E-Timberindustry) in Surinam, along with 
my colleagues Bernhard Kenter, Timo Schönfeld and Lars Niemeier (University of Hamburg), 
who helped make the wood science research in Surinam possible. 

 My great appreciation is extended to my fellow colleagues from the School of Forestry 
Management at the Technical University of Dresden, especially Claus-Thomas Bues and Ernst 
Bäucker, for the photographic material they provided and the insights I gained from them dur-
ing our numerous professional discussions. 

 I also sincerely thank Susan J. Ortloff (Oregon, USA) for her sensitive translation. The 
fi nancial resources for this purpose were mainly provided by the University of Hamburg and 
the BMEL. 

 Representative for professional cooperation with Springer-Heidelberg, I thank Christina 
Eckey (Senior Editor, Plant Sciences) and Anette Lindqvist (Production Coordinator) for edi-
tion from “Wood Characteristics”. 

 Last but not least, I thank my wife, Dorothea, for her many years of patient understanding 
when quite often, instead of spending time with her, I spent it entrenched in this project.  

  Tharandt, Germany     Christoph     Richter   
  Summer 2014 
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   Wood, a Truly Remarkable Material        
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                  Wood consists of different types of cells, each with specifi c 
functions: transportation, support, and storage. At 20× 
 magnifi cation, it is easy to see how the various cells in a soft-
wood sample together create a distinct structure (Fig.  1.1 ). 
The most common cell type, longitudinal tracheids, trans-
ports water up the length of the trunk, giving the tree stabil-
ity. Wood ray tracheids transport nutrients in a radial 
direction. Longitudinal parenchyma cells store food reserves, 
while wood ray parenchyma cells support the exchange of 
material both radially and to neighboring tracheids.

   In evolutionarily younger hardwoods, the cells are even 
more specialized (Fig.  1.2 ). The vessel cells bind to create 
highly effi cient water pipelines. The narrow-lumined vessel 

tracheids transport water. The wood fi bers mainly provide 
stability. The longitudinal and pith ray parenchyma cells 
both transport and store nutrients.

   The cells mainly run longitudinally up the length of the 
tree stem. This leads to anisotropy with differing wood 
 properties in the longitudinal, radial, and tangential 
 directions. This also leads to variations in mechanical 
 stability. As such, the wood’s tensile strength is nearly two 
times higher than its compressive strength. The bending 
strength, a combination of tensile and compressive strength, 
lies somewhere in between. There is considerable difference 
between the strength of the wood running along and against 
the fi bers. Among all tree species, the ratio of tensile strength 

      The Anatomical Structure of Wood   1

  Fig. 1.1    Microscopic structure of softwood. Wagenführ ( 1966 ) from 
Oliva in Tortorelli.  A  Cross section,  1  tracheids,  B  tangential section,  2  
wood rays,  C  radial section       

  Fig. 1.2    Microscopic structure of hardwood. Wagenführ ( 1966 ) from 
Oliva in Tortorelli.  A  Cross section,  1  vessels with tylosis,  B  tangential 
section,  2  libriform fi bers,  C  radial section,  3  wood rays,  4  longitudinal 
parenchyma       
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along and against the grain is 100:3 … 4, and the ratio of 
 compressive strength along and against the grain is 100:14 
… 21 (Niemz  1993 ). 

 This anisotropy continues microscopically in the growth 
rings of trees from temperate regions as new cell layers form 
during the cambium’s vegetative period. Ring-porous 
 hardwood develops wide-lumined vessels at the start of the 
vegetative period and narrow-lumined vessels later on in the 
growth process. In much more common diffuse-porous hard-
woods, the vessels are smaller, but equally distributed 
throughout the growth rings. In softwood growth rings, the 
wide-lumined earlywood tracheids differ abruptly from the 
narrow-lumined latewood (Fig.  1.3 ).

   In the constantly humid and warm tropical climates, 
trees typically form increment zones without any signifi cant 

a

b

c

d

  Fig. 1.4    Cross section of 
tropical woods with variations 
in increment zone boundaries. 
Enlarged: 1:10 (Photos: 
Richter and Oelker ( 2003 ). 
( a ) Massaranduba ( Manilkara 
bidentata ): Increment zone 
visible or only distinguished by 
density variations in the tissue. 
( b ) Cumarú ( Dipteryx odorata ): 
Increment zone light or 
indistinguishable boundaries 
(not to be mistaken for the dark 
brown stripes). ( c ) Sapeli 
( Entandrophragma cylindricum ): 
Increment zone marked by 
narrow parenchyma bands. ( d ) 
Teak ( Tectona grandis ): One of 
the few ring porous woods in the 
tropics; increment zone clearly 
visible by the large pores in the 
earlywood       

latewood

earlywood

a

b

c

growth ring

growth ring

growth ring

latewood

earllywood

latewood

earlywood

ash (Fraxinus excelsior)

birch (Betula pendula) 

pine (Pinus sylvestris)

  Fig. 1.3    Cross section of a ring porous ( a , ash ( Fraxinus excelsior 
hardwood )), diffuse porous ( b , birch ( Betula pendula hardwood )), and a 
softwood ( c , pine ( Pinus sylvestris )). Enlarged: 1:4 (Photos: E. Bäucker)       
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 distinction (Fig.  1.4 ). Periods of rain or drought, or 
 periods of dormancy or defoliation, appear as increment zone 
boundaries and are distinguished more or less clearly by vari-
ations in cell size, diffused parenchyma bands, and tissue 
density (Fig.  1.4 ) (Sachsse  1991 ). Given the varied growth 
conditions and the signifi cant variety of species in tropical 
and subtropical forests, the exact age of tropical trees cannot 
be determined based on increment zones (Harzmann  1988 ).

   The width and structure of the individual growth ring or 
increment zone mainly depends on the growth capacity of 
the specifi c tree species, nutrient supply, temperature, and 
 precipitation during the vegetation period, as well as on seed 
years and any damaging events such as drought and insect 
infestation. 

 Anyone who has ever chopped wood has taken advantage 
of this anisotropy. Wood is easiest to cut lengthwise because 
it splits along the grain. Felled trees split due to the release of 
internal stress within the wood, starting at the cut and con-
tinuing down the length of the stem. Wood rays running in a 
radial direction also make the wood relatively easy to split 
from the lateral surface towards the pith. Excellent examples 
of this are frost cracks on the tree bark. By contrast, wood 
cannot be split against the grain. The tree’s structural build-
ing blocks are arranged so that the greatest stability origi-
nates in the direction of the trunk’s axis. 

 Wood’s signifi cant compression strength and the double 
as high tensile strength along the fi bers enable a tree to hold 
up under gravity and other external forces. Thus, for  example, 
an ancient spruce ( Picea abies ) growing on a mountaintop 
has the strength to withstand several tons of snow and ice. 
Witnessing a tree being hit by a strong gust of wind also 
offers an excellent example of why a tree needs to have its 
greatest stability along its fi bers. 

 In tropical primary and secondary forests, heavy crown 
competition leads to slender, solid wood trees. Forces applied 
to the foliated crown result in extreme bend and torsion 
effects, to which the tree reacts by building reaction wood, 
spiral-grained wood, or uniquely formed stem surfaces. 

 Only by understanding wood’s anatomical structure is it 
possible to understand why a specifi c wood characteristic 
forms and how it affects the way the wood is put to use. 
Ultimately, every question regarding wood characteristics is 

actually a matter of wood anatomy. This is true for timber 
from both temperate zones and the tropics. 

 Comparing the anisotropic material of wood with other 
materials clearly shows that the latter have homogeneous 
microscopic structures (metals, glass) or that the structural 
elements (chips, fi bers in plate materials, and mineral 
 formations in layered rocks such as slate and gneiss) are 
homogeneously distributed more or less into two levels. 
This homogeneous structure of amorphous materials, or the 
layered structure of particle materials or rocks, is often 
 preferred over wood because it is easy to access their 
 material and  processing properties. These materials are 
“predictable.” 

 Nevertheless, clear, defect-free wood expertly used also 
has excellent performance characteristics. So, for example, 
the breaking length of wood fi bers (length, at which a stick 
breaks under its own weight) is 15,000 m; in steel St37 with 
same cross section, it is only 4,700 m (Bosshard  1984a ). 

 Throughout history, the biggest self-supporting vaulted 
ceilings were made from timber, not concrete. The world 
record for the heaviest aircraft cargo load was set by the 
Spruce Goose, a wooden airplane built in the United States 
to transport troops during the Second World War (Matzek 
 1985 ). This record stood for six decades only to be broken by 
the high- tech Airbus A 380 with a loading capacity of 853 
people (Spiegel  2006 ). 

 Enthusiasm over wood’s truly remarkable properties, 
however, often fades in practice when a characteristic 
 surfaces making the wood diffi cult or even impossible to 
use: A branch within a frame limits the calculated fatigue 
strength; a batten with missing wood fi bers cracks under 
stress; a stained veneer sheet is unsuitable for high-quality 
use. Repeatedly, these often unexpected defects threaten to 
spoil the reputation of wood as a reliable working material. 
These characteristics hidden inside the wood, or often clearly 
visible on the stem surface, vary from the tree’s “normal” 
growth or from the “normal” structure of the wood and can 
signifi cantly infl uence how the wood is used. Therefore, it is 
important for anyone working with wood to be familiar with 
main wood characteristics, how they form, how to prevent 
them, and how they impact the quality of the end product and 
the wood’s potential technical adaptation.                 

1 The Anatomical Structure of Wood
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                  The way a tree looks on the surface and its internal features 
are in fact determined by a set of characteristics. These char-
acteristics form during the natural growth cycle. They 
include stem shape, branch formation, bark features and the 
anatomical structure and color of the wood. Throughout the 
seasons, external events such as temperature variations, rain, 
snow, wind and lightning also affect the tree. Biotic infl u-
ences caused by fungal and insect attack, animals, plants, 
and human activities also play a role. 

 Surface and internal features make each tree unique. 
These characteristics are not necessarily defects. Whether 
they are viewed as (neutral) characteristics or defects is sim-
ply a matter of perspective. 

 Possible approaches are:
    From a tree’s perspective, a characteristic is only a defect if it 

signifi cantly infl uences the tree’s natural life expectancy.  
 Rot can weaken a tree’s stability or impair vital functions. 

A low stem break can kill the trunk with an abrupt loss of 
crown and foliage (Fig.  2.1 ). Yet an unusual stem shape, a 
knot, or obviously the branches, which play an indispens-
able role in the assimilation process, would not be 
 considered defects.

      From a woodworker’s perspective, the characteristics are 
defects if they make the wood diffi cult or impossible to use 
for a specifi c purpose  (Fig.  2.2 ).

    As a result, a wood characteristic is not a defect if it does not 
interfere with the wood’s intended purpose or if it renders 
the wood useful for a specifi c purpose (Fig.  2.3 ).  

      Wood Characteristic or Defect?   2

  Fig. 2.1    The fork break in this beech ( Fagus sylvatica ) ( left ) and the 
deeply imbedded rot in a Gronfolo ( Qualea rosea ) ( right ) in the tropical 
rain forest are life-threatening defects from the trees’ “perspective”       

  Fig. 2.2    Not all branches are equal: This limby spruce will (only) 
 provide lumber full of ingrown and black knots. A branch – at least one 
with the dead black knot – is seen as a wood defect       

  Fig. 2.3    A yew ( Taxus ) stem with many small branches (twigs, 
 suckers) can be used to make valuable burl veneer. In this case, the 
cluster of knots is seen as a desirable wood characteristic       
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   Happy are the ecologists and aesthetes. Where others see 
wood defects, they see wood characteristics, special traits, 
unique to a tree and refl ecting a synergy among biozones. 
They accept them as an expression of nature: diversity of 
shape, originality, vitality, and passage of time  (Fig.  2.4 ).
      The following chapters discuss wood from the viewpoint 

of the woodworker. For the most part, the neutral term 
“wood characteristic” is used. Only when a specifi c feature 
 interferes with an intended purpose will the negative term 
“defect” be used. 

 Since time immemorial, people have determined the 
ideal shapes and properties of a tree stem or a piece of 
wood based on the ultimate end product. In the Stone Ages, 
wood used to make a spear had to be straight, slender, and 

elastic, while wood intended for the handle of a fl int ax 
needed to be solid with a hook shape. Carpenters of the 
Middle Ages preferred oak for beams because wide growth 
rings made the wood more resistant to bending. In Lapland, 
people made sturdy sled runners from sickle-shaped root 
crowns. And well in to the nineteenth century, tree parts 
selected for their naturally formed shapes were highly 
prized in shipbuilding (Fig.  2.5 ). In modern times, given 
the constant improvements in manufacturing, solid, 
straight-stemmed, branch-free trees have become the pre-
ferred standard. Demands on stem quality are greatest in 
furniture and cabinet making (Fig.  2.6 ).

    The wood’s specifi c end purpose, therefore, determines 
whether a wood characteristic is considered a defect, a minor 
variation, or even a desired feature. Wood has quality when 
it is suitable for a specifi c end purpose. Thus, it is essential 
that a woodworker has a good understanding of the basic wood 
characteristics. Some wood characteristics are either directly 
visible or indirectly apparent on a live tree and therefore are 
given special attention. This is partly necessary because, on the 
one hand, early identifi cation saves time and energy spent pro-
cessing unsuitable wood. And on the other hand, recognizing 
a desirable wood characteristic early on can result in the wood 
being graded for a much higher quality product. Timber experts 
and wood technologists have been searching for effective ways 
to accurately predict the quality of the processed wood based 
on the quality of the timber. Basic guidelines, such as the Swiss 
OPS or the Swiss Timber Industry Standards, rate stem quality 
in the lower portion of the stem (near 8 m high) in three groups, 
optimal, satisfactory, and poor, and are capable of identifying 
10–30 % of the defects found in the logs (Stepien et al.  1998 ). 

 More detailed quality classifi cation procedures currently 
exist which, while quite time consuming (such as laser scan-
ning), also provide a more accurate quality appraisal for 
veneer or log grade timber (Schute  1972a ,  b ; Richter  2000 ; 
Willmann et al.  2001 ; Schütt et al. ( 2005 )). 

  Fig. 2.4    After 1,000 years of growth, Germany’s oldest oak ( Quercus 
robur ) is beyond any consideration of use (Ivenack, Germany)       

  Fig. 2.5    In shipbuilding, care was given to use naturally shaped wood 
for the various parts of a vessel – i.e., branch forks ( red markings ), 
crooked branches, and curved stems. The photo to the  right  shows 
frames and stern posts made from an oak tree for the replica of a Viking 
ship (Roskilde, Denmark)       

  Fig. 2.6    German Spessart oak  (Quercus ) is valued for its straight, clear 
stem with regular growth rings and fl esh-colored wood – excellent for 
high-quality furniture and cabinet making       
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    Stepien et al. ( 1998 ) used a multiple regression model to 
predict the quality of wood from a survey of mature timber 
with an accuracy of about 60 % for beech, spruce, fi r, and pine 
( Fagus, Picea, Abies, Pinus ) and about 45 % for larch ( Larix ). 
   The assessment included the ten superfi cial tree  features: 
branches, suckers, branch scars, bumps, sweep, crook, spiral 
growth, cracks, necrosis and cancers, (coarse bark only in 
larch). Only the fi rst 9 m of the stem were assessed in the 
study, because this section of the stem makes up 50–70 % of 
the value of softwood and 80–95 % of the value of hardwood, 
especially beech (Bachmann  1970 ); compare Fig.  2.7 .

   Log ends and branch stubs reveal additional, otherwise, 
hidden characteristics, useful for quality assessment, such as 
random color variations, decay, pith fl ecks, growth ring 
anomalies, reaction wood, and resin ducts. Including as 
many surface characteristics as possible, the quality of the 
round timber can be used to predict, with a relatively high 
degree of accuracy (estimated at around 60–80%), the qual-
ity of the future sawn timber or higher-end product. While 
the cost and expenditure of conducting a quality assessment 

increases exponentially with the breadth of the survey, fail-
ure to conduct a precise quality assessment results in lost 
revenue. The only way really to mitigate this contradiction is 
by knowing how to assess wood characteristics. 

 Timber grading practices vary signifi cantly around the 
world. The most simplistic method grades logs solely based 
on length and particularly the average diameter. Today, this 
method is only used in countries with (alleged) timber surplus 
and simultaneously low harvest yields. As demand for tim-
ber rises, grading standards pay increasingly more attention 
to features that naturally develop during the course of a tree’s 
life, biotic and abiotic characteristics and crack formations. 
These grading systems consider characteristics that adversely 
affect a log’s end purpose as defects. Characteristics which 
allow special usage are considered benefi cial. This leads to 
a differentiated pricing on the international timber market. 

 In many countries, the requirements for dimension, grade, 
and end use of commercial timber are set forth in offi cial 
standards or regulations. Germany followed its own com-
mercial timber grading rules (HKS  2002b ) until 2012. The 
standards recommended for members of the European Union 
are set forth by the rules on dimension and quality speci-
fi ed by the European Committee for Standardization (CEN) 
(DIN  1997d ,  1998c ). There are also bilaterally accepted 
quality standards established between timber buyers and tim-
ber companies that regulate the timber market. As of 2013, 
German standards follow the framework agreement for sawn 
timber trade (RVR  2014 ). 

 It is impossible to list all the quantitative descriptions given 
to defi ne individual wood characteristics by the many interna-
tional grading standards (e.g., Carpenter et al.  1989 ). Therefore, 
the following descriptions of specifi c wood characteristics 
called or mentioned include extracts from German standards 
(both past and present), namely, the TGL (TGL  1977b ,  c ), 
HKS, CEN, and RVR. This seems justifi ed for timber from 
the temperate latitudes, because Germany’s quality standards, 
established to address a continuously decline in timber supply, 
date back to the fi fteenth century (Willing  1989 ). 

 There are three general recommendations for grading 
tropical timber (Lohmann  2005 , p. 87–89):
    1.    The French grading system, set by the “Association tech-

nique Internationale des Bois Tropicaux (ATIBT),” is 
based on points. Here, a maximum amount of penalty 
points are assigned to fi ve different quality grades for 
stems of specifi c lengths.   

   2.    French classifi cation for “fair merchantable goods” 
(Loyal et al. Marchande (L & M)). The merchantable tim-
ber is classifi ed into fi ve quality grades based on the 
amount of blemish-free wood, 87.5, 75, 62.5, 100, and 
50 %, respectively.   

   3.    English classifi cation according to “fair average quality” 
(FAQ). The merchantable timber is classifi ed into 5 qual-
ity grades based on the amount of blemish-free wood, 
100, 90, 80, 70, or 60 %, respectively.                            

Value 

[%]

Timber Relative height
soft-
wood    

hard-
wood

Timber Value  

[%]

100 100 1, 0            100 100 

90 90 0, 9 90 90

80 80 0, 8 80 80

70 70 0, 7 70 70

60 60 0, 6 60 60

50 50                    0, 5 50 50

40 40                    0, 4 40 40

30 30 0, 3                    30 30

20 20 0, 2 20 20

10 10 0, 1 10 10

0 0 0,0 0 0

vol.
HW
[%] 

vol.
SW
[%] 

  Fig. 2.7    Relationship between volume and value distribution of mature 
softwood and hardwood trees depending on relative tree height (Richter 
 2000  after Bachmann 1990)       
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                  With such variety among wood characteristics, one would 
think there would also be many different factors leading to 
their formation. Actually, however, there are only fi ve main 
“triggers”. 

 The two main “internal” triggers are:
•     Genetic predispositions  and  genetic alterations  in the tree 

(mutation, genetic defects)  
•    Alterations  in the tree’s internal  physiological processes  

(assimilation, nutrient supply, material transport, chemi-
cal reactions, …)    
 The three main “external” triggers are:

•     Light / radiation  (heliotropism)  
•    Mechanical stress  (geotropism, wind, lopsided crown …)  
•    Injuries / infections .    

 In nature, the effects of these fi ve factors often overlap 
making a simple cause-effect relationship diffi cult to iden-
tify. Nevertheless, it is important to try to describe how 
trees mainly react to these fi ve triggering factors before fur-
ther discussing the individual wood characteristics (formed 
in response to this “trigger”). These fi ve factors apply, in 
principle, for trees in the boreal, temperate and tropical 
zones. 

3.1     Genetic Predispositions, Genetic 
Alterations 

 All trees grow according to a genetically predetermined 
design. Hereditary information determines a tree’s outward 
appearance and its internal biochemical processes (Fig.  3.1 ). 
If a tree grows under normal site conditions (climate and soil), 
then woodworkers will usually be satisfi ed with its morphol-
ogy. Genetic changes, however, can cause single individuals, 
or provenances, to deviate from their tree species’ “normal 
form.” For example, external characteristics such as the fork-
ing tendency among birch ( Betula pendula ) (Fig.  3.2 ) or the 
extreme tapering tendency of Engelmann spruce ( Picea engel-
mannii ) (Fig.  3.3 ) are genetic. The same applies to fl uting in 
hornbeam ( Carpinus betulus ) (Fig.  3.4 ) or zwart parelhout 
( Aspidosperma excelsum ) (Fig.  3.5 ), the formation of fl anges 
in elm ( Ulmus laevis ) (Fig.  3.6 ) and djadidja ( Sclerobium 
melinonii ) (Fig.  3.7 ), or burls in spruce ( Picea abies ) (Fig.  3.8 ) 
and basralocus ( Dicorynia  guianensis ) (Fig.  3.9 ).

           Abrupt changes in a tree’s morphology and physiology 
can also be the result of a  mutation . A well-known example 
of a recent, potentially lasting mutation is the corkscrew- 

      General Factors Leading 
to the Formation of Wood 
Characteristics 

  3

A tree’s hereditary information is fixed in its genes,
deoxyribonucleic acid molecules (DNA). During
replication, the double helix typically divides into
two new, identical strands.

Errors occurring in DNA replication can lead to
modified growth. If these errors continue on to the
offspring, it is called a mutation.

  Fig. 3.1    DNA replication (a section of a 
DNA double helix structure model) 
(Buchner  2008 )       
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  Fig. 3.2    Genetic tendency to fork in (birch ( Betula pendula )  left ) or 
to mono crown (birch ( right )) (Erz Mountains, Germany)       

  Fig. 3.3    Genetic tendency to taper in Engelmann spruce ( Picea engel-
mannii)  (Yukon Territory, Canada)       

  Fig. 3.4    Fluted hornbeams ( Carpinus betulus ) (Germany)       
  Fig. 3.5    Fluted witte parelhout ( Aspidosperma marcgrafi anum )    (Surinam)       

  Fig. 3.6    Flanges in a European white elm ( Ulmus laevis)  (Oberlausitz, 
Germany)       

  Fig. 3.7    Flanges in djadidja ( Sclerobium melinonii ) (Surinam)       
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shaped growth of so-called dwarf beech trees ( Fagus sylvat-
ica, var. tortuosa ) (Fig.  3.10 ). Mutations also account for 
abnormal cell growth (Fig.  3.11 ) or can even trigger an 
abrupt transition from a wide to narrow crown in a spruce 
tree  (Picea abies)  (Fig.  3.12 ).

     Conclusion: Trees are bound to their genetic specifi ca-
tions. Woodworkers, therefore, must live with their genetic 
diversity and accept genetic variations in every conceivable 
form – unless they specifi cally breed trees to fi t their particu-
lar needs through  artifi cial selection  or a  controlled modifi -
cation of the genetic material .  

3.2     Impact of Physiological Processes 
Occurring Within the Tree 

 A tree’s vital functions are signifi cantly infl uenced by the 
location (climate, soil) on which it grows. The availability 
of water, nutrients, and light, in particular, determines its 
 internal biochemical processes. 

 A tree responds to  defi ciency symptoms  by altering its 
growth; for example, if a branch uses up the assimilates it 
produces itself, instead of exporting them to the stem for 
radial growth, a moulding will form in the stem section 
directly below the shade branch (Figs.  3.13  and  3.14 ).

     Air penetration  into the stem’s interior (branch breakage, 
internal stem dehydration) can result in oxidative processes 

  Fig. 3.8    Spruce ( Picea abies ) pimple (hazel growth) (Germany)         Fig. 3.9    Basralocus ( Dicorynia guianensis ) pimple (hazel growth), 
(Surinam)       

  Fig. 3.10    Mutation in beech ( Fagus sylvatica, var. tortuosa ) leads to a 
dwarfed corkscrew shape (Niedersachsen, Germany)       

  Fig. 3.11    SEM image of abnormally large tracheids in a spruce 
( Picea abies ) (Photo: E. Bäucker)       

  Fig. 3.12    Genetics may be the cause of the abrupt transition from a 
wide to narrow crown in this spruce ( Picea abies ) (Sweden)       
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that lead to facultative heartwood formation. Red heartwood 
formation is common in beech (Fig.  3.15 ).

    Climatic infl uences  (e.g., early frosts) can prevent cell 
components from depositing that are needed for pith 
 formation. In such cases, incomplete pith formations 
(Fig.  3.16 ), or double sapwood “moon rings” (Fig.  3.17 ), 
develop which are distinguishably lighter than the dark 
heartwood.

    The causes of the incomplete heartwood formation in the 
tropical kopi wood ( Goupia glabra ) shown in Fig.  3.18  are 
unknown.

    Microorganisms  can also redirect growth processes in 
trees to their favor, as easily seen on bumps, burls, and galls 
(Fig.  3.19 ).

  Fig. 3.13    Mouldings in a beech  (Fagus sylvatica ) below a shade 
branch (Germany)       

  Fig. 3.14    Mouldings in a bolletrie ( Manilkara bidentata ) (Surinam)       

  Fig. 3.15    Beech ( Fagus sylvatica ) with facultative red heartwood, vis-
ible as cloud heartwood, and pathological rot (black colored)       

  Fig. 3.16    Oak ( Quercus robur ) with incomplete pith formation       

  Fig. 3.17    Larch ( Larix ) missing pith leading to “moon rings” (Germany)       

  Fig. 3.18    Moon ring of unknown cause on kopi ( Goupia glabra)  
(Surinam)       

  Fig. 3.19    Oak ( Quercus  ssp.) burl (bud clusters) (Gran Canaria, Spain)       
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   Conclusion:  A tree can only infl uence conditions on its 
growing site over the long term and has no effect on the 
infectious impact of microorganisms.  Thus, a tree is incapa-
ble of preventing any characteristics that they may cause. 

 Humans can favorably infl uence a tree’s site conditions 
by improving the soil and through forestry management 
measures and thereby can gradually alter the physiologically 
triggered wood characteristics.  

3.3     Light/Radiation 

 The most important infl uence on tree growth is the 
 photosynthetic effect of direct and diffused radiation at 
wavelengths between 400 and 700 nm (Promis  2009 ). A tree 
is designed to ensure that its assimilation organs, needles or 
leaves, receive the maximum amount of sunlight. This 
 constant quest for light is called heliotropism. It affects trees 
in several ways:

    1.    Leaves and nonwoody shoots react to light variations 
throughout the day with growth movements or changes in 
turgor pressure in the leaf stems (Fig.  3.20 ).

       2.    Young, woody shoots can adjust to changes in radia-
tion by reorienting themselves through  growth 
movements .   

   3.    “Stronger” branches form reaction wood in response to 
permanent changes in light, appearing as  compression 
wood  on the underside of softwood branches and  ten-
sion wood  on the upper side of hardwood branches 
(Fig.  3.21 ).

       4.    The stem reacts to permanent changes in sunlight 
 exposure by forming reaction wood in its sapwood over 
the long term. Growth rings or zones widen on the 
compression- stressed side of the stem in softwoods or on 
the tensile-stressed side of the stem in hardwoods (Knigge 
 1958 ; Mette  1984 ) (schematic diagrams Figs.  3.22 ,  3.40 , 
and  3.41 ).    

  Fig. 3.20    Linden ( Tilia ), beech ( Fagus ), and ash ( Fraxinus)  leaves 
optimally positioned for maximum sunlight exposure (aerial canopy 
view shortly after foliation) (Hainich, Thuringia, Germany)       

  Fig. 3.21    Branches, crowns, and stems of hedgerow timber adjust 
themselves with the aid of reaction wood to receive optimal sunlight 
exposure (Erz Mountains, Saxony, Germany)       

Sunlight Sunlight

A tilted softwood 
stem (due to soil 
movement) is 
“pushed” upright 
again by 
compression 
wood.

Compression 
wood forms in 
the newly 
developed growth 
rings. This leads 
to an asymmetric 
stem cross 
section.

A tilted deciduous 
stem (due to soil 
movement) is 
“pulled“ upright 
again by tension 
wood.

Tension wood 
forms in the 
newly developed 
growth rings. 
This leads to an 
asymmetric stem 
cross section.

  Fig. 3.22    Principle of 
direction change in the stand: 
reaction wood formation, 
appears in softwoods ( right ) 
as compression wood, in 
hardwoods ( right outside ) as 
tension wood with 
simultaneous modifi cations to 
the stem cross section       
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   If competition from neighboring trees decreases as a tree 
ages, the tree’s terminal shoot will respond with a growth 
spurt, extending either upwards or sideways to fi ll the hole 

created in the canopy. In this case, phototropism (orientation 
of branches and stem towards the brightest light source) 
 suppresses the negative geotropism (effort to shift the 
stems center of gravity) (Strasburger et al.  1978 ). Heavily 
shaded branches will remain thin and eventually die from 
insuffi cient sunlight (Figs.  3.23  and  3.24 ).

    The more sunlight the branches receive, the thicker they 
grow. As a result, the stem experiences unequal levels of pres-
sure causing it to build  reaction wood  and leading to  asymmet-
ric growth rings  (Richter  2006a ), (Figs.  3.25 ,  3.26 , and  3.27 )

     A tree growing free from crown competition will 
 experience optimal branch growth and reduced growth in 
height. It will develop heavy branches and relatively wide, 
symmetrical growth rings and its stem will taper (low 
height – diameter ratio). This is how the tree optimizes its 
vital functions with limited energy expenditure (Fig.  3.28 ).

   In the boreal coniferous forests, the angle of vertical 
 sunlight during the summer is relatively low. Yet the 
 horizontal angle of the daily solar radiation is wide 

  Fig. 3.23    Heavy competition among coastal redwoods ( Sequoia semper-
virens ) leads to conical-crowned, well-formed stems (California, USA)       

  Fig. 3.25    Red oak ( Quercus rubra ) with stem corrections caused by 
long-term variations in sunlight exposure       

  Fig. 3.24    Rode kabbes stem ( Andira  ssp.) in a primary growth forest, 
solid wood, and branch-free under the crown (KABO, Surinam)       

  Fig. 3.26    A second-story oak ( Quercus robur ) reacts to a change in 
shade by reorienting its terminal shoot and bending its stem       

  Fig. 3.27    An extreme change in direction of a pine ( Pinus ) branch 
(loss of apical dominance, negative geotropism, strong heliotropism)       
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(see Table  3.1 ). The energy sum from global radiation is 
below 35 %, in relation to the cloud-free subtropics 
(Hatzianastassiou et al.  2005 ). Trees respond by developing 
low, vertically oriented stress zones and by growing towards 

the light (Fig.  3.29 ). Coniferous trees respond to the short 
vegetation period at low temperatures with an early onset of 
photosynthesis. Spruce starts to sequester CO 2  at 5 °C 
(Matyssek et al.  2010 ).

    In the deciduous forests of the temperate latitudes, the 
angle of light during the vegetation period ranges between 
44° and 67° (see Table  3.1 ). The energy sum of global 
 radiation is between 35 and 60 %, relative to the  cloud-free 
subtropics (Hatzianastassiou et al  2005 ). In the spring, 
shade leaves in the canopy’s upper and lower stories 
unfold before the sun leaves in the outer edges of the can-
opy. Since the photoreceptors in shade leaves utilize the 
dark red portion of the light more effi ciently and because 
shade leaves have a larger specifi c leaf area (SLA = spe-
cifi c leaf area (m 2 /kg)) than leaves (Matyssek et al.  2010 ), 
the lower story experiences a temporary lead in assimila-
tion. Given their chloroplast- rich palisade parenchyma, 
sun leaves probably have a higher CO 2  sequestration rate 
(Strasburger et al.  1978 ) than shade leaves, but also age 
faster. Therefore, a long period of assimilation in the fall 
lets foliage in the inner canopy and understory compen-
sate, at least partially, for the assimilation defi cit experi-
enced during the long summer days. In old growth beech 
forests, for example, the time difference between sun and 
shade leaves yellowing may be several weeks (Fig.  3.30 ). 
In this way, shade branches and suckers in the temperate 
latitudes are able to secure their minimum existence.

   In old growth tropical forests, the evergreen tree crowns 
are subjected year-round to sunlight with a steep vertical 
radiation angle. This leads to strong competition within the 
canopy (Fig.  3.31 ). Although the energy sum from global 
radiation is 60–75 %, in relation to the cloud-free subtropics 
(Hatzianastassiou et al.  2005 ), it only barely penetrates the 
dense, multilayered canopy, preventing shade branches and 
suckers from developing (Fig.  3.32 ). This phenomenon 
does not occur in geometrically arranged tree plantations. 
In such forests, enough lateral sunlight usually penetrates 
the canopy to delay the natural pruning processes, thereby 
increasing the potential need for artifi cial thinning 
measures.

  Fig. 3.28    Western juniper ( Juniperus occidentalis ) with a tapered 
stem and broad crown due to a lack of competition (Idaho, USA)       

     Table 3.1    Hours of sunshine, vertical and horizontal radiation based 
on geographic latitude (cgi Deutschland 2012; Oke 1978)   

  Tropics  
(equator/
Belém) 
year-round 

  Temperate 
zones  (45° N 
Lat./Lyon) 

  Boreale Zone  
(60° N Lat./
Helsinki) 

 Vegetation 
period 

 Vegetation 
period 

 May–
September 

 June–15 
Sept. 

  Daylight  (hours of 
sunshine) 

 4.400 h  2.100 h  1.700 h 

  Vertical 
radiation 
direction  
(vertical 
angle) 

 21.3./23.9.  90°  44°  30° 
 21.6.  67°  67°  53° 
 21.12.  67°  Dormancy 

  Horizontal 
radiation 
direction  
(horizontal 
angle) 

 21.3./23.9.  180°  180°  180° 
 21.6.  133°  240°  290° 

 21.12.  227°  Dormancy 

  Fig. 3.29    The oblique incident of 
light north of the Arctic Circle 
leads to heavily branched crowns, 
especially in spruce ( Picea ) 
(Rovaniemi, Finland, 68° N Lat)       
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    Depending on geographic proximity to the equator, the 
steady 12 h of sunshine, the steep vertical angles, and the 
relatively small horizontal angle of radiation keep shade 
branches and suckers from living long in dense tropical for-
ests with signifi cant canopy competition. 

 A model of this relationship is given in the pictures 
Figs.  3.29 ,  3.30 , and  3.32 . Basis for this are the numerical 
values from Table  3.1 . 

 Tropical tree species experience particularly strong 
 canopy competition as they compete for the light in dense 
tropical forests. Trees managing to reduce wood in favor 
of increased height growth may gain an advantage. 
They achieve this by decreasing their stem diameter and 
increasing stem length (large height diameter ratio). 
However, to achieve the necessary tensile strength, four dif-
ferent “design principles” have evolved with regard to the 
trees’ anatomical construction:
    1.    Prestressing of the trunk (mantle) 

 The outside of the tree trunk is held in tension; the inside 
is held in compression. When the tree is bent, this 

 prestressing usually manages to prevent it from breaking 
or bulging (principle of prestressed concrete  construction). 
If the stem axis needs to change direction, newly formed 
tension wood zones along the corresponding section of 
the trunk make the correction possible (Fig.  3.33 ).

       2.    Bandaging the trunk 
 As the tree grows in diameter, the fi ber directions periodi-
cally vary in relation to the stem axis. This alternating 
spiral effect increases the bending stiffness of the trunk 
(principle of the crisscrossing bandage) (Fig.  3.34 ). 
Direction changes in the stem axis result in the formation 
of tension wood.

       3.    Segmentation of the stem cross section 
 The stem is reduced to a “construction” of round, posi-
tively connected strands of wood (principle of timber 
frame construction). Tension wood can build on each 
wood strand in order to correct the direction of the stem 
axis (Fig.  3.35 ).

       4.     Stabilization of the stem base 
 Wide-spreading buttress roots form at the base of the 
stem (principle of foundation enlargement) improving the 
stability of the trunk (Fig.  3.36 ).
        These four “design principles” are often combined. They 

can also be found to a lesser degree in trees from temperate 
climates. 

 Conclusion with Regard to the Impact of Light/Radiation: 
 Trees can react to changes in light and radiation by  forming 
reaction wood.  This explains many of the different wood 
characteristics, especially those found in the tree trunks (cur-
vature, unroundness).  Depending on the amount of crown 
competition and the geographic latitude, sunlight and verti-
cal and horizontal radiation towards of the sun  infl uence 
branch growth and the formation of water sprouts on tree 
stems.  

 Over the course of their evolutionary history, trees have 
adjusted to heavy crown and light competition by developing 
 material-saving stem constructions that benefi t crown and 
root growth .  

  Fig. 3.30    Crown interior, water 
sprouts, and understory benefi t in 
the temperate latitudes from the 
early foliage outbreak as well as 
by the earlier leaf fall in the 
upper story (Tharandt, Germany, 
51° N Lat)       

  Fig. 3.31    Strong crown competition in the primary growth rain forest 
results in mushroom-shaped crowns. The only trees with a chance of 
survival have crown growth that can continue to keep pace with compe-
tition (KABO, Surinam)       

 

 

3 General Factors Leading to the Formation of Wood Characteristics



19

3.4     Mechanical Stress 

 When external forces impact the side of a tree or tilt the stem 
from its vertical position (wind exposure, snow buildup, soil 
movement, lopsided crowning), the tree responds by forming 
 reaction wood . Reaction wood counteracts the external 
 pressures and enables the tree to orientate its stem back to the 
light (phototropism) source or against gravity (negative geot-
ropism) and to better distribute the mechanical stress on the 
stem or branch (Knigge  1958 ; Mette  1984 ) (Figs.  3.37  and 
 3.38 ). Mattheck ( 1997  p. 14) describes this effect as the 
“axiom of constant  tension,” although this actually only 
applies to isotropic bodies and not to a living tree as an 
anisotropic body (Sinn  2009 ).

  Fig. 3.32    The steep angle of light 
incidence and strong crown 
competition in the tropical 
primary growth forests prevent 
water sprouts and low- setting 
branches (Witagron, Surinam, 4° 
N Lat)       

Top section

Tension release (excess)

Held in tension

Held in compression

Tension release (excess)

Break line

  Fig. 3.33    Growth stresses in hardwood: tensile stress in the sapwood 
and compression stress in the stem core. When a tree is felled and the 
internal tension is equalized. The resulting decompression inside the 
stem can lead to stress cracks (shakes)       

  Fig. 3.34    Periodically alternating spiral grain. The overlapping fi ber 
structure makes the stem diffi cult to split after it is felled       

  Fig. 3.35    The stem is formed from interlinked, bar-shaped strands       
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    Extreme mechanical stress applied horizontally is capable 
of superseding the forces of negative geotropism and partly 
outweighing the infl uence of heliotropism (Fig.  3.39 ).

