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Abstract
& Key message Log-end splitting is one of the single most
important defects in veneer logs. We show that log-end
splitting in the temperate plantation species Eucalyptus
nitens varies across sites and within-tree log position and
increases with time in storage.
& Context Log-end splitting is one of the single most impor-
tant defects in veneer logs because it can substantially reduce
the recovery of veneer sheets. Eucalyptus nitens can develop
log-end splits, but factors affecting log-end splitting in this
species are not well understood.

& Aims The present study aims to describe the effect of log
storage and steaming on the development of log-end splitting
in logs from different plantations and log positions within the
tree.
& Methods The study was conducted on upper and lower logs
from each of 41 trees from three 20–22-year-old Tasmanian
E. nitens plantations. Log-end splitting was assessed immedi-
ately after felling, after transport and storage in a log-yard, and
just before peeling. A pre-peeling steam treatment was applied
to half the logs.
& Results Site had a significant effect on splitting, and upper
logs split more than lower logs with storage. Splitting in-
creased with tree diameter breast height (DBH), but this rela-
tionship varied with site. The most rapidly growing site had
more splitting even after accounting for DBH. No significant
effect of steaming was detected.
& Conclusion Log-end splitting varied across sites and within-
tree log position and increased with time in storage.
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1 Introduction

There are over 20 million hectares of eucalypt plantations in
the world (Iglesias-Trabado and Wilstermann 2009). While
most eucalypt plantations are grown for pulpwood, 1.2 million
hectares are managed for sawlog production (FAO 2005).
Log-end splitting is one of the many factors affecting the
recovery of timber and veneer from plantation-grown euca-
lypts (Priest et al. 1982; Bariska 1990; Yang et al. 2005;
Chauhan et al. 2006). It manifests immediately after felling
and tends to increase further with time in storage.

Log-end splitting occurs as a consequence of growth stress
(Kubler 1987). Growth stress is generated during cell matura-
tion in the cambium zone (Yang et al. 2005). These forces
produce tension in the cells near the cambium, while the cells
near the pith are in compression. This contrast generates a
residual stress distribution (Kubler 1987; Okuyama 1997;
Chauhan et al. 2006). When a tree is felled or a log is cross-
cut, the elastic energy of the residual stress is released through
formation of end splits at the cross-cut surface (Okuyama
1997). In the absence of drying with shrinkage, cross-cutting
creates a free surface in a pre-stressed volume (growth stress
field) which leads to a redistribution of stresses. On a log end,
this is equivalent to axially pulling its centre and applying a
pressure on its periphery (Archer 1987). These forces induce
heart splitting when the radial stress generated by the redistri-
bution reaches the ultimate strength of green wood in the
tangential direction. From a solid mechanics point of view,
the initiation and progression of the cracks depend on the
geometry of the log, the growth stresses, the elastic and
non-elastic mechanical properties and the transverse
strength or toughness of green wood (Jullien et al.
2003). The mechanical properties, tangentially to the
log axis, can be significantly affected by grain angle
and the end-split pattern

Growth stress and consequently log-end splitting varies
within and among trees, as well as among sites, and are po-
tentially influenced by genetic, environmental and silvicultur-
al factors (Archer 1987; Kubler 1988). Genetic effects in
Eucalyptus, for example, have been reported at the clonal
(Malan and Verryn 1996), family (Barros et al. 2002), prove-
nance and species levels (Nixon 1991). In addition, Nixon
(1991) found thatE. nitens showed the lowest level of splitting
when it was compared among 13 different eucalypt species in
South Africa. Environmental factors which can increase
growth stress include those which cause stem re-orientation,
such as slope, aspect and wind exposure (Archer 1987; Kubler
1987; Malan and Verryn 1996). These factors affect the man-
ner in which the stem and crown are oriented, inducing a

redistribution of internal growth stress in the stem (Kubler
1988; Mattheck and Kubler 1997). Wind pressure, for exam-
ple, has been observed to promote splits at right angles to the
main wind direction (Mattheck and Kubler 1997).