  According to Rosenthal ( 2009 ) and Rosenthal and 
Bäucker ( 2012 ), the alignment of microfi brils in the cell wall 

is key to the formation of both compression and tension 
wood. In accordance with the lignin swelling theory, lignin 
molecules fi ll the available spaces between the already 
 existing microfi bril. As a result, compression stress occurs at 
a right angle to the direction of the microfi brils. If the 

  Fig. 3.37    Wind stressed Douglas fi rs ( Pseudotsuga ) straighten thems-
leves by forming compression wood       

  Fig. 3.36    Buttress roots improve the stability of this solid wood stem       

  Fig. 3.38    Leaning djadidja ( Sclerobium melinonii ) stem counteracting 
gravity with extreme tension wood formation djadidja ( Sclerobium 
melinonii ), Surinam       

  Fig. 3.39    Beech ( Fagus ) tilted by steady winds blowing across the 
North Sea Dike. The lateral stress superseded the geotropic forces and 
partially overrode the effects of heliotropism, Lower Saxony, Germany       
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 microfi bril angle – as typical for compressed wood – lies 
between 30° and 50°, based on the cell’s longitudinal 
 direction, then the compression stress caused by the lignin 
swelling will lead to an extension of the cell wall;  compres-
sion wood  forms (Fig.  3.40 ).

   If the microfi brils are not, or only slightly, angled in the 
longitudinal direction of the cell, then the compressive stress 
caused by the swelling of the lignin will lead the cell walls 
to thicken. In addition, a highly soluble gelatinous substance 
deposited in the wood fi bers shortens the cell walls during 
swelling. This leads the cellulose to contract (Matyssek 

et al.  2010 ) and  tension wood  forms (Wagenführ  1966 ) 
(Fig.  3.41 ).

   Softwoods form  compression wood  on the lower, com-
pressed side of leaning branches, root collars, and stems. 
Tracheids in compression wood are relatively short and 
rounded with signifi cantly thicker cell walls. A high level of 
lignin gives the growth rings on the compressed side a red-
dish brown color, making it diffi cult to identify the transi-
tion from early to latewood tracheids. The tendency to form 
compression wood differs between softwood species  
(Dadswell and Wardrop  1955 ), (Figs.  3.42  and  3.43 ).

    Hardwoods form  tension wood  on the upper side of the 
lean (Fig.  3.44 ). Tension wood is diffi cult to identify. In 
manu facturing, tension wood often produces wood with a 
“woolly” surface (Fig.  3.45 ). Tension wood can be identifi ed 

normal
tracheids 

Compression wood tracheids
expand during lignin swelling
(Wagenführ 1966). Lignin
swelling causes compression
stress exceeding 3,000 N/cm²
(Münch 1937)      

Cell wall section:
Microfibrils in the secondary
wall are aligned at an angle
to the longitudinal direction
of the cell S2   

Cell
Elongation

Longitudinal direction

Secondary wall S2 with
slanted microfibrils

Secondary wall S1 almost
vertically aligned microfibrils 

primary wall

Middle  lamella

Inter cellular

Adjacent cell wall section

Component
in the direction
of cell wall
thickening

Swell direction
of the 
microfibrils

Pressure
component in
direction of cell
elongation

30...50°

  Fig. 3.40    Principle of length variation in the compression wood of softwoods       

Cell shortening

Cellulose contraction,
particularly in the
gelatinous tertiary 
cell walls
causes tension

Normal
tracheid Tension wood tracheids shrink during lignin

swelling and cellulose contraction (Dadswell
and Wardrop 1955) 

  Fig. 3.41    Principle of length variation in tension wood of hardwoods       

  Fig. 3.42    Extremely eccentric growth at the stem base of a pine 
( Pinus ) after decades of unilateral wind stress (Germany)       
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chemically based on its high cellulose content with Astra 
blue. Among hardwoods from the temperate zones, beech 
( Fagus ), poplars ( Populus ), oaks ( Quercus ), and elms 
( Ulmus ) are particularly prone to forming tension wood 
(Mette  1984 ).

    Tropical hardwoods also form tension wood on sections 
of the stem that rely on short-term reinforcements in cases of 
gravitational crown shifts, particularly in primary forests 
(Fig.  3.46 ).

   Reaction wood in phylogenetically older softwoods 
places the wood fi bers under compressive stress and places 

phylogenetically younger hardwoods under tension. Because 
the compressive strength of wood fi bers is only about half of 
its tensile strength, about twice as much compression wood 
forms compared to tension wood under the same amount of 
stress. The difference in levels of reaction wood formation 
between a less stressed hardwood stem and a softwood stem 
can be seen in the stem cross sections (Fig.  3.47 ).

   Hardwoods are capable of reorienting themselves with 
less material expenditure than softwoods. For example, this 
ability is extremely pronounced in the tropical tree species 
witte parelhout ( Aspidosperma      marcgrafi anum ): The typi-
cally round- to oval-shaped stems become fl uted. Given the 
rapid changes in tensile stress, increment zones are only able 
to form in certain sections of the stem (Fig.  3.48 ).  

  Fig. 3.43    82 years of unilateral wind stress led to extreme compression 
wood formation in this juniper ( Juniperus communis ) (Finnmark, 
Finland)       

  Fig. 3.44    Tension wood pulls a beech ( Fagus ) upright after it is slanted 
by ground movement in sedimentary soil (Northern Limestone Alps, 
Germany (Nördliche Kalkalpen))       

Pull

  Fig. 3.45    Tension wood in a willow board ( Populus Salix alba ) with 
woolly fi bers and stress crack       

  Fig. 3.46    Extreme reaction wood formation in a hoogland bebe 
( Pterocarpus rohrii)  in tropical primary forest (Surinam)       

  Fig. 3.47    Pine ( Pinus ) ( left ) and birch ( Betula ) ( right ) crowns broken 
by snow pressure. The stems stabilized by forming compression wood 
and extreme cross-sectional changes in the pine ( Pinus ) and tension 
wood in the birch ( Betula ) (Finnmark, Finland) (Richter  2003b )       
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 Conclusion to the Infl uence of Mechanical Stress:  Trees 
are capable of actively reacting to mechanical stress by 
forming reaction wood.  

 This explains many wood characteristics, especially those 
which can be identifi ed from the trees’ outward appearance 
(curvature, unroundness, cracking).  

3.5     Injury 

 Trees react to stem injuries in the short term by producing 
 wound closure material . These exudates appear as water- 
insoluble resin in softwoods as well as in tropical species 
(Fig.  3.49 ). Tropical species are particularly adept in protect-
ing wound surfaces with water-soluble or water-retaining 
gums, resin-based kinos, or polyterpene-based lattices 
(Lange  1998a ,  b ,  c ) (Fig.  3.50 ).

    At the same time, trees respond internally to a stem 
injury or a broken branch by  walling off  the healthy tissue 
(compartmentalization) as follows (Dujesiefken and Liese 
 2006 ):
    Phase 1 : Air penetrates into the injured tissue and dries 

it out. Accessory components (chemical substances) 
deposit in the wood boundary layer of the dried tissue. 
Wound periderm forms to protect the water-conducting 
cells. In hardwoods, peripheral vessels with tyloses form. 
In softwoods, boarder pits close off any tracheids that 
are still intact. Softwoods with resin ducts respond by 
 accumulating resin. A callus forms around the wound in 
an effort to seal off the area.  

   Phase 2 : Wound periderm and wood boundary layers prevent 
harmful pathogens from further penetration.  

   Phase 3 : Pathogens spread through the wood. If a wood bound-
ary layer is penetrated, more boundary layers can form in 
which accessory components are again deposited.  

   Phase 4 : The wound is fully covered from the vertical wound 
boarder with  wound wood ; the pathogens are encapsu-
lated (Fig.  3.51 ).
      Wound wood differs anatomically from the normal wood 

in that it generally lacks wood fi bers, libriform fi bers, and 
tracheids. Instead, it forms thickened parenchyma cells. As a 
result, the wound wood is not as hard (Sinn  2009 ). 

 The healthy tissue initially walls itself off from air and 
later from microorganisms to different degrees in the longi-
tudinal, tangential, and radial direction, as well as along the 
boundary of the newly formed wound wood (Fig.  3.52 ).

   According to the CODIT model ( Compartmentalization 
of Damage in Trees ) by Shigo ( 1990 ), compartmentalization 
progresses as follows:
    Zone 1:  Minimal vertical compartmentalization occurs along 

the vascular system or tracheids (a few protective trans-
versal cell walls).  

   Zone 2 : Moderate tangential compartmentalization inter-
nally, along the growth rings (many pit transitions to adja-
cent cells).  

   Zone 3 : Good radial compartmentalization (relatively few 
ray cells).  

   Zone 4 : Very good tangential compartmentalization exter-
nally. This barrier protects the new tissue that developed 
after the wound from fungi.    
 The effectiveness of the compartmentalization process 

varies from tree species and depends on the season in which 
the injury occurs. Compartmentalization is generally more 
successful in the spring and late summer than in a tree’s 

Alternating, pronounced
increment zones linked to
tension effects in
Aspidosperma: 

Fluted increment zones
(1= youngest, 

11= oldest WZ)

A 1–5

B 2–4

C 5–6

D 5–8

E 10–11

C Normal stem surface

D

E B

C

C A

D

E B

C

C A

  Fig. 3.48    Tension wood 
caused by sudden 
repositioning of the stem 
and crown leads to fl uting in 
the tropical tree species 
witte parelhout 
( Aspidosperma 
marcgrafi anum)  (Surinam)       

 

3.5 Injury



24

 dormant periods (Dujesiefken and Liese  2006 ). Optimally, 
the wood in the wounded area is simply discolored, while the 
fi ber tissue remains mostly intact (Figs.  3.53  and  3.54 ).

    Under tropical climatic conditions, stem injuries and branch 
breaks caused by consistently severe infection stress often 
have serious consequences (Fig.  3.55 ). In the worst- case sce-
nario, the wound can lead to such extensive decay that the tree 
is unable to compartmentalize (Dujesiefken and Liese  1990 , 
 2011 ; Dujesiefken et al.  1991 ).

   A tree’s radial growth and the advancing decay are in 
direct competition. Trees with such extensive injury no lon-
ger add value to a stand (Fig.  3.56 ).

   A special type of wood wound with a similar anatomical 
structure is the so-called “ Wulstholz ” (bead wood) forms 
after compression failure, when the stem fi bers are com-
pressed beyond their limits (Figs.  3.57 ,  3.58 ,  3.59 , and  3.60 ). 
Like compression wood, the cell walls of Wulstholz have a 
very wide microfi bril angle, associated with reduced stiff-
ness (Trendelenburg  1941 ; Rosenthal  2009 ). Compression 
failure and fi ber fractures appear in trees from the temperate 
zones as well as in the tropics. Wulstholz can also form as a 
frost crack (Fig.  3.61 ) or as callused lighting groove 
(Wagenführ  1966 ). The Wulstholz seals off the wound from 
harmful pathogens, but does not increase the tree’s stability.      

 Conclusion to Stem Injury:  Trees are able to respond 
actively to stem injuries by  producing resinous exudates and 
forming wound wood or  “Wulstholz.”  Internally, the injuries 
are walled off through compartmentalization.  This explains 
many wood characteristics, especially those visible on the 
stem (unroundness, bulge), discoloration, and decay.  

3.6    Summary of the General Factors that 
Lead to the Formation of Wood 
Characteristics 

 Trees cannot actively respond to the two “internal” factors 
that create wood characteristics,  genetic predisposition  and 
 genetic modifi cation , nor to the  physiological conditions  to 
which they are subjected. The wood characteristics they trig-
ger are unavoidable. Trees do, however, have two effective 
means of actively responding to the three “external” factors 
light, mechanical stress, and injuries:
    1.    They react to light and stress factors by forming  reaction 

wood .   
   2.    They wall off injuries externally with  exudates  and 

 wound wood  or  Wulstholz  and internally through 
 compartmentalization .    
  The following fi rst introduces the principal “triggers” that 

cause wood characteristic to form then gives a comprehen-
sive overview of the main characteristics, and fi nally, Part   III    , 
discusses how the main triggers affect the development of 
the individual wood characteristics.                                

  Fig. 3.49    The resin groove in the pine stem ( Pinus ) has been callused 
over for 15 years. The wound is walled off, isolating it from infection 
(Brandenburg, Germany)       

  Fig. 3.50    The fresh wound on this bolletrie  (Manilkara bidentata ) is 
immediately sealed with latex milk (Surinam)       

  Fig. 3.51    An injury on an oak ( Quercus ) is walled off sideways by 
wound wood isolating the infectious area       
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Original injury area

injury area after
4 years

32

1

4

Border area walled off to the outside

Stem at time of injury

Stem four years after injury

  Fig. 3.52    Wound wood walls off an injury 
to different degrees at the various steps of 
compartmentalization (Shigo  1990 ).  Levels 
of compartmentalization in different 
directions :  1  longitudinal weakest wall,  2  
tangential, along the growth rings’ second 
weakest wall,  3  radial, along the rays, 
strong wall,  4  wound wood between wound 
and callus, strongest wall       

  Fig. 3.53    A logging wound in this beech ( Fagus ) is walled off by 
wound tissue and compartmentalized. Red heartwood forms behind the 
wound (oxidative discoloring and tyloses formation through drying)       

  Fig. 3.54    The bark damage in this spruce ( Picea ) is completely walled 
over       

  Fig. 3.55    12 years after a logging injury (only bark damage!), all 
wound wood sections have broken open in this tropical rain forest stem 
(Surinam)       
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Direction of decay

Stem bulge

  Fig. 3.56    Red rot ( Heterobasidion annosum)  only affects the dead 
heartwood of this spruce ( Picea ) ( left ). Because the red rot was not suc-
cessfully walled off, the tree can only survive through strong radial 
growth (bottle-shaped growth,  right )       

  Fig. 3.57    Wulstholz 5 years after a storm in a 70-year-old spruce stand 
 (Picea)  (Germany)       

Wulstholz

Compression
failure after 
Storm stress

  Fig. 3.58    Wulstholz walls off compression failure as a reaction to abi-
otic external stress       

  Fig. 3.59    Compression failure in the base of a zwart riemhout 
( Micropholis guyanensis, var. commixta ) (Surinam)       

  Fig. 3.60    The fi ber deformation in this spruce  (Picea)  was covered 
over by elastic Wulstholz       

  Fig. 3.61    Ash ( Fraxinus ) with frost crack sealed with Wulstholz       

 

 

 

 

 

 

3 General Factors Leading to the Formation of Wood Characteristics



   Part II 

   Wood Characteristics Overview        



29C. Richter, Wood Characteristics: Description, Causes, Prevention, Impact on Use and Technological Adaptation,
DOI 10.1007/978-3-319-07422-1_4, © Springer International Publishing Switzerland 2015

                  Wood characteristics are categorized into three characteristic 
groups along with an overview of the crack forms and causes:
   The fi rst grouping covers  wood characteristics that form as a 

tree grows naturally . These characteristics are either 
genetically fi xed or physiologically determined and 
develop naturally as a tree grows. For example, as every 
tree forms branches to transport assimilates, it also 
responds to light stimuli, site and climate infl uences, 
modifi ed nutrient supply, external forces and stress. The 
tree stem adapts by deviating from its normal contour. 

Branches respond by either growing stronger or dying off. 
Changes may also occur in the direction of the fi ber, tree 
ring structure or increment zone formation, and color of 
the wood. Humans can infl uence some of these character-
istics through forest management practices.  

  Important wood characteristics, particularly those visible on 
standing timber or felled logs, will be highlighted in this 
chapter with two stars (**). Wood characteristics not spe-
cifi cally covered in this chapter, but still mentioned in the 
descriptions, have one star (*).        

      Overview of the Main Wood 
Characteristics   4
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Wood characteristics inherent to a tree’s natural growth

Stem contour modifications
Taper**

Crookedness**
Forking**

Fused stem
True forking

Out-of-roundness**
Ovality 
Eccentric growth
Mouldings
Fluting/flanges

Limbiness
Branches**

Living branches
Dead branches
Suckers/epicormic shoots

Branch scars**
“Roses” (coarsely barked tree species)
“Chinese´s mustaches” (smooth barked tree species)
Branch bump   

Anatomical structure
Irregular growth ring formation**
Fiber orientation**

Spiral growth
Wavy growth
Fiddleback
Hazel growth

Reaction wood**
Compression wood in softwoods 
Tension wood in hardwoods

Wounds/“Wulstholz”**

Ingrowths
Resin pockets*
Bark pockets*
Mineral pockets

Growth stresses/stress cracks*
Color changes

True heartwood*  
Facultative heartwood*

Red/grey/olive/brown heart*
Irregularly formed heartwood*

4 Overview of the Main Wood Characteristics
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  The second group of wood characteristics comprises  biotically 
induced characteristics . These include microorganisms 
and animals that use tree parts as a food source or for nest-
ing. Human infl uences include injuries due to forestry or 
logging operations, as well as damage caused by warfare, 
carelessness, malicious intent, or special interest groups. In 
the tropics, parasitic or saprophytic plants and plants which 
use the tree for climbing support have the greatest impact.  

  With appropriate intervention, humans can minimize and 
sometimes even prevent the harmful infl uences of 
microbes, insects, and animals on the wood. Education 
and a sound understanding of effective forest manage-
ment practices can limit the threats posed by humans.  

  In tropical primary and secondary forests, human “correc-
tive” infl uence on the vulnerable ecosystems is always 
problematic.        

Biotically induced wood characteristics

Effect of viruses, bacteria, and fungi
Soft rot*

Blue stain
Red striped

White rot*
Red rot in spruce
Tinder fungus

Brown rot*
Pine tree rot
Honeycombing
Honey fungus

Rust fungi*
Necroses**
Cancer**

Burls/bark burls
Galls
Witches’ brooms

Effect of animals/humans
Molluscs 
Insect damage*

Damage by bark nesters
Damage by wood nesters

Vertebrates**
Birds
Browsing 
Rubbing 
Peeling 
Gnawing

Forestry operations**
Felling  
Hauling 
Resin extraction

Stem injuries**
Warfare 
Carelessness/malicious intent
Sports clubs/hunting 
Special interest groups/nature
Conservation

Effect of plants

(Semi -) parasites**

Climbers/twines/root climbers**

Abiotically induced wood characteristics

Temperature -humidity -effect
Bark scorch**
Dry crack*
Suction tension crack*
Lightning**

Lightning moulding
Lightning hole

Forest fire *

Frost crack/frost scar**
Frost heart*
Moon ring*
Hail
Water damage

Wind and snow effects
Compression failure/fiber fractures** 
Shear stress crack**
Branch demolition
Stem break*

Rock fall*

Crack forms with varied causes**

Heart shake, cross crack, star shake
Traversing shake        
Ring shake
“Spider” cracks
Radial shake
Tangential crack/ “schilfer ”shake
Fiber fracture

4 Overview of the Main Wood Characteristics
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  The third group of wood characteristics includes abiotically 
induced wood characteristics of inanimate nature. 
Temperature, precipitation, lightning, wind, and snow 
cannot be easily infl uenced. Humans can, however, mini-
mize some of their potential damage through preemptive 
forest management practices that include selecting tree 
species suitable for a specifi c site and planting stands and 
individual trees with appropriate spacing.  

  In tropical rainforests, abiotic injuries are usually the result 
of heavy rainfall associated with strong storms.  

  The descriptions of the cracks can sometimes be relatively 
imprecise because there is no exact distinction between the 
actual crack  forms  and the underlying  crack causes . On the 
one hand, some crack forms can have several different 
causes. For example, a cross crack could be caused by dehy-
dration or by growth stresses. On the other hand, the same 
causes can lead to several different crack forms. Growth 
stresses, for example, may lead to cracks in the cross-sec-
tion area, cross cracks, or star shakes. These connections 
will be clearly illustrated in the summary on crack forms.      

4 Overview of the Main Wood Characteristics



   Part III 

   Description of the Wood Characteristics        
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5.1	 �Stem Contour Modifications

5.1.1	 �Taper (Richter 2002a)

5.1.1.1	 �Description
Taper refers to a progressive reduction in a stem’s diameter 
from base to tip. The height-diameter relationship (H/D ratio) 
significantly influences wood volume recovery. Tapered 
stems produce markedly more slab and edge wood when pro-
cessed. Either the sawed lumber has the desired diameter, but 
insufficient length, or it has the right length, but too small a 
diameter. This dilemma has challenged wood workers 
throughout the ages. Early timber traders established grading 
methods based on top diameter and length as first documented 
in the Gengenbach Sawmill Ordinance of 1430 and the 
Württemberg Raft Ordinance of 1588 (Willing 1989).

Around 1900, a model eventually developed in Southern 
Germany that classified timber based on minimum length 
and minimum top diameter called the Heilbronn Grading 
Rule (Table 5.1). In the meantime, a system based on vol-
ume, called mid-diameter grading, became standard in 
Northern Germany. Today, most timber in Germany is classi-
fied using this mid-diameter grading rule.

Measurement: The “Framework Agreement for Timber 
Trade in Germany” (RVR 2014) determines stem taper by 
measuring stem diameter D at 1 m (for butt logs) and d at 

least 5 m from both ends of a log. The reference length L lies 
between the two measurement points. This method excludes 
the stem butt from the calculation, but not the heavily tapered 
crown (Fig. 5.1):

	 Stemtaper [cm / m] = (D d) : L− 	

Based on the “Timber Grading Rules in Germany” (HKS 
2002a), diameter is measured at points 1.0 m inwards from 
both ends. The European Committee for Standardization 
(CEN) (DIN 1999a), however, sets the measurement points 
at “at least 5 cm” inwards.

Timber is classified as heavily tapered if the diameter of 
the stem decreases more than 1 cm for each meter.

See Plate 5.1 for stem taper photos.

Wood Characteristics Inherent 
in a Tree’s Natural Growth 5

Distance measuring point to tip:

≥50 cm (RVR 2014)

−1 m (HKS 2002a)

≥ 5 cm CEN (DIN 1999a)

−1 m

D

d 

Distance measuring point to base: 

−1 m (RVR 2014) 

−1 m (HKS 2002a) 

≥ 5 cm CEN (DIN 1999a) 

−1 m

Fig. 5.1  Measurement of a tapered spruce (Picea) 
butt log according to various grading standards

Table 5.1  Spruce (Picea abies), fir (Abies alba), and Douglas fir 
(Pseudotsuga menziesii) measured using Heilbronn Grading Rules 
(Helm 1982)

Class Min. length (m) Min. top diameter (cm)

H 1 8 10
H 2 10 12
H 3 14 14
H 4 16 17
H 5 18 22
H 6 18 30
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5.1.1.2	 �Causes
Certain tree species, for example, hornbeam (Carpinus betu-
lus), yew (Taxus baccata), swamp cypress (Taxodium), and 
arborvitae (Thuja occidentalis), are predisposed to stem taper.

As the density of trees in a forest stand increases, crown 
competition rises and the individual trees strive to grow taller 
and break through the canopy. This growth in height takes place 
at the expense of growth in diameter and stand stability. Stands 
without crown competition promote trees with broad crowns. 
The trees improve stability by increasing cambial growth.

Low density stands promote broad crown growth. This 
results in low H/D ratios. The same applies to solitary stems 
with low-set crowning. The trees grow faster in width with 
reduced height growth.

Most species that experience slow growth in height form 
tapered crowns.

On unfavorable sites, highly influenced by wind or 
unstable soil conditions (cliffs, mountain ridges, stand 
edges, or bogs), trees improve their stability by increasing 
cambial increment growth in their lower stem (low H/D 
ratio) (Figs. 5.2 and 5.3).

As a general rule, the younger and more stable the tree, 
the greater the crown competition, the more narrow the stem 
(H/D > 80). The older and less stable the tree, the lower the 
crown competition, the thicker the stem (H/D < 50) (Rust 
et al. 2011).

Physically, stem taper can be understood as an increase in 
the stem base diameter of a tree resulting in a decrease in its 
bending tension to the third power over trees of the same 
height (Mattheck 1997):

	
s

p
=

×
4

3

M

R 	

Legend: σ = bending stress, M = bending moment (F × L), 
F = force on the crown, L = load (stem length), R = diameter at 
stem base

That means, for example, if a stem exposed to steady wind 
pressure doubles its diameter, it reduces its bending stress by 
1/8. Consequently, the tree increases its chances of survival.

In tropical primary and secondary forests, trees normally 
have only slight tapering (H/D > 80). As growth in height 
accelerates to overcome crown competition, the stem diam-
eters and crown widths progressively decline. Over time, 
various “design principles” have evolved to ensure stability 
of the trees (see Sect. 3.3).

5.1.1.3	 �Prevention
Forest management practices such as suitable species selec-
tion and appropriate spacing can influence a tree’s H/D ratio 
(Fig. 5.4).

5.1.1.4	 �Impact on Use
The wood volume yield from sawn logs is reduced because 
taper leads to shorter board lengths or widths. The amount of 
slab and edge wood (offcuts) increases (Fig. 5.5).

Missing fiber in the sawn timber reduces the strength
ening properties. A variance in fiber of 5° to the surface of a 
board reduces the bending strength by 20 %. At a 10° fiber 

Luv  

Fig. 5.2  Spruce (Picea abies) on exposed cliff site
Fig. 5.3  Swamp cypress (Taxodium) on boggy soil. External forces 
and site conditions affect the H/D ratio

Fig. 5.4  Spacing affects the H/D ratio

5.1 � Stem Contour Modifications

http://dx.doi.org/10.1007/978-3-319-07422-1_3#Sec5
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angle, bending strength is reduced to a critical 40 % (Fig. 5.6) 
(Pope et al. 2005).

The surface quality declines when the wood is planed 
against the missing fiber (Fig. 5.7).

The effect of stem taper on grade quality among conifers 
is quantified based on the “Framework Agreement for 
Timber Trade in Germany” (RVR 2014) in Table 5.2.

5.1.1.5	 �Technological Adaptation
Modern band saw technology has optimized the processing 
of tapered logs. The wood is cut parallel to the stem surface 
in the direction of the fibers, conical profile (Fig. 5.8).

Round-cut boards can be trimmed parallel to the wane. 
These trimmings eliminate waste and are sufficient for 
veneering wood (roof boards) (Fig. 5.9).

Forest measurements collected manually can be time con-
suming and inaccurate. Therefore, most sawmills today sort 
timber using (semi)automated optoelectronic scanners. 
These systems are able to scan the stem contours – depen-
dant on the desired log length – in many evenly distributed 
sections. The scanners are calibrated and ensure measure-
ments in line with accepted grading rules.

5.1.2	 �Crookedness (Richter and Mahler 2003)

5.1.2.1	 �Description
Crookedness refers to stem deviation from a straight line 
along the longitudinal axis. A straight stem is called “double 
lined,” a stem curving to one side “single lined or sweep,” 
and a stem curving at different stem heights “unlined or 
crook” (Fig. 5.10).

The term “lined” comes from the plumb line. When a 
plumb bob is suspended down the length of a standing tree, 
the plumb line falls either in line with the stem (lined), or out 
of line (unlined), or across the crooked stem section.

Throughout history, woodworkers have consistently found 
ingenious ways to use crooked stem parts. By selecting wood 
with naturally suitable shapes, they created everyday objects 
that were inherently stronger and required less material to 
produce. Stone Age digging sticks and ax handles provide 
the first evidence of such practical tools. The use of naturally 
curved wood continued well into the Middle Ages as seen in 
the period architecture and flourish of woodworking profes-
sions, such as wheelwrights and coopers. Demand for natu-
rally shaped timber experienced a heyday in the late Middle 
Ages when large-scale shipbuilding, particularly in France, 
England, Holland, Portugal, Spain, and Venice, devoured vast 

Main product 

Secondary product

Fig. 5.5  Flitch cut from a highly tapered log: loss in volume recovery 
from tapered logs. Wide and thin ends with missing fiber

External force

Fig. 5.6  Reduced bending strength due to missing fibers

Plane direction

Fig. 5.7  Rough surface caused by planing against the grain

Table 5.2  Effect of stem taper on grade quality among conifers (RVR 2014)

Species Average diameter (cm)

RVR quality class

A B (cm/m) C (cm/m) D

Spruce/fir (Picea abies/Abies alba) ∅<20 – ≤1.25 ≤2 Unlimited
∅≥20 < 35 Unlimited ≤1.5 ≤2.5
∅≥35 ≤2 ≤4

Pine (Pinus sylvestris) ∅<35 Unlimited ≤1.5 ≤2.5 Unlimited
∅≥35 ≤2 ≤4

Douglas fir (Pseudotsuga menziesii) ∅<35 Unlimited ≤1.5 ≤2.5 Unlimited
∅≥35 ≤2 ≤4

Larch (Larix decidua) ∅<35 Unlimited ≤1.5 ≤2.5 Unlimited
∅≥35 ≤2 ≤4

5  Wood Characteristics Inherent in a Tree’s Natural Growth
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expanses of forestland. Crooked stemmed trees accounted 
for 80 % of the felled timber with straight stems making up 
only 20 % (Fleischer 2009), (Fig. 5.11). At this time, the first 
grading standards started to emerge in an effort to establish 
rules for classifying wood quality based on intended end use.

Eventually, demand for crooked stemmed timber declined 
as sawmills capable of handling only straight-stemmed logs 
grew in popularity. Important developments in this process 
were the inventions of the water-powered sawmill by Villard 
de Honnecourt in the year 1230, crosscut saw by Stephanus 
Vinandus Pighius in the year 1587, buzz saw by L. A. C. 
Albert in the year 1799, rip saw by S. Bentham, around 1800 
and band saw by Fa.Permin in the year 1852 (In: Finsterbusch 
and Thiele 1987).

By the late nineteenth century, specific guidelines for 
classifying wood quality were in place, setting, for example, 
the standard for maximum stem curvature permitted in a spe-
cific quality class. In Germany, the quality classes C and D 
expressly promoted “sawability” with a maximum allowable 
crookedness per lfd. meter (HKS 2002a).

Measurement: According to German timber grading stan-
dards, valid until 2012, stem crookedness is determined as 
follows: “stem crookedness is measured by dividing the 
distance between the two measurement points - expressed 
in centimeters and rounded to the nearest centimeter  – by 

the distance that separates both ends of the curved stem in 
meters. The curvature is expressed in centimeter per meter” 
(HKS 2002a, p. 10).

Specific guidelines for measuring the length of the stem 
curvature, however, were not included. In practice, though, 
sweep and crook were not measured along the length of the 
curved stem axis, but always as the shortest distance between 
the stem ends.

According to the timber grading standards of the European 
Union (CEN), “Timber with crook is measured in separate 
sections. The timber should be separated into straight or 
sweep sections. Each section is separately measure as straight 
timber. The individual lengths are added together. Each sec-
tion should have a minimum length that corresponds to the 
minimum length in the appropriate European standard, mean-
ing that measurements are taken between the shortest distance 
of the turning point the curvatures (DIN 1998b, p. 4).

The European guideline refines the previous HKS prac-
tice by calculating the stem length as the sum of the lengths 
of straight or sweep sections. The method for measuring 

Slab

Scrap

Main product

Fig. 5.8  Conical cut diagram using a band saw. Wide end of board 
parallel to fiber, narrow end with missing fiber

Fig. 5.9  Boards are cut from a tapered stem and trimmed parallel to the 
wane

Straight Sweep Crook

Fig. 5.10  Variations in stem crookedness

Fig. 5.11  Sorting timber for shipbuilding from crooked oak trees 
(Quercus) in the early nineteenth century (In: Radkau and Schäfer 
1987, author unknown)

5.1 � Stem Contour Modifications
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dimensions is set in the grading standards: “When possible 
divide the maximum distance between the accepted concave 
centerline of the stem section and a line connecting the cen-
ters of both log ends by the length of the log, in a ratio of cen-
timeters over meters.” This applies to the optoelectronically 
measured and reproduced stem projections…. “If this is not 
possible then measure the maximum distance between the 
concave surface and a straight line connecting the innermost 
points of both log ends” (DIN 1998b, p. 11).

The “Framework Agreement for Timber Trade in 
Germany” (RVR 2014), valid in Germany since 2012, fol-
lows the European grading standards for stem crookedness 
(CEN) but requires measurements on butt logs to be taken a 
meter inwards from the stem base.

Although the grading rules are formulated differently, the 
measuring principle remains the same – measurement point 
h, the greatest distance from stem surface along the line 

adjoining both ends of the curvature (or the stem midline for 
optoelectronic measurements), is set in proportion to L, the 
length of this line (Fig. 5.12):

	

Crookedness cm m
cm

m
/[ ] = [ ]

[ ]
h

L 	

In practice, measuring stem crookedness in the forest is dif-
ficult and inaccurate and, therefore, not generally recorded. 
In countries with modern wood processing technology, 
measurements for crookedness are generally made at the 
sawmill and are taken at several different points equally 
distributed along the length of the logs. In Germany, the 
standards are set by the Framework Agreement for Sawmill 
Log Measuring (Rahmenvereinbarung Werksvermessung 
2005).

See Plate 5.2 for stem curvature photos.

Crooked end

Turning point the curvatures

h

L

Guides to measuring crookedness:

(center line measurement)

TGL15799 (TGL (1988) 

- HKS

- RVR / CEN (surface measurement)

-

Fig. 5.12  Various types of crookedness measurements

5  Wood Characteristics Inherent in a Tree’s Natural Growth
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5.1.2.2	 �Causes
Certain tree species and their provenances have a genetic 
predisposition to crook, e.g., pine (Pinus sylvestris), or 
sweep, e.g., various larch provenances (Larix ssp.). In the 
nineteenth century, the severely twisted growth of the dwarf 
beech (Fagus sylvatica var. tortuosa), a mutation of the com-
mon beech (Fagus sylvatica), from the Süntel hills of Lower 
Saxony, caused a huge sensation.

Trees tilted from their vertical position by external forces 
(soil creep on hillsides, wind and snow pressure) straighten 
themselves as a result of heliotropism and geotropism. In 
doing so, the stem axis bends (Fig. 5.13). A tree’s ability to 
bend its stem and branches through the formation of reaction 
wood is vital to its survival.

The tree must be able to orientate its terminal shoot 
against gravity and always in the direction of the most abun-
dant supply of light (as exhibited by trees growing under 
heavy crown coverage or on the boarder of a stand with light 
only from one direction).

If a tree loses its terminal shoot, a side branch will take 
over the leader function (“post horn” or “bayonet growth” 
in softwoods). This type of damage is often caused by 
dear browsing or fraying, especially in young stands 
(Fig. 5.14).

Boring insects such as the pine shoot moth (Rhyacionia 
buoliana) cause deformed tree shapes (post horn).

Trees which grow out from the lower and secondary sto-
ries under crown competition are forced to orientate their 
main shoot towards a gap in the canopy with the most sun-
light. The crooked stem can continue to grow, but will pro-
duce tension internally (Fig. 5.15). Particularly in the tropical 
primary and secondary forests, this internal defect in the 
fiber can have a significant impact on future processing 
(warping, cracking) (Harzmann 1988). 5.1.2.3	 �Prevention

Strict adherence to seed and stock selection guidelines dur-
ing artificial stand formation can prevent providences with a 
tendency towards stem crookedness from passing on their 
genetic potential.

Spacing guidelines and selective thinning promote stand 
members predisposed to good growth and well-formed stems 
(Fig. 5.16).

Formation pruning of seedlings or immature hardwood stands 
in an effort to prevent future stem curvature is no longer com-
monly practiced because in most cases, despite pruning, the ter-
minal shoot will eventually still differentiate itself from the other 
shoots. In softwood stands, trees with curved stems are usually 
removed because pruning can result in enclosed bark and decay.

Trees with crooked stems in younger stands, most notably 
oak, straighten themselves as the stand matures. Trees with 
sufficient crown space develop wide growth rings, particu-
larly in the concave side of the curvature. This can 
considerably improve stem quality by the time of cutting 
maturity (Bues and Weiß 2002).Fig. 5.13  Spruce (Picea) with sweep on a hillside (soil creep)

Fig. 5.14  Bayonet-shaped pine (Pinus) after crown break due to 
browsing or fraying by deer

Stem diameter at 
full maturity

Timber age

Young sprout in 
understory

Pith

Fig. 5.15  Crooked stems can straighten as the tree grows
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5.1.2.4	 �Impact on Use
In general, stem crookedness is always associated with the for-
mation of reaction wood (compression wood in softwoods, ten-
sion wood in hardwoods). This has an unfavorable effect on 
processing and the dimensional stability of the wood products.

Crooked stem pieces used to produce figured veneer have 
a lower yield.

Using crooked wood to make peeled veneer produces a 
significant amount of waste, even though the peeling rollers 
are automatically centered on the wood (Fig.  5.17). The 
wood fibers are cut diagonally. This reduces the strength and 
dimensional stability of the veneer.

In the production of sawn timber, the large proportion of 
slab and end cuts reduces the volume yield (Fig. 5.18). The 
section of missing fiber reduces the strength of the wood and 
increases the surface roughness.

Paints and varnishes are absorbed differently, depending 
on the direction of the wood fiber.

If an object can be made by maintaining the natural curve 
of the wood, it will increase the strength of the end product 
(e.g., boat frame, sled runner, ice hockey stick) (Fig. 5.19).

Although it is sometimes possible through forest man-
agement practices to prevent stem crookedness, the many 
diverse biotic and abiotic impacts affecting trees are gener-
ally so significant it is rare to find a tree stem that has 

maintained perfectly rotationally symmetry throughout its 
often century-long life.

The effects of stem crookedness on the quality classes 
can be quantified according to the Framework Agreement 
for Timber Trade in Germany (RVR 2014) as follows 
(Table 5.3):

5.1.2.5	 Technological Adaptation
Trees are purposely felled in a manner that allows logs with 
simple sweep to still be effectively milled. Usually, the cross-
cut is made at the point where the stem begins to curve 
(Fig. 5.20).

Today, crooked stems can be processed using log break-
down systems with hydraulic controls that guide the logs 
through the gate or band saw (Fig. 5.21). However, as the 
board or plank strength increases, it becomes more difficult 
to avoid producing scrap wood. During drying, the wood pile 
must be fixed flat.

Following the principle “If you can’t fix it, use it to your 
advantage,” sawmills in Switzerland have developed new 
technology programmed to cut boards following the logs’ 
natural contours. These curve saws not only limit waste but 
also create more homogeneous products with greater com-
mercial value (Fig. 5.22).

Stem crookedness and stem taper make measuring wood 
volume difficult for industrial mills. To overcome this prob-
lem, processors rely on (semi)automated measurements. The 
measurements are never exact but close enough to provide a 
working basis.

Fig. 5.16  Removing curved trees as part of stand management

Veneer roll
(waste wood in red) 

Transport direction

Fig. 5.17  “Waste wood” in peeled veneer from a crooked veneer roll

Fig. 5.18  Scrap wood (red) from two planks milled from a crooked log

Fig. 5.19  Sled runner made from a crooked stem base (Lapland, 
Finland)

5.1 � Stem Contour Modifications



46

5.1.3	 �Forking (Richter 2002b)

5.1.3.1	 Description
Forked stem growth is grouped in two categories: false and 
true forks.

False forks, also called fused trunks, develop when two 
stems grow together at their base during radial growth and 
begin forming mutual growth rings. A true fused trunk is 
only possible between trees of the same species. Different 

species develop mutually deformed stems but no fused 
trunks.

Trees with several stems growing together are called 
multi-trunk trees (Fig. 5.23).

True forks, also called codominant stems or bifurcations, 
develop when at least two stems of similar dimension grow 
out of the same tree bole. Before the forking, the bole has 
only one pith (Fig. 5.24).

If the angle of the fork is wide enough to permit contin-
ued radial growth in the fork’s crotch, the tensile force from 
the weight of the crown will be equally distributed between 
the stems thereby making them stronger. The result is a 
u-shaped crotch, also called a tension fork (Mattheck 1997).

True forks that develop into u-shaped crotches have long 
been considered a valuable building material, particularly in 
shipbuilding and farming. The fork’s naturally reinforced 
fiber forms a strong union between each part of the crotch 
(Fig. 5.25).

When the fork angle is narrow (v-shaped crotch), there is 
danger that the stems’ radial growth will progress faster than 
vertical growth in the crotch. In this case, the bark in the 

Cross cut at turning point of
curve (measurement point)

Surface measurement:
centerline measurement
(electronic):  

Point of greatest crookedness

Fig. 5.20  Crosscut of heavily curved stem

Fig. 5.21  Hydraulically controlled cut through a curved stem

Fig. 5.22  Crooked walnut boards (Juglans regia) are cut with a curve 
saw into planks

Table 5.3  Effects of sweep on quality class according to RVR (RVR 2014)

Species Average diameter

RVR quality class

A B C D

Spruce/fir (Picea abies/Abies alba) Ø < 20 cm ≤1 cm/m ≤1 cm/m ≤1.5 cm/m ≤3 cm/m
Ø ≥ 20 < 35 cm ≤1 cm/m ≤1.5 cm/m ≤3.5 cm/m
∅ ≥ 35 cm ≤1.5 cm/m ≤2 cm/m ≤4.5 cm/m

Pine (Pinus sylvestris) ≤1 cm/m ≤1.5 cm/m ≤3 cm/m ≤4.5 cm/m
Douglas fir (Pseudotsuga menziesii) Ø < 35 cm ≤1 cm/m ≤1.5 cm/m ≤2.5 cm/m ≤4.5 cm/m

Ø ≥ 35 cm ≤1.5 cm/m ≤2 cm/m ≤3 cm/m
Larch (Larix decidua) Ø < 35 cm ≤1 cm/m ≤1.5 cm/m ≤2.5 cm/m ≤4.5 cm/m

Ø ≥ 35 cm ≤1.5 cm/m ≤2 cm/m ≤3 cm/m
Oak (Quercus ssp.) ≤2 cm/m ≤4 cm/m ≤10 cm/m Unlimited
Beech (Fagus sylvatica) ≤2 cm/m ≤5 cm/m ≤10 cm/m Unlimited
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increasingly expanding intersection wedges together and 
becomes enclosed. As a result, the union between the stems 
is weak and prone to splitting. The v-shaped fork is also 
called a compression fork because the successive growth in 
the crotch area leads to an increase in compression force 
(Mattheck 1997).

As radial growth continues in the stems, swelling or com-
pression folds, also called elephant ears or noses, form in the 
crotch area. The danger of breakage increases as the compres-
sions folds become more prominent and stronger, even if they 
once again form mutual growth rings. The transition from 
tension fork to compression fork is illustrated in Fig. 5.26.

According to studies by Funke et al. (2011), bark enclo-
sures in beech (Fagus sylvatica) begin with a narrowing of 
the bifurcated stem angle starting at approximately 30° 
(compare Fig. 5.24).

The length of a stem with a forked crown is measured at 
the point at which the pith separates.

See Plate 5.3 for forking photos.

Fig. 5.23  False fork/fused trunk (multi-trunk stem)

Bifurcated 
stem angle

Fig. 5.24  True fork/codominant stems (pith channel red)

Fig. 5.25  Naturally shaped forks, root, stem, and branches used in 
shipbuilding (replica of Viking ship (Roskilde, Denmark))

Enclosed bark in the area
of a compression fork 

Cross section

Longitudinal section

Tensile fork
area 

Surface view
Fig. 5.26  Various views of a 
fork crotch
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5.1.3.2	 Causes
False forks are often caused by bunch planting, thinning 
(coppice system), or unmaintained natural regeneration. 
Germinating seeds from a squirrel’s food stash can also lead 
to false forking (Fig. 5.27).

True forks are usually genotypically induced. As a result, 
certain types of hardwoods (birch (Betula pendula), beech 
(Fagus sylvatica)) are prone to forking (Fig. 5.28).

If a terminal bud or young terminal shoot is destroyed, sev-
eral side branches will generally take over the function of the 
terminal shoot. Insects cause damage by boring into the ter-
minal bud (ash bud moth (Prays fraxinella), pine shoot moth 
(Rhyacionia buoliana)), but also birds use the freshly budded 
leaves from shoots as nesting material to improve brooding 
conditions. Terminal shoots are also broken by snow and ice.

Browsing and fraying damage from antlered game leads 
to low forking. Tree species with opposite budding tend to 
grow side shoots that become forks. Softwoods and hard-
woods such as maple (Acer), ash (Fraxinus), and horse 
chestnut (Aesculus), therefore, exhibit a strong tendency to 
fork, while tree species with alternate budding, such as oak 
(Quercus), beech (Fagus), and linden (Tilia), are less prone.

Given the heavy sociological competition in tropical pri-
mary and secondary forests, forking is only possible in the 

lower sections of the stem. As solitary trees, however, trop-
ical species tend to fork just as hardwoods do in temperate 
zones.

5.1.3.3	 Prevention
Site-appropriate and well-formed tree species or provenances 
should be selected when forming a new stand.

Forking is best prevented through timely maintenance 
and effective thinning (negative selection) of immature 
stands (Fig. 5.29).

Forest protection measures are recommended to protect 
against browsing and insect damage (see Sect. 6.2.1).

Pruning young hardwoods is usually not worthwhile 
because the lead shoot will still eventually differentiate. 
However, for opposite branching species (maple (Acer), ash 
(Fraxinus)), pruning can be effective.

5.1.3.4	 Impact on Use
False forks are wood defects, because they significantly 
affect the use of the wood. They are only considered not to 
be defects if they are intentionally kept to protect a log from 
splitting and not included as part of the log’s length measure-
ment. False forks usually require a scaling deduction.

The risk of breaking during storms and under snow pres-
sure is higher for forked stems and they are prone to splinter 
and crack during logging.

Forked timber has shorter effective length for high-
quality sawing or veneer wood and an increased share of 
industrial wood/plywood and lumber of inferior quality 
(Fig. 5.30).

Fig. 5.27  Spruce (Picea abies) bunch planting

Fig. 5.28  Genotypic forking in a birch (Betula pendula), right single-
top birch crown

Fig. 5.29  Removal (belated) of low-set forking as part of a beech 
(Fagus sylvatica) crown thinning

Industrial wood

Saw wood

Firewood

Possible crosscut

Saw wood/veneer

Fig. 5.30  Possible yield from a forked log
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Enclosed bark or “water pots” in the crotch devaluate the 
wood (decay). Small forked stems are often unround and 
crooked at their basis and form reaction wood.

5.1.3.5	 Technological Adaptation
Higher valued logs are crosscut through the fork base. The 
fork base is kept until further processing to protect the end of 
the stem from splintering (Fig. 5.31).

Forks have traditionally been used as building material, 
especially in shipbuilding as natural junctions and connect-
ing elements (frames, sternpost) and for farming equipment 
(forks, mounts, grips, tool handles) (Fig. 5.32).

Today, skilled woodworkers use forked wood to create 
artistically sophisticated objects.

Despite the considerable disadvantages, forks are used in 
a few special applications. A strong, well-formed fork can be 
cut to create interesting wood figure, as, for example, the 
coveted pyramid texture veneer (Hoadley 1990), (Fig. 5.33). 

Noteworthy are the South American Swietenia mahogany 
(Swietenia macrophylla) and African Khaya mahogany 
(Khaya ivorensis). Rare forked growths of more than 2 m can 
occur in the latter (Furniermagazin 2003).

5.1.4	 �Out-of-Roundness

5.1.4.1	 Ovality/Eccentric Growth (Richter 2002c)
5.1.4.1.1  Description
Ovality refers to a tree stem cross section with a significantly 
noncircular shape. The pith, however, is still located in the 
center of the cross-sectional disc (Fig. 5.34, left).

In stems with eccentric growth, on the other hand, the pith is 
located off-center in the cross-sectional disc (Fig. 5.34, right).

An oval cross section does not necessarily have an off-
centered pith. Conversely, a cross section with an off-
centered pith does not necessarily have an oval shape. Ovality 
and eccentric growth are always associated with variances in 
growth ring width and usually with reaction wood, particu-
larly compression wood in softwoods. Especially in hard-
woods from tropical primary and secondary forests, 
pronounced tension wood folds often lead to misshaped 
cross sections (Fig. 5.35).

See Plate 5.4 for ovality/eccentric growth photos.

Fig. 5.35  Cross section from a kopi stem (Goupia glabra) with heart 
rot and tension wood folds

Fig. 5.31  Fork base left for protection on a veneer log

Fig. 5.32  Ship frame from a replica of a Viking ship, Roskilde, Denmark

Fig. 5.33  Location of pyramid inlay from rosewood (Dalbergia sp.) in 
a fork

Piths

Fig. 5.34  Oval stem cross section with centered (left) and eccentric 
(right) piths
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Measurement: Ovality is measured as the difference 
between the greatest diameter (D) and the smallest diameter 
(d) (SSLEF 1997), or as the relationship between the small-
est and the greatest diameter (Thüringer Landesforstdirektion 
1997), or as the ratio between diameter difference and the 
greatest diameter, expressed in percent (DIN 1997b, 1998b) 
(equations and Fig. 5.36):

	

Ovality cm

or

Ovality

or

Ovality

= [ ]

= =( )

= − × [ ]

D d

d D d

D d

D

−

:

%

1

100 	

There are two methods for measuring eccentricity:
	1.	 Eccentric growth is measured as the deviation of the pith 

(A1) from the point of intersection between the greatest 
diameter (D) and smallest diameter (d) of the cross sec-
tion of the butt or short wood. A1 is related to the averaged 

diameter ( )f = +D d

2
 of the cross section, expressed in 

percent (DIN 2002a) (Fig. 5.37):

	
Eccentricity = × [ ]A1 100

f
%

	

Here, the reference point for the pith deviation is the center 
point of the cross-sectional disc. The CEN and RVR fol-
low this approach whereby the geometric center serves as 
the reference point for the pith (RVR 2014). However, this 
method calculates somewhat higher values for pith devia-
tion than the following method.

	2.	 Eccentricity can also be measured as the deviation of the 
pith (A2) from the center of the greatest stem diameter (D) 
on the stronger end of the stem. A2 is related to the great-
est stem diameter (D), expressed in percent (Frommhold 
2001). Here, the reference point for the pith deviation is 
the center point of line D (Fig. 5.38):

	
Eccentricity = × [ ]A

D
2 100 % 	

When measuring the trunk base, it is advisable to eliminate 
the roots when calculating the center of the cross (Weidner 
2000). This pragmatic advice is standard practice for 
measuring stump cross sections in many countries outside 
Europe.
In Germany, measurements follow the Framework 

Agreement for Sawmill Log Measuring (Framework 
Agreement for Sawmill Log Measuring 2005, p.  4). 
Accordingly, the measurements include “... several evenly 
spaced measuring points, the number of which depends on 
the size of the log”. The oval butt ends are measured using 
other measuring points as comparison.

5.1.4.1.2  Causes
Oval stem cross sections with centered piths are likely to 
occur if a tree is crowed by adjacent tree crowns over a lon-
ger period of time. The reduced foliage in the affected crown 
area produces less assimilates, thereby restricting radial 
growth in the lower part of the stem.

On hillsides, stand borders, and steep (selection gaps), a 
constantly one-sided supply of sunlight (heliotropism) 
results in asymmetric crowns. Prevailing wind pressure or 
snow load can bring trees out of their vertical position. In 
such cases, hardwoods form tension wood and softwoods 
form compression wood in an effort to counterbalance the 
compression or tensile stress (Fig. 5.39).

D

d

Fig. 5.36  Measuring ovality

D
d

A1

Cross sectional
disc center point 

Fig. 5.37  Measuring eccentric piths (1)

A2

D

Fig. 5.38  Measuring eccentric piths (2)
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Enlarged diameters are observed in many tree species in 
the prevailing wind direction (Fig. 5.40) (Mette 1984). A tree 
reacts to stress coming from a prevailing direction by acquir-
ing a more or less eccentric stem shape. The moment of 
inertia area increases in the elliptic cross section as the greater 
diameter (b) exceeds the smaller diameter (a), because b to 
the third power is added to the calculation (Mattheck 1997):

	
Moment of inertia area = × ×p

4
3a b 	

Different tree species are more or less prone to eccentric 
growth. The tendency towards eccentric growth declines in tree 
species from the temperate regions as follows (Grundner 1882):
Pine (Pinus sylvestris) > larch (Larix decidua) > oak (Quercus 
ssp.)
>Beech (Fagus sylvatica) > spruce (Picea abies)

According to Mette and Boss (1964), as the stem diameter 
increases, so does the absolute diameter deviation.

Tree species growing in tropical primary and secondary 
forests need to be able to respond quickly to changes in the 
canopy. They form folds of tension wood that lead to 
extremely noncircular cross sections (Fig.  5.41; see 
Fig.  5.35). The out-of-roundness is often hidden once the 

tree assumes a dominate position in the canopy but revealed 
when the tree is logged (Harzmann 1988).

Unilateral stress particularly affects branches and root wood. 
This is due to their specific physical demands (Fig. 5.42).

5.1.4.1.3  Prevention
Ovality can generally be prevented through suitable spacing 
and regular crown maintenance over a stand’s lifespan 
(Fig. 5.43).

To eliminate eccentric growth as much as possible, good 
stand management requires that a tree’s main crown section 

b

a

Prevaiing
wind
directions  

Fig. 5.40  Cross section of a pine (Pinus sylvestris) with eccentric pith

Fig. 5.41  Tension wood ridges in a kopi

Pressure   Pull

Fig. 5.42  Cross section of a spruce root near the root collar

Fig. 5.43  Spacing in a beech stand to promote even crown 
development

Fig. 5.39  Eccentric cross section in a spruce (Picea abies), stem that 
rightened itself with compression wood
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lies within the center of the stem. Protection and appropriate 
spacing for the stand is also necessary.

In the tropics, growth dynamics in primary and second-
ary forests often lead to eccentric tree shapes. Tree planta-
tions can limit out-of-roundness through systematic 
planting.

5.1.4.1.4  Impact on Use
“Peelers” during rotary cutting are associated with different 
degrees of figure, lower yields, and veneer quality (Fig. 5.44). 
Stems with sliced veneer quality are degraded because of the 
extreme pith eccentricity.

Eccentric pith in sawn timber results in varied growth ring 
widths. The actual board widths deviate from the grade of 
the cut stem (Fig. 5.45).

Because eccentric piths commonly correlate with reaction 
wood formation, they are also associated with variances in 
the swelling and shrinkage properties of the sawn timber.

The “Framework Agreement for Timber Trade in 
Germany” (RVR 2014) does not measure ovality. An eccen-
tric pith is taken into account (Table 5.4).

5.1.4.1.5  Technological Adaptation
Rotary cut veneer processing automatically centers the 
cutting jig at the center of the cross-sectional face veneer 
sheet in order to achieve a maximum yield (Fig.  5.46). 
Meanwhile, computerized XY alignment using laser beam 
is common.

Stems with eccentric piths are cut by guiding the flat 
edge with the horizontally greater diameter through the 
saw so that boards can be produced with symmetrical 
growth rings (Fig. 5.47). In the following model cut, the 

Fig. 5.44  Peel with varied figure

A B1 B2 

Different board sizes in
correlation to the cut direction  

Eccentric pith and asymmetric
growth ring pattern         

B2

A            
B1

Pith       Pith

Fig. 5.45  Impact of cut on the growth ring pattern and sawn timber 
dimensions A, B1 and B2 = different cutting planes

Table 5.4  Effect of eccentric pith on quality class according to RVR 
(2012)

Species

RVR quality class

A B C D

Spruce/fir (Picea 
abies/Abies alba)

Eccentricity 
of pith (%) 
(ovality is 
not shown)

≤15

Pine (Pinus 
sylvestris)
Douglas fir 
(Pseudotsuga 
menziesii)

≤10 ≤20 Unlimited Unlimited

Larch (Larix 
decidua)
Oak (Quercus 
ssp.)
Beech (Fagus 
sylvatica)

Pith (off center)

Peel

Industrial roll

Scrap roll

Fig. 5.46  Optimal positioning of an oval veneer roll

Fig. 5.47  Round cut, flat edge, with eccentric pith
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log is guided upright through the saw (Lohmann 2005) 
(Fig. 5.48).

In band saw technology, rotating blades are able to cut boards 
with symmetrical growth rings, if attention is given to ensure 
that the pith in the increasingly thinner model is centrically posi-
tioned and remains in the (residual) squared timber (Fig. 5.49).

5.1.4.2	 �Mouldings, Flutes, and Flanges  
(Richter 2005a)

5.1.4.2.1  Description
Mouldings, flutes, and flanges belong, along with ovality and 
eccentricity, to the group of wood characteristics known as 
stem contour irregularities (Frommhold 2001).

They are usually either not included or only briefly men-
tioned in international timber grading standards (HKS 2002a; 
DIN 1997c, 1998b; RVR 2014). Nevertheless, they are par-
ticularly interesting because their specific causes and impact 
on use vary significantly.

Mouldings are channel-like depressions or grooves run-
ning with the fiber along the length of the stem (SSLEF 
1997). They generally start below a suppressed branch 
(shade branch) and usually continue down to the base of the 
tree. Mouldings associated with shade branches are particu-
larly easy to identify in smooth-barked tree species such as 
beech (Fagus sylvatica) (Fig. 5.50), birch (Betula pendula), 
and yew (Taxus baccata).

See Plate 5.5 for images of mouldings.

Fig. 5.49  Preferred cutting direction of an oval stem with centered pith 
using band saw technology

(1) (2)

Fig. 5.50  Beech (Fagus sylvatica) stem cross section above (1) and 
below (2) a moulding

Fig. 5.48  Preliminary cut, vertical with following model cut in a stem 
with eccentric pith
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Flutes refer to deep, wave-shaped grooves in the stem sur-
face running parallel to the stem axis (SSLEF 1997). The 
grooves can narrow to thin pleats or folds. They usually 
include an enclosed bark near the stem base, especially in 
hornbeam (Carpinus betulus) (Fig. 5.51 [2]), beech (Fagus 
sylvatica), birch (Betula pendula), juniper (Juniperus com-
munis), yew (Taxus baccata), and cypress (Taxodium) and in 
tropical species such as B. witte parelhout (Aspidosperma 
marcgrafianum) (Fig. 5.55).

Hornbeams (Carpinus betulus) often exhibit structured 
net-like swelling on their stem surface. The growth rings are 
asymmetric (Fig. 5.51 [1]).

See Plate 5.6 for images of fluting.

Flanges are buttress-like formations protruding from the 
stem base. They create mouldings and folds in the stem sur-
face extending several meters up the stem. They are particu-
larly common in elms (Ulmus) (Fig.  5.52 [1]), cypress 
(Taxodium), and birch (Betula pendula), as well as many 
tropical tree species, as, for example, witte pinto locus 
(Martiusia parvifolia) (Fig. 5.52 [2]).

In tropical primary and secondary forests, moulding are 
rarely found under shade branches because these branches 
quickly die off under the canopy. Flutes and flanges, how-
ever, are very common and often found in the form of butt
ress roots.

See Plate 5.7 for images of flanges/buttress roots.

(1) (2)

Fig. 5.51  Fluted stem base (1) and stem cross section of a horn beam 
(Carpinus betulus) with ingrown bark (2)

(1) (2)

Fig. 5.52  Elm (Ulmus) (1) and witte pinto locus 
(Martiusia parvifolia) (2) with buttress-like flanges

5  Wood Characteristics Inherent in a Tree’s Natural Growth
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Measurement (Mette 1984): A moulding is measured by 
determining the depth of the groove on the point of the great-
est deviation from the stem’s normal circumference.

Flutes are measured by determining the deepest grove in 
the radial direction, because this has the greatest impact on 
wood recovery.

Pronounced buttress-like flanges need to be removed 
before processing so they are not measured.

5.1.4.2.2  Causes
Although flutes and flanges often look like a series of mould-
ing, they actually have very different causes and far-reaching 
implications on the wood’s potential use.

Mouldings are frequently caused by a shortage in growth 
stimulants below a shaded, suppressed branch. The branches, 
so-called shade branches, use up the assimilates for them-
selves thereby depriving the xylem in the stem below (Grüner 
and Metzler 2003; Rubner 1910). The assimilate supply 
from higher parts of the tree is redirected around the branch 
collar. The resulting irregular stem shape is limited to the 
area directly below the branch (Fig. 5.53).

Fluting can be caused anatomically by wide wood rays, 
bundled wood ray parenchyma (e.g., in beech (Fagus syl-
vatica)), or false wood rays (e.g., in hornbeam (Carpinus 
betulus)). The result is a confined transport system that 
locally limits the nutrient supply and radial growth and 
asymmetric growth rings across the entire stem area 
(Fig. 5.54). Studies by Schweingruber (2007) showed that 
cells and groups of cells can differentiate autonomously 
during their growth, the cambium can become locally 
inactive, or cork bands can interrupt diameter growth in 
specific areas.

Some tropical species are genetically predisposed to 
fluting. In extreme cases, their stem develops into a series 
of individual, interdependent wood segments that are per-
fectly matched statically. By economizing on material and 
increasing stability, these species gain a competitive advan-
tage: They reduce stem volume for the sake of height 
growth (e.g., witte parelhout (Aspidosperma marcgrafia-
num), East Indian marking nut tree (Semecarpus anacar-
dium)) (Fig. 5.55).

Flanges often have static causes. Increased radial growth 
at the stem butt (e.g., elm (Ulmus laevis), birch (Betula pen-
dula), swamp cypress (Taxodium)) and especially in tropical 
species provides trees growing on soft ground greater stabil-
ity. The deeply grooved and asymmetric rings affect the entire 
stem base. Genetics also determine the severity of the flanges.

In the tropical rain forest, nutrients are quickly washed 
out of the soil. Therefore, trees use their fine root system to 
draw nutrients from the ground directly surrounding them. 
They spread their roots out close to the soil surface without 
any deep roots to anchor them. To make up for this lack of 
stability, they develop buttress roots (Fig. 5.56).

Research on the anatomy of buttress roots remains limited 
(Comvalius 2012). It would be important from an anatomical 
and botanical perspective to determine how the buttress root 
cells are “constructed” and what gives the band of cells such 
a stability.

While mouldings primarily result from nutrient restric-
tions, flutes normally have genetic origins and flanges are 
linked to physical causes and genetic predisposition.

Fig. 5.55  Extreme fluting in a witte parelhout (Aspidosperma 
marcgrafianum)

Assimilate supply

Shade branch

Fig. 5.53  Suppressed or shade branch in beech (Fagus sylvatica) cre-
ates a moulding beneath it

Fig. 5.54  Asymmetric growth rings in a fluted hornbeam (Carpinus 
betulus)

5.1 � Stem Contour Modifications
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5.1.4.2.3  Prevention
Selective thinning removes trees with low branching and a 
significant amount of mouldings. Forestry management 
practices involving stem maintenance through underwood 
and canopy formation promote self-pruning and reduce the 
number of shade branches (Fig. 5.57).

Flutes cannot be manipulated. The only way to prevent 
flutes in a stand is by preemptively planting species less pre-
disposed to fluting or by selectively removing unsuitable 
phenotypes.

Flanges are only prevented through appropriate site selec-
tion or by removing trees prone to flanging.

5.1.4.2.4  Impact on Use
Mouldings usually result in lower wood volume recovery in 
most types of manufacturing. Rotary cutting produces so-
called peelers (Fig.  5.58). Plane sawing results to a high 
amount of waste. In addition, the fiber orientation around the 
moulding is disrupted (Fig. 5.59).

A moulding does not affect the otherwise superior quali-
ties of a veneer log if the moulding is positioned at blade 
level.

Fluted stems are unsuitable as veneer. A large amount of 
slabs and splinters in plane sawing reduces the wood recov-
ery volume (Fig. 5.60).

The asymmetric growth rings can cause the sawn timber 
to warp and fluted logs do not split straight.

Flanges considerably disrupt growth ring patterns at the stem 
base. This causes the sawn timber to warp and crack. Flanges are 
not suitable for veneer due to their irregular growth rings.

Although moulding, flutes, and flanges significantly 
reduce the applicability of logs for some uses, their impact 
can be largely eliminated in certain processing methods. 

Fig. 5.56  Buttress-like flanges increase stability for a zwart riemhout 
(Micropholis guyanensis)

Fig. 5.57  Unfortunate forest scenario after poor negative selection 
(causing mouldings under shade branches)

Peeling blade

peeler section

Pressure beam Spindle

Useable roll

Moulding

Fig. 5.58  Peelers occurring on a veneer roll from beech (Fagus) wood

waste

Fig. 5.59  Reduced wood recovery due to a high amount of slab wood

Portion of slab
wood by
breakdown
cutting  

Fig. 5.60  Fluted birch (Betula pendula) with reduced wood recovery 
due to a high amount of slab wood
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Nevertheless, current international timber grading standards 
pay little or only indirect attention to these characteristics 
(HKS 2002a; DIN 1997b, 1998b; RVR 2014). By contrast, in 
former East German grading standards (TGL 1977c), beech 
(Fagus sylvatica) veneer logs with mouldings of up to 5 cm 
deep were still accepted. Fluting in birch (Betula pendula) 
veneer logs was classified as fully unsuitable.

To date, only the German state of Thüringen (Thüringer 
Landesforstdirektion 1997) has included the impact of 
mouldings on the quality of beech (Fagus sylvatica) wood 
and thereby established a clear trading standard for timber 
sales. Based on common guidelines in the HKS, the effect of 
mouldings and flutes on timber can only be estimated. This 
leaves significant room for interpretation.

The CEN (DIN 1997b, 1998b does not even include the 
term moulding under “supplemental terms” for round wood 
and sawn timber terminology (DIN 2001b). This defect, 
however, according to common quality standards, automati-
cally degrades a log to a quality C classification.

The German standards RVR (2014, p. 1) also generally 
grades all timber with moulding and fluting as average qual-
ity C class timber, unless the mouldings are compensated for 
by the otherwise high quality of the wood.

Possible effects of flanges on quality class are explicitly 
not listed in the RVR. Any quality assessments thus need to 
be mutually agreed upon.

5.1.4.2.5  Technological Adaptation
A moulding does not affect the otherwise superior qualities 
of a sliced veneer log if the moulding is positioned at blade 
level.

Crosscuts are made close to the branch collar above a 
moulding (Fig. 5.61). The stem should be cut using the break-
down method to ensure that the full board width is utilized 
(Fig. 5.62).

For the same reason, fluted timber should also be cut using 
the breakdown method. Careful stacking and drying of the 
sawn timber reduces the chances of warping or cracking.

Flanges need to be cut off on site or removed at the mill.

5.2	 �Limbiness

5.2.1	 �Live and Dead Limbs, Epicormic Shoots, 
and Branches

5.2.1.1	 Description
Limbiness refers to all visible primary and secondary limbs 
on the surface of a stem, as well as all knots in the underlying 
wood (Fig. 5.63).

Limbs are vital parts of the tree, originating from the stem, 
yet distinguished from the stem wood by their own cell struc-
ture (reaction wood, pithiness, color, and density), fiber ori-
entation, and growth rings.

Depending on where they originate, limbs are categorized 
as primary or secondary limbs:
Primary limbs originate as buds from the pith.
Secondary limbs (epicormic shoots/branches) are not con-

nected to the pith. Instead, they develop from dormant or 
adventitious buds. The age of the secondary limb is deter-
mined based on the growth rings at the point of origin on 
the stem. Larger epicormic shoots (>2  cm diameter) 
develop into epicormic branches (Fig. 5.64).

Fig. 5.61  Positioning the cut just above the branch collar with moulding

Fig. 5.62  Cutting scheme of a fluted board (breakdown cut) being cut 
for parquet

Branch knot/
also rot  

Pith

Green branch

Dead branch/
solid, black
branch with
“parting” collar    

Fig. 5.63  Heartwood stem with live, dying, and knotted primary 
branches

3 year old
epicormic
branch   

3rd growth ring

1 year old
epicormic shoot 

Pith

Fig. 5.64  Epicormic branch and shoot (secondary limb)
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Limbs are indexed according to their health and vitality:
Green limbs are living side shoots with a continuous connec-

tion to the stem’s cell tissue (sound limbs) (Fig. 5.65) or 
partially isolated (dying limbs).

Dead limbs or knots are deceased limbs, no longer connected 
to the stem tissue.
Knots are indexed according to the degree of rot as follows:

Sound black knots: Dark-colored or black-rimmed knots 
without any recognizable signs of rot (Fig. 5.66)

Decayed knots: Rot in less than 1/3 of the branch cross-
sectional area (Fig. 5.67)

Unsound knots: Rot in more than 1/3 of the branch cross-
sectional area (Figs. 5.68 and 5.69)

Deeply ingrown, unsound knots: Rot penetration into the 
stem consisting of 20 % of the stem diameter at the point 
of measurement (Fig. 5.70)

Callused limbs: Limb stubs callused over by the stem bark, 
visible as knots comprised of branch seals and bark folds 
(see Sect. 5.2.2)
While a sound black knot consists of dead, discolored, but 

still sound wood (lignin turns brown, cellulose gray), the wood 

of an unsound knot has been fully decomposed by 
microorganisms and is only of limited firmness. Although most 
grading standards normally classify both knot types equally, 
from a biological perspective, they are remarkably different.

Limbiness is defined differently in various German grad-
ing standards (Table 5.5).

The descriptions given above refer to trees from temper-
ate zones.

See Plate  5.8 for limbs as characteristic tree features 
(temperate zones) photos.

In principle, they apply also for tropical and subtropical 
species. However, given the climatic conditions in these 
regions they occur with much greater diversity (Richter 2012). 
Harzmann (1988, p.  43) notes in this context that “…these 
most common quality characteristics … usually receive little 
attention or no information is given about the different charac-
teristics associated with limbiness for individual species… 
little is known about the species specific processes of limb 
decline on the stem, limb breakage and eventual callusing ….”

See Plate  5.9 for limbiness in subtropical and tropical 
species photos.

Fig. 5.65  Healthy limb in a ring porous oak tree (Quercus robur)

Fig. 5.66  Solid black knot in a semi-ring porous cherry tree (Prunus 
avium)

Fig. 5.67  Decayed knot: rot <1/3 in the cross-sectional area of a coni-
fer, spruce (Picea abies)

Fig. 5.68  Unsound knot: rot >1/3 in the cross-sectional area of a dif-
fused porous tree, sycamore maple (Acer pseudoplatanus)

Fig. 5.69  Rotten knot in a diffused porous beech (Fagus sylvatica)

Fig. 5.70  Deeply ingrown unsound knot of a ring porous ash (Fraxinus 
excelsior)
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Table 5.5  Limbiness characterized for de-limbed timber in various German timber grading standard

Type of limb

Definition in various grading standards

TGL 15799 in the 
former German 
Democratic Republic 
(GDR) (TGL 1977b)

HKS Grading standards for the 
German Federal Republic, valid 
until 2012 (HKS 2002a)

CEN standards of the 
European Union (EU) 
(DIN 1997b, 1998b)

German framework 
agreement for sawn 
timber trade (RVR), valid 
since 2014 (RVR 2014)

Healthy knot Open knot without 
signs of decay

Open knot without signs of decay 
with less than 50 % of a black ring 
(SSLEF 1997). These include the 
heavily limbed softwoods (Hornäste) 
(Thuringian Landesforstdirektion 
1997)

Knot with no sign of 
decay

“Healthy knot: knot 
without any signs of 
decay”
Also: “overgrown knot: 
Branch, which is fused 
with the surrounding 
wood on the visible side 
with its full cross section”

Twigs Started from dormant 
buds, thin limbs not 
extending to the pith

Started from dormant buds, thin 
limbs not extending to the pith

Twig or part of twig, 
visible on the stem 
surface

“Nails are dead twigs 
with collars of less than 
or equal to 1 cm”

Epicormic branches Epicormic branches 
undefined

Twigs can develop into epicormic 
branches (Thuringian Landesforst-
direktion 1997)

Twigs and epicormic 
branches not specifically 
defined

Twigs and epicormic 
branches undefined

Solid black knot Dark discolored or 
black-edged knot 
without externally 
visible wood decay

Dark discolored or more than 50 % 
rimmed in black, open, and dead 
limb with no external sign of wood 
decay (Thuringian 
Landesforstdirektion 1997; SSLEF 
1997)

Black knot, partially or 
fully blackened (DIN 
2001b)

Not overgrown knot: knot, 
which is surrounded by 
the visible side of a black 
ring or; not completely 
fused with the 
surrounding wood 
“usually involves a dead 
branch”

Black-rimmed knot with 
more than ¾ of its area 
covered by bark (DIN 
2001b) (equivalent to the 
“dead” limbs in poplar in 
the grading rules of the 
DIN 1997b?)

Decayed knot Open decayed knot, 
affecting no more than 
1/3 of the cross-
sectional area of the 
branch

Undefined Undefined (corresponds 
to the “diseased and 
rotten limb in beech in 
the grading rules of DIN 
1997b?)

“Knot with visible soft 
rot”

Rotten knot Open rotten knot, 
affecting more than 1/3 
of the cross-sectional 
area of the branch

Knot with externally visible rotten 
wood (Thuringian state forestry 
Directorate 1997; SSLEF 1997)a

Decayed knot

Deeply rotten limb Open rotten knot 
penetrating the stem by 
more than 20 % of the 
stem diameter

Undefined Undefined Undefined

Callused knot 
(callused knot 
based on)

Knot that is not visible 
on the log surface. Only 
apparent as a branch 
scar, as, for example, a 
blind conk, seal, or 
Chinese’s mustach

Knot that is not visible on the log 
surface. Only apparent as a branch 
scar, as, for example, a blind conk, 
seal, or Chinese’s mustach  
(TGL 1977b; Thuringian  
Lan-desforstdirektion 1997;  
SSLEF 1997)

Knot that is not visible on 
the log surface

“Knots, which are not 
immediately visible on the 
surface of logs”

aFrommhold (2001) defines decayed limb as “… in addition to limbs with limited soft rot also all other limbs, including dried limbs, black knot 
and horn limbs with less than 50 % of its area grown into the surrounding wood” although in manufacturing a distinction is made between these 
limb types

5.2 � Limbiness
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Branch Measurement: Only the shortest distance is measured 
in the pithy area or the area marked by red in millimeters or the 
border area clearly marked by discoloring and growth rings, not, 
however, the breaking point, sap wood, and branch collar 
(Fig. 5.71) (TGL 1977a; RVR 2014; SSLEF 1997).

Assessing Stem Limbiness: Limbs have the greatest impact 
on the practical value of wood from temperate zone species. 
On average, 68 % of beech (Fagus sylvatica), 87 % of spruce 
(Picea abies), and 63 % of fir (Abies alba) logs are degraded 
due to limbiness (Grammel 1989). Therefore, great emphasis is 
placed on assessing limbiness during scaling. All grading sys-
tems use the same method for measuring limb size but assess 

the existence and condition of limbs differently. Although a 
certain degree of defect was accepted in the TGL 15799 of East 
Germany – a limb was tolerated if the stem was in otherwise 
good condition (TGL 1977a) – this is no longer acceptable in 
the HKS (2002b) and CEN (DIN 1997b, 1998b) unless agreed 
to by the customer. The change in defect tolerance reflects a 
shift away from accepting wood as product of nature towards 
considering it a technically standardized object.

However, according to RVR in the “general rules for 
grading logs” (RVR 2014, S. 17/20) “…some defects, which 
do not meet the appropriate class standards, [including 
limbs] can be balanced out by the otherwise high quality of 
the wood….”

The move from measuring only the number of limbs per 
linear meter as in HKS (SSLEF 1997) to including limb 
diameter sums per linear as in CEN (DIN 1999a) led to 
stricter grading practices. A study of grade assessments for 
the four main tree species showed that 22 % of all classifica-
tions based on the more stringent grading rules for limbiness, 
as established in the CEN, resulted in a degradation of the 
wood (Kotte 2002).

Although the RVR (2014) foregoes the impractical dia
meter measurements in favor of the simpler HKS practice, it 
has a stricter margin for defect that tends to lead to further 
degrading; as shown in this classification of a fictitious oak 
stem (Fig. 5.72):

Wood sorted in this example according to CEN standards 
is degraded sooner than wood sorted based on HKS rules. 
This applies particularly for the accepted nails and roses in 
the grade class A, the accepted number of limbs in class B, 
and the abrupt degrading of decayed limbs from classes C to 

Splint and
branch collar
(scar)        

Measuring line, across the trunk axis

Pithy
area

Fig. 5.71  Pruned branch showing points of measurement

Nail (epicormic) Branch scar
(Branch seal) 

Healthy branch Decayed branch

Grade (HKS): A B C

Quality class (CEN) A B C D

Quality class (RVR) A B D

Meter

C

Fig. 5.72  Proposal for grading an oak stem based on limbiness according to HKS (red), CEN (blue), and RVR (green)

5.2 � Limbiness



74

D. The new German RVR (2014) eliminates the cumbersome 
branch sum measurement rules of the CEN but maintains the 
requirements on the quality classes A and B. This has been 
an ongoing trend since the 1950s and reflects the different 
points of view held by market stakeholders over the long 
term (Table 5.6).

From a technological point of view, the trend is reversed: In 
this case, wood sold as C and D quality can be processed using 
modern technology for higher-quality purposes, such as for 
veneer plywood liners, scantling glued wood, and finger joints.

5.2.1.2	 Causes
Limbs support the assimilations organs, leaves, and needles. 
Thus, they are vital elements of the tree. Starting as buds, 
they shoot out at varying angles from the tree stem. They 
form reaction wood that enables them to reposition them-
selves so that their leaves or needles receive optimal light 
exposure (heliotropism).