Silvicultural practices can also influence the magnitude of
growth stress (Malan 1995). Thinning is the most important
silvicultural intervention in terms of its effect on growth stress
and log-end splitting because it affects competition among
trees. Thinned stands, which experience lower competition,
produce trees with high taper and large crown, which tend to
exhibit low growth stress (Mattheck and Kubler 1997). In
contrast, trees under strong competition have slender stems
and narrow crowns and exhibit high levels of growth stress
(Becker and Beimgraben 2002). However, the effect of com-
petition on growth stresses may change with development
stage of the stand (Biechele et al. 2009). When thinning is
frequent and light, trees do not need to re-orientate their
crowns to catch light, so growth stresses are likely to be lower.
On the other hand, infrequent and heavy thinning results in
drastic changes in the amount and direction of light, which
may lead to high growth stress (Kubler 1988).

In addition to these genetic, environmental and silvicultural
influences on growth stress, there are industrial factors that
directly affect the magnitude of log-end splitting during pro-
cessing. In veneer processing, the most relevant factors are
storage time and log heating. Logs are commonly stockpiled
to avoid production stoppages or to buffer the production sys-
tem against market price fluctuations (Shmulsky 2002). In
eucalypt logs, two phases of split development during storage
have been described (Priest et al. 1982; Bariska 1990 ). The
first phase starts immediately after felling, with splitting in-
creasing rapidly until 6 to 20 days after felling. This is follow-
ed by a second phase when splitting is significantly slower. In
terms of the wood supply chain, the first splitting phase usu-
ally occurs between felling and the log-yard, whereas the sec-
ond phase is usually evident after storage in the log-yard prior
to processing.

Heating hardwood logs using hot water or steam is com-
mon practice prior to peeling for veneer (Shmulsky 2002).
This is done to improve veneer yield, smoothness and
thickness uniformity and to reduce energy consumption
(Becker and Beimgraben 2002 ; Dupleix et al. 2012). In
species prone to developing high growth stresses, log
heating has been reported to relieve growth stresses and
improve timber quality (Severo et al. 2010). However,
heating logs at high temperatures can also exacerbate log-
end splits (Marchal et al. 1993). This is believed to be due
to the expansion and contraction of wood associated with
heating and cooling—a phenomenon called hygrothermal
recovery (Kubler 1987). Tangential dimensional change in
the wood is the most important driver of log-end splitting
as it is far greater than radial and longitudinal dimensional
changes (Kubler 1987; Marchal et al. 1993). The
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magnitude of split propagation within a log depends not
only on the inherent growth stresses but also on the tem-
perature and duration of heating (Marchal et al. 1993; Gril
and Thibaut 1994; Becker and Beimgraben 2002; Dupleix
et al. 2012).

The present study aimed to evaluate the relative impor-
tance of the above factors on the magnitude of log-end
splitting using Tasmanian plantations of Eucalyptus nitens
(Deane and Maiden) Maiden. Plantation-grown trees of this
species can produce log-end splits when felled and cross-
cut into logs (Blackburn et al. 2011; Valencia et al. 2011).
E. nitens is widely planted in temperate regions of the
world (Hamilton et al. 2011) and is the second most prev-
alent hardwood plantation species in Australia (Gavran
2014). Within Tasmania, there are approximately 208,
400 ha of E. nitens plantations (Hamilton et al. 2008;
Gavran 2014) which are mainly managed for pulpwood.
Fifteen percent of these plantations, however, have been
pruned and thinned to produce high-quality logs for sawing
and/or veneer production (Forestry Tasmania 2011). It is
anticipated that these pruned and thinned plantations will
be used by Tasmania’s forest processing industries along
with traditional sources of hardwood logs from the island’s
native forests (Forestry Tasmania 2011).