As a tree’s crown grows, living limbs become increas-
ingly shaded and die. The dead limbs rot away and break 
leaving behind a stub. The stub becomes portal for fungi, 
potentially leading, most notably in hardwoods and pines, to 
unsound knots. Eventually, the area is sealed off from the 
stem. The time needed for this callusing to take place depends 
on the size of the area left exposed after the limb broke off 
and the vitality of the tree.

These processes are accelerated in tropical primary and 
secondary forests, because under crown (light) competition, 

the shaded limbs quickly die. Dead limbs fall off and the 
knot is quickly sealed to prevent infection from spreading.

See Plate 5.9 for limbiness in subtropical and tropical spe-
cies photos.

Hardwoods – with the exception of wild cherry and pop-
lar – tend to shed dead limbs, while conifers usually retain 
them, even when they are fine limbed.

Knots in species from temperate regions callus in the fol-
lowing stages (Knigge and Schulz 1966):
Slow: Birch (Betula pendula), hornbeam (Carpinus betulus), 

maple (Acer ssp.), pine (Pinus sylvestris), spruce (Picea 
abies)

Medium: Beech (Fagus sylvatica), white pine (Pinus 
strobus)

Fast: Oak (Quercus ssp.), ash (Fraxinus excelsior), poplar 
(Populus ssp.), Douglas fir (Pseudotsuga menziesii), fir 
(Abies alba), larch (Larix decidua)
Trees from the humid tropics and subtropics typically 

lose their dead limbs. Because the potential for infection 
is so high, they quickly seal off the knot area. Often, when 
a heavy branch knot is sealed, it creates a bump on the 
stem.

The main stages of branch growth, pruning, branch 
scaring, and the sub-limbiness of trees are shown in 
Fig. 5.73.

Table 5.6  Change in grading quality of logs from the state forest in 
Baden-Württemberg between 1953 and 1994 (Mahler 1995)

Tree species Grade

Proportion [%]

1953 (Picea abies 1955) 1994

Spruce, fir, Douglas 
fir (Picea abies, 
Abies alba, 
Pseudotsuga 
menziesii)

A 0 0
B 99 77
C/D 1 23

Pine (Pinus 
sylvestris)

A 10 2
B 70 15
C/D 20 83

Beech (Fagus 
sylvatica)

A 12 1
B 76 42
C 12 57

Oak (Quercus ssp.) A 10 1
B 73 26
C/D 17 73

Green branch
zone      

Dead
branch 

Node

Limb scar 

Dead branch
stump 

Branch scar
(nodes in pine)

Dead branch
zone (red) 

Zone free from
branch scars 

Fig. 5.73  Basic branch development, self-pruning, and limbiness 
among hardwoods (left) and softwoods (right)
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5.2.1.3	 Prevention
Limbiness cannot be prevented, only minimized. For the tree, 
having many limbs means having a large area of assimila-
tion. How these limbs are distributed along the stem and 
whether they are thick or thin depend on the growth dynam-
ics of the tree.

In commercial forests, silvicultural practices can influ-
ence branch distribution and thickness:
• A high-density stand at the planting and seedling stages 

results in fine limbs in the brush stage and early 
self-pruning.

• Silvicultural practices for stem maintenance such as 
understory planting and species diversity promote self-
pruned, high-quality stems and deter epicormic shoots 
(Fig. 5.74).

• Finely branched phenotypes are preferable for stand for-
mation and should be promoted during stand 
maintenance.

• Selected conifers should be pruned green (Douglas fir 
(Pseudotsuga), larch (Larix), and spruce (Picea) or dead 
spruce (Picea)) during the vegetation period. Among 

hardwoods, only poplars and aspens (Populus tremula) 
require pruning. To ensure healthy scaring, limbs should 
be cut in front of the branch collar, preferably stumped, 
and then cut again later (Fig. 5.75).
Pruning should occur when the time for natural self-

pruning has passed (at the latest when one third of the tar-
get diameter is reached). Pruning is particularly 
recommended when wide spacing between trees leads to 
heavy limbiness which, left unpruned, would detract from 
the quality of the wood. This is often the case in tree 
plantations.

Research on Douglas firs (Pseudotsuga) studying the 
dependency between pruning heights and pruning meth-
ods and recoverable timber value and investment risk have 
shown that manual pruning with pneumatic cutters up to a 
height of 6  m brings the best economic returns (Küthe 
1986).

High density stands in the youth, linked to fine limbiness, 
are generally preferred over widely spaced, less expensive 
stands, because finely branched timber generates higher 
sales revenue.

See Plate 5.10 for stem maintenance and pruning photos.

Fig. 5.74  Large oak (Quercus ssp.) stem shielding a beech (Fagus syl-
vatica) sapling

Fig. 5.75  Pruned spruce (Picea abies) heals quickly

5.2 � Limbiness
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5.2.1.4	 Impact on Use
A limb is a combination of features. It consists of the follow-
ing basic characteristics that may affect the use of its wood 
(Richter and Bues 2003a):
• Variations in the chemical composition of wood (high lig-

nin content, “black-score”-coefficient) reduce the pulp 
yield and quality.

• Variations in the anatomical structure (growth ring con-
struction, reaction wood) reduce the strength of timber 
products. Therefore, construction timber must be over-
sized (DIN 2003), (Fig. 5.76).

• Variations in the fiber orientation complicate surface 
processing (rough wood surface near the branch, 
Fig. 5.77).

• Surface roughness causes variations in color and finishes 
absorption.

• Isolation from surrounding wood can turn a dead branch 
into a loose knot thereby reducing the practical value of 
the sawn timber (Fig.  5.78). As construction wood, a 
branch easily reaches breaking point.

• Limbs have varied swelling and shrinkage properties 
based on the higher density. This leads to cracks during 
drying (Fig. 5.79).

• Ingrown bark, especially bark folds in the collar, reduces 
timber yield and quality.

• Resin accumulation (compression wood zone in conifers) 
effects durability of paints.

• Fungal infection further reduces branch stability and dis-
colors the branch wood.

• Discoloring (reaction wood, amount of latewood) can 
detract or add to the wood’s appearance. Branches repre-
sent natural and unique wood characteristics often used to 
create distinctive wood pieces such as the knotty wood 
furniture made from common pine (Pinus sylvestris) or 
Swiss pine (Pinus cembra).
See Plate  5.11 for photos of the branch as desired and 

undesired characteristic and Plate  5.12 for photos of the 
branch as a design element and constructive feature.

External force

Fig. 5.76  Break in a square edged log on the tension side of a dry 
branch after bending pressure

Sound intergrown branch

Dead fallen branch

Fig. 5.78  Anatomical differences between live and dead (lower) 
branches

Pith

Fig. 5.77  Wing branch on a radial cut board surface

Fig. 5.79  Dry crack in a knot in a board

5.2 � Limbiness
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Impact of limbiness on quality class based on the 
Framework Agreement for Timber Trade in Germany (RVR 
2014) is shown in Table 5.7.

5.2.1.5	 Technological Adaptation
There are various ways to minimize the negative effects of limbs 
on wood products or even to take advantage of the limbiness. 
Our prehistoric ancestors used branches as handles for their flint 
and bronze axes (Fig. 5.80). Wood cutters have long known the 
benefits of branch whorls when splitting logs (Fig. 5.81).

It is advantageous to divide a veneer log (figuratively) into 
sections. Branches and limb scars should be positioned as closely 
as possible to the blade or in sections C and D in order to achieve 
the highest recovery from sections A and B (Fig. 5.82).

Table 5.7  Impact of limbiness in the RVR standards

Species

RVR quality classes

A B C Da

Limb typeb Healthy knots
Healthy knots, as well as 
black and rotten limbs

Healthy knots, as 
well as black and 
rotten limbs

Healthy knots, as 
well as black and 
rotten limbs

Spruce/firc Healthy, overgrown Unacceptable ≤4 cm ≤8 cm Acceptable
Not overgrown Unacceptable ≤3 cm ≤6 cm
Rot Unacceptable Unacceptable ≤3 cm

Pinec Healthy, overgrown Unacceptable ≤5 cm ≤8 cm
Not overgrown Unacceptable ≤5 cm ??? ???
Rot Unacceptable Unacceptable ???

Larchc Healthy, overgrown Unacceptable ≤5 cm ≤8 cm
Not overgrown Unacceptable ≤3 cm ≤7 cm
Rot Unacceptable Unacceptable ≤3 cm

Douglas firc Healthy, overgrown Unacceptable ≤5 cm ≤8 cm
Not overgrown Unacceptable ≤4 cm ≤7 cm
Rot Unacceptable Unacceptable ≤4 cm

Beech Healthy Unacceptable 2 per 4 m, ≤10 % dM Accepted in 
normal size)d

Acceptable

Rotten Unacceptable 1 per 4 m, ≤10 % dM 2 per 4 m, ≤20 % 
dM, max. 12 cm

Oak/red oak Limbs
Healthy ≤4 cm ∅ Unacceptable 2 per 4 lfm Accepted
  >4 cm ∅ Unacceptable 1 per 4 lfm Accepted

or
Rotten ≤4 cm ∅ Unacceptable 1 per 4 lfm Accepted
  >4 cm ∅ Unacceptable Unacceptable 2 per 4 lfm
Twigs (individual) 1 twig r/2 m Accepted Accepted

a40 % of the wood volume must be scalable for grade D
bEpicormic branches are classified as healthy limbs
cSoftwood standards are not yet ratified; therefore, the amended 2010 “normal” or “limited” refers to the general definition of quality class
dAs regards the general description of the quality classes

Fig. 5.80  Ötzi’s ax handle (prehistoric man found in the Ötztal Alps on 
the boarder of Austria and Italy (Fleckinger and Steiner (2000))

External   force 

Fig. 5.81  Branch whorl helpful in splitting logs (Dowel effect)
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Epicormic shoot scars are common in some tree species 
such as yew (Taxus baccata) and poplars (Populus sp.). They 
produce highly figured veneer.

Construction wood should be mechanically tested for 
strength to determine the weakening effect of any limbs.

In the production of composite lumber, the varying 
strengths of the individual wood particles are balanced by 
gluing them together.

Unwanted limbs in the sawn timber can be removed with 
a drill and filled with a plug.

5.2.2	 �Limb Scars

5.2.2.1	 Description
Of all the wood characteristics, limbiness causes most 
quality downgrades in timber assessments. As early as 
1954, Taffé found that the impact of branches on quality 
grade and market value had an 87.5 % influence on spruce 
(Picea abies) timber (Taffé 1954), and Schulz (1961) 
found a 68.2 % influence for beech (Fagus sylvatica), cited 
from Grammel (1989). Knots in the underlying wood typi-
cally have significant consequences for the wood’s techni-
cal properties (Rast 1982). It is therefore important through 
the use of specific diagnostic procedures to determine the 
depth and size of the knot along with the angle of the liv-
ing limb to the stem. For this purpose, limb scars are an 
excellent diagnostic tool. This applies to trees in temperate 
as well as tropical zones.

A limb scar is a callused branch or a twig stub left behind 
on the stem. It is identified by the structural changes of the 
bark in the scarred area. Each limb scar consists of a collar 
and a ridge (in contrast to bark injuries).

In species with smooth bark, such as beech, birch, maple, 
hornbeam, linden, aspen, and alder (Fagus sylvatica, Betula 
pendula, Acer ssp., Carpinus betulus, Tilia ssp., Betula pen-
dula, Alnus ssp.), the ridge runs down both sides of the limb 
stub resembling a beard, thus earning the nickname 
“Chinese’s mustach” (Fig. 5.83). Ridges and collars can take 
on different shapes, depending on the angle of the former 
living limb to the stem (Schulz 1958).

On roughly textured bark species, as, for example, oak 
(Quercus ssp.), a more or less circular-shaped ridge forms 
around the stub often called a rose (Fig. 5.84).

Limb scars on rough-barked softwoods such as certain 
pine species (Pinus ssp.), larch (Larix ssp.), and spruce 

Sectors  1/4

1/2 B
Blade position

1/4 A

D

D

B                  C     
B

120° C
D

30°           A
D

B
Green branch

Branch scar

Fig. 5.82  Determining blade position and cutting 
scheme for a veneer log. Legend: Sector A: most 
valuable part of a veneer bolt. Sector B: exterior of 
a veneer block. Sector C: interior of a log. Sector 
D: exterior of a log

Branch collar

Branch ridge  (Chinese´s mustach)

Fig. 5.83  Limb scar in a smooth-barked beech (Fagus sylvatica)

Bark ridge (rose)

Branch collar

Fig. 5.84  Limb scar in a rough-barked oak (Quercus ssp.)
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(Picea ssp.) are similar to those found on rough-barked hard-
woods (Fig. 5.85). Limb scars on smooth-barked softwoods 
such as fir (Abies ssp.), as well as most young softwoods, are 
similar to those found on smooth-barked hardwoods.

A bark strip is a long, narrow, hardly recognizable bark 
ridge. It originates from a branch formed during the tree’s 
juvenile period, for example, in beech (Fagus sylvatica) and 
ash (Fraxinus excelsior) (Fig. 5.86).

A blind conk is a pronounced swelling of the stem over a 
scarred stub (Fig. 5.87).

Dead epicormic shoots leave behind small limb scars the size 
of nail heads in the bark and often remain attached to the stem as 
“twigs” (larch (Larix ssp.)). They are also called nails (Fig. 5.88).

See Plate 5.13 for limb scars on softwoods, Plate 5.14 for 
limb scars on ring porous hardwoods, Plate  5.15 for limb 
scars on diffuse porous and semi-ring porous, and Plate 5.16 
for limb scars on tropical hardwoods.

Bark rigde 
Branch collar

Fig. 5.85  Larch (Larix decidua) with limb scar

Fig. 5.86  Bark strip in an ash (Fraxinus excelsior)

Rose

Scarred branch stump

“Parting” collar

Fig. 5.87  Blind conk in an ash (Fraxinus excelsior)

“Parting” twig collar 

Rose-shaped bark
ridge 

Fig. 5.88  Limb scar from twig (nail), oak (Quercus ssp.)
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Measurement (Frommhold 2001; Mette 1965; SSLEF 
1997):
• Bark ridges in smooth bark species (Chinese’s mustaches): 

The measuring range (h) is the distance between the line 
connecting the ends of the Chinese’s mustach and the top 
of the limb scar (Fig. 5.89).

• Bark ridges in rough bark species (rose): The distance (h) 
is the outermost edge of the limb scar, measured vertically 
down the stem (Fig. 5.90).

• Branch collar (H): The boundaries of the branch collar, 
measured vertically down the stem (Figs. 5.89 and 5.90).

• Nail: In Mette (1965), nails of up to 2 cm diameter are 
considered epicormic shoot or twig collars; all others are 
referred to as branch collars. Currently, the standard 
accepted collar height is up to 1 cm (Frommhold 2001).
Limb scars are measured only in the direction of the 

stem’s axis since they tend to expand horizontally as the stem 
grows in diameter. In the European standards (CEN), neither 
the “procedures for measuring dimensions” (DIN 1998a) nor 
the “measurement of characteristics” (DIN 1998b) includes 
the measurement of limb scars.

Assessing limb scars on stems:A limb scar is simply a bark 
feature indicating the presence of a knot in the underlying 
wood. Therefore, its impact on processing the wood is 
rather insignificant.

Branch collars and branch ridges, however, particularly in 
smooth-barked, so-called “honest” tree species, provide a 
good indication of how deeply the knot is embedded in 
the wood, the strength of the living limb, and the angle of 
the limb to the stem. This diagnosis is also possible in 
rough-barked species, but subject to greater uncertainty.

Probably the first quantified studies between limb scars and 
limb geometry were conducted by Wakin, Polubojarinov, 
and Solovyov (Wakin et  al. 1969) and included in the 
1972 Soviet GOST timber grading standards (GOST 
2140–71). These guidelines permitted the depth of knots 
in birch (Betula) to be determined based on the angle of 
the Chinese’s mustach.
Rast (1982) quantified the depth of the knots based on the 

shape of the branch collar in red oak (Quercus rubra). 
Nevertheless, the view continues to persist in current forestry 
practice and various grading standards that the most effective 
way to determine the amount of clear wood in a stem is to 
measure the ratio of height to width of Chinese’s mustaches 
(Erteld and Achterberg 1954; König 1957, Wagenführ and 
Scheiber 1989). This is wrong! (Richter and Bues 2003b).

The depth of the knot in the underlying wood is measured 
as follows: The height of the branch collar (H) has the same 
relationship to the diameter of the stem at the time when the 
limb died off (2r) as the width of the branch collar (B) has to 
the current stem diameter (2R). This proportion is based on 
the supposition that the limb (collar) height and the limb 
(collar) width are equal at the time when the limb died off.

On the basis of radiation set, it is possible to determine the 
radius of the stem at the time the limb broke off (r) to stem 
with the current radius (R) through the relationship of height 
(H) to width (B) of the branch collar (Bosshard 1984b; Knigge 
and Schulz 1966) (Fig. 5.91 frontal view and top view):

	
r

H R

B
~

×
	

The size of the limb at the knot BSt is about half of the 
branch collar H (Erteld and Achterberg 1954):

	
BSt

H
~

2 	

In the Soviet GOST standard (GOST 2140–71 (1972)), this 
average was generally for stem diameters of 24–28 cm (close 
to the limb) at a branch collar height of 10 cm. Subsequently, 
the limb size increased disproportionately with an increase in 
stem diameter and branch collar height. That means, for exam-
ple, that a 40  cm thick stem with a branch collar height of 
16 cm would correlate to a probable branch strength of 12 cm, 
equal to 75 % of the branch collar height.

H      

h

Fig. 5.89  Measuring the heights of a bark ridge (Chinese’s mustaches) 
h and limb scar H

H       h

Fig. 5.90  Measuring the exterior diameter of a bark ridge (rose) h and 
height of the branch collar H

5.2 � Limbiness
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The angle of the limb is determined from the height of the 
bark ridge h. The measuring point lies on the line between 
the ends of the Chinese’s mustaches and the top of the branch 
collar. The stem cylinder is penetrated by the ingrown knot 
(Fig. 5.91, side view).

5.2.2.2	 Causes
As a limb grows, it forms a branch ridge. This ridge contin-
ues to increase in size as long as the branch continues to 
grow in diameter. If the branch dies and breaks off, it is 
encircled by a “parting collar.” This collar eventually grows 
over the stump of the dead branch.

This overgrowth is called a branch collar.
The rate of scarring differs among species (Table  5.8) 

(Knigge and Schulz 1966):
In smooth-barked trees, the living limb pushes the branch 

ridge (Chinese’s mustach) higher as it grows out of a horizon-
tal position. This is common among birch (Betula pendula).

The bark ridge expands as the stem diameter increases but 
maintains the same height as it had when the dead limb broke 
off (Fig. 5.92).

In rough-barked trees, the bark ridge encircles the swol-
len branch stub (Fig. 5.90). The bark turns itself up into a 
rose. The rose completely surrounds the branch collar.

In tropical primary and secondary forests, most limbs do 
not live long. Crown competition, irradiation angle, and angle 
of sunlight combined with insufficient light exposure rapidly 
kill off shade branches (see Sect. 3.3). The area left behind is 
quickly sealed without any obvious scarring. On the other 
hand, heavy branches that break after withstanding long peri-
ods of crown competition usually leave behind an area too 
large for the tree to immediately seal off resulting in a high 
risk of infection and often leading to decayed knots that leave 
behind significant protrusions on the tree stem (Fig. 5.93).

5.2.2.3	 Prevention
Limb scars cannot be prevented, only limited in number and size. 
Dense spacing is recommended during the planting and seedling 
stages and should be maintained until the clear stem bole achieves 
a desired length. In commercial forests, management practices, 
such as understory planting and tree species diversity, promote 
natural self-pruning resulting in fewer limb scars.

Limb stump with
broken limb 

Branch collar

Branch ridge

Pith      with bud
sprout) 

h

R

r

∆r

B

H BSt

Frontal view Side view

Top view

Fig. 5.91  Different views of a 
scarred branch stump in a beech 
stem (Fagus sylvatica)

Table 5.8  Varying rates of scarring among species

Scarring speed Hardwoods Softwoods

Slow Birch, hornbeam, maple (Betula pendula, 
Carpinus betulus, Acer ssp.)

Pine, spruce (Pinus sylvestris, Picea abies)

Medium Beech (Fagus sylvatica) White pine (Pinus strobus)
Fast Oak, ash, poplar (Quercus ssp., Fraxinus 

excelsior, Populus ssp.)
Douglas fir, fir, larch (Pseudotsuga menziesii, 
Abies alba, Larix decidua)

5  Wood Characteristics Inherent in a Tree’s Natural Growth
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Finely limbed phenotypes should be promoted. When 
possible, selected trees should be pruned green or dry so that 
the limb will die off quickly and with less scarring.

Trees in tropical primary and secondary forests experi-
ence heavy shading in the lower stem sections resulting in 
a process of “natural pruning”  – a main reason for the 
above-average quality of the wood from these regions 
with regard to the knottiness. In plantations, however, 

additional pruning measures beyond the natural processes 
are often necessary due mainly to the geometric spacing 
of the planted trees.

5.2.2.4	 Impact on Use
Limb scars are important external diagnostic features. The 
limb scars themselves do not affect wood processing. 
Depending on the intended use of the barked timber, scars 
can be viewed as either decorative features or wood defects. 
Knots are the most problematic.

The impact of limb scars is assessed based on the current 
RVR (2014) standards as follows (Table 5.9):

5.2.2.5	 Technological Adaptation
In wood processing, it is often important to know the thick-
ness of the limbless wood (Δr). With peeled veneer, this 
information helps determine the amount of knot wood in 
the scrap roll. With sliced veneer, knowing the amount of 
knot wood allows for a more effective cut thereby ensuring 
maximum yield. The same applies to the processing of 
sawn timber. The following is an example for calculating 
the amount of limbless wood (Figs.  5.94 and 5.95). The 
equation is

	
∆r R

H R

B
= − ×

	

Dead limb
maintains
same width Living limb grows

wider 
Pith

The branch ridge reached its ultimate
height at the point in time when the
branch broke off. The branch collar
and width are still equal in size.   

The branch collar moves
higher as the branch
grows thicker.  

The branch collar spreads horizontally
as the stem diameter
increases.  

Branch collar at current
point in time of diameter
growth.  

The height of the branch
collar remains the same,
but the width expands.  

Direction of
diameter growth. 

Fig. 5.92  Schematic diagram of a growing, dying, broken off, and scarred branch and the resulting changes in the bark ridge and branch collar 
expansion

Fig. 5.93  Walaba (Eperua ssp.) branch bulge with decayed knot

5.2 � Limbiness
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5.3	 �Anatomical Structure

5.3.1	 �Irregular Tree Rings/Increment Zones

5.3.1.1	 Description
A tree ring is the ring of new wood formed in the cambium 
each year during the vegetation period. In climates with 
seasons, trees experience alternating periods of growth 

(summer) and dormancy (winter). As a result, tree rings 
form with varied degrees of color and wood density. In tem-
perate climates, variations in tree ring patterns character-
ize the tree’s growth process over the course of its lifespan 
(Fig. 5.96).

Irregular tree ring structures are represented by signifi-
cant width variations within individual rings or between the 
tree ring widths of the stem cross section (Fig. 5.97). Site 

Table 5.9  Impact of limb scars on quality class based on RVR standards (RVR 2014)

Species scar type

RVR quality class

A B C D

Spruce/fir (Picea/Abies) The RVR gives no information on the admissibility of limb scars and their tolerable 
dimensions. Strictly speaking, that means that limb scars/roses are accepted even for A 
quality wood if all parties agree, as according to the general grading rules, that they do not 
detract from the otherwise good quality of the wood

Pine (Pinus)
Larch (Larix)
Douglas fir (Pseudotsuga)
Beech (Fagus) Limb scar Accepted if the scar 

(branch collar to 
width) is ≤1:4

Accepted if the scar 
(branch collar to 
width) is ≤1:2 and 
scar height is ≤ 10 cm

Accepted Accepted

Oak (Quercus) Limb scar (rose, 
nail)

1 rose per 1 m Roses: 4 per 4 m Unlimited Unlimited
≤3 cm branch collar 
height

≤4 cm branch collar 
height nail. unlimited

H

B

Fig. 5.94  The branch collar on this piece of beech (Fagus) stem is 
double as wide (B) as it is high (H)

∆r

R

Pith Branch break

Fig. 5.95  The center cut of this stem piece (from Fig. 5.94) shows that 
its branchless wood (Δr) is almost half as wide as its radius (R)

Fig. 5.96  Irregular tree ring structure in a cross section of a 170-year-
old ring porous oak sessile oak (Quercus petraea) (Germany)

Fig. 5.97  Erratic tree rings both within and between rings in a spruce 
cross section (Picea abies) from a reforested field in Germany
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conditions (climate, soil) affect the tree ring widths. At their 
northern limit, for example, pines, junipers, and birches can 
have tree ring widths of less than 0.1 mm. Trees in subtropi-
cal and tropical climates, on the other hand, can form incre-
ment zones up to 2 cm wide. These increment zones differ 
from tree rings in that they form dependent on periods of 
rainfall and drought. Trees in tropical evergreen rain forests 
exhibit only indistinct increment zones because their growth 
is continuous. Only trees from temperate climates which 
form annual tree rings will be discussed further.

Tree ring width variations influence wood density differently 
in softwoods than in hardwoods. Softwoods with wide tree rings 
have a relatively low wood density due to their wide-lumined 
earlywood tracheids, while softwoods with narrow tree rings 
have a higher density because of their lignin-rich latewood tra-
cheids. In diffuse porous hardwoods, on the other hand, tree ring 
width variations have little effect on wood density. Ring porous 
hardwoods form only a few wide-lumined cell rows, and as the 
tree rings grow wider, so does the portion of narrow-lumined 
latewood. This leads to higher density (Mette 1984; 
Schweingruber and Isler 1991; Wagenführ and Scheiber 1989).

A tree’s age can be determined by studying its annual tree 
rings. The influence of dry years and extreme events, tem-
perature history, amount of sunlight exposure, and nutrient 
supply are recorded in the annual ring widths (Hartig 1856; 
Knuchel 1934, 1954).

The average annual ring width is measured by dividing 
the outer 75 % of the radius (R) of the weaker end of a stem 
section (butt end) by the number of rings (n) (RVR 2014). 
This method eliminates the influence of irregularities in tree 
ring structure at the stem base and the above-average widths 
of the inner rings in juvenile wood.

	

f tree ring width =
( )[ ]

( )
R mm

n

75

75

%

% 	

Dendrochronology can determine the exact year a tree 
ring was formed. This is done by synchronizing or cross-
dating the chronological sequences of tree ring features from 
a species within a larger growing region. The data can be 
used, for example, to precisely date wood objects (Delorme 
1973; Douglass 1919; Heussner 1994; Huber 1941; Polge 
1963; Schweingruber and Isler 1991; Schweingruber 1995; 
Schweingruber 2012).

Dendro-archeo-morphology, a multivariate cross-
correlation involving tree ring analysis, dendrochronology, 
and tree morphological studies, and including internal and 
external tree characteristics, can be used to derive complex 
conclusions on a tree’s growth history as well as on how the 
wood was handled and processed before becoming a finished 
object (Richter 2008a, b).

See Plate 5.17 for tree ring as a diagnostic tool.
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In contrast to temperate latitudes, trees of the deciduous 
rain forest form increment zones. The cambium builds xylem 
evenly without seasonal periodicity. Increment zone bound-
aries are mark only by density differences or narrow paren-
chyma bands (Fig. 5.98).

In the subtropics and tropics with distinct rainy and dry 
seasons, as well as on trees with periodic leaf fall, cambial 
growth is temporarily interrupted (Sachsse 1991). This is 
marked by increment zones with distinct color variations or 
different frequency and arrangement of the conductive ves-
sels (Fig.  5.99). These increment zones cannot be used to 
determine the age of the trees because trees can create one or 
more increment zones of varying widths depending on the 
yearly fluctuations in rainfall and drought.

Recent studies on the dating of tropical trees were conducted 
on Cedrela odorata and seven other tree species in the Amazon 
basin. They correlated the concentration of the oxygen isotope 
(δ180) and of the carbon isotope (δ13C) in the increment zones 
with total annual precipitation levels. The result showed that 
growth sections are still not securely datable by 20 years. 
Reasonably safe values were only derived from growth periods 
of approximately 40 years (Brienen et al. 2012, Brienen 2013).

5.3.1.2	 Causes
Tree ring formation is linked to the periodic change 
between the summer growing season and winter dormancy. 

As a result, trees in warm and humid tropical climates or 
in areas with rainy and dry periods only form increment 
zones. Typically, juvenile wood near the pith has wider 
tree rings. Tree rings become narrower as the tree grows 
wider and older and as competition in the canopy 
increases. Extreme weather events, calamities, and 
changes in stand density following heavy thinning can 
lead to irregular ring formation (Fig.  5.100). Solitary 
stems, often subjected to shifts in climatic stress, com-
monly exhibit variations in width within a tree ring as 
well as between different tree rings. Suppressed trees are 
often not able to form a (complete) tree ring (Rubner 
1910). “Double” rings can form if warm fall temperatures 
stimulate new cell formation after the initial growth period 
has ended.

Instead of annual tree rings, tropical trees in deciduous 
rain forests or areas with extended periods of rainfall and 
drought form increment zones. These vary significantly 
depending on the weather conditions during the year, compe-
tition with neighboring trees, but also due to genetic predis-
position (see Fig. 5.99).

See Plate 5.18 for tree ring variations in softwoods photos 
and Plate 5.19 for ring porous and diffused porous hard-
woods from temperate zones and the tropics photos.

Fig. 5.98  On the cross section of algarrobo (Prosopis sp.), increment 
zones are only delineated by dark deposed parenchyma bands 
(Argentina)

Fig. 5.99  Increment zones in a stem section of witte parelhout 
(Aspidosperma marcgrafianum). The tree is from a site that regularly 
has two drought periods each year, Surinam

5.3 � Anatomical Structure
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Increased crown competition after
thinning practices stopped at the age
between 39 and 80 years.  

Accelerated growth after thinning
between 28 and 38 years of age.The
exposed crown alters its center of
gravity and is impacted by lateral wind
pressure leading to the formation of
compression wood.     

Increased crown competition in the pole
phase between 21–27 years of age
the tree rings become narrower.  

Growth spurt after thinning leads to
three years of wide tree rings. 

Juvenile wood for the first 17 years
(culture and seedling stages). As crown
competition increases the tree rings
become narrower.   

Fig. 5.100  The influence of thinning on the annual tree 
ring growth of an 80-year-old spruce (Picea abies)

5  Wood Characteristics Inherent in a Tree’s Natural Growth



99

C
h

ro
n

ic
le

 o
f 

a 
48

 y
ea

r-
o

ld
 s

p
ru

ce
 (

P
ic

ea
ab

ie
s)

. T
h

u
ri

n
g

ia
n

fo
re

st
, G

er
m

an
y:

  

- 
20

05
 fe

lle
d

- 
20

03
 d

ro
ug

ht
 y

ea
r

- 
F

irs
t t

hi
nn

in
g

  1
99

4

- 
S

no
w

 d
am

ag
e 

in
 1

98
0

  i
n 

sa
pl

in
g 

st
ag

e 
 

- 
P

la
nt

ed
 1

95
7

(P
ho

to
: G

.-
E

. W
eb

er
)

Tr
ee

 r
in

gs
 in

 s
of

tw
oo

ds
 in

flu
en

ce
d 

by
 s

ite
 a

nd
 fo

re
st

 m
an

ag
em

en
t m

ea
su

re
s

P
in

e 
(P

in
us

 s
yl

ve
st

ris
) 

w
ith

 w
id

e 
rin

gs
 n

ar
ro

w
in

g 
to

 b
ar

el
y

vi
si

bl
e 

as
 it

 a
ge

s 

D
ou

gl
as

 fi
r 

(P
se

ud
ot

su
ga

 m
en

zi
es

ii)
 c

ro
ss

 s
ec

tio
n 

w
ith

un
ifo

rm
 tr

ee
 r

in
gs

  
G

ia
nt

 r
ed

 c
ed

ar
 (

T
hu

ja
 p

lic
at

a)
cr

os
s 

se
ct

io
n 

w
ith

 u
p 

to
50

0 
tr

ee
 r

in
gs

 fr
om

 a
n 

ol
d 

gr
ow

th
 fo

re
st

 (
B

rit
is

h
C

ol
um

bi
a,

 C
an

ad
a)

 

W
av

y,
 ir

re
gu

la
r 

tr
ee

 r
in

gs
 in

 a
n 

80
-y

ea
r-

ol
d 

fir
 (

A
bi

es
 a

lb
a)

(T
hu

rin
gi

a 
F

or
es

t, 
G

er
m

an
y)

 (
P

ho
to

: G
.-

E
. W

eb
er

) 
 

M
on

te
re

y 
pi

ne
( P

in
us

 r
ad

ia
ta

)

w
ith

 v
er

y 
w

id
e

tr
ee

 r
in

gs
.  

2
cm

D
w

ar
f j

un
ip

er
 (

Ju
ni

pe
ru

s
co

m
m

un
is

, v
ar

. n
an

a)
,

82
 tr

ee
 r

in
gs

,

Ø
 0

.1
6 

m
m

/J
R

,
H

am
ni

ng
be

rg
, B

ar
en

t
S

ea
, N

or
w

ay
.  

   

1 
cm

P
la

te
 5

.1
8

 
T

re
e 

ri
ng

 v
ar

ia
tio

ns
 in

 s
of

tw
oo

ds

5.3  Anatomical Structure



100

B
ee

ch
, d

iff
us

ed
 p

or
ou

s,
 c

ro
ss

 s
ec

tio
n

(F
ag

us
 s

yl
va

tic
a)

 w
ith

 r
ed

 h
ea

rt
 (

G
er

m
an

y)
  

W
al

nu
t, 

se
m

ip
or

ou
s,

 c
ro

ss
 s

ec
tio

n
 (

Ju
gl

an
s

re
gi

a)
 (

G
er

m
an

y)
A

sh
, 

ri
ng

 p
or

ou
s,

 c
ro

ss
 s

ec
tio

n 
(F

ra
xi

nu
s

ex
ce

ls
io

r)
 w

ith
 b

ro
w

n
 h

ea
rt

 (
G

er
m

an
y)

R
ob

in
ia

, r
in

g 
po

ro
us

, (
R

ob
in

ia
 p

se
ud

oa
ca

ci
a)

(G
er

m
an

y)
  

B
ur

m
es

e 
ro

se
w

oo
d 

(D
al

be
rg

ia
 b

ar
ie

ns
is

)
on

e 
of

 th
e 

fe
w

 s
em

i-r
in

g-
po

ro
us

 s
pe

ci
es

 o
f

th
e 

tr
op

ic
s 

(V
ie

tn
am

)

A
us

ub
o,

 d
iff

us
ed

 p
or

ou
s,

 (M
an

ilk
ar

a 
bi

de
nt

at
a)

cr
os

s 
se

ct
io

n,
 ir

re
gu

la
r 

sp
ira

l g
ro

w
th

 s
ee

n
 in

th
e 

va
ri

ed
 c

ol
or

ed
, c

on
ce

nt
ric

 r
in

gs
 (

S
ur

in
am

) 
 P

ur
pl

e 
h

ea
rt

, d
iff

us
ed

 p
or

ou
s,

 (
P

el
to

gy
ne

ve
no

sa
) 

cr
os

s 
se

ct
io

n
. I

nc
re

m
en

t z
on

es
 a

re
ba

re
ly

 v
is

ib
le

 (
S

ur
in

am
) 

  

Z
w

ar
t p

ar
el

h
ou

t, 
di

ffu
se

d 
po

ro
us

,
(A

sp
id

os
pe

rm
a 

co
rr

ug
at

a)
, h

ea
vi

ly
pr

on
ou

n
ce

d 
in

cr
em

en
t z

on
es

 (
S

ur
in

am
) 

 

P
la

te
 5

.1
9

 
R

in
g 

po
ro

us
 a

nd
 d

if
fu

se
d 

po
ro

us
 h

ar
dw

oo
ds

 f
ro

m
 te

m
pe

ra
te

 z
on

es
 a

nd
 th

e 
tr

op
ic

s

5  Wood Characteristics Inherent in a Tree’s Natural Growth



101

5.3.1.3	 Prevention
The practice of thinning forests “frequently, but in modera-
tion” keeps stand spacing consistent and can have a positive 
influence on tree ring formation (Burschel and Huss 1997). 
In commercial forests, however, the contrary economic 
axiom “seldom, but intense” usually prevails. One thing is 
for certain: the greater the value increment of a stand, the 
more cautious the thinning (Mette 1984).

Commercial plantations space trees geometrically and 
target maintenance to reduce crown, water, and nutrient 
competition. This positively affects the formation of uniform 
annual tree rings or increment zones.

In old growth forests or secondary forests of the boreal 
zone as well as in the rain forests of the tropics, fluctuations 
in the annual tree ring widths or increment zones are ulti-
mately always subject to the local conditions on site.

5.3.1.4	 Impact on Use
Variations in tree ring width can cause cracks in standing 
trees and particularly in dry timber (Fig.  5.101). In dried 
boards, extreme variations between wide and narrow tree 
rings lead to an increase in cracks and warping.

The internal knottiness of a tree can be diagnosed from 
the sequence of its tree rings around the pith. Wide tree rings 
at the core indicate strong juvenile growth, generally associ-
ated with a significant amount of branches in the lower stem 

area. Because of this, some timber sorting standards stipulate 
that pine must have a radius of 5 cm around the pith with at 
least 12–17 tree rings to be classified as A grade. This 
requirement attempts to ensure that the maximum tree ring 
width of 3–5  mm is not surpassed. With other high-grade 
timber, explicit rules exclude wood from a radius of 5 cm 
around the pith in the quality grade assessment (Fig. 5.102). 
This wood is mainly used to produce veneer sheets and rolls 
(TGL 1977c, Landesforstverwaltung Baden-Württemberg, 
2002, SSLEF 1997).

In rotary cut and sliced veneer, irregular tree ring 
sequences produce unique and distinctive wood patterns.

Contrary to earlier opinion, no discernible correlation 
exists between tree ring structures and the tone quality of 
string instruments (Baltrusch 2003; Ziegenhals 2009).

5.3.1.5	 Technological Adaptation
Wood with wavy tree ring patterns and marked variations in 
ring width cannot be used for higher-quality purposes 
(veneer, cutting wood, decorative pieces). There are no 
restrictions for mechanical or chemical wood pulping for 
chip or fiber board, paper, and pulp.

Plate  5.20 shows examples of tree rings being put to 
excellent use.

Fig. 5.101  Different wood densities in the narrow and wide tree rings 
of this spruce (Picea abies) lead to varying shrinkage behavior in the 
wood. The tension is neutralized by a ring and radial shakes Fig. 5.102  25 narrow tree rings in the core of this 36-year-old pine 

(Pinus) indicate suppressed growth in sampling stage. Average growth 
of 30 cm/year produces an approximately 7.5 m long, fine-limbed stem 
section

5.3  Anatomical Structure
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5.3.2	 �Grain Orientation

5.3.2.1	 Spiral Growth (Richter 2003a)
5.3.2.1.1  Description
Some trees grow in a spiral direction around the pith either to 
the right, from the lower left to the upper right (Fig. 5.103), 
or to the left, from the lower right to the upper left. Earlier 
literature defined right and left spirals as direct opposites 
(right clockwise, left counterclockwise) (Knuchel 1934).

Spiral grain is evident externally from a tree’s bark, 
mouldings, and fluted stem sections. In debarked round 
wood, dry cracks on the surface are an indication of spiral 
grain. The direction of the spiral growth visible on the bark 
surface, however, does not necessarily reflect the direction of 
the spiral grain in youngest tree rings because the direction 
of the grain can switch long before it becomes visible on the 
bark (Knigge and Schulz 1966). Alternating spiral can be 
determined at felling when the initial face cut is made in the 
stem (Fig. 5.104). Spiral grain can be positively identified in 
the radial split piece of wedge wood.

Many species spiral in a preferred direction (Harris 1989, 
Schmid 1998):
Right spiral: Common in horse chestnut, beech, English oak, 

pear, holly, and juniper (Aesculus hippocastanum, Fagus 
sylvatica, Quercus ssp., Pirus communis, Ilex aquifolium, 
Juniperus communis).

Left spiral: common in gingko (Gingko biloba), the juniper 
species (Juniperus rigida), and plum (Prunus domestica) 
(Durst 1955). Left spiral is less common than right spiral.

Spiral with a single change in direction: Many conifers, 
especially spruce (Picea abies), exhibit left spiral near the 

pith and then change direction and spiral to the right as 
they age. Abrupt changes in grain orientation can be 
found at different stem heights as well as within a single 
tree ring (Schmelzer 1977; Wanninger 1989).

Interlocked spiral with periodical changes in direction: 
Many tropical trees, especially upper-story trees, periodi-
cally alternate the direction of their grain (Knigge and 
Schulz 1959), even between the early- and latewood of a 
increment zone (Thinley et al. 2005). This characteristic 
is often called interlocked grain.
Spiral grain appears, to a lesser or greater degree, in 

almost all older trees (Mayer-Wegelin 1956). Statistical stud-
ies by Kulikov showed that 78 % of the trees in West Siberian 
pine forests and 88 % of trees in the pine, larch, and moun-
tain forests of the Urals have spiral grain (Durst 1955).

In general, spiral grain becomes more pronounced as a 
tree increases in size. According to research involving 4450 
oak (Quercus ssp.) trees, only 20 % with a BHD of 10–20 cm 
spiraled to the right, compared with 60–70 % with a BHD 
exceeding 70 cm (Burger 1941).

Red alder rarely spirals. According to Neumeister, no 
spiral-grained birch (Betula pendula) has been identified 
(Gayer and Fabricius 1949). This, however, contradicts find-
ings from barrel makers in the past who once used young 
birch trees, split lengthwise, to make barrel hoops. Records 
show they purposely selected birch trees from the center of 
stands because the wood was less twisted than trees from the 
stand perimeters frequently effected by wind exposure 
(Burckhardt 1879).

See Plate 5.21 for photos of images of spiral grain in trees 
from temperate regions.

Fig. 5.103  Dead, severely right spiraling “scrub pine” on a rock 
formation

Fig. 5.104  Jagged initial cracks at face cut are the first signs of inter-
locked grain

5  Wood Characteristics Inherent in a Tree’s Natural Growth
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Measurement: According to HKS, the deviation of a tree’s 
bark away from the stem axis is measured in inches per run-
ning meter, rounded down to the nearest centimeter 
(Landesforstverwaltung Baden-Württemberg 2002)

The CEN (DIN 1997a) specifies the deviation of the bark 
from the stem axis, measured on the spot of the greatest grain 
slope. With butt logs, the first meter is not included in the mea-
surement because of its undulating grain at the stem base. The 
RVR (RVR 2014) follows the reasoning of the CEN (Fig. 5.105). 
Spiral grain spruce and fir should be measured only when the 
spiral is visible on the bark surface (Weidner et al. 1999). Weaker 
spiral can, however, only be observed on the dry cracks of 
debarked stems that have dried below the fiber saturation point.

See Plate  5.22 for spiral grain assessments in timber 
sorting photos.

Stem axis

Deviation of seam
direction away
from stem axis.   

1 m

Fig. 5.105  Measuring spiral growth on a beech (Fagus) with mouldings
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5.3.2.1.2  Causes
Probable causes of spiral growth are genetic predisposition, 
type of cambial cell formation (Fig. 5.106), age, site condi-
tions, and prevailing wind effects (Burger 1941; Harris 1989; 
Hartig 1901; Krahl-Urban 1953).

From a tree’s perspective, spiral grain means greater 
bending strength, turgor pressure, and tensile strength in 
response to predominately unilateral pressure. As a result, 
spiral grain increases the tree’s chances of survival (Mattheck 
1997; Schweingruber and Isler 1991; Steuer 1990). Thus, for 
example, in Lapland, pines spiral almost exclusively to the 
right the closer they grow to the timberline. This is also evi-
dent on exposed nutrient-poor sites in the rocky sandstone 
region of the Elbe River in Germany. The extremely twisted 
pine trees growing there are also called “spiral pines.”

Trees with widespread crowns, especially fruit trees, need 
to have a particularly high tensile and bending strength to 
withstand wind pressure. Spiral grain works like a coiling rope 
which turns in the direction of the wind and becomes ridged.

In tropical trees, spiral grain works much like a rein-
forcement, stabilizing the trees with narrow stems and 
crowns that compete for sunlight (see Sect. 3.3). In an 
exploratory study of 33 randomly selected wooden boards 
each from different South American tropical species, 18 
exhibited spiral growth. Tropical trees without spiral 
growth (e.g., wiswiskwari (Vochysia guianensis)) often 
crack after being felled due to the release of tension, 
because the interlocking effect of spiral grain is missing in 
the radial direction (Niemeier 2013).

Dominant trees without spiral grain, such as old spruce 
and larch, often exhibit shear stress cracks in the lower stem 
sections, particularly on windy sites. The stem base cracks 
under the tension on the windward side and under compres-
sion stress on the leeward side. This is rarely observed in 
spiraling trees because the spiral grain neutralizes the shear 
and pressure stress (Mayer-Wegelin 1956). A spiral stem 
results in greater bending strength, compression, and torsion 
stability by predominately unilateral pressure (Richter 
2008b) (Fig. 5.107).

Calculations show that at a grain slope of 15–30°, a tree’s 
maximum pressure tolerance increases by about 1.5  %, 
because the pressure is distributed equally in a longitudinal 
and lateral direction (Richter and Hennig 2001). It is possi-
ble that this effect could, over the course of evolution, give 
spiral trees an advantage by increasing their chances of sur-
vival (Mattheck 1997).

Spiral grain has an even greater impact on wood’s tensile 
strength. Studies on wood cylinders with non-spiraling and 
interlocked grain showed that the bending strength of the 
interlocked grain cylinders was more than double (223 %) 
than that of the cylinder with the axis parallel grain orienta-
tion (Hansen 2004). These results corresponded with earlier 
findings from Thunell (1951), showing the benefits of spiral 
grain in stem and branch wood.

1  2 1  2
b  b b b

1 2 1  2
a a a  a

1  2 1  2

Fig. 5.106  Anatomical causes, parallel cambial cell division (left) 
leading to spiral growth, and opposed cell division leading to straight 
growth (right). (Cell division starts with cell 1; cell 2b is the last cell 
formed.) (In reference to Harris (According to Harris 1989))

Compression stress along the grain and tensile
stress on the opposite stem side  

Bending stress

Compression fracture-

Crack prone shearing 

Tension              Compression 

Prone compression 
zone

Stress-zone      

Fig. 5.107  Effect of shear pressure 
under bending stress in tree without 
spiral growth (left) and with spiral 
growth (right)
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5.3.2.1.3  Prevention
In commercial forests, spiral trees should be removed as part 
of sound stand maintenance practices.

Spiral grain is undesired in crop trees.
Because spiral grain increases with age, all spiral grain 

trees should be harvested before natural regeneration occurs 
to prevent any economically adverse genetic properties from 
transferring to the next generation (Burger 1941). Old, well-
maintained birch stands, therefore, do not have the same 
number of spiral grain trees as a stand with normal 
distribution.

An established seed stock stand should not contain any 
spiral grain trees (oak (Quercus ssp.), beech (Fagus sylvat-
ica)). Individual spiral grain trees should not be used for seed 
collection.

The common occurrence of interlocked grain in wood 
from primary and secondary forests must be accepted.

5.3.2.1.4  Impact on Use
Spiral grain logs dried below a fiber saturation level of 30 % 
can crack along the spiral (Fig. 5.108). These logs are not 
suitable for lumber, but the wood can still be used for pulp 
and particle board.

Beams with spiral grain can be used in buildings, but only 
if they are not fixed to the structure. Sawn timber from spiral 
grain stems tends to warp in the direction of the grain 
(Fig. 5.109).

Sawn timber looses strength the more the grain direction 
deviates from the parallel. A slope in grain of 15° can result 
in a 40 % decline in bending strength (Niemz 1993).

Planning against the spiral grain produces a rough surface 
and split fiber (Fig. 5.110).

Wooden shingle makers avoid using spiral wood. They 
identify unsuitable wood by radially splitting a small piece 
of the stem. If the split wood is twisted, then the wood cannot 
be used as a shingle wood (Fig. 5.111).

See Plate 5.23 for impact of spiral grain on sawn timber 
photos.

Fig. 5.108  Growth cracks in a beech (Fagus) along the spiral grain

Original board
area 

Fig. 5.109  A board from a right spiral stem warped during seasoning

Planning direction

Fig. 5.110  Alternating surface quality on a planed board from a right 
spiral stem. Rough surface caused by planing against the grain

cleavage planes
with different slope
angles

Fig. 5.111  Uneven cleavage planes for spiral-grained tropical wood
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On the other hand, in tropical wood, spiral grain has an 
aesthetical value due to the unique figure it produces in tropi-
cal veneer wood. Scheiber (1965) only assesses interlocking 
spiral as a defect if the grain orientation on the stem surface 
twists more than 30 % to the stem axis. For impact of spiral 
grain on the grade and quality class of various timber assess-
ments, see Table 5.10.

See Plate 5.24 for identifying (interlocked) spiral in tropi-
cal timber photos and Plate 5.25 for interlocking spiral grain 
in tropical veneer wood photos.

5.3.2.1.5  Technological Adaptation
In the production of sliced veneer, saws are used which allow 
the veneer block to be positioned at the blade so a single cut 
can be made diagonal to the direction of the fiber. Cut timber 
must be stacked immediately using piling sticks and extra 
pressure added if needed so that the boards do not warp as 
they season.

In the manufacturing of planed lumber, it is necessary to 
ensure that the wood is planed in the direction of the grain.

The adverse effect of slope of grain on sawn timber 
strength can be identified with the help of machine grading 
(Pope et al. 2005).

The principle of spiral grain has been proposed as a 
practical model for constructing statically stressed build-
ings such as towers, silos, and large pipes (Richter and 
Hennig 2001).

See Plate  5.26 for spiral growth used as a model in 
construction.

Table 5.10  Effect of spiral on quality class (RVR 2014, beech and 
oak; DIN 2008a, b, c, softwood)

Species

Quality class

A B C D

Spruce/fir 
(Picea/Abies)

≤3 cm/m ≤7 cm/m ≤10 cm/m Unlimited

Pine (Pinus)
Larch (Larix)
Douglas fir 
(Pseudotsuga)

Beech (Fagus) ≤2 cm/m ≤6 cm/m 
to 4. Stkl.

Unlimited Unlimited

Oak (Quercus) ≤7 cm/m 
to 5. Stkl.

5.3  Anatomical Structure
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Spiral grain vividly illustrates how varied opinions can be 
when made from different perspectives, such as a wood pro-
cessor’s, a bionic scientist’s, or an aesthetically oriented 
dendrologist’s.

5.3.2.2	 Grain Orientation: Curly, Fiddleback, 
and Hazel Growth (Richter 2004b)

5.3.2.2.1  Description
Wavy grain orientation or tree ring patterns generally occur 
in a tree’s bole or buttress, running either transverse or per-
pendicular to the axis, and in tropical trees are often associ-
ated with interlocked grain. Depending on the direction of 
the waves, the grain is called either curly, fiddleback, or 
hazel growth. Since many authors confusingly use “curly” as 
a generic term for the more specific terms longitudinal and 
transverse curl, curly grain, fiddleback, hazel growth, and 
“bird step,” the following attempts to offer a sufficiently pre-
cise definition of each term:

Curly grain, also called “elephant skin” or “washboard” 
effect, refers to wavy lateral contortions in the tree rings run-
ning transverse to the stem axis and visible on the stem sur-
face. The wood fiber undulates with the tree rings (Fig. 5.112, 
red arrow).

Curly grain is relatively common in beech (Fagus sylvat-
ica) and sycamore (Platanus hispanica) and less so in maple 

(Acer ssp.), horse chestnut (Aesculus hippocastanum), chest-
nut (Castanea sativa), pear (Pyrus pyraster), linden (Tilia 
sp.), birch (Betula ssp.), aspen (Populus tremula), oak 
(Quercus ssp.), spruce (Picea abies), and larch (Larix 
decidua) (Mette 1984). In beech (Fagus sylvatica) and syca-
more (Platanus hispanica), the wide waves are also called 
“elephant skin” and the shorter, buckled waves at the buttress 
and under the branch collars in maples (Acer ssp.) are called 
“washboard” effect. In tropical trees, curly grain is some-
times found in combination with interlocked grain creating a 
moiré or feather pattern.

See Plate 5.27 for curly grain photos.

Fig. 5.112  Curly grain beech log (Fagus sylvatica)

5.3  Anatomical Structure
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Fiddleback (e.g., in certain maples (Acer ssp.)) refers to 
wavy grain that runs transverse to the axis of the stem in a 
radial direction and is not visible on the stem surface. The 
wood fibers undulate in the tree rings (Fig. 5.113, red arrow). 

Fiddleback can only be determined on live trees by removing 
a piece of dry bark and identifying fine wavy marks left behind 
on the inside of the bark. Fiddleback is readily apparent on the 
radial face cut before felling. It creates a “washboard” effect 
in the split radial section. In a radial cut, the fibers are inter-
sected at different angles. This leads to an optically interesting 
pattern of light and dark stripes (Hoadley 1990).

Fiddleback is also found in douka (Tieghemella africana), 
makore (Tieghemella heckelii), limba (Terminalia superba), 
and ash (Fraxinus excelsior) (Wagenführ 2007). Studies in 
Surinam examined 300 stored logs of various species from 
primary forests and found fiddleback figure in 20 % (!) of the 
bergigronfolo (Qualea rosea) and 5  % of the bolletrie 
(Manilkara bidentata). Fiddleback figure is sometime found 
combined with curly grain to create a flame pattern, with 
interlocked grain in a moiré pattern or a combination of 
the two (Niemeier 2013).

See Plate 5.28 for fiddleback photos.

Fig. 5.113  Fiddleback on a split of sycamore maple log (Acer 
pseudoplatanus)

5.3  Anatomical Structure
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Hazel growth in spruce (Picea abies) and sometimes fir 
(Abies alba) refers to wavy, undulating grain or indented tree 
rings running parallel to the stem axis in a radial direction 
(Fig. 5.114, red arrow). The only rather unreliable external 
feature of hazel growth is a series of longitudinal dents in the 
bark. In debarked wood, hazel growth is visible in the elon-
gated dents in the stem surface. The term “hazel growth” 
comes from its similarity with the anatomical structure found 
in hazel wood cross sections. The contorted grain visible in 
the radial section and the markings on the surface often 
resemble wings or tracks and are therefore sometimes called 
“bird step” figure (Fig.  5.115). Hazel growth spruce can 
occur equally in all phenotypes, also in comb, brush, and 
plate spruce. The likelihood of hazel growth increases with 
altitude (about 800–1,500 m) (Rüegsegger 1962).

Microscopically, hazel growth has a 40–50  % higher 
amount of pith rays compared to normal spruce (Picea abies) 

wood (Körner 1961). Tangentially, but especially in a radial 
direction, the wood exhibits a highly irregular tracheid distri-
bution and orientation (Fig. 5.116). Cell density is more than 
50 % greater than in normal spruce. Wood density is about 
20 % above normal spruce and the strength values are higher 
(Rüegsegger 1962).

Hazel growth wood has different names depending on the 
region. This reflects the varied appearances, properties, or 
intended usages (Table 5.11).

Hazel growth is also found in alerce (Fitzroya cupressoi-
des), yew (Taxus baccata), as well as mansonia (Mansonia 
altissima), ash (Fraxinus excelsior) (Wagenführ 2007), bas-
ralocus (Dicorynia guianensis) and limba (Terminalia 
superba).

See Plate 5.29 hazel growth photos.

Fig. 5.114  Wavy grain and tree ring orientation on a hazel spruce 
(Picea abies)

Fig. 5.115  Spruce with “bird step” figure, radial cut, macroscopic

250 µm

Heavily contorted tracheid

Fig. 5.116  Abnormal cell arrangement for spruce, radial cut (SEM 
photo: E. Bäucker)

Table 5.11  Synonyms for spruce and fir with hazel growth  
(Körner 1961)

Vogtland Hazel spruce,
Tonholz, Hahnentritt, Vogeltritt

German Alps Hasel-, Stein-, Weißfichte
Bernese highlands Hagelholz, Tonholz, Mändliholz, Ageholz, 

“glismets” (knitted) wood, equal : vogeltrittig, 
katzentrittig or hagelschlächtig

Switzerland Schindeltanne (shingle fir)
Vorarlberg Bosnia Zottelfichte (clumps spruce)
Bohemian Forest Geflammtes Resonanzholz ( flamed resonance 

wood)
Zargenholz (frame wood)

5.3  Anatomical Structure
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Assessment:  In commercial grading (HKS 2002a) and 
in the framework agreement for timber trade in Germany 
(RVR 2014), the terms curly grain, fiddleback, and hazel 
growth are not included. The term curly grain is only 
defined in the European CEN as “tight, regular transverse 
bands appearing on the wood surface with a wavy fiber 
orientation” (DIN 2001b, p. 7). Thus, these wood charac-
teristics should be assessed using the general grading 
standards set in HKS (2002a) and graded according to 
RVR (2014) or CEN (DIN 1997c, 1998b). Curly grain is 
usually considered a wood defect because the contorted 
tree ring sequences can impede wood surface processing 
and the wavy tree rings only have a limited decorative 
effect.

In contrast to curly grain, fiddleback and hazel growth are 
highly valued. When suitably manufactured, fiddleback and 
hazel growth figure combined with spiral grain can signifi-
cantly improve the practical value of the wood.

5.3.2.2.2  Causes
Curly grain is generally considered to have physiological 
causes. Bosshard (1984) writes about “functional tropism,” 
in which the function of the cells formed in the cambium 
outweighs their structural purpose. In this case, the water 
supply system is affected for the benefit of the storage sys-
tem (increase in wood ray parenchyma). In the affected 
regions, this leads to reduced radial growth.

Mette (1984) suggested curly figure occurs as a result of 
unilateral stress to the stem which increases with age. 
Another cause could also be the greater elasticity associated 
with the wavy grain orientation. This assumption is sup-
ported by observations on beach growing on a wind exposed 
slope at 700 m elevation. There, curly grain always appears 
on the leeward side of the trunk. A genetic predisposition 
may lead wind influences to stimulate growth and produce 
curly grain.

Schweingruber and Isler (1991) also suspect cambium 
compression in stem curvatures and branch collars 
(Fig. 5.117).

Genetic disposition is widely believed to be the cause of 
fiddleback figure. Growth stimulation is also suspected, 
which could be caused by wind-induced stress.

As cause for hazel growth figure, Bosshard (1984), Mette 
(1984), and Rüegsegger (1962) all point to a localized short-
age of cambium in the area of wood rays (similar to fluting). 
Greyerz (1919) claims the increase in pith rays to be the 
main cause of the anomalous growth.

The causes for the particularly wavy grain in “bird step” 
spruce are unknown (Schweingruber and Isler 1991). The term 
“hail spruce” reflects the assumption that heavy hail storms are 
the cause of cambium injuries that bring about hazel growth.

Curly, fiddleback, and hazel growth figure are the most 
common types of grain patterns. Combined with interlocked 
grain, they can produce strikingly beautiful wood. Table 5.12 
shows several of these combinations.

See Plate  5.30 Different deviations in fiber orientation 
photos.

Direction of 
cambial 
growth

Fig. 5.117  Bark and cambium compression (curly grain) on a maple 
(Acer) buttress

5.3  Anatomical Structure



122

G
ra

in
 d

ev
ia

ti
o

n
s

In
te

rl
o

ck
ed

C
u

rl
y

F
id

d
le

b
ac

k
H

az
el

 g
ro

w
th

In
te

rl
o

ck
ed

S
tr

ip
ed

R
a

S
ap

el
e-

m
ah

ag
on

y
( E

nt
an

dr
op

hr
ag

m
a

cy
lin

dr
ic

um
)

A
fr

or
m

os
ia

( P
er

ic
op

si
s 

el
at

a)

“s
h

el
le

d
” 

T
a

p
o

m
m

el
é 

T
fr

o
st

 p
at

te
r

R
(s

w
irl

in
g)

m
ap

le
 (

A
ce

r 
ps

eu
do

-
pl

at
an

us
)

A
us

tr
al

ia
n 

w
hi

te
 b

irc
h

( S
ch

iz
om

er
ia

 o
va

ta
)

S
ap

el
e-

m
ah

ag
on

y
(E

nt
an

dr
op

hr
ag

m
a

cy
lin

dr
ic

um
)

D
en

ts
 o

n 
th

e 
st

em
 s

ur
fa

ce
: f

ig
ur

e 
ru

nn
in

g
lo

ng
itu

di
na

l t
o 

st
em

 a
xi

s
T

W
an

ak
w

ar
i

(V
oc

hy
si

a
to

m
en

to
sa

)

S
al

ik
w

ar
i

(T
et

ra
ga

st
ris

 s
sp

.)

C
u

rl
y

M
o

ir
é

F
ea

th
er

R
(s

la
nt

ed
 s

tr
ip

es
)

O
liv

e 
(O

le
a

eu
ro

pa
ea

)
A

us
tr

al
ia

n 
w

hi
te

 b
irc

h
(S

ch
iz

om
er

ia
 o

va
ta

)

C
u

rl
y

T

B
ee

ch
 (

Fa
gu

s
si

lv
at

ic
a)

Y
el

lo
w

 b
uc

ke
ye

(A
es

cu
lu

s 
oc

ta
nd

ra
)

F
id

d
le

b
ac

k
M

o
ir

é
(s

la
nt

ed
 s

tr
ip

es
)

R

B
ol

le
tr

ie
(M

an
ilk

ar
a 

bi
de

nt
at

a)

F
la

m
ed

   
   

   
   

   
   

   
   

   
   

   
 T

R
ed

w
oo

d
(S

eq
uo

ia
se

m
pe

rv
ire

ns
)

O
ak

(Q
ue

rc
us

cr
ys

ol
ep

si
s)

F
id

d
le

b
ac

k 
   

   
   

   
   

   
   

   
 

R

M
ap

le
( A

ce
r 

ps
eu

do
-

pl
at

an
us

)

Y
el

lo
w

 b
uc

ke
ye

(A
es

cu
lu

s 
oc

ta
nd

ra
)

H
az

el
 g

ro
w

th
(b

ir
d

 s
te

p
) 

H
az

el
R

   
   

   
C

 a
T

   
   

   
   

   
   

   
C

S
pr

uc
e 

(P
ic

ea
 a

bi
es

)
Li

m
ba

(T
er

m
in

al
ia

su
pe

rb
a)

Ta
b

le
 5

.1
2

 
Po

ss
ib

le
 w

oo
d 

te
xt

ur
es

 f
ro

m
 c

om
bi

na
tio

ns
 o

f 
di

ff
er

en
t d

ev
ia

tio
ns

 in
 fi

be
r 

or
ie

nt
at

io
n

a P
re

fe
rr

ed
 c

ut
tin

g 
di

re
ct

io
ns

: R
 =

 ra
di

al
, T

 =
 ta

ng
en

tia
l, 

C
 =

 c
ro

ss
 s

ec
tio

n.
 Y

el
lo

w
 fi

el
ds

: b
as

ic
 d

ev
ia

tio
ns

 in
 th

e 
fib

er
 o

ri
en

ta
tio

n.
 W

hi
te

 fi
el

ds
: c

om
bi

na
tio

ns
 o

f 
di

ff
er

en
t fi

be
r 

or
ie

nt
at

io
ns

5  Wood Characteristics Inherent in a Tree’s Natural Growth



123

Li
ve

 s
yc

am
or

e 
m

ap
le

 (
A

ce
r 

 p
se

ud
op

la
ta

nu
s)

 w
ith

 s
pi

ra
l, 

sl
an

te
d,

cr
is

sc
ro

ss
in

g 
cu

rly
, a

nd
 fi

dd
le

ba
ck

 g
ra

in
, l

ik
el

y 
w

ith
 v

al
ua

bl
e 

fig
ur

ed
 w

oo
d

(E
rz

 M
ou

nt
ai

ns
, G

er
m

an
y)

V
al

ua
bl

e 
m

ap
le

 v
en

ee
r 

(A
ce

r
ps

eu
do

pl
at

an
us

) 
fr

om
 a

 c
om

bi
na

tio
n

of
 s

pi
ra

l, 
cu

rv
y,

 a
nd

 fi
dd

le
ba

ck
 g

ra
in

  

H
ea

vi
ly

 b
ar

ke
d 

bi
rc

h 
su

gg
es

ts
fid

dl
eb

ac
k 

gr
ai

n
(N

or
th

er
n 

S
w

ed
en

) 

B
irc

h 
cu

p 
(B

et
ul

a 
pe

nd
ul

a)
 w

ith
cu

rly
 a

nd
 fi

dd
le

ba
ck

 g
ra

in
 (

F
in

la
nd

) 

F
ig

ur
ed

 D
ou

gl
as

 fi
r 

(P
se

ud
ot

su
ga

m
en

zi
es

ii)
 fr

om
 a

 c
om

bi
na

tio
n 

of
cu

rly
 a

nd
 fi

dd
le

ba
ck

 g
ra

in
  

M
oi

ré
 p

at
te

rn
 in

 th
e 

ol
iv

e 
(O

le
a 

eu
ro

pa
ea

) 
cr

ea
te

d 
by

 c
om

bi
na

tio
n 

of
in

te
rlo

ck
ed

 a
nd

 c
ur

ly
 g

ra
in

 (
le

ft)
, w

hi
le

 in
 th

e 
bo

lle
tr

ie
( M

an
ilk

ar
a 

bi
de

nt
at

a)
, i

t i
s 

a 
co

m
bi

na
tio

n 
of

 in
te

rlo
ck

ed
 a

nd
fid

dl
eb

ac
k 

gr
ai

n 
(r

ig
ht

).
  

T
hi

s 
gr

on
fo

lo
 (Q

ua
le

a 
ro

se
a)

ap
pe

ar
s 

to
 h

av
e 

in
te

re
st

in
gl

y
fig

ur
ed

 w
oo

d 
  

P
om

m
el

é 
pa

tte
rn

 in
 a

 s
ap

el
e

(E
nt

an
dr

op
hr

ag
m

a 
cy

lin
dr

ic
um

,)
cr

ea
te

d 
by

 a
 c

om
bi

na
tio

n 
of

 in
te

r-
lo

ck
ed

, c
ur

ly
, a

nd
 fi

dd
le

ba
ck

 g
ra

in
  

P
la

te
 5

.3
0

 
D

if
fe

re
nt

 d
ev

ia
tio

ns
 in

 fi
be

r 
or

ie
nt

at
io

n

5.3  Anatomical Structure



124

5.3.2.2.3  Prevention
Curly, fiddleback, and hazel growth figure cannot be influ-
enced. Affected trees should be removed if they negatively 
impact the intended use. They should be maintained if they 
can be used for a certain purpose.

In hardly any other characteristic group does the intended 
purpose determine so significantly whether the characteristic 
is seen as an unpleasant defect or a special feature that greatly 
increases the wood’s value. For the most part, too little atten-
tion is paid during timber selection to “unconventional” 
grain and tree ring orientation.

5.3.2.2.4  Impact on Use
The strength properties of sawn lumber, especially slats and 
laths, decline in wavy grain wood (Fig.  5.118). Planing 
against the wavy grain produces a rough surface (Fig. 5.119). 
The wood becomes difficult to split.

The HKS of Thuringia (Thüringer Landesforstdirektion 
1997) discusses the disadvantages but also the benefits of 
wavy grain: for example, curly grain in beech (Fagus syl-
vatica) veneer wood is unacceptable because the wavy grain 
makes the veneer and plywood hard to straighten and easy to 
tear. On the other hand, fiddleback is highly valued because 
the wood’s decorative effects make it valuable as face veneer 
and as soundboards or frames for musical instruments (vio-
lin and guitar) (Fig.  5.120). The same applies for the rare 
hazel growth spruce, in particular “bird step” figure is prized 
for making violin and guitar backs, harpsichords, etc. 
(Fig. 5.115). Many woodworkers claim that the wavy grain 
has superior acoustical properties. The relatively heavy wood 
sounds brighter than usual narrow ring spruce with little 
latewood from mountain regions.

5.3.2.2.5  Technological Adaptation
Well-sharpened tools ensure a smooth surface also in small 
areas with contorted wood fibers.

Special attention should be given not to overbend fiddle-
back and hazel growth wood used for veneer and musical 
instruments.

For spruce (Picea abies) and fir (Abies alba) trees, the 
term “shingle fir” reflects a preference for using dense hazel 
growth spruce as shingle wood.

Fig. 5.118  Reaction to bending stress by curly grain wood

Planing direction

Fig. 5.119  Rough curly grain surface after planing with a blunt saw

Fig. 5.120  Fiddleback violin back

5  Wood Characteristics Inherent in a Tree’s Natural Growth
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6.1                      Impact of Microorganisms 

6.1.1     Necroses 

6.1.1.1     Description 
 Necroses or cancers are callused areas of localized dead 
 cambium tissue, most commonly found in hardwoods, mainly 
in beech ( Fagus sylvatica ), but also in oak ( Quercus  ssp.) and 

maple ( Acer  ssp.) (Fig.  6.1 ). During the vegetation period, a dark 
slimy mixture of sap and microorganisms briefl y oozes from the 
wound, giving the disease the name “slime fl ux.” In cross 
 sections, these wounds appear as T-shaped markings (Fig.  6.2 ).

    Necroses also occur in trees from the subtropics and 
 tropics. The high incidence of infection often results in large 
areas of dead bark. 

 See Plate  6.1  for necrotic wounds photos.

      Biotically Induced Wood 
Characteristics   6

  Fig. 6.1    Beech ( Fagus sylvatica ) stem with severe necrosis       

Year of infection

4 years after infection
the wound is fully
callused

Necrotic bark scar

  Fig. 6.2    Infection and callusing creating a T-mark       
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6.1.1.2        Causes 
 Bark necroses often occur after periods of extreme winter 
cold spells, long periods of drought, or following bacterial 
and fungal infection (Table  6.1 ) (Altenkirch et al.  2002 ). 
Necroses in trees from all climate zones are probably best 
understood as the result of a chain of effects. Prerequisite for 
the infection are small (microscopic) bark injuries which 
serve as entryways for microorganisms. In most cases, 
insects are the main culprits. For example, the woolly beech 
scale ( Cryptococcus fagisuga ) bores into the bark, creating 
portals for  Nectria  in beech trees ( Fagus sylvatica ), while 
another set of scale insects infests oaks ( Quercus  ssp.).

   A proven link also exists between bark beetle 
( Trypodendron domesticum ) infestation and  Nectria ditis-
sima  infection (Grüner and Metzler  2003 ). 

 The microorganisms damage or destroy the cambium 
cells. The tree protects itself from infection by building cal-
lus tissue and walling off the wounded area (Altenkirch et al. 
 2002 ; Bosshard  1984a ; Knigge and Schulz  1962 ). As the 
infection spreads, the risk that the injury will degenerate into 
cancer increases. 

 Measurement: Necroses are major wood defects. They 
can only be accurately identifi ed in stem cross sections. 
Their position in the stem can be approximated as follows 
(Table  6.2 , Fig.  6.3 ):

6.1.1.3         Prevention 
 Necroses are diffi cult to avoid. Either too little is known 
about their cause to prevent them or it would require a 

 disproportionate amount of effort to protect against the 
smallest infection. 

 Necrotic trees should be removed as part of sustainable 
stand maintenance (Fig.  6.4 ) because they are carriers for 
further infestation. Since necrotic wood does not grow, there 
is no increase in the amount of wood.

6.1.1.4        Impact on Use 
 Necrotic wounds are undesirable in all types of wood manu-
facturing because the markings visible on the bark do not 
accurately reveal the depth of the injury, the amount of wood 
discoloring, the degree of insect infestation, and the extent of 
callusing in the damaged part of the stem. Necrotic wood can 
no longer be used as merchantable timber (Fig.  6.5 ).

   Knigge and Schulz ( 1962 ) categorize beech ( Fagus 
 sylvatica ) wood into four quality levels depending on the 
size and duration of the disease:
    1.    Healthy, uniformly pale yellow to pink colored wood   
   2.    Dark-colored protective wood with compartimentalization 

(tylosis) under the dead cambium, gray colored when dried   

   Table 6.1    Causes of necrosis (selection)   

 Tree species 
 Responsible microbes 
and indirect infl uences 

 Beech ( Fagus sylvatica ) 
(Grüner and Metzler  2003 ; 
Wujciak  1976 ) 

 Beech cancer ( Nectria coccinea ) 
( Nectria ditissima ) 

 Oak ( Quercus  ssp.) (Mette  1984 )  Oak beetle borer, oak scale 
insects ( Keramidae ) 

 Maple ( Acer  ssp.), poplar 
(Populus tremula), alder 
( Alnus glutinosa ) (Mette  1984 ) 

 General: insect infestation and 
other external infl uences cause 
bark injury. Microorganisms 
penetrate the wounds and infect 
the cambium 

   Table 6.2    Estimating the depth of the necrosis (T-mark) based on the 
shape of the bark scar (Wujciak  1976 )   

 Appearance  Size 

 Long scar with recognizable callus, scar height 
to scar width >3: 1 (line type) 

 <3 cm depth 

 Pronounced scar  <7 cm depth 
 Wide scar, scar height to scar width <3: 1 
(round type) 

 >3 cm depth 

 No callus  >>7 cm depth 

Wound seam

  Fig. 6.3    The appearance of a bark scar on a beech ( Fagus sylvatica ) as 
a (weak) diagnostic feature for the wound depth of necrosis.  Left  5 
years after infection with overgrowth seam,  right  20 years later       

  Fig. 6.4    Removal of beech ( Fagus sylvatica ) with necrosis ( red 
marking  indicates mature timber harvest)       
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   3.    Discolored wood with heavy beetle damage ( Xyloterus 
domesticus ) or ( Hylecoetus dermestoides )   

   4.    Wood completely destroyed by white rot    
  Under “limited slime fl ux” Frommhold ( 2001 ) means 

maximum 10/lfm. High-quality wood (A and B) with even 
just a few necrotic wounds (2–3/lfm) will be degraded to a 
lower quality class.  

6.1.1.5     Technological Adaptation 
 The bark scar can be used as a (weak) diagnostic feature for 
determining the depth of the necrosis in the stem (Fig.  6.1 ). 

 Veneer sheets with necrotic areas must be either trimmed 
off or centered in the middle of the plywood sheet. 

 Necrotic wood has areas with tylosis. Therefore, it cannot 
be fully impregnated and is, for example, no longer suitable 
for use as railroad ties.   

6.1.2     Growth Anomalies Caused by Growth- 
Stimulating Microorganisms: 
Galls, Burls, and Witches’ Brooms 
(Richter  2005b ,  2006a ) 

6.1.2.1     Description 
 Trees often develop interesting and sometimes quite large 
growth anomalies on their stems. Generally referred to as 
galls or burls, they can either have a relatively smooth, clear 
surface or be covered in shoots or twigs. 

 Many trees also exhibit unique broom-like clusters of small 
branches in their crowns, colorfully called witches’ brooms. 

 While most galls and burls look very similar, both clearly 
differ in appearance from witches’ brooms. Studies on the 
causes of such growth abnormalities have yet to establish 
conclusive results. The growths are often referred to as 
tumors since they each involve (pathological) tissue 
 development with excessive cell growth that is obviously no 
longer governed by the tree’s original genetic code. They are 
sub- defi ned as follows: 

  Galls  are cell proliferations resulting from an infection of 
the cambium or individual buds in the tree’s juvenile stage. 

Tree rings or increment zones in galls are much wider than in 
normally developed stem wood. In benign tumors, the wood 
appears generally healthy. In malignant tumors the microbial 
degradation often leads to wood necrosis. Galls are relatively 
common among spruce ( Picea abies ) (Fig.  6.6 ) and birch 
( Betula pendula ), but also found among hardwoods and 
many other softwood and hardwood species from the tem-
perate and tropical zones. A rough exterior is caused by 
excessive bark development and not by epicormic shoots!

   See Plate  6.2  for malignant tumors photos and Plate  6.3  
for galls (benign tumor) photos.

     Burls  result when buds continuously develop into 
 epicormic shoots in the stem bark or root area, also called 
bud proliferation (Fig.  6.7 ). The shoots regularly die away 
leaving behind attractive patterns in the wood grain. Burls 
are common in walnut ( Juglans regia ), poplar ( Populus  ssp.), 
sugar maple ( Acer saccharum ), and linden ( Tilia  ssp.). 
In (sub)tropical trees, they are common in madrones ( Arbutus 
menziesii ), afzelia ( Afzelia  ssp.), myrtle ( Myrtus communis ), 
and padouk ( Pterocarpus  ssp.).

   See Plate  6.4  for burls photos.
    Witches’ brooms  are characterized as early sprouting, 

negatively geotropic buds and shoots on branches (Fig.  6.8 ). 
They are particularly vital and can assume a signifi cant part 
of a tree’s assimilation (birch ( Betula pendula ), pine ( Pinus 
sylvestris ), etc.).

   See Plate  6.5  for witches’ broom photos.

  Fig. 6.5    Unusable beech ( Fagus sylvatica ) board with severe necrosis. 
Pieces of bark are ingrown       

  Fig. 6.6    Spruce ( Picea abies ) gall       

  Fig. 6.7    Birch ( Betula pendula ) burl       
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   Necroses assume an intermediate position, depending on 
whether they heal by scarring or whether they develop into 
cancer. 