A few studies have investigated factors affecting log-end
splitting or growth stresses in E. nitens. With respect to
genetic factors, Blackburn et al. (2011) showed that trees
grown in a Tasmanian trial of families from different geo-
graphic races exhibited significant genetic variation in log-
end splitting within the races. However, no significant ge-
netic difference has been reported between races of this
species (Blackburn et al. 2011). In terms of silviculture,
Valencia et al. (2011) showed that thinning to different
spacings did not affect log-end splitting after accounting
for the positive effect of stem diameter. Several recent stud-
ies of Tasmanian E. nitens have shown log-end splitting
increases with height up the tree (Blackburn, Hamilton
et al. 2011; Valencia et al. 2011). We are not aware of any
previous studies investigating the effect of post-felling
treatments, such as storage and steaming on log-end split-
ting for E. nitens.

The specific objective of this study is to quantify the de-
velopment of log-end splitting in plantation-grown E. nitens
and determine the influence of:

– Site, log position, diameter and inter-tree competition
– Log storage time
– A pre-peeling steam treatment

Improved understanding of the factors that determine log-
end splitting will contribute to improved use of the E. nitens
plantation resource and ultimately to more effective forest
management.

2 Materials and methods

2.1 Field sites and tree selection

Three contrasting E. nitens plantations at Strathblane,
Geeveston and Florentine in the south of Tasmania
(Australia) were selected for this study (Table 1). These
E. nitens sites belong to Forestry Tasmania and were previ-
ously included in multi-species studies of veneer recovery and
quality (Hamilton et al. 2014; McGavin et al. 2014). They
encompassed different silvicultural treatments and/or site pro-
ductivities: Strathblane and Geeveston were thinned and
pruned for solid wood production but differed markedly in
productivity. The Florentine site was an unthinned and un-
pruned pulpwood stand. Within each site, a measurement plot
(972.3 to 2156 m2) was established, and basal area within
plots was determined. Trees for felling were then selected at
random within plots, excluding trees of less than 220 or great-
er than 390 mm in diameter breast height over bark (DBH;
1.3 m) or with any evident visual defects such as double
leaders. At the Geeveston site, no maximum DBH criterion
was applied as trees were too large and a representative sam-
ple could not be obtained within these log size constraints.
Following Medhurst et al. (2012), intra-specific competition
for each tree was quantified as the sum of the basal areas of
competing trees located within a 6-m radius of each sampled
tree.

2.2 Preparation and log measurement

All trees were manually felled by the same operator, and
height was measured from the felled tree. Two 2-m logs
were cut from each tree. The lower log started at 0.5 m
and the upper log at 3.9 m above ground level. Logs were
transported to a local storage facility at Geeveston on the
same day as felling, where they were debarked and mea-
sured. Small end diameter under bark (SEDUB) and large
end diameter under bark (LEDUB) were assessed on each
log using a diameter tape. The length of log-end splits were
measured on each log end as well as the length of split on
the log surface. Log-end splitting was evaluated with two
indices, Split Index-2 (SI-2) and maximum split length on
the log surface. Split Index-2 is described by Yang (2005)
and integrates all splits present in the log, weighted by the
mean radius of the log. The maximum split length was
evaluated across either end of the log. After measurement,
log ends were sprayed with sealant (Dussek-Campbell ™)
to minimise moisture loss. Logs were then stacked in a
shipping container for transport to a research-scale peeling
plant at Salisbury, Queensland. To minimise drying, logs
were sprayed with water prior to transport in the shipping
container and while in storage at Salisbury.
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2.3 Assessments

Log-end split evaluations were made three times (Fig. 1). The
first was 24 h after the trees were harvested, hereafter referred
to as the ‘post-felling’ assessment. The second was during
2 days, starting on the day after the logs arrived at the peeling
plant (13 and 14 days after the harvest) and is hereafter re-
ferred to as the ‘log-yard’ assessment. The third (‘pre-
docking’) assessment was undertaken just before peeling.