 Measurement: Some timber grading systems classify 
 galls  and  burls  as abnormal stem contours. Diameters, 
therefore, are measured at an equal distance above and 
below the abnormality. In certain cases, the excrescences 
can be omitted from calculations of overall wood vol-
ume. Basically, trees with galls or burls are graded as 
unsuitable for sawn lumber and are either left standing or 
are only sold as D-quality industrial wood (SSLEF  1997 ). 
If the gall or burl wood is to be sold for veneer, this 
should take place only after the last and highest bid in a 
stumpage sale. Since it is difficult to determine wood vol-
ume, high-quality burl wood is sold by weight (Matzek 
 1983 ). 

  Witches’ brooms  grow on twigs and branches in a tree’s 
crown. They are not suitable as lumber and are therefore not 
measured.  

6.1.2.2     Causes 
 Tree galls and burls occur more frequently in cities, parks, 
and the open countryside than in forests. These trees are sub-
ject to a greater risk of injury and considerable stress (emis-
sions, dryness, heat). In addition, cities and more frequented 
areas present a higher rate of infection. 

 When buds and bark are injured by forestry operations, 
fi re (western red cedar), insects, or small growth cracks, the 
wounds often become entryways for parasites. Certain 
viruses, bacteria, and fungi are then able to stimulate tissue 
growth in order to create favorable living conditions for 
themselves (Altenkirch et al.  2002 ; Gottwald  1983 ). In the 

infected areas (cambium, buds), nutrients or growth hor-
mones are increasingly enriched. The subsequent excessive 
radial growth causes pathological excrescences to develop 
that can develop into tumors (Wagenführ and Scheiber 
 1989 ). They can be benign tumors, as in spruce ( Picea abies ) 
or poplar  (Populus  ssp. )  burls, or malignant as, for example, 
in fi r, larch, or beech cancers  (Abies alba, Larix decidua, 
Fagus sylvatica)  or witches’ broom. 

 Malignant tumors can develop from frost damage as, for 
example, in larch cancer ( Larix decidua ). The damage is 
magnifi ed by the ongoing assault from microorganisms dur-
ing the vegetation period (Schwerdtfeger  1981 ). The con-
stant shift between attempting to seal off the wound, and the 
subsequent death of the latest layer of cambium tissue, often 
brings about oddly shaped tumors. 

  Attention!  The above pathological growth anomalies have 
nothing to do with clusters of new shoots that often sprout up 
after canopy openings (increased light) or canopy closures 
(anxiety suckers) or due to repeated removal of water sprouts 
(as often the case with linden trees ( Tilia  ssp.) lining a street) 
(Wagenführ and Scheiber  1989 ). In these cases, physiologi-
cal processes cause buds to grow from the meristem around 
branch scars. 

  Mites and insects  can stimulate growth to their benefi t, 
resulting in growth anomalies in the tree trunk and branches. 
Mites are direct causes of witches’ broom in birch ( Betula 
pendula ) (Georgi  1965 ), and wasps are identifi ed as causing 
various leaf galls. According to studies by Eschrich (quoted 
in Schwerdtfeger  1981 ), the oak aphid ( Lachnus roburis ) 
attacks the most recent shoots of oak  (Quercus  ssp. )  trees at 
the nursery stage. The diseased cambium cells repeatedly 
burst open and are then sealed over. These cells have proba-
bly been genetically “reprogrammed,” because the gall con-
tinues to grow. 

 The infection of a young sprout or bud may explain why 
the starting point of a gall growth is always located on a 
branch collar in the lower, juvenile section of the stem. 
Schwerdtfeger ( 1981 ) proposed that the cause of gall forma-
tion in pine ( Pinus sylvestris ) and spruce ( Picea abies ) is the 
same as in oak  (Quercus  ssp. ) . In spruce ( Picea abies ), moths 
( Dichelia histrionana ) can create openings for infection in 
the side branches of young stems. The mechanisms of infec-
tions are often unclear. 

 Studies on three tropical tree species, mountain 
 bergigronfolo ( Qualea rosea ), hoogland gronfolo ( Qualea 
albifl ora ), and mawsikwari ( Erisma uncinatum ), observed 
that insects (species unknown) permanently bored through 
the stem surface to the cambium. The trees then attempted to 
callus over the stem wound created by the bore hole. As the 
insects retreated for air, they created new wounds which the 
tree again tried to seal off. The results are calluses occurring 
sporadically or throughout the stem. 

 See Plate  6.6  for unique growths photos.

  Fig. 6.8    Pine ( Pinus sylvestris ) with witches’ broom (Finnmark, 
Norway)       
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   Also  mistletoe plants  ( Viscum  sp.), which are specifi c to 
certain host plants, can trigger the growth of witches’ brooms. 
This was observed among North American pines (Pinus 
  contorta ,  P. fl exilis ) and Douglas fi r ( Pseudotsuga menziesii ) 
and Mediterranean cypress ( Cupressus sempervirens ) 
(see Sect.  6.3 ). 

 Cross sections of benign galls, burls, and witches’ brooms 
have the following typical properties: 

  Galls : The excessive growth  starts from an initial point  
early in the tree’s life (Fig.  6.9 ). As the gall grows, the 
infected area remains free of latent buds or water sprouts. 
Ripple-like marks appear in the radial section.

   Bark burls and ulcers are defi ned as special forms of galls:
•    Bark burls are xylem formations in the bark of hardwoods 

such as beech ( Fagus sylvatica ), oak ( Quercus  ssp.), red 
oak ( Quercus rubra ), linden ( Tilia  ssp.), maple ( Acer  
ssp.), alder ( Alnus glutinosa ), but also fi rs ( Abies alba ). 
The small spherical tubers on the stem are easy to remove 
(Butin  1996 ).  

•   Ulcers are tissue growths caused by bacteria, viruses, or 
genetic mutations (Butin  1996 ) in the cambial and bark 
parenchyma cells.    
  Burls : A cluster of shoots starts from  an initial areal on 

the stem mantle  (Fig.  6.10 ). These shoots regularly die off 

and are repeatedly sealed over with another growth layer. In 
tangential sections, they appear as an arrangement of circular 
points like contour lines.

    Witches’ broom : A  mass of buds and short shoots  is 
stimulated to form a thicker bushy growth – known as a 
witches’ broom (Fig.  6.11 ). The affected twigs expand 
unevenly.

   Galls, burls, and witches’ brooms share the fact that they 
are initiated by microorganisms that cause damage to living 
tissue over entry portals (injuries). However, the microbial 
effects are different. They can be obvious pathogens (necro-
ses, malignant tumors), but can also lead to a type of symbio-
sis with the host (galls, burls, witches’ brooms). 

 Galls and burls are similar in appearance while burls and 
witches’ brooms have bud proliferation in common. Durst 
( 1955 ) called bud proliferation “burl formation caused, by 
among other things, latent buds.” Schmelzer ( 1977 ) sug-
gested the cause of this bud proliferation to be mycoplasma- 
like organisms. 

 In contrast to Butin ( 1996 , p. 225), who refers to a true 
gall when “…the bark is smooth and without excessive bud 
formation” and a burl when “the swelling encircles the entire 
stem,” here galls and burls are conceptually separated 
because they are subject to different development processes 
and differ anatomically from each other. This conclusion is 
supported by Wagenführ ( 1989 ) who clearly distinguishes 
between ulcers and burls. 

 Tables  6.3  and  6.4  list several causes of these growth 
anomalies. There remains to be a conclusive explanation for 
certain symptoms of infestation (König  1957 ).

6.1.2.3         Prevention 
  Galls ,  burls ,  and witches’ brooms  are diffi cult to avoid. 
Either too little is known about their causes to take specifi c 
preventative action or it would require a disproportionate 
amount of effort to prevent the smallest wound. Witches’ 
brooms in a tree’s branches have little infl uence on the qual-
ity of its stem wood, making them irrelevant from the point 
of view of the wood processor. 

 Trees with malignant tumors should be removed as part of 
stand maintenance. They present entry points for further 
infection. Added value is no longer expected. 

Initial point 

Ripple-like
sturcture 

  Fig. 6.9    Spruce ( Picea abies ) gall cross section       

Initial point

  Fig. 6.10    Birch ( Betula pendula ) burl cross section       

Infested
area 

  Fig. 6.11    Witches’ broom in a birch ( Betula pendula )       
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 Galls and burls are a different matter. Quality burl wood 
is highly valued for its attractive fi gure. So much so that 
birch (Betula) burl wood has successfully been produced 
artifi cially by cross and vegetative breeding (König  1957 ). 
No such success has occurred using other tree species, e.g. 
walnut (Juglans regia) (Gottwald  1983 ).  

6.1.2.4     Impact on Use 
  Galls  and  burls  are undesirable if their small size, irregular 
surface, enclosed bark, or rotted areas prohibit the wood 
from being used for a specifi c purpose. This includes all 
malignant tumors. 

 Although burls occur in many species, only high-quality 
burl wood is prized for its unique color, structure, and  texture. 
Conditions for high-quality burl wood are:
•    Contained, compact exterior form  
•   No ingrown bark or mineral galls  
•   No rotting  
•   No major branch penetration  
•   A minimum size that enables the wood to be used for a 

specifi c purpose    

   Table 6.3    Cause of burls and witches’ brooms (selection)   

 Species 
 Responsible microbes 
and indirect infl uences 

  Gall (typically benign tumor)  
 Oak ( Quercus  ssp.)  Oak gall midge ( Cecidomyiidae ) 

(Schwerdtfeger  1981 ) oak aphid 
( Lachnus roburis ) (Altenkirch 
et al.  2002 ) 

 Spruce ( Picea abies ), pine ( Pinus 
sylvestris ) 

 Cause unknown 
(Schwerdtfeger  1981 ) 

 Ash ( Fraxinus excelsior ), 
birch ( Betula pendula) , 
maple ( Acer  ssp.), hornbeam 
( Carpinus betulus ), fruit trees 

 Nectria fungi (Durst  1955 ; 
König  1957 ) 

 Red alder ( Alnus glutinosa )  “Mono-bud-burl,” parasitic fungi 
(Durst  1955 ); see also 
(Schwerdtfeger  1981 ) 

  Malignant tumor  
 Spruce ( Picea abies )  Nectria cancer  Nectria fuckeliana  

(Altenkirch et al.  2002 ) 
 Larch ( Larix decidua )  Larch cancer  Lachnellula 

willkommii  (Altenkirch et al. 
 2002 ) 

 Fir ( Abies alba )  Fir cancer (“wheels-fi r”) 
 Melampsorella 
caryophyllacearum  (Altenkirch 
et al.  2002 ) 

 Hardwoods  Hardwood cancer (ash (Fraxinus) 
cancer, birch (Betula) cancer) 
 Nectria galligena  (Altenkirch 
et al.  2002 ) 

 Beech ( Fagus sylvatica)   Beech cancer  Nectria ditissima, 
Nectria coccinea  (Altenkirch 
et al.  2002 ) 

 Ash ( Fraxinus excelsior ), poplar 
( Populus  ssp. )  

 Bacterial ask cancer; 
 Xanthomonas  genus, 
 Pseudomonas  (Butin  1996 ) 

 Poplar ( Populus  ssp.)  Poplar cancer  Nectria galligena  
(Butin  1996 ),  N. coccinea  
(Durst  1955 ) 

 Oak ( Quercus  ssp.), red oak 
( Quercus rubra ), beech ( Fagus 
sylvatica ) 

 Bleeding broadleaf crust  Stereum 
rugosum  (Butin  1996 ) 

   Table 6.4    Causes of galls, malignant tumors (selection)   

 Infested species 
 Responsible microbes 
and indirect infl uences 

  Burls  
 Oak ( Quercus  ssp.)  Unknown (Butin  1996 ) 
 Black poplar ( Populus nigra )  Bud proliferating mycoplasma-

like organisms (Schmelzer  1977 ) 
 Sugar maple  (Acer saccharum)   Parasitic fungi ( König   1957  )  
 Larch  (Larix decidua),  
yew  (Taxus baccata)  

 Unknown 

 Thuya (Thuja occidentalis)  Fire injuries are a precondition 
for thuya burls (Butin  1996 ) 

 Elm ( Ulmus glabra ), birch 
( Betula pendula ), red alder 
( Alnus glutinosa ), linden ( Tilia  
ssp.), walnut ( Juglans regia ); also 
ash ( Fraxinus excelsior ), pear 
( Pirus communis ), maple ( Acer  
ssp.), oak ( Quercus  ssp. ) , cherry 
( Prunus avium ) 

 Wagenführ and Scheiber  (1989 , 
p. 121) supposed the causes to be 
“tree species and breed related 
predispositions, injuries, insect 
infestations and other external 
infl uences” 

 Willow ( Salix  ssp.), poplar 
( Populus  ssp.) 

 Tree tumor ( Agrobacterium 
tumefaciens ) (Butin et al.  2010 ) 

  Witches’ brooms  
 Common pine, North American 
pines ( Pinus  ssp.) ,  juniper 
( Juniperus communis ), cypress 
( Cupressus  ssp.) 

  Phytoptus  species (Gerard and 
Liernur  1927 ) on certain host 
plants, certain mistletoe species 
( Viscum  sp.) trigger growth 
of witches’ broom 

 Fir ( Abies alba )  Fir broom rust  Melampsorella 
caryophyllacearum  (Altenkirch 
et al.  2002 ) 

 Spruce ( Picea abies )   Arceuthobium pusillum  
(Gerard and Liernur  1927 ) 

 Larch ( Larix decidua)   Rickettsien – similar bacteria 
(Nienhaus  1979 ) 

 Red alder ( Alnus glutinosa ), 
aspen ( Populus tremula ), 
elm ( Ulmus ), ash ( Fraxinus 
excelsior ), and beech ( Fagus 
sylvatica ) 

 Mycoplasma 
(Altenkirch et al.  2002 ) 

 Hornbeam ( Carpinus betulus)   Ascomycete  Taphrina carpini  
(Butin  1996 ) 

 Cherry ( Prunus avium)   Ascomycete  Taphrina cerasi  
(Butin  1996 ) 

 Birch ( Betula pendula )  Ascomycete  Taphrina betulina  
(Butin  1996 ) 
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 The most important indigenous hardwoods with attractive 
burl are maple  (Acer saccharum ) (bird’s eye maple, 
Fig.  6.12 ); ash ( Fraxinus  ssp. ) , especially olive ash 
( Fraxinus ); poplar ( Populus  ssp. )  (mappa); oak ( Quercus  
ssp.); and elm ( Ulmus glabra ). In pines ( Pinus sylvestris ), 
yew, red cedar, and redwood burl ( Taxus baccata, Thuja  ssp. , 
Sequoia sempervirens, Sequoiadendron giganteum ) (vavona) 
are most valued. Prized among (sub) tropical woods are 
madrone  (Arbutus menziesii ), makamong ( Afzelia xylo-
carpa ), myrtle ( Umbellularia californica ), walnut root burls 
( Juglans regia ) (Fig.  6.13 ), and padouk ( Pterocarpus  ssp. )  
(Wagenführ  2007 ). Small galls from the tree heather ( Erica 
arborea ) are used to make the famous Bruyére pipes. Birch 
( Betula  ssp. )  burls are known as “semi masur,” because they 
lack the decorative effect of the latent “eyes” (Matzek  1983 ).

    It is important not to be overly optimistic about the 
 possible proceeds earned from selling burl wood (Schmieder 
 2003 ). In German forests, “normal” galls and burls are 
rarely so perfect that they yield top price from a veneer 
manufacturer, as may be the case, for example, with a spe-
cial walnut ( Juglans regia ) burl on the international timber 

market. “The tale of the high wood prices” (Griese  2004 ) 
shows that the hidden risks in burl wood keep it from yield-
ing above average prices. 

 Witches’ brooms are economically insignifi cant. Their 
cancerous growths occur usually in the tree branches.  

6.1.2.5     Technological Adaptation 
  Stem burls  as on bird’s eye maple  (Acer saccharum ), elm 
( Ulmus  ssp.), ash ( Fraxinus excelsior),  poplar ( Populus  ssp. ) , 
and to a certain extent also walnut root burls ( Juglans regia ) 
are centrically peeled, in order to optimally reveal the 
 decorative effect of the fi gure (Fig.  6.14 ).

    Basal burls  are typically divided into segments and sliced 
or peeled (eccentric). The quality of the burl only becomes 
apparent during processing. The segment breakdown 
requires a great deal of experience in order to take full 
advantage of the burl wood and maximize yield 
(Furniermagazin  2004 ; Holztechnik Fachkunde  2003 , 
p. 119–122). 

 The irregular fi ber orientation can cause warping and 
fi ssures in the drying veneer. To avoid cracks and breaks, 
the fresh veneer is dried very gently (ironed). The tendency 
to warp during storage increases with higher moisture 
levels.    

6.2     Impact of Animals/Humans 

6.2.1     Vertebrates: Browsing, 
Fraying, and Stripping Damage 
(Richter and Prien  2006 ) 

6.2.1.1    Description 
 As long as humans have been managing forests in an effort 
to maximize timber yields and improve wood quality, forest-
ers and hunters have shared a confl ict of interest, the former 

  Fig. 6.12    Veneer with latent buds, birds eye maple ( Acer saccharum )       

  Fig. 6.13    Veneer section (radial) from a walnut ( Juglans regia ) burl       

veneer blade

veneer cutting
position at the rotary role

  Fig. 6.14    Centrical peeling of the bird’s eye maple ( Acer saccharum )       
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prioritizing timber harvest and the latter wild game stocks. 
Forest owners are not categorically against all types of game 
that could affect tree growth and wood quality, but many do 
oppose an overpopulation of deer and other browsing spe-
cies. Hunters, for their part, understand that excessive deer 
populations are harmful to trees and realize that a forest 
unable to fl ourish jeopardizes healthy game stocks, thereby 
limiting the number of kills and the chances of bringing 
home a prized hunter’s trophy. 

 Yet, what is an “excessive game population”? Research 
has shown that a realistic estimate of the game stocks lies in 
the subjective “want” or “not want” of the hunter (Prien  1997 ). 
The confl ict of interest is compounded when the hunter is not 
the forest owner or when the game population in a forest 
reaches levels beyond the forest owner’s control. 

 Not that the existence of wild game animals in the forest 
should be questioned – they are of course an integral part of 
forest biocenosis. However, to establish a healthy balance 
between the interests of foresters and hunters, one must rely 
on facts. Browsing, fraying, and stripping damage needs to 
be weighed against the profi ts generated from hunting 
(including trophy hunting) in the context of necessary game 
population management and, not least, as a “recreational 
hobby.” 

 From the perspective of the woodworker, all damage is of 
importance if it affects the quality of wood at harvest: 

  Browsing damage  is infl icted when roe deer ( Capreolus 
capreolus) , red deer ( Cervus elaphus ), fallow deer ( Dama 
dama ), moufl on ( Ovis orientalis musimon ), and rabbit  (Lepus 
europaeus)  nip off the buds and shoots of young trees. It can 
lead to stem deformations and forked growth (Fig.  6.15 ). 
Less common is bud and shoot browsing by squirrels ( Sciurus 
vulgaris ) and certain birds such as crossbills  (Loxia 
pytyopsittacus) .

   See Plate  6.7  for browsing damage photos.
    Fraying and rubbing damage  is caused by deer ( Cervidae ) 

rubbing their antlers against the trees, resulting in bark, stem, 
and branch injuries which can lead to stem deformations 
(Fig.  6.16 ). Wild boars ( Sus scrofa ) can also infl ict bark inju-
ries and stem deformations on the so-called rubbed trees.

   See Plate  6.8  for fraying and rubbing damage photos.
    Stripping damage  refers to injuries such stem deforma-

tions, resin glut, decay, and death of trees caused by animals 
( Mammalia ) using their teeth to strip the bark off young 
smooth-barked trees (Fig.  6.17 ).

   See Plate  6.9  for bark stripping damage (deer) photos.
   These types of damages are also caused by animals living 

in forests of the subtropics and tropics.  

6.2.1.2    Causes 
 Commercial forests should strive for an ecologically and 
economically sustainable wildlife density. Meaning a wild-
life density “… by which the natural and artifi cial regenera-
tion and growth of the predominant tree species or prevailing 

agricultural crop in the respective hunting area takes place 
with as few injuries is possible. At the same time, it is 
assumed that silvicultural and hunting activities meet the 
minimal requirements with regard to browsing improve-
ments and supplemental winter feeding” (Prien  1997 , 

  Fig. 6.15    Pine ( Pinus sylvestris ) with old browsing or rubbing dam-
age. Side shoots take on a lyre shape       

  Fig. 6.16    Fraying damage in a pine ( Pinus sylvestris ) ( left ) and its 
location in the mature stem ( right )       

  Fig. 6.17    Summer time bark stripping on a Douglas fi r ( Pseudotsuga 
menziesii )       
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p. 137). In this context, Prien defi ned “tolerable” as grazing 
that affects up to 10 % of the plants of a cultivated area and 
stripping damage affecting 10–15 % of the prevailing and 
dominant trees (classes I and II of the main tree species 
according to Kraft ( 1884 )). The game densities listed in 
Table  6.5  are based on these limits and depend on the type of 
game and the feeding conditions.

    Attention!  If these limits are exceeded for hunting 
 purposes, either intentionally or due to an absence of hunt-
ing, then the balance between food supply and consumption 
is upset and the result is an intolerable level of damaged 
trees. 

 In the old growth forests of the boreal and temperate 
regions, but also in the primary rain forests of the tropics, 
there is usually a natural balance between food for herbi-
vores and their “hunters.” This is not the case in the savanna 
and subtropics. There, periods of drought can upset the bal-
ance between food supply and food demand by herbivores. 
Damage to trees and saplings is often the result. 

 Commercial forests in temperate zones are susceptible to 
the following types of damage:
    Browsing Damage:  Especially roe deer ( Capreolus capreo-

lus) , hare  (Lepus europaeus)  and wild rabbits ( Oryctolagus 
cuniculus ), sometimes deer ( Cervus elaphus ) and mou-
fl ons ( Ovis orientalis musimon ), and less frequently fal-
low deer ( Dama dama ) nip off the little buds and terminal 
shoots of young trees between 0.3 and 1.5 m in height 
because for their rich nutrients. Particularly in trees with 
opposing branch formation, the loss of the terminal shoot 
can lead to permanent forking. In alternate sprouting tree 
species and softwoods, the shoot deformation usually will 
coalesce.  

   Fraying and Rubbing Damage:  Male red and roe deer 
( Cervus elaphus, Capreolus capreolus)  free their antlers 
from velvet, by rubbing against young, fl exible trees 
between 2 and 10 cm thick. Bucks also rub against the 
trees during the rutting season as a form of aggression and 

to mark their territory (Fig.  6.18 ). The damage usually 
occurs at stem heights between 0.5 and 2 m. Fraying and 
rubbing damage is most common on softwoods and rare 
on immature and free-standing trees. If the trees survive, 
they typically exhibit stem curvature, callusing, and 
sometimes decay.
   Wild pigs ( Sus scrofa ) will also rub up against the so-

called “rubbing” trees after wallowing, and boars will rub the 
trees to mark their territory. The bark is often completely 
damaged around the stem and can lead to the localized 
demise of entire tree stands (Briedermann  1986 ).  
   Bark Stripping:  Red deer, sika deer, elk, moufl on, and (some-

times!) also fallow deer ( Cervus elaphus, Cervus nippon, 
Alces alces, Ovis orientalis musimon, Dama dama ) have 
a species and population-related tendency to strip off bark 
with the incisors of their lower jaw for nourishment. Bark 
stripping usually occurs at stem heights of up to 2 m. All 
tree species are susceptible to stripping, while some are 
more preferred (Prien  1997 ). Stripping damage is particu-
larly heavy in large-scale single species stands, in the 
winter when the nutrient supply is low or when the ani-
mals are frequently disturbed or stressed. 

 The wounds become infection portals for decay. Stem interi-
ors and exteriors become weak. The trees try to seal off or 
grow beyond the damage. This leads to misshaped stem 
calluses with deep rot penetration (red rot ( Heterobasidion 
annosum ) in spruce ( Picea abies ), white rot in beech 
( Fagus sylvatica ) (Agaricomycetes) and valuable hard-
woods). Severely damaged trees are especially vulnerable 
to snow and wind (Fig.  6.19 ).

6.2.1.3          Prevention 
 To a certain extent, the management of wild ruminant animal 
populations remains unpredictable and random. Therefore, 
damage cannot fully be avoided. It can, however, be kept to 
low, economically, and environmentally tolerable levels. 
This requires a scientifi cally sound strategy and relentless 
consistency in practical implementation – free from wishful 
thinking and lobbying. 

    Table 6.5    Economic viable wildlife density per 100 ha of forest 
land based on the main wild game species and feeding conditions 
(Müller  1963 )   

 Feeding conditions 
 Main species a  

 Very 
poor  Average b  

 Very 
good 

 Deer ( Cervus elaphus )  1.0  1.4  2.0 
 Fallow deer ( Dama dama )  –  3.0  8.0 
 Moufl on ( Ovis orientalis musimon )  3.0  5.0  8.0 
 Roe deer ( Capreolus capreolus)   4.0  6.0  9.0 
 Example c   4.5  8.4  14.5 

   a If the species is a subspecies, then the wildlife density should be 
divided in half 
  b Medium-sized feeding conditions, 300–500 m altitude, >60 % spruce 
( Picea abies ), <assuming 35 % eatable shrub layer 
  c Upper limit of wildlife density, if deer ( Cervus elaphus ) is the main 
species and other species are subordinate a   

  Fig. 6.18    The rubbing damage to this 14-year-old larch ( Larix 
decidua ) remains unsealed after 70 years       
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 Damage from wild game can be reduced using up-to-date, 
future-oriented, and complex management and protection 
measures (Prien  1997 ). Since any economically signifi cant 
damage to a forest by wild game typically has multiple 
causes, damage control generally requires taking both 
 preventative and protective measures. 

 Sustained wild life management by quantity (kill quotas, 
game species) and quality (gender ratio, age group) is the 
most important prerequisite for the effectiveness of other 
damage-reducing measures, such as improving the natural 
food supply and providing supplemental winter feedings 
(Prien  2006 ). A good reference measurement for sustainable 
damage-reducing game regulations is the tolerance limits for 
browsing and stripping established as part of the forest 
 management appraisals of the respective administrative unit 
(forestry, forest farm, private forest enterprise, etc.). 

 An intensively cultivated, often densely planted, and thus 
typically heavily shaded commercial forest often has a low 
natural nutrient supply, depending on the site and age of the 
stand. Here browse and stripping damage is managed by creat-
ing permanent feeders and cultivating feeding plots and by pro-
viding woody browse cuttings, mast trees, and supplemental 
winter feeding in the mountains. However, habitat improve-
ments and supplemental feeding will in turn lead to an increased 
game population that will ultimately need to be reduced. 

 In many places the wildlife is under such stress, it signifi -
cantly disturbs their natural biorhythms, particularly the 
species-specifi c rhythm of nutrient intake and rumination. 
The stress caused by having to suddenly fl ee for protection 
leads to a sharp rise in energy expenditure and higher 
 metabolism rates. As a result, the amount of browsing and 
stripping damage increases. Measures that reduce distur-
bances and stress are an integral part of damage control: 

Rules of behavior (public relations) need to be enforce, game 
preserves established, hunting regulated (an appropriate 
level of sport hunting), and reviver supervision increased. 

 Because wild animals have very different food prefer-
ences for individual tree and shrub species, the type-specifi c 
behavior of wildlife in their choice of food can be exploited 
by offering more preferred woody browse in the stands and 
especially in the vicinity of the feeding plots. Doing so 
 distracts the wildlife away from browsing and stripping the 
more vulnerable commercial trees. 

 Several diversion measures have proven particularly effec-
tive. Bushes and woody browse can be deliberately planted in 
specifi c sites, for example, depending on the location, willows 
( Salix  ssp.), hornbeams ( Carpinus betulus ), oaks ( Quercus  
ssp.), fi r ( Abies alba ), and elder ( Sambucus  ssp.). Supplemental 
woody browse cuttings can be provided, such as mountain ash 
( Sorbus aucuparia ), sallow ( Salix caprea ), aspen ( Populus 
tremula ), and deciduous species. And trees can be felled then 
left in the forest as a nutrition source, in areas with heavy brows-
ing or stripping where there are no cultivated feeding plots or 
insuffi cient supplemental woody browse. Material removed in 
thinning is particularly suitable as supplemental feed, for exam-
ple, poplar ( Populus  ssp.), mountain ash ( Sorbus aucuparia ), 
common ash ( Fraxinus excelsior ), pine ( Pinus sylvestris ) and 
spruce ( Picea abies ). The latter measures are particularly effec-
tive for reducing winter bark stripping by deer ( Cervus elaphus)  
because, in comparison to the standing trees, the felled trees are 
fi ve times more susceptible to bark stripping. 

 Despite consistent wildlife management, improved 
 nutritional supply, and lower habitat disturbance, a degree of 
risk always remains. Commercially unacceptable damage 
will continue to occur as long as wild game animals continue 
to browse and strip bark in their search for nourishment and 
infl ict injuries through other types of natural behavior such 
fraying and rubbing. Simply put, wildlife is wild. Therefore, 
certain forest sites and tree species will also continue to 
require the use of special protective measures:
•    Browse and fraying damage: Protection by various types 

of guards (Fig.  6.20 ), chemical repellents, and fencing 
(Fig.  6.21 ).

•       Stripping protection: Mechanical processes (green and 
dry cover, polyethylene nets, silicate sand paint, Fig.  6.22 ), 
mechanical-biological processes (artifi cial bark injury – 
wound cork formation/hardening, Fig.  6.23 ), and chemi-
cal procedure (application of repelling smell and tastes on 
of selected trees).
       It is important to accurately assess which type of wild 

 animals is causing the browsing or stripping damage in a 
plantation, natural regeneration, or immature stand in order 
to maintain the cost of expensive protective measures. 

 In this context, it is important to clearly establish who is 
responsible for paying for the extra expense of the additional 
protective measures. In the case of agricultural fi eld damage, 
the game tenants are responsible. The causative principle 
should also apply in the forest.  

Lifespan of a stripped spruce:

1925 planted
1943 stripped

1945 stripped
1953 stripped

1973 felled

  Fig. 6.19    Spruce ( Picea abies ) with callused stripping injury and onset 
of rot caused by deer       
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6.2.1.4    Impact on Use 
 Browsing damage impedes growth in height and leads 
to  species segregation in natural regenerated stands. The 
seedling stage lasts longer, the targeted diameter is reached 
later, and hence, the stand’s turnover time is longer. Severe 
branchiness in the lower section of the stems and abnormal 
structures in the juvenile wood prevent the wood from being 
used for high-value applications. 

 Fraying and rubbing damage is typically callused over but 
can also cause forking, stem rot, and disfi guring in the wood 
structure in the lower stem area (see Figs.  6.15  and  6.16 ). 

 If trees manage to survive the rubbing injuries caused by 
wild pigs ( Sus scrofa ), they are typically dirty at the base, 
resinous, and often so badly damaged that there use is 
limited. 

 Bark stripping damage leads to decay which in turn often 
causes stem to break. Associated usages cause loss of quality 
(decay, fracture zones in the wood, disturbed wood structure, 
resin fl ow). Callused injuries lead to ingrown bark and 
 deformations on the stem (Figs.  6.24  and  6.25 ).

    An average time period of about 10 years can be used as a 
benchmark for determining when decay began in a spruce 
( Picea abies ) – depending on the degree of stripping and the 
site conditions. After the protective barrier of the living sap-
wood has been penetrated, the decay will progress in the 
mature wood between 10 and 20 cm each year. 

 In a 120-year-old spruce injured 100 years ago by bark 
stripping at a height of 1 m, an annual decay of 10 cm would 
result in an area of decay extending 10 m up the stem and 
1 m down. The wood quality grades would be distributed as 
shown in Fig.  6.26  (HKS  2002a ).

  Fig. 6.20    Special trunk guard material       

  Fig. 6.21    Protective deer fencing       

  Fig. 6.22    Bark stripping protection: Latex and sand coating ( left ). 
Right stripped beech ( Fagus sylvatica )       

  Fig. 6.23    Mechanical, biological stripping protection: resinous spruce 
( Picea abies ) stem done with a bark scraper tool       

  Fig. 6.24    A 15-year-old stripping injury disrupts the structure of the 
wood of a Douglas fi r ( Pseudotsuga menziesii)        
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   The fi nancial impact of long-term insuffi cient wildlife 
management and the accompanying damage to timber yields 
was studied on a 70-year-old, fully stripped spruce stand in 
a state forest in Thuringia, Germany (Autorenkollektiv 
 2006 ). The sustained deer density in this case was 12 ani-
mals/100 ha. That corresponds to approximately ten times 
more than the economically viable deer ( Cervus elaphus)  
density of a mid- sized hunting area (see Table  6.5 ). Alone 
the sorting of the lower stem section B to less valuable D 
quality result in a fi nancial loss of 50 €/ha and year. Revenue 
from game and timber leases were offset by 8 €/ha and year. 
The difference corresponds to a loss to the forest owner or a 
tribute to an antiquated game keeping and hunting 
ideology. 

 Binder ( 2008 ) has developed appropriate tables for the 
collection and evaluation of bark stripping damage to spruce 
( Picea abies ).  

6.2.1.5    Technological Adaptation 
 Sorting grade sections of round wood from normal B/C 
 quality in D grade takes considerable time and effort. Pruning 
unhealthy sections from trees results in shorter logs (ISK) 
and a signifi cant amount of slash. If a section of the D grade 
wood is kept, there is always the risk that parts of the wood 
will be rotten. 

 However, using special cutting equipment, heavily 
decayed pine wood from branch-free stem sections can 
still be processed for quality lumber. In the former GDR 
knotless spruce ( Picea abies ) was harvested as D2 grade 
timber. It could have red rot centered in 50 % of its mid-
diameter or an off-centered crescent-shaped rot area 
(TGL  1988 ). 

 These days, decay can be detected in standing trees using 
noninvasive diagnostic instruments (sonic tomography 
(Weiß  2006 ), magnetic resonance imaging). Currently, 
 progress is being made on the large-scale application of 
such instruments. Problems in implementation occur in 
 distinguishing and differentiating between defects accurately 
and quickly enough to take appropriate measures. 

 The extra effort needed for sorting standing trees 
 continues on in the manufactured wood (disruptions in the 
course of fi ber, ingrown bark, decay, calluses) (DIN  2001a , 
DIN  2002b , DIN  2004a ). 

 The production of chipboard, fi berboard, and paper 
requires limits in the amount of D grade wood added.   

6.2.2     Forestry Operations: Felling 
and Hauling Injuries (Plant Exudates) 

6.2.2.1    Description 
  Felling damage  refers to mechanical injuries caused by 
humans during timber harvest to the branches, bark, and 
wood of standing trees, with long-term impact on wood qual-
ity as well as to the felled logs (breakage, split stems, wood 
fi ssures) (Fig.  6.27 ).

   See Plate  6.10  for felling injuries photos.

indu-
strial
wood

grade  B/C

grade D

  Fig. 6.26    Grading scheme in a spruce ( Picea abies ) with red rot       

  Fig. 6.27    Felling damage to three logs       

  Fig. 6.25    Larch  (Larix decidua ) boar with ingrown bark as a result 
of stripping damage       
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    Hauling damage  refers to mechanical injuries caused by 
humans during timber harvest to the bark and wood in the 
lower (most valuable) bole section of standing trees by 
 logging equipment as well as to logs being hauled out of the 
forest with long-term impact on quality (Fig.  6.28 ).

   See Plate  6.11  for hauling photos and Plate  6.12  for 
 stacking photos.

    Commercial forests require repeated maintenance inter-
ventions to remove poor-quality trees and promote trees in 
optimal condition (stem and crown care). Yet, when improp-
erly conducted, these interventions can cause signifi cant 
stem damage to standing trees and felled logs. Over the long 
term, felling and hauling injuries can cause even greater 
harm to the quality of a forest stand than natural biotic infl u-
ences (rot, insect infestation, stripping and rubbing damage 
caused by animals). 

 Despite “best practices,” felling and hauling injuries in 
temperate forests can signifi cantly affect the quality of the 
remaining trees in a stand and the harvested timber. General 
factors included:
    1.    Maintenance frequency: From a forestry yield science 

perspective, relatively frequent, but low-level mainte-
nance interventions are most benefi cial. Frequent mainte-
nance, however, also increases the risk of injuries to the 
trees remaining in the stand. From a forestry operations 
perspective, the best approach is as few interventions as 
possible with large harvests (piece-volume-law). The risk 
of stem injury is reduced. However, growth loss is still 
likely due to the less than optimal maintenance of the 
trees’ basal area.   

   2.    Principle of selective harvesting: Selective harvesting 
(removal of individual trees with suffi cient diameters) is 
increasingly becoming standard practice in Central 
Europe, replacing other timber harvest practices (clear 
cutting and compartment shelter wood systems). 

 However, selective harvesting increases the risk of 
hauling injuries to the remaining trees.   

   3.    Stand structure: As the mix of tree species, vertical 
 density, and number of individual trees in a stand increase, 
so does the risk of damage to standing trees during forest 
thinning operations.   

   4.    Timber harvesting: For the most part, the days of felling 
timber by hand and hauling logs away by horse have 
passed; today trees are harvested using powerful logging 
equipment, i.e., harvesters, hauling winches, and for-
warders. And yet, each logging operation must be tailored 
to the specifi c site conditions of the individual stand.     
 The above factors have a particularly signifi cant impact in 

primary and secondary forests of the tropics with their high 
stand density and great variety of tree species. For example, 
an estimated 800 different tree species grow in the primary 
forests of Surinam. Only about 350 have had their anatomi-
cal, physical, and technical properties documented. Around 
30 of these are actually used, of which there are fi ve main 
types of wood (Comvalius  2010 ). There is currently no in- 
depth research available on accepted levels of intervention 
and maintenance that does not effect biodiversity, Therefore, 
based on the ten principles for certifi cation of forestry 
 companies established by the Forest Stewardship Council 
(FSC) (N N  2009b ) and the “code of practice,” (Code of 
Practice  2011 ) a logging limit was set of 25 m 3  stem wood 
(crown components are not included) every 25 years for a 
defi ned, undeveloped forest area. The minimum distance 
between two logged trees must not be less than 10 m. The 
coordinates of each stem are determined using GPS. This 
makes it possible to track the wood to the end user. Trees on 
the “red list” may not be logged. Transport roads and skid 
trails are permissible (Richter  2012 ). 