Logs from the Geeveston site were not included in the third
assessment as a number of logs were too large for peeling in
Salisbury research facilities and were moved to a nearby com-
mercial facility for peeling. The remaining logs (Strathblane
and Florentine) were allocated to one of two groups—steamed
or not steamed (31 logs per group). One log from each tree
was randomly allocated to each group. The steaming treat-
ment is described by McGavin et al. (2014). Briefly, prior to
peeling, 2-m logs were steamed in batches of (usually) six

Table 1 Characteristics of the three E. nitens plantations sampled

Sites Strathblane Geeveston Florentine

Location and environment

Latitude and longitude (°) −43.38; 146.94 −43.15; 146.84 −42.66; 146.47
pMAI (m3/ha/year)a 20.8 36.6 37.2

Site index 22.7 30.3 30.5

Altitude (metres above sea level) 153 296 438

Annual mean temperature (°) 10.9 10.3 9.5

Minimum temperature coolest month (°) 3.4 2.2 1.2

Annual rainfall (mm) 1161 1212 1436

Annual evaporation (mm) 963 929 913

Soil description Sandy over clayey Loamy over clayey Yellow podzolic (gradational)

Soil profile Triassic sandstone–sandy
over clayey soil

Red to brown clayey soils–Jurassic
dolerite and Quaternary
dolerite talus

Yellowish brown clay–mudstone,
brown kurosol

Wind direction Generally northwest and site
has intermediate exposure

Generally northwest and site
is exposed

Generally southwest and the site
has intermediate exposure

Silviculture

Year of establishment 1993 1991 1993

Genetic origin n/a n/a n/a

Management Thinned and pruned Thinned and pruned Pulp

Establishment spacing
(tree by row in metres)

2 by 4 2.5 by 3 2 by 4

Establishment density
(stems ha−1)

1250 1334 1250

Age at thinning
(retained stems ha−1)

11 (300) 10 (192) Unthinned

Age at pruning (height, m) 3 (unknown) and 5 (6 m) 4 (unknown) and 6 (6 m) Unpruned

Harvest characteristics plot-level data

Felling age (years) 20 22 20

Harvest stocking (stems ha−1) 292 196 669

DBHb (cm ) 31.2 43.1 26.9

Basal area (m2 ha−1) 23.2 30.3 41.3

Selected trees

DBHb (cm) 30.0 42.7 33.9

Height (m) 26.9 37.5 36.4

Slendernessc 90.5 92.0 107.8

Mean log diameter (cm)—lower 27.2 39.3 32.3

Mean log diameter (cm)—upper 23.1 35.8 29.3

a Peak mean annual increment
b Diameter at breast height over bark
c Height/DBH
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randomly chosen logs, with all batches processed over a peri-
od of seven working days (25-33 days after harvest). The logs
were heated with saturated steam at 80 °C for approximately
8 h. Generally, six randomly selected steamed logs and six
unsteamed logs were peeled each day. The pre-docking as-
sessment was undertaken immediately after the steam treat-
ment, but in this case only the maximum split length on the log
surface was assessed to avoid temperature loss prior to log
peeling. The same evaluation was made on the sample of
unsteamed logs being processed on the same day.

2.4 Data analysis

Both splitting measures were log-transformed (Log10[x+1])
for analysis as preliminary analyses of raw log-level data re-
vealed that the distribution of residuals were neither normal
nor homoscedastic.

Models involving various combinations of site, assessment
time, log position and covariates were fitted to the splitting
data using a restricted maximum likelihood approach imple-
mented with the PROC MIXED procedure of SASTM (Ver-
sion 9.2, SAS Institute, Cary, NC, USA). Fixed effects were
tested using Type III F tests.

Repeated-measures models (Wolfinger and Chang 1995)
were used when fitting assessment time or log position, with
tree as the subject.

Specific models fitted to the pre-steaming splitting data
were based on tree-level (average of both logs) or log-level
data and included:

(a) A repeated-measures model fitting site (three fixed
levels), assessment time (two fixed levels) and their in-
teraction (six fixed levels) to the tree-level data, with tree
as the subject

(b) A repeated-measures model fitting site (three fixed
levels), log position (two fixed levels) and their interac-
tion (six fixed levels) to the log-level data, with tree as
the subject

To examine the effect of intra-specific competition for
each tree (surrounding basal area) and focal tree DBH and
slenderness (height/DBH) on log-end splitting, a fixed ef-
fects model as previously described was fitted to the tree-
level data that also include basal area of surrounding trees
as well as DBH or slenderness of the focal tree and their
interaction as covariates.

In addition to the fixed explanatory variables men-
tioned above, the same type of model was fitted to deter-
mine the influence of the time between first and second
assessments.

3 Results

3.1 Site differences and storage

Analysis of the tree-level SI-2 data revealed that log-end split-
ting significantly increased between the post-felling and log-
yard assessments (time F1,39=123.6, P<0.001; Fig. 2a). Over
this period, the average SI-2 increased by 96.6 %. This in-
crease was not significantly different between sites (site × time
F2,39=0.5, P≥0.05); however, the sites themselves differed
significantly (site F2,39=12.1, P<0.001). Log-end splitting
was lowest in logs from the low-altitude, low-productivity site
at Strathblane which had been thinned and pruned and greatest
in the logs from the thinned and pruned, mid-altitude, high-
productivity site at Geeveston (Fig. 2a). These temporal and
site differences were evident whether splitting was assessed

Max-split: 330
SI-2: 9.0

Max-split: 395
SI-2:14.1

Max-split: 889

Second 
assessment

log-yard

Third 
assessment 
pre-docking

First
assessment
post-felling

Heat treatment

Steamed
Unsteamed

1st day  13th- 14th days 25th- 33rd days

TransportFig. 1 The sequence of
assessments undertaken
according to days from harvest.
Photographs show the
development of log-end splitting
in each assessment for a log
exhibiting high splitting. The log
was from the Florentine site and
was steamed. The maximum
surface split (Max-split, mm) and
split index 2 (SI-2) for each
assessment are indicated
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using SI-2 (Fig. 2a) or as a percentage of logs showing surface
splits (Fig. 2b). Site differences were also clearly evident
when log-level data were analysed at separate assessment
times and evident in the upper or lower log (Table 2; Fig. 2).

While there was no significant difference in SI-2 between
upper and lower logs immediately following harvesting (post-
felling), differences in SI-2 did become evident with time after
transport and storage (Table 2). Between the post-felling and
log-yard assessments, SI-2 of the upper logs increased 141 %
and the lower logs increased 88 %.

The site × log position interaction was not statistically sig-
nificant (Table 2). Nevertheless, the increased splitting in up-
per logs following storage (post-felling versus log-yard as-
sessments) was most evident in trees from the two pruned
and thinned sites (Strathblane and Geeveston; Fig. 2a). At this
stage, all logs from Geeveston had surface splits, but for
Strathblane only 43 % of the lower logs had surface splits
compared with 71 % of the upper logs (Fig. 2b).

3.2 Silviculture differences

Despite the fact that sites differed markedly in the competitive
environment and DBH of felled trees (Table 1), these factors
did not completely explain the significance of the effect of
site-of-origin on log-end splitting. When it was tested as a
covariate in a tree-level model which included site and inter-
action terms, the competitive environment of a tree had no
significant effect on SI-2. This was the case for both the main
covariate effect and its interaction with site post-felling (F1,

30=0.28, P≥0.05; interaction with site F2,30=0.19, P≥0.05)
and in the log-yard (F1,30=0.29, P≥0.05; interaction with site
F2,30=0.31, P≥0.05). Dropping the competition covariate and
its interaction with site and fitting a reduced model revealed
that standing-tree DBH significantly affected splitting. How-
ever, this relationship was site dependent, with a significant
DBH × site interaction for both post-felling and log-yard SI-2
(Table 3). This interaction was due to a significant positive
relationship between SI-2 and DBH at the high-altitude Flor-
entine site which was unpruned and unthinned (post-felling
R2=59.8 %, P<0.01; log-yard R2=50.7 %, P<0.05). Howev-
er, at the two pruned and thinned sites, DBH did not explain
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Fig. 2 Site by log position. a Least squares mean (± s.e.) Split index 2
(SI-2) following back-transformation and b the proportion of logs with
surface splits. The post-felling (grey) and the log-yard (white)
assessments are shown for upper and lower logs for each site