  Plant exudates  refer to wound sealants on woody plants. 
Certain pine species heal their injuries with a resinous exu-
dation consisting of 22 % turpentine oil and 70 % rosin. This 
resin is harvested worldwide as a forest byproduct and 
widely used in the chemical and pharmaceutical industries. 
In former East Germany and the Eastern Bloc, the limited 
availability of other more resinous tree species led to the 
large-scale resin tapping of the local pines ( Pinus sylvestris ). 
These pines, however, yielded only 25 % of the resin avail-
able from tropical pine species in Central America and the 
Caribbean ( Pinus elliottii ) (Stephan  1973 ) even despite the 
use of resin fl ow stimulants (sulfi te lye, yeast extract). 

 Resin tapping involves cutting one or two grooves in 
maximum two thirds of the stem circumference. A third 
remains as a living strip. In the vegetation period, every 4–6 
days, a fresh notch about 3 mm deep is made in the groove. 
Both the horizontal and vertical resin canals are cut and the 
resin fl ows out into a receptacle (Fig   .  6.29 ). The resin yield 
can amount to 100–150 g per resin tap. After a maximum of 
12 years of resin extraction, a pine stand is completely tapped 
and ultimately logged (Stephan  1973 ; Stephan  2012 ).

  Fig. 6.28    Hardwood with an old, unhealed hauling injury       
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   Other pine species used to for resin tapping are as  follows: 
European black pine ( Pinus nigra ), Rumelian pine ( Pinus 
peuce ), and panzer pine ( Pinus leucodermis ). Resin from 
Aleppo pines ( Pinus halepensis ) has historically been used 
to make retsina wine. 

 Spruce ( Picea abies ) resin is extracted by scraping the 
pitch from bark injuries. The scraping often causes further 
injury to the tree resulting in decay. 

 Tropical trees produce wound sealants as water-insoluble 
resins, as water soluble or water-insoluble gums, tannin con-
taining kinos, or polyterpene-based latices (Lange   1998a ,  b ,  c ). 
Depending on the method used, the trees are either torn, 
tapped, or notched in order to extract the forest byproduct. 

 See Plate  6.13  for use of plant exudates (forest by prod-
uct) photos.

6.2.2.2       Causes 
  Felling and Hauling Injuries : Damage occurs when 
 maintenance operations are undertaken without previously 
conducting a thorough stand inventory. The absence of 
 established skid trails and logging roads makes it diffi cult to 
determine in which direction the trees should be felled and trees 
end up being hauled through the middle of the remaining stand. 

 Often operators lack the skills and know-how required for 
timber harvesting (knowledge of the idiosyncrasies of the 
species, ability to judge weather conditions, skills to operate 
chain saws (Fig.  6.30 ) and other logging equipment).

   If the forestry equipment used is not adapted to the 
 specifi cs of the stand (distance between trees, stem diame-
ters, type of terrain, etc.), injuries are unavoidable. 

 Trees are frequently harvested in the growing season. 
This is especially common when there is a year-round timber 
contract, but no arrangement for cold deck storage or 
 chemical preservation (Mahler et al.  1997 ). During the grow-
ing season, smooth-barked trees are particularly vulnerable 
to bark injuries (Fig.  6.31 ).

   In many cases, logging contracts do not suffi ciently 
enforce sanctions for failure to comply with the quality 
requirements for logging, hauling, and storage along forest 
roads (Fig.  6.32 ).

Legend: 
(1)  drip line 

(2)  blaze (angle)

(3)  blaze height

(4)  notch width

(5)  wood duct
(blaze distance)

(6)  groove width

(7)  living strip

  Fig. 6.29    Schematic diagram of a resin groove using the Chorin 
method (in reference to Stephan ( 1973 )).  1  drip line,  2  blaze (angle),  3  
blaze height,  4  notch width,  5  wood duct (blaze distance),  6  groove 
width,  7  living strip       

  Fig. 6.30    Larch (Larix) stem with split fi ber and cracked sapwood a 
result of a missing sapwood cut and a missing hinge       

  Fig. 6.31    Bark injury on a hardwood after summer felling       

  Fig. 6.32    Bark injury caused by a cable tied around the stem base       
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   To minimize effort, back cuts are sometimes incorrectly 
made through the (buttress) root collar. Felling in this 
 manner leaves the log susceptible to stress cracks. 

 Logging in the primary rain forests of the tropics naturally 
differs from logging in temperate forests. In the rare case of 
selective single stem harvests, usually the strongest and high-
est-quality stems are logged without taking into account the 
balance of tree species in the area (N N  2009b ). Closely neigh-
boring tree crowns and the network of lianas are damaged in 
the process. The tree is typically topped under the fi rst main 
branch. The usually long, branch-free stems of more than 
20 m are diffi cult to move. Standing trees used as pully sup-
ports during hauling occur, lasting damage to their trunks.  

6.2.2.3    Prevention 
  Felling and Hauling Damage : In commercial forests, it is impor-
tant to take a stand inventory before the start of any logging 
operation to insure that the harvesting equipment can maneuver 
freely without permanently damaging the roots of unharvested 
trees (Fig.  6.33 ). Skid trails must be permanently marked, deck 
plots clearly designated, and  buffer trees should be left standing 
to shield other trees from hauling and storage damage.

   See Plate  6.14  for stand inventory photos.
   Since harvesting damage is typically due to human error, 

particular emphasis should be placed on training. Felling and 
hauling work should only be conducted by well-trained 
 personnel (Fig.  6.34 ).

   The felling and hauling methods used must be tailored to 
the size of the trees, stand density, and the soil conditions. 
In high density stands (tropical primary forests!), logs should 
be bucked on site to prevent hauling damage. 

 Summer harvesting in temperate forests should be avoided 
when possible because even the slightest stem contact could 
lead to bark injuries. 

 Timber harvest contracts need to include sanctions for 
quality loss.  

6.2.2.4    Impact on Use 
  Felling and Hauling Damage : Felling and hauling damage to 
trees left unharvested in the long term usually reduces wood 

quality because the injuries often lead to fungal infection 
with subsequent wood discoloration and decay. 

 In optimal cases, the wound area is discolored and the 
wound’s fi ber orientation is disrupted. This type of damage 
causes quality defects in veneer wood and sawn wood 
(Fig.  6.35 ). Depending on the size of the wound, tree species, 
season the injury occurred, and microclimatic conditions, it 
is possible for the decay to be so extensive that it cannot be 
compartmentalized. This type of damage prevents any wood 
of value from forming. Especially in tropical conditions, the 
signifi cant amount of infection leads to the devaluation of the 
damaged stems.

   Mechanical damage to harvested timber (stem cracks, fi ber 
tears, rot) results in lower-quality wood or volume recovery. 

 The reaction of trees to injuries is already covered 
in Chap. 3.5 – Injury (CODIT model by Shigo  1990 , 
(Compartmentalization of Defects in Trees), Dujesiefken 
and Liese  2006 ). 

  Resin Tapping : Resin tapping is not detrimental to the 
health and growth of pines ( Pinus sylvestris)  (Stephan  1973 ), 
but does affect the quality of wood. The stem cross section 
forms in the direction of the living wood. 

 The area on the stem around the groove is saturated with 
resin:
•    Discoloring occurs in edge boards.  
•   Resin-soaked tracheids make the wood diffi cult to process.  

skid road

skid trail width: 3-4m 3-4m 3-4m

stand width:25 m 25 m 25 m

  Fig. 6.33    Inventory of an immature softwood stand       

  Fig. 6.34    Beech ( Fagus sylvatica ) stem wood degraded to industrial 
wood – incorrect felling method caused the fork to crack down the 
center       

Red heart rot formed behind
the compartmentalization

  Fig. 6.35    Healed hauling damage on a beech ( Fagus sylvatica )       
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•   Dry cracks form near the resin grooves, along the drip line.  
•   Wood becomes less suitable for veneer.  
•   Pulp and wood panels cannot have resin grooves or they 

will be graded as defective industrial wood.    
 Density, bending, and compressive strength differ after a 

longer compartmentalization period (approx. 20 years) 
 signifi cantly from untapped pine wood (Stephan  1973 ). A 
nearly 5 % loss in sawn timber volume is to be expected due 
to an increased amount of slab wood. 

 In primary and secondary forests of the tropics, trees are 
torn, notched, or sliced to obtain exudates (rubber, latex 
milk, etc.). In most cases, the trees are left standing and their 
injuries callused over. The hidden damage only becomes 
 visible once the tree is logged and processed leading to a 
degrading of the wood.  

6.2.2.5    Technological Adaptation 
 For wood damaged primarily down the length of the stem, the 
traditional methods of wood sectioning are recommended:
•    Veneer logs should be cut so that the damaged area 

remains part of the dog board (Fig.  6.36 ).
•      With band and gate saws, the blades should be positioned 

so that the damaged stem section is completely cut off 
(Fig.  6.37 ).

•      With chipper canters, damaged stem sections are usually 
chipped away. If that is unsuccessful, then the wood should 
be sectioned using a circular saw log sectioning model.      

6.2.3     Stem Splinters (Richter  2006b ) 

6.2.3.1    Description 
 A sawmill operator, chipboard driver, carpenter: each knows 
the frustration of unexpectedly fi nding a hidden metal 
object in a piece of wood. Tools break, operations are inter-
rupted, time is wasted, and the quality of the wood 
plummets. 

 Depending on the size, shape, and type of the object, 
metal stem splinters can cause varying degrees of damage to 
a tree’s bark or wood. A nail hammered into the trunk, a stray 
bullet from a hunter’s riffl e, or the many possible injuries 
caused by the weapons of war, all leave behind their traces. 
The injuries can be seen in the trees’ growth deformations 
and uncharacteristic bark. If these are overlooked, it means 
trouble later on for the wood processor. 

 Originally, stem splinters were mainly the result of metal 
objects damaging trees during  warfare  (Fig.  6.38 ).

   See Plate  6.15  for stem splinter damage infl icted during 
combat or hunting photos.

   However, starting in the late nineteenth century, metal 
and wire increasingly replaced wood as the preferred mate-
rial for fence building, and, as a result, more and more inju-
ries caused by metal objects began to occur. In the 
mid-twentieth century, electric fences with insulators, hard-
ened bolts, and corrosion-resistant nails expanded the arse-
nal of fencing material. Therefore, today, stem splinters 
refer to all types of metallic contamination, be it due to  care-
lessness or malicious behavior and vandalism  (Figs.  6.39  
and  6.40 ),  forest activities  (Fig.  6.41 ), or  special interest 
groups  (Figs.  6.42  and  6.43 ).

       See Plate  6.16  for forest activities including recreation, 
hunting, and nature conservation photos and Plate  6.17  for 
agricultural activities photos.

    Measurement: Stem splinters are not measured. They are 
not even included in the relevant wood grading regulations 
(HKS  2002a , CEN (DIN  1997d ,  1998b ) and RVR  2014 ). 
However, in the offi cial commentary on log sorting in the 
German states of Brandenburg and Thuringia, more attention 
is paid to stem splinters. In Thuringia, Germany, stem sec-
tions containing externally identifi able stem splinters “are to 
be extracted or sawed off.” The seller typically assumes no 
liability for any concealed defects. “The buyer must be made 

  Fig. 6.36    Band saw positioning on a veneer stem with deeply split 
fi ber       

  Fig. 6.37    Optimal sectioning of a spruce ( Picea abies ) stem with red 
rot (old hauling injury)       

  Fig. 6.38    Antitank missile, grenade, and bomb fragments       
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aware of any wood known to contain splinter wood” 
(Thüringer Landes forstdirektion  1997 , p. 27). 

 This point can be countered by the argument that in gen-
eral business practice, product liability applies to a concealed 
defect, if the defect impedes the originally intended use or if 
the user incurs material damage to machinery and/or tools 
caused by the defect. Therefore, it seems to follow that any-
one selling wood should be held liable for a concealed stem 
splinter, particularly since in most cases, the forest owners 
themselves have the greatest infl uence on the degree of 
metallic contamination in their forests. 

 A valid addition was made to regulations in Brandenburg, 
Germany, stating that “wood devalued by metal objects …as 
with other fallen timber, can only be objectively and verifi -
ably sorted based on established grade characteristics … .” It 
is prohibited to reclassify a defective piece of wood to a 
lower quality grade. The price must be set based on the extent 
of the defect (price discount) (Frommhold  2001 ). 

 Conclusion: Suspected splinter wood must be identifi ed. 
Any existing metal fragments should be removed or clearly 
marked. When a customer agrees to purchase splinter wood, 
the price of the wood should refl ect a discount, not a 
 declassifi cation to a lower quality grade.  

6.2.3.2    Causes 
 The causes of stem splinters can be grouped into four categories:
    1.    Bullets and shrapnel from  warfare  and target shooting 

cause a large part of the deeper injuries.   
   2.     Carelessness  in  fence building  (pasture fences, barriers, 

wires, etc.), but also  malicious behavior  (using trees as 
shooting targets), can result in foreign objects gradually 
growing into the wood.   

   3.     Forest activities , including  hunting  and  nature conserva-
tion , regularly post makers or information (maps, notices, 
historical markers, etc.) on trees. Often the devices (nails, 
hooks) used to fi x these signs and sometimes the signs 
themselves end up growing into the tree.   

  Fig. 6.39    Ingrown self-contained door hinge in oak ( Quercus  ssp.) 
with cutting grooves from a saw       

  Fig. 6.40    Ingrown tension wire and pasture fence insulators in an ash 
on a forest edge       

  Fig. 6.41    Softwood on a forest trail with nailed in trail marker and 
forest service number       

  Fig. 6.42    Shot gun scar in hardwood: entry with the destroyed wood 
structure, oxidative discoloration, callused boarders, and bark scar       

  Fig. 6.43    Ingrown metal plate on an oak  (Quercus  ssp.) tree in a park       
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   4.     Special interest groups  (cultural events, tourism, 
 recreation, sport clubs, etc.) all have information to post, 
events, historical markers, hiking trails, etc., and this 
 typically involves nailing a sign on a tree.      

6.2.3.3    Prevention 
 Confl icts must be solved through diplomacy, not war. 
Military force will never achieve lasting resolutions. As long 
as there are guns to shoot, trees will always be vulnerable to 
splinter injuries. 

 Improved and ongoing education would limit careless 
behavior when using trees as fi xing posts (Fig.  6.44 ). 
Malicious behavior can only be curtailed through education 
(general acceptance of a code of conduct) or by enforcing 
sanctions.

   Forest activities should promote better practices, for 
example, marking trees with paint instead of hanging up 
signs, using plastic nails instead of metal, or, even better, 
 setting up separate poles for signage. Hunters and conserva-
tionists should not attach hunting and conservation objects to 
trees (i.e., hides, educational boards, posters, nesting boxes) 
(Figs.  6.45  and  6.46 ).

    Special interest groups (cultural, tourism, sport, and 
 recreational) should be made aware of how damaging it can 
be to use trees as fi xtures. Where possible, the individual 

stakeholders should receive training through competent 
institutions (Anonymous  2000 ; DIN  2004b ). 

 Taking care and showing respect for trees refl ects a 
basic reference for life, “Ethics of Reverence for Life” 
(Schweitzer  1960 ).  

6.2.3.4    Impact on Use 
 Splinter damage affects wood quality and the equipment and 
operational processes used in manufacturing (Vogelpohl    
 1987a ,  b ). 

 Wood Quality: Wood substances, especially tannins, react 
strongly to metals. Oak ( Quercus  ssp.) and chestnut 
( Castanea  ssp.) wood often turns deep blue black around the 
splinter. Metals are oxidized by wood moisture and atmo-
spheric oxygen, leading to discoloration (Schute  1972a ,  b ). 
The color changes in the wood alone render it almost useless 
for higher-value products. 

 Depending on the extent of damage to the wood sub-
stance, splinter wood is no longer suitable for static pur-
poses. The wood has no potential value as pulp or chip wood 
because it cannot be mechanically crushed (Figs.  6.47 ,  6.48 , 
and  6.49 ).

  Fig. 6.44    Properly hung trail marker with self-adhesive foil on the 
purifi ed bark of an old beech ( Fagus sylvatica)        

  Fig. 6.45    Hunting hide set in front, not nailed into a forked tree in a 
private hunting revere       

  Fig. 6.46    Nature conservation keeping the tree’s health in mind – the 
nesting box has been hung on a branch not nailed       

Splinter scar on the
bark 

Callused over after 8
years 

Splinter position 8
years ago 

Entry with the
destroyed wood
structure and decay

Lead bullet
penetrated through
25 years rings

  Fig. 6.47    Effects of a lead bullet injury on a hardwood       
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     Equipment Damage: At best, when wood processing tools 
hit a metallic object, it only blunts the blade. Repeated contact 
reduces the service life of saws, cutters, and knives. Notches 
mark he wood surfaces and lead to higher energy consumption. 

 Equipment damage leads to signifi cant replacement costs 
(e.g. new band saw blades can cost € 600 [price 2012]), 
Fig.  6.50 ) and to associated machine downtime  (Schute  1964 ).

   Operational Procedures: Stem splinter damage can cause 
production downtime and interfere with very sensitive tech-
nological processes (Fronius  1991 ; Schute  1972a ,  b ). The 
already low profi t margins in the wood processing industry 
are exacerbated by incidences of stem splinter. 

 An extrapolation of the current cases of stem splinter 
(Kirbach  2008 ), related to 11.1 million hectares of forestland 
in Germany, gives the following conservative estimates 
(Table  6.6 .).

6.2.3.5       Technological Adaptation 
 Wood workers use various diagnostic methods to locate and 
eliminate metallic objects before processing. The easiest 
method is visual inspection, especially in trees suspected of 
having splinters near human settlements, along roadsides 
and forest boundaries, as well as in forests where military 
battles have taken place, or on military training sites. Most 
metallic splinters, however, are overgrown by bark and typi-
cally do not form unusually shaped scars like branch scars. 
Splinter scars are characterized by a sharp edge between the 
old bark and the new bark that has grown over the wounded 
area. During callusing, a pleat forms next to the damaged 
wood surface. In this way, splinter scars differ signifi cantly 
from branch scars found on smooth-barked species and the 
roses found on coarse-barked species (Fig.  6.51 ).

    Attention!  Splinter scars are not always distinguishable 
from scars caused by falling rocks or stem injuries caused 
during timber harvest. 

 Detecting metallic splinters with the aid of technological 
devices is now a common practice (Vogelpohl  1987a ,  b ). For 
forest owners and small wood processing operations,  porta-
ble metal detectors  are available that can be adapted to the 
specifi c dimensions of the wood under examination 
(Fig.  6.52 ). The use of such devices requires that metallic 
objects be out of reach of the detection area (typically >5 m).

   Companies with larger timber capacity (sawmills and 
chippers, particleboard and fi berboard plants, pulp and paper 
producers) run the debarked wood through stationary, cov-
ered metal searching and separating equipment (Fig.  6.53 ).

   To improve their stability, clamping tools are carbide 
tipped (cutters, drills, saw blades) or coated in stellite (band 
and gang saws). However, hard metals are sensitive to impact 
with metal objects.    

6.3      Impact of Plants: Epiphytes and Vines 

6.3.1     Description (Strasburger et al.  1978 ; 
Kehl  2013 ; Lilienthal  2004 ) 

 Epiphytes and vines (lianas) mainly grow in tropical rain 
 forests, but some important species are also found temperate 
climates. They either grow on the tree or in the ground and 
use the host tree for support employing various climbing 
techniques to spread through the crown in search of sunlight. 

  Fig. 6.48    Discolored wood on veneer oak ( Quercus ) caused by shrap-
nel, Danzig, Germany 1944 (Photo: C.T. Bues)       

  Fig. 6.49    Burn marks on a robinia ( Robinia pseudoacacia ) board 
made by a blunt saw after cutting a nail. Discolored wood in the area 
around the nail       

  Fig. 6.50     Left  broken blade (blade ring), broken tooth on a chipper 
canter.  Right ; broken teeth ( red oval line ) on a stellite band saw, caused 
by nails       

   Table 6.6    Damage by stem splinters in Germany (estimates) (Kirbach 
 2008 )   

 No. of trees with stem splinter  6.4 mill. 
 Splinter wood volume (lower 6-m-stem sections)  4 mill. fm 
 No. of fi xed objects  7 mill. 
 No. of metal fasteners  13.7 mill. 
 Loss in proceeds timber sales (cost-free harvest)  68.5 mill. € 
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  Epiphytes  grow on the host tree and rely on it for climbing 
support. They are widespread, from the tropics to the coastal 
rain forests of the temperate zone. Epiphytes germinate in 
tree branches, bumps, and bark in an effort to take advantage 
of the light penetrating the forest canopy. These include 
among others bromeliads ( Bromeliaceae ), orchids 
( Orchidaceae ), and succulents (also cacti). Given the right 
growing conditions, epiphytes can become so dense they 
cause an entire tree to collapse under their load. 

 Some epiphytes live  hemiparasitically  by attaching their 
aerial roots (haustoria) to the branches of the host trees. In 
the tropics the fl ower plant family  Loranthaceae  is most 
notable. They are related to the European mistletoe ( Viscum 
album ), an evergreen plant commonly found growing in 
hardwood trees, i.e., fi r ( Abies  ssp.) and pine ( Pinus  ssp.) in 
temperate climates. The plant’s sticky white berries contain 
seeds which are dispersed by birds (digestive dissemination). 

They typically grow in branches. The mistletoe competes for 
nutrients and sunlight with the assimilation organs of the 
host tree (Fig.  6.54 ).

   See Plate  6.18  for epiphytes photos.
    Hemiepiphytes  in the tropics are also epiphytes, whose 

seeds germinate from undigested bird feces on host branches. 
They, however, develop aerial roots which grow downwards 
eventually connecting to the ground. As the roots become 
stronger, more aerial roots develop and fuse together. The 
roots encircle the host tree and can eventually strangle it to 
death (Fig.  6.55 ). One notable example is the strangler fi g 
( Ficus  ssp.).

Bullet scar (a) and branch scar (Chinese´s moustache) (b) on beech Splinter scar (c) and branch scar, rose) (d) on oak (Quercus).

a b c d

bark pleat

  Fig. 6.51    ( a – d ) Visual difference between branch scare and 60-year-old splinter scar, Bad Muskau, Germany. Bullet scar ( a ) and branch scar 
(Chinese’s mustache) ( b ) on beech splinter scar ( c ) and branch scar, rose) ( d ) on oak ( Quercus )       

  Fig. 6.52    Using a metal detector prior to cutting a log suspected to 
have splinter wood       

1 search coil

2 amplifier

3 control motor

4 control flap

5 piece pants

  Fig. 6.53    Splinter detecting device in a belt conveyor for wood chips 
(Autorenkollektiv  1988 ).  1  search coil,  2  amplifi er,  3  control motor,  4  
control fl ap,  5  piece pants       

  Fig. 6.54    Mistletoe ( Viscum album ) with berries       

  Fig. 6.55    Strangler fi g ( Ficus  ssp.) encircles a host tree       
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   See Plate  6.19  for hemiepiphytes photos.
    Vines (lianas)  include over 2,500 species belonging to differ-

ent plant geneses, of which approximately 90 % grow in the 
tropics. They germinate in the soil and use trees only for support 
in their rapid ascent towards the light and airy canopy. 
Depending on their climbing technique, they are subcategorized 
as scramblers, root climbers, twiners, and tendril climbers: 

 Tropical  scramblers  include the many species of rattan 
palms ( Calameae ), which use spines and prickles to spread 
through the host canopy (Fig.  6.56 ). Rich in foliage, they 
quickly compete for sunlight. In the temperate latitudes, 
scramblers include blackberry ( Rubus sectio Rubus ) and var-
ious climbing wild roses ( Rosa ).

   See Plate  6.20  for vines: scramblers photos.
    Root climbers  develop sucker roots to help them climb up 

through the host tree towards the sunlight. The sucker roots 
do not damage the tree bark, but the plant competes for sun-
light and nutrients. 

 In the tropics and subtropics, root climbers include among 
others strangler fi gs ( Ficus  ssp.), black pepper ( Piper 
nigrum ), vanilla ( Vanilla planifolia ), and climbing hydran-
gea ( Hydrangea petiolaris ). The main root climber in tem-
perate forests is the evergreen ivy ( Hedera helix ). It grows 
with the help of sucker roots up into the tree canopy 
(Fig.  6.57 ). Ivy is shade tolerant. It can live for up to 450 
years. Widespread, but not of major signifi cance to forestry, 
is the wild grape ( Parthenocissus  ssp.).

   See Plate  6.21  for vines: root climbers photos.
    Twiners  include the many species in the legume 

( Fabaceae ) family. They spread their long internodes out in 
a circle motion (circumnutation), until they fi nd a support to 
coil around and rapidly climb up to the sunlight. In temperate 
zones, the wild hops ( Humulus lupulus ) are particularly 
common. It is a left coiling annual plant typically found 
growing wild competing for sunlight along stand boarders 
(Fig.  6.58 ).

   See Plate  6.22  for vines: twiners photos.
    Tendrils  are sprouts, roots, or leaves that turn into thin 

coiling twines. On their quest for nutrients, the tendrils seek 
out a climbing support. When they touch an object, they 
become irritated and coil themselves up (thigomonasty) then 
stabilize themselves again by climbing further. The wild 
grape ( Vitis vinifera  subsp.  sylvestris)  is one of many types of 
vines commonly found in the temperate climate zones. 

 See Plate  6.23  for vines: tendril climbers photos.
   In forestry, one of the main vine species is clematis 

( Clematis vitalba ). Clematis plants with their 6 cm thick 
stem often spread through the crowns of multiple trees 
(Fig.  6.59 ). Like other tropical lianas, clematis is able to coil 
so tightly around a tree that it deforms their stems and even-
tually strangles them to death.

6.3.2        Causes 

 Plants grow on trees in an effort to effi ciently and effectively 
reach sunlight for assimilation. In the process, they cause 
varying degrees of damage to the host trees. 

  Fig. 6.56    Rattan palm ( Calamus adspersus)        

  Fig. 6.57    Young ivy ( Hedera helix ) vine with shade leaves       

  Fig. 6.58    Female wild hops  (Humulus lupulus)  with fl owers       
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  Epiphytes  affect their host as they climb by creating their 
own growing environments of humus and water retention 
which can increase the host tree’s risk of infection. They also 
block the tree’s leaves from sunlight. Hemiparasitic climbers 
are even more invasive. They use their haustorial roots to 
draw nourishment and water from the host tree (Fig.  6.60 ) 
and compete for sunlight in the crown area. Heavy mistletoe 
infestation can kill a host tree. Some (dwarf) mistletoe spe-
cies ( Arceuthobium  sp . ) target specifi c host trees causing a 
proliferation of witches’ broom in, for example, North 
American pine species ( Pinus  ssp.), junipers ( Juniperus  
ssp.), Douglas fi r ( Pseudotsuga menziesii ), and cypress 
( Cupressus  ssp.).

   The growth “strategy” of  hemiepiphytes  is to use the host 
tree for support until its own network of aerial roots becomes 
self-sustaining. If the host tree dies in the process, it becomes 
the nutrient supplier for the hemiepiphyte. 

  Vines (lianes)  which germinate in the soil use thorns, 
spines, sucker roots, tendrils, and coiling motions to climb 
up the host tree towards the sun. 

 While the scramblers, root climbers, and twiners do not 
usually cause damage to the host tree, other than competing 
for light and nourishment, tendril climbers impact the tree’s 
cambial growth. The suffocating tendrils do not grow along 
with the tree but rather constrict growth by coiling around 
the stem. 

 Lianes such as rattan ( Calameae ) can signifi cantly impact 
a host tree’s growth. They can become so dense, enveloping 
the host canopy with up to 300 m long vines that they quickly 
suffocate the tree from sunlight. In warmer regions of the 
temperate zones, wild grape and to a lesser extent the wild 
hops are particularly infl uential (Fig.  6.61 ).

6.3.3        Prevention 

  Epiphytes  and  hemiepiphytes  are nearly impossible to prevent; 
doing so would require either eliminating all the birds that act 
as seed carriers or mechanically removing all the air plants. 

  Vines (lianes)  can theoretically be cut off at the stem base. 
In principle, the question should always be asked whether 
the presence of this species in an intact biogeographical 
region is not of higher value than the possible damage to the 
affected trees.  

6.3.4     Impact on Use 

 The hemiparasites among the epiphytes (mistletoe 
( Viscaceae )) typically only impact the wood structure of the 
host tree’s branches and thus do not threaten the stem. Heavy 
mistletoe infestations, however, can be extremely damaging 
if while competing for nutrients, they end up killing the host 
tree (poplar plantations ( Populus  ssp.)), fruit and park trees, 
and entire softwood stands (USA, CAN)). Mistletoes are 
highly sought after as holiday decorations. 

 Studies show mistletoe can be used as an indicator for 
heavy metal pollution in soils. Heavy metals reduce the resis-
tance of mistletoe infestation among poplars (N N  2009a ). 

 Vines can wrap so tightly around a host tree that they 
deform the stem and ultimately kill it. For this reason, vines 
are usually removed from commercial forests. 

 With wild hops ( Humulus lupulus ), the question is 
whether its negative impact, particularly along forest 

  Fig. 6.59    Clematis ( Clematis vitalba ) with multiple fruit       

  Fig. 6.60    Traces of mistletoe ( Viscum album  ssp.  Abietis ) roots       

  Fig. 6.61    Maple ( Acer  ssp.) enveloped by clematis vines       
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 boarders, outweighs its attractive appearance. It also  contains 
psychoactive substances that are pharmaceutically interest-
ing as a hemp crop. 

 Ivy ( Hedera helix)  in trees is a welcome “decoration.” It 
blooms late and is an important honey plant; the fruits are 
consumed by many different bird species. Ivy leaves contain 
saponin, a drug used to sooth bronchitis. 

 Tightly coiling tropical vines can also change the shape of 
a stem so dramatically that it creates beautiful textures that 
appear when the wood is processed into veneer. This is 
referred to as drape veneer (Fig.  6.62 ).

6.3.5        Technological Adaptation 

 In commercial forests, trees with heavy mistletoe infestation 
should be harvested before they die. During harvest 

 operations in tropical primary and secondary forests, vines 
should be cut off before the trees are felled so that they do 
not damage or even pull out other trees when they fall.                                                                                     

  Fig. 6.62    Sapeli drape veneer ( Entandrophragma cylindricum )       
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7.1                      Temperature-Humidity Effect 

7.1.1     Bark Scorch/Sunburn (Richter  2006c ) 

7.1.1.1     Description 
 If you look carefully at young city trees planted without sun 
protection, you will often fi nd cracks in their stems on the side 
most exposed to the sun after the fi rst growth season. This 
is an example of cost-saving measures with disastrous 
consequence. 

 The bark of thin-barked trees such as beech, hornbeam, 
sycamore, maple, lime, spruce, and the less common fi r and 
white pine ( Fagus sylvatica ,  Carpinus betulus ,  Acer plat-
anoides ,  Acer pseudoplatanus ,  Tilia cordata ,  Picea abies , 
 Abies alba ,  Pinus strobus ) is especially prone to crack under 
strong solar radiation, in either long strips or patches 
(Fig.  7.1 ). The dying bark changes color, peels away from 
the trunk, and subsequently exposes the wood tissue. Wood 
discoloration and fungal and insect infestations reduce the 
wood’s stability and value.

    Attention!  This damaging abiotic factor should not be 
confused with the symptoms of bark disease caused by 
 fungus infection, such as the poplar bark disease caused by 
 Cryptodiaporthe populea . See Plate  7.1  for Bark scorch/ 
sunburn photos.  

      Abiotically Induced Wood 
Characteristics   7

exposed woody
tissue

extensive bark peel

deep rot and insect
infestation

lateral callous
growth

patches of dead bark
healthy stem section
continues to grow in
diameter 

  Fig. 7.1    Scorch damage on a mature beech ( Fagus sylvatica )       
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7.1.1.2      Causes 
 When trees with thin bark are suddenly exposed to the sun on 
the south or southwest side, the intense summer sun can 
scorch the bark and dry out the cambium until it ultimately 
dies. Typically, such sudden exposure is the result of an 
opening caused by the loss of neighboring tree branches due 
to wind or snow or openings cut for road and power lines. 
But bark scorch can also be the result of poor forest manage-
ment practices, such as logging forests from the south to 
southwest, removing boarder trees, suddenly exposing trees 
to sunlight which for decades had been protected from sun-
light, as well as neglecting proper spacing requirements at 
planting or during stand maintenance (Fig.  7.2 ).

   On winter days with high sun radiation, bark and cam-
bium can dry out due to insuffi cient water supply. While 
evaporation takes place in the crown area, ground frost pre-
vents the tree from absorbing any water. Shallow rooted trees 
(spruce) and young (urban) trees (Fig.  7.3 ) are particularly 
vulnerable. 

 Many tropical tree species typically grow in dense primary 
forests. There bark does not need protection from direct sun-
light. The trees use their limited recourses primarily to expand 
their crowns not to grow thicker bark. When these thin-barked 
trees are suddenly exposed, it can lead to sunburns.  

7.1.1.3     Prevention 
 Openings in sunlight-exposed directions (felling face, gap 
cuts, road lines) are to be avoided. A protective boarder of 
trees must be maintained. If an abrupt boarder occurs due to 
natural events (wind throw, snow pressure), then any trees 
damaged by bark scorch should be left to shield the remain-
ing trees from further damage. 

 Stand boarders should consist primarily of coarse-barked 
trees and shrubs. Openings should be immediately replanted 
so that exposed trees are shaded again. 

 Free standing trees (urban trees) require some form of sun 
protection when they are fi rst planted to prevent burns and 
evaporation (Fig.  7.4 ).

7.1.1.4        Impact on Use 
 As the amount of damage to the bark increases, the value of 
the wood decreases. Stem dryness and fungal and insect 
infestation prevent any higher use and can lead to degrading 
of the wood to D quality. 

 Bark burn on young trees is usually callused over, but 
later often leads to heart rot in the stem. In urban areas such 
trees are often cut down for safety reasons.  

7.1.1.5     Technological Adaptation 
 Undamaged stem parts can be strategically cut for further 
processing (Fig.  7.5 ). This, however, is seldom the case 
because it either requires too much effort or due to a lack of 
skills.

  Figs. 7.2 and 7.3    Partially    callused bark on a 
mature spruce ( Picea abies ) on a felling face 
(Fig. 7.2,  left ) and winter scorch on a young 
linden ( Tilia  ssp . ) (roadside planting) (Fig. 7.3, 
 right )       

  Fig. 7.4    Correct selection of tree species for a stand boarder providing 
stem protection and shade to protect against scorching       
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7.1.2         Lightning: Lightning Groove, Lightning 
Hole (Richter and Bues  2005 ) 

7.1.2.1    Description 
 In temperate climates, trees that have been struck by lightning 
are a common sight. The consequences of the frequent light-
ning strikes depend on the type of bark (smooth or coarse), 
wetness of the bark surface, and intensity of the lighting. 

 Lightning can strike a rain-soaked, smooth-barked tree 
and fl ow out into the ground without causing any visible 
damage. When it strikes a rough-barked tree, it often leaves 
a narrow channel down the length of the stem called a  light-
ning groove . The cambium immediately surrounding the 
lightning shake eventually dies and the bark slowly peels 
away. If the tree is still vital, it will try to callus over the 
injury with wound tissue (Fig.  7.6 ).

   A powerful lightning strike can blast off strips of bark or 
completely shatter the tree to pieces (Figs.  7.7  and  7.8 ). The 
destruction caused by lightning is impressive and a bold 
demonstration of the awesome power of nature.

    A  lightning hole  refers to a group of trees in a softwood 
stand that were damaged by lightning and slowly died. Their 
needles changed color and any branches protruding into the 
center of the lightning hole turn brown and fall off. 
Mistakenly, this occurrence is often attributed to bark beetle 
disease, although the bark beetle infestation actually follows 
as a result of the lightning strike and the resulting loss in 

stem section
fully devalued

by white rot

cross-cut

  Fig. 7.5    Suggested processing for a beech ( Fagus sylvatica ) log dam-
aged by bark scorch       

  Fig. 7.6    Ash ( Fraxinus excelsior ) 
with callused lightning shake (weak 
lightning strike)       

lightning groove travels
along the moist sapwood

dead cambium
zone

  Fig. 7.7    Cypress ( Chamaecyparis lawsoniana ) stem cross section 
with lightning groove (average strength strike)       

  Fig. 7.8    Burst open spruce 
( Picea abies ) stem (strong strike)       

  Fig. 7.9    Lightning hole with dying trees in a spruce forest caused by 
diffused lightning       
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vitality of the affected trees. The largest recorded lightning 
hole to date is 3,500 m 2 , the smallest is 200 m 2  (Fig.  7.9 ) 
(Heß-Beck  1927 /1930).

   See Plate  7.2  for lightning shakes and holes photos.

7.1.2.2       Causes 
 In temperate climates lightning is a quick, very bright fl ash of 
light caused by lightning either within the storm clouds piled 
up between 800 m and even 12,000 m altitude or between the 
clouds and the ground. Depending on sign of the voltage dif-
ference were differentiated between upwards or downwards 
directed lightning (Anonymous  2005 ). The voltage differ-
ences can amount to some 100 million Volts, with currents of 
several 100,000 Amps. For a millionth of a second after the 
lighting fl ash, the air immediately heats up to above 
30,000 °C. The diameter of a fl ash can be a few centimeters 
to several meters (Anonymous  2005 ). The sudden expansion 
of air in the lightning channel subsequently causes the thun-
derclap. Despite the brilliant fl ash of light and booming thun-
der, the amount of energy released is about the same amount 
of energy contained in 10 l of fuel oil (Aaftrink et al.  2005 ). 

 There are three types of lightning: The fi rst is created by 
a discharge within a cloud, appearing as a bluish glow around 
cloud’s perimeter. 

 The second type occurs when there is a discharge between 
a cloud and a pocket of air in the surrounding sky (cloud- 
cloud lightning). The result can be a lightning bolt up to 
60 km long. The direction of the fl ash is determined almost 
exclusively by the distribution of electrical charges in the 
atmosphere. Exposed points at ground level, such as tree-
tops, can also be strike points. 

 The third type is created by a discharge between a cloud 
and the ground (cloud-ground lightning). Only about 10 % 
of all lightning discharges take place between a thunder-
storm cell (lower part of the cell is negatively charged) and 
the ground (positive charge). Each discharge is preceded by 
a leader stroke which travels from the cloud to the ground. 
The leader stroke is very weak (1–10 A) with negative polar-
ity and progresses along a brightly lit zigzag channel with 
frequent side branches. As soon as it reaches the ground, 
there is a stronger return stroke back to the cloud (possibly 
several in succession) which has a positive charge and a volt-
age of 10 4 –10 5  A. 

 When a leader stroke hits a tree, the main discharge fol-
lows. If the tree has a resistance of 10 4  Ω/m, an electrical 
current with voltages between 10 5  and 10 6  V/m will travel 
down the length of the stem resulting in a fl ashover. The 
tree’s rough bark presents resistance to the fl ashover, so the 

current travels down the stem, through the wood (Baatz 
 1985 ), following the course of the fi ber. In its path, the light-
ning channel boils the water contained just beneath the bark 
such that it explodes in a kind of steam shock effect. The 
extent of injury thus depends on the texture of the bark and 
the strength of the lightning. Trees with smooth bark can 
escape without signifi cant damage. Typically, the sapwood is 
damaged as the lightning channel carves out a scar along the 
length of the stem. 