Table 2 Significance of site and log position on log-end splitting (SI-2)
at post-felling and log-yard assessments. The F values and their
significance for each assessment are shown. A repeated-measures
model was fitted to log-level means with site (ndf=2), log position
(ndf=1) and their interaction fitted as fixed terms. The denominator
degrees of freedom range from 38 to 40

Fixed terms F value

Post-felling Log-yard

Site 13.4*** 10.4***

Log position 0.0 ns 6.7*

Site × log position 0.5 ns 2.4 ns

ns not significant

*P<0.05; **P<0.01; ***P<0.001

Table 3 Significance of site and diameter at breast height over bark on
log-end splitting (SI-2) at post-felling and log-yard assessments. The F
values and their significance for each assessment are shown. The model
was fitted to tree level means with site (ndf=2) as a fixed effect and DBH
as a covariate (ndf=1). The denominator degrees of freedom for all terms
is 36

Fixed terms F value

Post-felling Log-yard

DBH 11.5* 5.8*

Site 5.0* 4.8*

DBH × site 4.3* 4.8*

ns not significant

*P<0.05; **P<0.01; ***P<0.001
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significant variation in SI-2 amongst trees (Strathblane, post-
felling R2=3.7 %, P=0.404, log-yard R2=0.4 %, p=0.785;
Geeveston, post-felling R2=7.3 %, P=0.449; log-yard R2=
0.09 %, P=0.0933. Even when accounting for tree DBH and
its interaction, there still remained a significant main effect of
site on SI-2 (Table 3). Similar conclusions are reached when
fitting tree height which was slightly more strongly associated
with the splitting index than DBH, with the exception of the
post-felling splitting index where the significance of the site
effect was reduced slightly (P<0.1). Tree slenderness had no
significant (P>0.05) effect on the post-felling or log-yard
splitting in any model.

3.3 Steam treatment

As a consequence of time constraints imposed by veneer pro-
cessing, the evaluation of the effect of steaming on splitting
was conducted based on the maximum surface split length of
each log rather than SI-2. However, maximum surface split
length and SI-2 of logs were positively associated (Fig. 3).
There was no significant difference in maximum surface split
length on logs treated with steam compared with those not
treated (Table 4). The differences in splitting between samples
were simply an extension of pre-steaming storage effects, as
were the slight increases between the log-yard and pre-
docking assessments (Figs. 4 and 5). Despite the fact that only
logs from the least differentiated sites (Strathblane and Flor-
entine) were being studied, site-of-origin effects were still ev-
ident in steamed and unsteamed treatments prior to docking
(Table 4; Figs. 4 and 5).

4 Discussion

A key finding of this study was the identification of site-of-
origin as being an important factor contributing to variation in
the log-end splitting of these plantation-grown trees of a single

species. This effect was evident immediately after felling in
both upper and lower logs and was maintained along the pro-
cessing chain and still evident after accounting for variation in
DBH. The site mean SI-2 values differed by up to 39.3 %
depending upon log storage time and position, and the
values of our least split sites were most comparable with the
site mean reported by Valencia et al. (2011) for 22-year-old
E. nitens grown in northeast Tasmania. The exact causal fac-
tor(s) underlying these site differences can only be speculated
as there are clearly both environmental and silvicultural dif-
ferences amongst these sites. In addition, the possibility of
differences in log-end splitting due to genetic stock cannot
be dismissed. However, most Tasmanian E. nitens plantations
established approximately 20 years ago were established from
open-pollinated seed from Central Victoria (Hamilton and
Potts 2008), and genetic differences due to race of origin are
unlikely as no race differences within this region were detect-
ed in an E. nitens genetic trial grown in Tasmania (Blackburn
et al. 2011).

Our study included both thinned (and pruned) and
unthinned plantation sites, but these differences alone are un-
likely to explain the site differences that we observed for sev-
eral reasons. Firstly, no significant effect of thinning per se on
log-end splitting has been reported in an E. nitens thinning
trial (Valencia et al. 2011). Secondly, within sites, there is no
significant effect of standing local competition at the time of
harvest on log-end splitting (present study) or indirect mea-
sures of growth stress (Valencia et al. 2011), although the
influence of the competitive environment at earlier ages can-
not be dismissed (Biechele et al. 2009). Finally, although there
are only slight differences in the age of thinning and pruning,
there is a significant difference between the two thinned sites,
with the logs from the Geeveston site having significantly
greater log-end splitting than those from the Strathblane site.
Of the environmental factors which differ between Strathblane
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Fig. 3 Linear regression analysis between split index 2 and the
maximum split length on the log surface as assessed in the log-yard
(without the zero values in maximum split length R2=0.64)

Table 4 Significance of factors affecting maximum surface splitting in
the pre-docking assessment. A repeated-measures model was fitted to
log-level data with site, log position, steam treatment and their
interaction fitted as fixed terms. The F1,54 values and their significance
for each assessment are shown. Data are from the Strathblane and
Florentine sites only

Fixed terms F value

Site 6.9*

Log position 0.4 ns

Site × log position 1.5 ns

Steam treatment 0.1 ns

Steam treatment × site 0.1 ns

Steam treatment × log position 0. 6 ns

Steam treatment × site × log position 2.9 ns

ns not significant

*P<0.05; **P<0.01; ***P<0.001
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and Geeveston, greater exposure to prevailing winds is a pos-
sible explanation of the greater splitting in logs from
Geeveston, especially when coupled with higher site produc-
tivity and late thinning when 10 years old (Malan 1995).Wind
can produce high growth stress (as measured indirectly from
peripheral longitudinal growth strain) on the leeward side of
E. nitens trees (Valencia et al. 2011) and can also result in an
asymmetrical crown that may further increase growth stresses
(Becker and Beimgraben 2002). A positive relationship be-
tween growth stress and tree slenderness has been reported in
Fagus sylvatica (Jullien et al. 2013). However, this species has
quite different architecture to E. nitens being twofold less
slender, and the variation among trees in slenderness was un-
related to log-end splitting in the case of E. nitens.

Our finding that log-end splitting in E. nitens significantly
increased with increasing height up the stem was consistent
with that found by Valencia et al. (2011) for Tasmanian-grown
E. nitens, although in their case the difference was manifested
immediately after felling. The trend for log-end splitting to
increase with tree height in thinned (and pruned) plantations

is contrary to the expectation based on DBH as the smaller
upper logs split more than the larger lower logs. Valencia et al.
(2011) suggest that this trend may be due to a greater level of
growth stress at greater heights. Consistent with this hypoth-
esis, based on studies of several eucalypt clones, Baillères
(1994) reported that peripheral longitudinal growth stress
tends to increase in the vicinity of living branches and is
higher close to the crown, allowing the tree a more efficient
control of the crown position. Valencia et al. (2011) also raised
the possibility that the greater log-end splitting that they ob-
served in the upper log could be due to the greater bending of
the upper part of the tree during mechanical harvesting. How-
ever, the present study suggests that this is not a contributing
factor as, firstly, our trees were not mechanically harvested
and, secondly, the difference between the upper and lower
log tended to increase with storage time.