 Attention! A so-called lightning “shake” only develops 
when the exposed stem wood dries out below the fi ber 
 saturation point. 

 In forestry practice, lightning holes are attributed to the 
effects of diffused lightning or sheet lightning. Sheet light-
ning occurs when the individual discharges of a lightning 
strike are broken up by the spatial distribution and rapid 
movement of air masses and then discharged over a wide 
area of forestland. In such cases, not only does the diffused 
lightning kill any trees directly hit, but the surge of voltage 
spreads through the surrounding ground damaging and even-
tually killing neighboring trees as well (Gäbler  1962 ). 

 The radial voltage gradient can be so extreme that it 
injures any humans and animals caught near the strike point. 
The size of the voltage gradient depends on the intensity of 
the electricity discharged into the ground as well as the spe-
cifi c structure and conductivity of the soil substrate. The size 
of the voltage gradient largely determines the area of the 
lightning hole (Fig.  7.10 ).

life threatening
electrocution potential
in voltage gradient 

108volt lightning strike

  Fig. 7.10    Voltage gradient and the potential area of electrocution 
 danger after a lightning strike       
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   In meteorology, sheet lightning refers to remote 
 intracloud lightning that appears as a diffused glow on the 
surface of the clouds very far from the spectator (lightning) 
(Berger  1966 ). The actual lightning channel is hidden by 
particles of precipitation and dense clouds (Anonymous 
 2003 ). Such sheet lightning is therefore unlikely to create 
lightning holes. 

 In the tropics, cloud to ground lightning is rare, during 
thunderstorms, because the lowest boundary of the storm 
clouds is usually at an altitude of about 3,000 m. Lightning 
strikes from 3,000 m to the ground are almost impossible 
(DWD  2007 ).  

7.1.2.3    Prevention 
 Lightning cannot be prevented. Thunderstorm activity and 
lightning frequency varies regionally. For Bavaria (Germany), 
5,010 fl ashes (3,500–17,990) per square kilometer per year 
are registered on average (Bosshard  1984a , p. 234). However, 
it is only 0.5–10 impacts per km 2 . In Germany, around two 
million lightning strikes were registered in 2003. 

 Worldwide as many as 2,000 people are killed each year 
by lightning; many more are injured (Anonymous  2003 ). As 
lightning is unpredictable and practically every tree with 
almost equal probability can be struck, seeking shelter dur-
ing storms under trees can be fatal. It is best to stay at least 
several meters away from any tall object and to crouch down 
with as little contact to the ground as possible so that if light-
ning does strike, the current can pass through with as little 
resistance as possible. The old saying “beware of an oak, it 
draws the stroke; avoid an ash, it counts the fl ash; creep 
under the thorn, it can save you from harm” can be fatally 
incorrect. Although some tree species are better at conduct-
ing lightning because of their smooth bark, the amount of 
electricity fl owing into the ground around a tree hit by light-
ning remains the same regardless of the species. 

  Attention!  It is also extremely dangerous to follow the 
alleged “moon rules,” which derive a nonsensical link 
between trees with left spiral and lightning strikes: “in 
 addition, lightning only strikes trees with left spiraling 
grain – useful information if caught in a forest during a thun-
derstorm. Only stand under straight grained or right spiral 
trees” (Paungger and Poppe  2000 , p. 175). This is completely 

false advice and can prove deadly (see photo of a right-hand 
spiral oak struck by lightning in the photo section!). Buildings 
or cars are good places to seek protection because the metal 
exterior functions as a Faraday cage.  

7.1.2.4    Impact on Use 
 Damage to the wood usually occurs only directly along the 
lightning groove in the water-conducting sapwood. The 
wood fi bers a few millimeters beneath the groove typically 
remain undamaged. But because the parts of the stem with-
out bark quickly dry below the fi ber saturation point (approx-
imately 30 % moisture content), dry cracks form creating 
entryways for insects and fungi. Woodpecker holes indicate 
further stem damage (Fig.  7.11 ).

   Research done after a lightning event that resulted in the 
slow death of 153 ninety-year-old spruce trees on a 0.23 ha 
plot showed no signifi cant difference between affected and 
unaffected trees in their wood moisture content, neither in 
the gross density-dependent percentage of water content, the 
gross density, or the compressive strength (Bues et al.  1989 ). 

 There is no infl uence on the static resistance of the stem 
wood sections not directly damaged by the  lightning. Recent 
lightning damage should therefore only lead to reduction in 
price or a diameter compensation if the stem surface is dam-
aged beyond the portion of slab wood. This could be the 
case, for example, if the lightning groove follows along the 
spiral grain of a stem’s valuable butt end.  

discoloring with onset of decay dry crack

  Fig. 7.11    Devalued wood from an oak ( Quercus  ssp . ) stem with an old 
lightning groove       
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7.1.2.5    Technological Adaptation 
 At the sawmill lightning damaged logs can be processed 
using a rift saw, whereby the damaged part of the stem is cut 
off as slab wood with the fi rst cut (Fig.  7.12 ). In plain sawn 
timber, the lightning groove can be located in the narrow 
edge of the board, so that the injured area can be cut off later 
as slab wood (Fig.  7.13 ).

7.1.3          Frost Cracks, Frost Scars (Richter  2002d ) 

7.1.3.1    Description 
 It sounds like a gunshot when on a frosty winter day, an ash 
( Fraxinus excelsior ) trunk suddenly ruptures sending a deep, 
long crack up the length of its trunk. Sometimes these gaps are 
so wide you can fi t your fi nger in them. Such  frost cracks , also 
called freeze cracks, are fi ssures on the outer bark of a tree that 

typically run with the course of the fi ber and often penetrate 
deep into the tree’s core. They usually start at the stem base 
and can run up into the higher sections of the trunk (Fig.  7.14 ).

    Frost scars , also called duck bills, refer to layers of callus 
tissue that form over a repeatedly cracked frost injury 
(Fig.  7.15 ). Frost cracks occur most often in solid hardwoods 
such as oak ( Quercus ), ash ( Fraxinus excelsior ), elm ( Ulmus  
ssp.), maple ( Acer  ssp.), and chestnut ( Castanea sativa ), less 
frequently in soft hardwoods, with the exception of poplar 
( Populus  ssp.), and more infrequently in softwoods 
( Coniferales ).

    Measurement:  Frost cracks and frost scars are usually not 
measured, but are always taken into consideration when 
determining wood quality. The crack’s age, depth of penetra-
tion, and length are recorded as well as the width and height 
of the protruding frost scar. 

 See Plate  7.3  for frost cracks, frost scars photos.

  Fig. 7.14    Ash ( Fraxinus excelsior ) with repeatedly split frost scar       

stem at the time of the
initial crack 

zone with many callus
layers, shaped like a duck bill

  Fig. 7.15    Stem cross section with frost crack and frost scar       

wide offcut with lightning groove

  Fig. 7.12    Rift sawn log with lightning groove       

  Fig. 7.13    Plain sawn log with lightning groove       
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7.1.3.2       Causes 
 Frost cracks occur when temperatures suddenly drop below 
the freezing point. When this occurs, the stem experiences a 
type of cold shock. The temperature gradient creates an 
unequal thermal contraction of the cells between the cold 
stem surface and warmer core resulting in the crack (Kollmann 
 1942 ). The thermal contraction alone should not be overval-
ued because the thermal expansion of the fi ber in the longitu-
dinal direction only amounts to 0.00 00 03 16 mm/°C, in 
radial direction the 9 times (Bues et al.  2005 ). So, for exam-
ple, a temperature drop of 15 °C would only cause the stem 
surface of a 2 m wide tree to shrink by approx. 0.84 mm. 

 To a lesser extent, the radial-tangential anisotropy of the 
wood reinforces the tension in the wood as the stem’s exte-
rior cools. The wood contracts tangential to radial in a ratio 
of nearly 1.5 (Niemz  1993 ). 

 A main cause of cracking is the dehydrating effect of the 
freeze. Moisture is withdrawn from the cell walls of the cell 
lumen in the form of ice causing the cell walls to shrink. This 
also takes place tangentially more than radial (Kübler  1962 ; 
Schirp  1967 ) (Fig.  7.16 ).

   The cracks typically initiate on vulnerable spots in the 
xylem (Dujesiefken  2001 ). These can be old bark injuries 
and abnormalities in the stem surface and then spread out 
from there. In other words, the underlying cause of the crack-
ing is some sort of weak area on the bark, and the trigger is 
the sudden cooling of the stem surface below the freezing 
point. The susceptibility of cracking is increased by high 
moisture content, straight grain, large vessels, large wood 
rays, and a large proportion of parenchyma (Wagenführ and 
Scheiber  1989 ). 

  Frost scars  are the result of an unsuccessful attempt by 
the tree to callus over a frost crack. Frost scars protrude sig-
nifi cantly from the stem surface. 

  Attention!  Research on oaks with externally visible 
cracks at their stem base has shown that  bacteria  can also 
cause radial shakes in living trees. These cracks often run 
from the heartwood to the sapwood and eventually end up as 

so-called frost scars (Schmidt et al.  2001 ). Presumably the 
breakup of the wood structure (breakdown of parenchyma, 
pectin and cellulose derivatives) causes the cracks to widen 
further.  

7.1.3.3    Prevention 
 Factors inducing cracks should be mitigated, as far as possi-
ble. The most vulnerable trees grow on stand edges, on val-
ley slopes, and in ravines susceptible to cold air fl ows and 
sites subject to cold air pockets. Oak (Q uercus  ssp.) and 
maple ( Acer  ssp . ) are particularly prone to cracking with 
wide wood rays serving as a potential fi ssure channels. In 
addition to choosing appropriate tree species, frost cracks 
can also be avoided by improving site conditions through 
sound forest management practices which protect against 
frost pockets and cold air streams (Fig.  7.17 ).

7.1.3.4       Impact on Use 
 Because frost cracks can extend along the full length of the 
stem and are often fairly deep, they are typically considered 
major defects that exclude the wood from being graded as 
high quality (DIN  1999b ; HKS  2002a ). Cracks in spiral grain 
trees which follow the course of the fi ber and emerge on the 
working surface of a log signifi cantly impact the usefulness 
of the wood (Fig.  7.18 ).

      Crucial elements of a wood quality classifi cation, apart 
from quality of the rest of the stem, are the age of the frost 

Different thermal
contraction between
cold stem surface and 
warm core

“freezing” water in the
sapwood area

anisotropy

radial

tangential

  Fig. 7.16    Tension distribution on a freshly cracked stem       

  Fig. 7.17    Trees with frost cracks in a creek bed. Cold air surges caused 
repeated frost cracks on the exposed side of the stem       

  Fig. 7.18    Frost crack markings on a board from a spiral grain stem       
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crack and the associated risk of oxidative discoloration 
around the cracked area and fungus attack. The age of a frost 
crack in a log can be determined by counting the number of 
tree rings formed by callus layers of the frost scar. 

 The special features of frost cracks are interpreted 
 differently in various grading standards. An obvious “gray 
area” exists in the different standards applied by the indi-
vidual states of Germany. The CEN standards only specify 
grading rules for frost cracks in oak ( Quercus  ssp.) and pop-
lar ( Populus  ssp.) (DIN  1997d ; DIN  1998a ; DIN  1998b ; DIN 
 1998c ); among the other species there is room left for inter-
pretation. In general, the European standards for grading 
lumber with frost cracks are stricter than the German regula-
tions (HKS  2002a ). In the Framework Agreement for Timber 
Trade in Germany (RVR), only frost cracks in oak ( Quercus  
ssp.) are relevant (RVR  2014 ) (Table  7.1 ).

7.1.3.5       Technological Adaptation 
 Frost cracks are not suitable for rotary cut veneer because the 
veneer ribbon would split after each rotation of the stem. 
Valuable straight stem sections with an axis-parallel frost 
crack are suitable as sliced veneer, if the stem is cut before in 
two pieces with a band saw at the right angle to the crack 
(Kollmann  1942 ) (Fig.  7.19 ). If the crack is located in the 
direction of the cut in a saw log, then it is possible to achieve 
a good yield (Fig.  7.20 ).

7.2           Wind and Snow Effects 

7.2.1     Fiber Compressions, Fiber 
Fracture (Compression Fractures) 
(Richter  2004a ) 

7.2.1.1    Description 
  Fiber compression  refers to wood fi ber that has been com-
pressed perpendicular to the course of the grain (Fig.  7.21 ).

    Fiber fractures  refer to wood fi ber that has fractured per-
pendicular to the course of the grain due to a tree’s exposure 
to mechanical stress which exceeds the compressive strength 
of the wood (Fig.  7.22 ). Fiber compressions or fi ber fractures 
typically run in lines or fan out vertically up to an angle of 
about 60° to the stem axis. They can extend across several 
tree rings or over as much as 50 % of the stem cross-sectional 
area (Bues and Stein  1999 ).

   Each fi ber compression is covered on the stem by particu-
larly short-fi bered, lignin-rich callus tissue called “ Wulstholz ” 

  Fig. 7.19    The stem is cut at right angles to the crack. The right part is 
suited for a veneer fl itch       

  Fig. 7.20    Plain sawn log with frost crack in the heartwood board       

   Table 7.1    Impact of frost cracks/frost scars on quality grade set forth in RVR  2014    

 Species 

 RVR quality grade 

 A  B  C  D 

 All tree species except oak ( Quercus  ssp.)  No quantitative information 
 Oak  Frost crack  Inadmissible  Inadmissible  Admissible if frost crack is straight  Admissible 

100 µ 

compressed
tracheids

  Fig. 7.21    Spruce ( Picea abies ) stem compressed by heavy frost and snow       
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(bulge wood) (Fig.  7.23 ). The cells of this “Wulstholz” have 
cell walls with microfi brils that tend to lean heavily in the 
longitudinal direction (30°… 50°). This makes the 
“Wulstholz” more fl exible (Rosenthal  2009 ). Larger fi ber 
fractures can only callus over laterally because the wood at 
the fracture is no longer vital. It takes considerable skill to be 
able to distinguish “Wulstholz” from branch scars.

   Trendelenburg ( 1940 ,  1941 ) found fi ber compressions in 
35 species of trees, of which 26 were from tropical and sub-
tropical regions. In Germany, fi ber compressions have been 
detected among others in fi r ( Abies alba ), spruce ( Picea 
abies ), Serbian spruce ( Picea omorika ), larch ( Larix 
decidua ), and pine ( Pinus sylvestris ) (Helling  1998 ). 

 Stein ( 1998 ) noted that in spruce ( Picea abies ), two thirds 
of all fi ber compressions occur in the lower third of the stem. 
The fi ber compressions usually begins near branch whorls 
which are naturally the weakest point in the fi ber. 

 Fiber compressions and fractures can be identifi ed several 
years after the wood failure by the formation of “Wulstholz” 
on the compressed side of the stem. As the tree grows in 
diameter, the callus area disappears, so that eventually trees 
with fi ber compressions and fractures can only be indirectly 
diagnosed. The likelihood of fi ber compressions is high 
when trees are left growing in stands heavily damaged by 
wind and snow pressure or isolated on windy sites.  

7.2.1.2    Causes 
 Extreme wind, snow, and ice pressure can force a tree 
crown to grow towards one side causing the entire stem to 
bend over. Because the tensile strength of the wood fi bers is 
about twice as large as the compressive strength, an extreme 
bending stress can cause  fi ber compressions  extending 
beyond the compressive strength zone (Delorme  1974 ). 
The stem is compressed even though it is already under a 
preload for which the compression stress fi rst has to com-
pensate (Kübler  1959 ). This principle is illustrated, for 
example, in concrete construction which preloads steel 
reinforcements. 

 If the tree is made to swing back and forth by constantly 
changing pressure loads (gusts), the fi ber bands are pulled 
and pushed until they fi nally split apart ( fi ber fracture) . 
A compression fracture becomes visible on the stem surface. 

 Initial starting points for fi ber compressions and fractures 
are the branch whorls. The irregular fi ber course found at 
these spots in the tree presents physically weak areas in the 
wood (Trendelenburg  1940 ). 

 The cambium reacts to the stress by increasing cell 
growth associated with very wide “Wulstholz” tree rings. 
Because the “Wulstholz” tracheids are signifi cantly shorter 
and richer in lignin, they have greater stability. Despite hav-
ing a higher density than normal wood, “Wulstholz” has a 
lower modulus of elasticity and compressive strength. 
“Wulstholz” can be considerably deformed without fractur-
ing but can only withstand limited maximum pressure 
(Koch  1999 ). 

 In the high-density tropical rain forests, intense crown 
competition forces trees to grow rapidly in the height. This 
occurs at the expense of radial growth. The height-diameter 
(h–d) ratios are often over 100:1. Therefore, strong winds 
can exceed the tree’s bending limits resulting in compression 
fractures (Trendelenburg ( 1940 ,  1941 ). 

 See Plate  7.4  for causes of fi ber compressions and 
 fractures in trees photos and Plate  7.5  for trees with fi ber 
compressions and fractures photos.

7.2.1.3        Prevention 
 Aside from damaging events such as extremely wet snow 
conditions or hurricane gusts, fi ber compressions are also 
commonly caused by forest management practices. Taking 
the following measures can reduce the risk of compression 
crack damage: 

 In regions prone to wind and snow breakage, individual 
trees should, from the early stages of stand development 
(BHD < 19 cm), be given enough growing space to develop a 
suffi ciently broad crown, connected with a height diameter 
ratio of under 80:1, which can withstand the extreme bend-
ing stresses (Burschel and Huss  1997 ). However, as the h-d 
ratio decreases the amount of taper increases. 

 In addition to the stability of the individual tree, attention 
must be given to the collective stability of the stand. Thinning 

lateral callusing 

open fiber fracture

  Fig. 7.22    Open fi ber fracture in the branch whorl of a spruce ( Picea 
abies ) with lateral callusing       

  Fig. 7.23    Characteristic “Wulstholz” covering a fi ber compression on 
a debarked spruce stem from an exposed site at high elevation       
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operations, especially in older stands, should not overly 
interrupt the crown closure. 

 The most stabile stands have a mix of species and a verti-
cal structure (Fig.  7.24 ).

   The spatial arrangement of the trees must be carefully 
managed so that the stand’s protective cover remains intact.  

7.2.1.4    Impact on Use 
 Softwood stems, particularly spruce ( Picea abies ) on the edges of 
snow and wind damage stands or sites with extreme exposures, 
are considered particularly vulnerable to fi ber compressions. 

 Fiber compressions that are already visible on the outer 
bark of the stem and compression fractures signifi cantly affect 
the strength of the wood (Fig.  7.25 ). Sawn timber with such 
damages should not be used for constructive purposes or for 
load-bearing functions (EMPA  1990 ) (Fig.  7.26 ). The same 
applies to smaller pieces of wood used, for example, for roof 
battens or telephone poles. It is not uncommon for impreg-
nated telephone poles, which may at fi rst sight appear perfectly 
sound, to split apart during installation. The injured spot was 
obtuse and shell shaped – a sure sign of an extensive fi ber com-
pression that went unnoticed during the initial stem diagnosis.

    Therefore, if callusing on the stem surface reveals fi ber 
compressions and fractures in the wood, it is important that 
these factors be taken into account during grading. According 
to the general quality standards stated in the HKS, wood with 
such defects cannot be classifi ed as in A/EEC or B/EEC 
grade, but can still be used as C grade wood (DIN  2002b , 

p. 12). Nevertheless, because it is possible that wood could 
 accidentally be use for construction purposes, it is best 
 classifi ed as industrial wood (e.g., pulpwood). 

 Following CEN standards, such logs are only classifi ed as 
D grade wood since the fi ber fracture “…impairs the natural 
wood properties…” of a signifi cant portion of the stem cross- 
sectional area (DIN  1999b , p.4).  

7.2.1.5    Technological Adaptation 
 Under visual diagnosis, wood with fi ber compressions which 
are only visible on planed wood are considered safe to use. 
These fi ber compressions occur at a bending stress of about 
50 % of the breaking load. However, macroscopically visible 
fi ber compressions can also occur at a bending stress of about 
75 % of the breaking load (Kisser and Steininger  1952 ). In this 
case, the wood should no longer be used for static purposes. 

 It is possible using strength measuring instruments to eas-
ily detect compression fractures in lumber as they usually 
appear as the “weakest section.” The elastic modulus of the 
wood is calculated from the test set, dimensions, proof load, 
and defl ection of the lumber. This correlates with the bend-
ing strength, which is a measure of the strength of the sawn 
timber (Fig.  7.27 ) (DIN  2001a ).

   Ultrasound tests for detecting compression fractures in 
squared timber are still inconclusive (Kessel  1990 ). 

 See Plate  7.6  for identifying fi ber compressions and 
 fractures in processed wood photos.

  Fig. 7.24    Vertically structured mixed stands, combined with suitable 
forest boarder plantings, are better protected from the mechanical stress 
of extreme weather events than single-age stands       

  Fig. 7.25    Log with compression folds and “Wulstholz”       

  Fig. 7.26    Fiber fractures in a piece of composite lumber       

test load

deflection

lumber board

  Fig. 7.27    Principle of stress grading       
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7.2.2         Shear Stress Cracks (Richter  2006c ) 

7.2.2.1    Description 
 Shear stress cracks appear as cross-sectional shakes in older 
softwoods, especially in spruce ( Picea abies ). They can 
extend several meters through the lower part of the stem 
(Fig.  7.28 ). This form of shake typically runs across the 
entire stem. The fi rst indicator of such damage is resin dis-
charge along the course of the cracks on both sides of the 
stem surface.

   In larch ( Larix decidua ), shear stress cracks appear either 
as resin-fi lled heart shakes at the stem base (pitch pockets), 
which have not (yet) reached the sapwood, or as a split stem 
(Fig.  7.29 ).

   Especially in pines ( Pinus  ssp.), but also in fi r ( Abies 
alba ), spruce ( Picea abies ), and Douglas fi r ( Pseudotsuga 
menziesii ), shear stress cracks appear as a heart shake near 
the center of the butt log. These cracks which run from the 
radius of the stem are referred to as schilfer cracks. 

 All the cracks forms mentioned above originate in stand-
ing trees. 

 See Plate  7.7  for shear stress cracks photos.

  Fig. 7.28    Spruce ( Picea abies ) with resin discharge caused by shear 
stress cracking         Fig. 7.29    Larch ( Larix decidua ) with sweep and split stem       
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7.2.2.2       Causes 
 Shear stress cracks can be caused by wind pressure resulting 
in one-sided crown formation and tilted stems particularly in 
dominant trees and in old softwoods (Fig.  7.30 ). Constant 
unilateral stress and crown sway causes shear stress, particu-
larly at the base of the stem. This stretches the concave but-
tress roots on the tension side of the stem. If the transverse 
tensile strength of the tree’s fi ber network is exceeded, the 
stem will crack (Fig.  7.31 ).

    A further condition for shear stress cracks is a solid 
ground surface on the compressed side of the roots (shallow 
soils with solid “zersatz” zone, rocky subsoil). Roots on the 
tension side must be well anchored in the ground. On the one 
hand, the stable anchoring prevents windfall. On the other 
hand, the shear pressure is reduced so that it is no longer 
strong enough to break the stem. 

 Bole sweep also causes shear stress cracks, especially if 
the main amount of pressure is directed towards the concave 
side of the stem. This applies particularly for certain larch 
( Larix decidua ) provenances prone to sweep. If the crack is 
only marked by a heart shake, it fi lls up with resin that 
emerges from the split resin canals in the cavity and forms 
pitch pockets. 

 Schilfer cracks are heart shakes in old softwoods, espe-
cially pine ( Pinus sylvestris ) and fi r ( Abies alba ), and are a 
result of bending stress. In this case, the dry heartwood 
cracks due to insuffi cient elasticity. The cracks are not out-
wardly visible (Volkert  1940 ). They show up in lumber when 
it is cut from a spiral grained stem. 

 The reasons given above still do not suffi ciently explain 
all the causes for schilfer cracks and pitch pockets. 

 Far reaching, cantilevered branches can also form shear 
stress cracks. They result from stress caused by the branches’ 
own weight, in combination with snow cover and wind. 
These longitudinally cracked branches are also known as 
“bad luck beams.” They appear more frequently in deciduous 
than in coniferous trees.  

7.2.2.3    Prevention 
 When logging and clearing activities cease in single-age 
stands, as often the case with stand conversions, it commonly 
leads to over mature pure softwood stands. These old trees 
should be removed immediately since their large crowns on 
the former felling face are stressed by wind causing new 
shear stress cracking. 

 Trees towering above the canopy, or trees suddenly 
exposed, are also vulnerable to shear stress. Therefore, it is 
important to ensure adequate coverage within the stands and 
between the stands. 

 Slender branched trees are often promoted for wood qual-
ity purposes. However, under adverse site conditions, this 
can also lead to the formation of shear stress cracks because 
there is no “anchor effect” from the stronger branches in the 
lower sections of the stem. 

 Larch provenances prone to bole sweep are not suitable 
for new stand plantations. 

 Thinning measures must be carried out in way that ensures 
even crown development.  

predominate wind directions

pendular movement

  Fig. 7.30    Over mature spruce ( Picea abies ) on an inactive clearing site 
should be harvested immediately       

shear stress

compressive
stress

stretching
of buttress roots 

cr
ac

k 
fo

rm
at

io
n

tensile
stress

  Fig. 7.31    Principle of shear stress crack formation       
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7.2.2.4    Impact on Use 
 Transversal cracks in spruce ( Picea abies ), larch 
( Larix decidua ), Douglas fi r ( Pseudotsuga menziesii ), and 
schilfer cracks in fi r ( Abies alba ), spruce ( Picea abies ), and 
pine ( Pinus sylvestris ) devalue the most valuable part of the 
stem base, because they usually run through the main lumber 
products (beams, planks, boards) (Fig.  7.32  and  7.33 ).

    After the resin canals running out from the radius are bro-
ken, the resin fl ows into the cracks (pitch pockets in larch 
( Larix)  (Fig.  7.34 ). Any wood processing is complicated by 
resin buildup on the equipment. The affected area of timber 
prevents any higher use.

   Schilfer cracks are often still hidden in the lumber and 
only revealed during fi nishing (planting, milling). Defects in 
the fi nishing signifi cantly affect the operating profi t.  

7.2.2.5    Technological Adaptation 
 Stem wood with cross-sectional cracks should be scaled so 
that as much of the crack plane as possible lies in the same 
direction as the cutting face and only in one board or plank 
(Fig.  7.35 ).                                                           

  Fig. 7.32    Board with shear stress crack       

  Fig. 7.33    Fir ( Abie s  alba ) board with schilfer shake       

Sectioning out the damaged
heartwood board

  Fig. 7.35    Plain sawn log with shear stress crack       

  Fig. 7.34    Larch ( Larix decidua ) stem with split pitch pockets       
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                 See Plate  8.1  for didactic reasons Table  8.1  overview of cracks forms and causes photos.   

      Overview of Cracks/Shake Forms 
and Causes   8

 Knuchel    ( 1934 ), Mette ( 1984 ), Richter ( 2010 ), Steuer ( 1990 ), 
and Wagenführ and Scheiber ( 1989 ). 
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 Description of shakes based 
on form 

 Description of shakes based on 
cause  Illustration of shakes 

  Heart shake/pith shake:  
appears as a  single shake , 
 T-shake ,  Y-shake ,  cross shake , 
or  star shake  running through 
the pith

Crack extending radially from 
the pith, but not to the stem 
surface

In old spruces ( Picea abies ), 
larches ( Larix decidua ), pines 
( Pinus sylvestris ), and fi rs 
( Abies alba ), heart shake can 
extend several meters up from 
the stem base

Trees from tropical rain 
forests often crack after 
felling due heavy growth 
stress. Heart shake usually 
only occurs during the short 
transition to the cross-
sectional surface crack 

 1.   Dry crack : occurs when wood 
dries out below the fi ber 
saturation point of approximately 
30 %. This can happen in 
heartwood or sapwood shortly 
after felling in the drier core 
of the stem (initial cracking)

2.   Schilfer shake:  occurs mainly in 
mature softwoods. Wind and 
snow pressure bends the trees so 
severely that tangential cracks 
form in the drier core area of the 
living tree. These cracks are only 
visible in sawn timber

3.   Pitch pockets : shear stress (wind 
pressure) applied to living larch 
( Larix decidua ) trees with bole 
sweep can cause shakes to form 
on the concave side of the stem 
that eventually fi ll up with pitch 
(see Sect.   7.2.2    ) 

   

  Traversing shake:  appears as a 
single shake, T-shake, 
Y-shake, cross shake, or star 
shake running through the pith

Crack in a felled tree 
extending from the pith and 
reaching the stem surface. 
Particularly common in beech 
( Fagus sylvatica ), poplar 
( Populus  ssp.), and willow 
( Salix  ssp.) 

 1.   Dry crack : occurs when the wood 
dries out below the fi ber 
saturation point of approximately 
30 %. Originates at the pith and 
extends to the stem surface (see 
seasoning crack illustration)

2.   Stress crack : growth stress cracks 
which rupture after a felling cut is 
made to the stem base. They 
emerge from the swelling of the 
lignin and cellulose contraction in 
the cells of the youngest tree ring 
or increment zones. This leads to 
such a degree of tension stress in 
the stem surface and compression 
stress in the core that the wood 
cracks shortly after felling or 
during processing (see Sect   3.3    )

Note: stress cracks are not seasoning 
cracks! 

   

  Seasoning crack:  appears 
as a  combination  of a  single 
shake, T-shake, Y-shake, 
cross shake, star shake, 
radial shake , and  ring shake  

  Dry crack:  rapid drying of freshly 
cut, debarked wood (summer 
harvest) and dead wood far below 
the fi ber saturation point of 
approximately 30 %. The 
anisotropy of wood causes it to 
shrink during drying longitudinal-
radial-tangential in the ratio of 
1:10:20. This leads to radial 
shakes. Wood rays act as additional 
fi ssure lines 

   

 Thin radial cracks extending 
across the entire cross-
sectional area of a felled tree 
stem or stem section that 
begin to penetrate deeper into 
the wood as it dries 

  Fig. 8.1    Cross shake 
appearing as heart shake 
in oak ( Quercus  ssp.)       

  Fig. 8.2    Schilfer shake 
in a fi r ( Abies alba ) board       

Fig. 8.3 Heart shake, 
appearing as pitch pocket 
in larch (Larix decidua) 
with eccentric pith

  Table 8.1    Overview of cracks/shake forms and causes  

Fig. 8.4 Stress crack appearing 
as traversing shake in beech 
(Fagus sylvatica)

Fig. 8.5 Stress cracks appearing as cross shake 
in beech (Fagus sylvatica)

  Fig. 8.6    Dry cracks 
appearing as a 
combination of radial 
shakes, single, radial 
running cracks, a 
Y-heart shake, and a 
ring shake in ash 
( Fraxinus excelsior )       

 

 

 

8 Overview of Cracks/Shake Forms and Causes

http://dx.doi.org/10.1007/978-3-319-07422-1_7#Sec27
http://dx.doi.org/10.1007/978-3-319-07422-1_3


201

Description of shakes based 
on form

Description of shakes based 
on cause Illustration of shakes

  Ring shake/cup shake  

 A crack in the wood parallel 
the tree rings, especially 
between the rings that contrast 
signifi cantly in size. Common 
in suddenly exposed very 
old spruce ( Picea ), fi r ( Abies ), 
oak ( Quercus ), poplar 
( Populus ) and willow ( Salix ). 

 In tropical trees, ring cracks 
typically occur during the 
transition from the juvenile to 
the mature increment zones 

  Stress crack:  varied degrees of 
swelling and shrinking with 
irregular tree ring formations and 
extreme differences in density (open 
stand increment, reaction wood) also 
in the boundary between juvenile 
and mature wood. This can cause a 
ring shake to form while a tree is 
still living. The shake only becomes 
visible after the tree is felled on the 
crosscut surface. Ring shake has 
 physical  causes 

   

  Ring rot  

 Pathological cracking 
parallel to the tree rings, 
particularly between the 
wide rings in oak ( Quercus ) 
and chestnut ( Castanea 
sativa ). One or several of 
these rings are structurally 
damaged by fungal 
infestation 

  Ring shake with fungal infestation/
defective core:  the large early wood 
vessels of the individual, 
insuffi ciently formed tree rings 
(early frost) of ring-porous wood is 
infested by damaging fungi 
( Phellinus ). In ring shake the xylem 
encircled by the shake completely 
separates from the rest of the stem 
along the damaged tree rings. Ring 
failure has  pathological  causes 

   

  Loose heart  

 Stems with severe heartwood 
decay caused by 
microorganism infestation 

  Ring shake with decayed heartwood:  
common especially in tropical tree 
species of the primary rain forest. 
Young trees try to use as little 
material as possible to outgrow light 
competitors by not storing any 
heartwood substances in their 
juvenile wood. The heartwood only 
becomes durable when it is mature. 
The juvenile core becomes loose 
(physically) as a result of the 
changes in anatomical structure 
during the long period to maturity 
and is destroyed by microorganisms 
(pathological) 

      

  Spider shake: appears as a 
combination  of  radial running 
star shakes and ring shakes  
parallel to the tree rings or 
increment zones in tropical 
tree species 

  Dry crack:  dehydration of adjacent 
tree rings with varied widths 
(ring shake) and the heartwood zone 
(radial shake). The crack originates 
in standing trees and become visible 
when the fi ber saturation point drops 
below approximately 30 % after a 
long storage period (see also 
“seasoning crack” and “ring shake”) 

   

  Fig. 8.7    Ring shake in a 
section with extremely 
varied tree ring widths in 
larch ( Larix decidua )       

  Fig. 8.11    Oak with spider 
shake caused by uneven 
drying process       

  Fig. 8.10    Longitudinal cut on kopi ( Goupia glabra ) 
with loose heart       

  Fig. 8.9    Loose heart 
on kopi ( Goupia 
glabra )       

  Fig. 8.8    Oak 
( Quercus  ssp.) with 
ring shake caused by 
fungal infection       

Table 8.1 continued
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  Coat shake  

 Crack running with the course 
of the fi ber on the stem 
surface. Can originate in 
standing trees 

 1.   Frost crack:  occurs when the 
temperature suddenly falls below 
the freezing point. The shock-like 
cooling leads to nonuniform 
thermal contraction. The 
radial-tangential anisotropy of 
wood, as well as the effect of the 
freeze-drying process increases 
the stress. The crack can extend to 
the pith (see Sect. 7.1.3) 

      

    2.   Heat crack:  results from drought 
stress in living trees (fl at-rooted 
spruces) during periods of very 
hot and dry weather. This can 
decrease the moisture content of 
sapwood to below 30 % 

 3.   Dry crack:  occurs when dead 
wood dries to below the fi ber 
saturation point of approximately 
30 %. As the crack forms, wood 
rays act as fi ssure lines (see also 
“seasoning crack”) 

  Tangential shake:  appears as 
 cross- sectional cracks  that do 
not extend to the pith

Cross-sectional crack starting 
in the stem base and extending 
several meters up the stem 

  Shear stress cracks:  wind and snow 
pressure can force the tree to bend 
so far over that a tangential running 
crack forms (see Sect.   7.2.2    )

Growth stress in tropical species can 
cause the stem to crack in segments. 
This also leads to tangential shake 

   

Description of shakes based 
on form

Description of shakes based 
on cause Illustration of shakes

  Fig. 8.12    Cross section from 
a maple ( Acer  ssp.) stem with 
frost scar and frost crack 
extending to the pith       

  Fig. 8.13    Maple ( Acer  ssp.) with 
repeatedly ruptured frost crack and 
frost scar       

  Fig. 8.14    Tangential 
shear stress crack in 
a spruce ( Picea 
abies ) (top) and 
larch ( Larix 
decidua ) stem (left)       

Table 8.1 continued
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Description of shakes based 
on form

Description of shakes based 
on cause Illustration of shakes

  Fiber crack:  appears as 
cross-sectional shake

Fiber cracks are ruptures in 
the wood fi ber running with 
the course of the fi ber in 
standing trees, often callused 
over with “Wulstholz.” 
Particularly common in 
spruce, less in other 
softwoods: also occur in 
tropical tree species 

  Fiber fractures:  trees sway back and 
forth under alternating degrees of 
stress, pressing and pulling the 
wood fi bers until they ultimately 
break. The resulting compression 
fracture is visible on the stem 
surface (see Sect.   7.2.1    )

If tropical trees are exposed to 
bending, their usually large 
height-diameter ratio leads to fi ber 
fractures 

      

  Radial shake:  normally one 
tree ring wide

Spindle-shape crack running 
radially within a tree ring 

  Suction cracks:  caused by suction 
tension brought on by spring 
transpiration and impeded water 
absorption due to aridity or ground 
frost (drought stress), especially in 
immature trees with wide tree rings 
and tree rings with low density (see 
also “pitch pockets”) 

   

  Ring shake  within a confi ned 
section of a tree ring

Resin-fi lled cavities within the 
tree rings of species with resin 
canals (spruce ( Picea ), larch 
( Larix ), Douglas fi r 
( Pseudotsuga ), and pines 
 (Pinus  ssp.)

In tropical trees in addition to 
resins cracks can be fi lled 
with gums, kinos, latices 

  Pitch pockets/pitch shake:  caused by 
a hydraulic effect triggered by 
defects in the resin canals, 
particularly in wide lumen 
earlywood rings where the freed 
resin presses between two adjacent 
tree rings separating them from each 
other. This defect is attributed to 
increased suction tension (see also 
“suction cracks”)

Why in some tropical species 
exudates fl ow between cracks and 
increment zones is not fully clear, 
but likely linked the closure of 
internal injuries 

   

  Fig. 8.16    Fiber fractures in a 
spruce ( Picea abies ) radial section       

2 cm

  Fig. 8.17    Spruce ( Picea 
abies ) with suction 
cracks       

  Fig. 8.18    Spruce 
( Picea abies ) with 
pitch pockets               

2 cm

  Fig. 8.15    Spruce ( Picea abies ) 
with fi ber fractures. Viewed 
externally       

Table 8.1 continued
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DOI 10.1007/978-3-319-07422-1_9, © Springer International Publishing Switzerland 2015

  DOI 10.1007/978-3-319-07422-1

In the original version the University and Faculty of the author were missing in the following sentence:

Then, after high school, he studied in Tharandt from 1963 to 1966.

The correct sentence is:

Then, after high school, he studied at the Dresden University of Technology, Faculty of Forestry in Tharandt 
from 1963 to 1966.  

         Erratum to: Wood Characteristics

Description, Causes, Prevention, Impact on Use 
and Technological Adaptation                

 Christoph Richter 

The online version of the original book can be found under 
DOI 10.1007/978-3-319-07422-1
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