Storage is a key phase in the processing industry, and var-
ious approaches have been adopted by processors in an effort
to minimize log-end splitting during this period, including the
application of a log-end sealer, the use of sprinklers in log-
yards to keep logs moist and debarking just after steaming and
peeling (Chauhan et al. 2006). While our scoring times do not
allow finer resolution of this first period, on sites prone to log-
end splitting, there is clearly a rapid early increase in splitting
despite the application of a log-end sealer and water to mini-
mise moisture loss. Log-end splitting was similar between
lower and upper logs 24 h after cross-cutting but became
greater in the upper log with storage time. Delayed release
of strain may explain the later appearance of a significant
difference in splitting between upper and lower logs (Kubler
1987). The increased splitting of upper logs over time could
be indicative of higher, longer-lasting compression forces on
the upper log wood than on the wood of the lower log, which
require more time to release. Boyd and Schuster (1972) found
that full release of growth stresses may take two or even
3 weeks, as did Malan (1995) with Eucalyptus.

The general two-phase split development described previ-
ously (Priest et al. 1982; Bariska 1992) was evident in this trial
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with log-end split development being most rapid between the
post-felling and log-yard assessment (13–14 days) and slower
between log-yard and pre-docking assessments (12–19 days).
The increase in splitting during storage may be due to the
delayed release of growth stress as is suggested by Bariska
(1992), possibly from a time effect on viscoelasticity proper-
ties of green wood (Gril and Thibaut 1994).

The steam heating of logs prior to peeling is a standard
practice in the veneer industry because it improves both the
yield and quality of veneer (Dupleix et al. 2012). However,
steaming may release growth stresses (Severo et al. 2010) and
potentially promote log-end splitting (Baldwin 1995). This
effect was not observed in the present study. This is likely
due to the fact that logs had an extended storage time, meaning
that most of release of growth strain in the logs had been
completed prior to steaming. However, as the temperature
used to heat the logs was lower than is recommended by
Dupleix et al. (2012) and Severo et al. (2010), we cannot
dismiss the possibility that further splitting may have occurred
if higher temperatures had been used.

Our demonstration of a relationship between the more de-
tailed split index SI-2 and the quickly assessed maximum split
length on the log surface, as previously reported for eucalypts
(Bariska 1990), allowed assessment of the change in log-end
splitting during log processing for veneer—following
steaming and just prior to docking. However, the impact of
the various values of SI-2 and the maximum surface split on
the veneer recovery needs further study. While Hamilton et al.
(2014) did not detect an effect of post-felling SI-2 values on
green recovery following docking of these logs for spindleless
lathe peeling, this may be more evident later as splitting in-
creases with storage and will depend upon the opportunities
for docking of logs prior to peeling. Although logs with lower
SI-2 values (less than 3.0) do not have surface splits (Fig. 3),
this does not exclude the possibility that splitting at this level
could still reduce veneer recovery in addition to reducing the
grade recovery (McGavin et al. 2014). This is because SI-2
assumes that the split shape is an isosceles right-angled trian-
gle which is projected inside the log (Yang 2005). Such split-
ting would extend most into the residual billet core (target
radius of 25 mm in Hamilton et al. (2014)), and splitting out-
side of this could be managed to some extent depending upon
the opportunities for docking.

5 Conclusion

The site-of-origin was a key factor influencing variation in
log-end splitting and was constant across all storage and steam
treatments. The exact causal factor(s) underlying these site
differences can only be speculated as there are clearly envi-
ronmental and silvicultural differences amongst these sites.
Nevertheless, our study highlights that not only do sites differ

in their mean log-end splitting but also they may differ in the
way that splitting develops with storage and the association of
splitting with tree size. Storage increased the severity of log-
end splitting in all logs, but the greatest increase in splitting
was observed in upper logs, possibly due to a change in
growth stress with tree height. Steam treatment did not affect
the severity of splitting, but this may be due to extended stor-
age times. The maximum surface split length was a good
index to evaluate the steam treatment effect on log-end split-
ting due to its ease of assessment and strong association with
more complex indexes. Further research is necessary for a
better understanding of the intensity of log-end splitting with
respect to environmental and silviculture factors and their in-
teraction with storage and steam treatment in order to mini-
mize log-end splitting in commercial veneer production
through site selection and/or silviculture.
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