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Summary
Kvilleken is one of the largest and oldest oaks in Europe with a girth exceeding 14 metres. The tree
appears to be in rapid decline, which may be irreversible. In June 2013, the tree was visited by an
international group of experts on ancient trees and a wide range of assessments were undertaken.
Kvilleken shows all the characteristics of an ancient tree; the crown has retrenched and has become
divided into several discrete sections, the stem is hollow, the crown has become divided into several
sections, the girth is extremely large and the tree contains a wide range of habitats.
The soil conditions appear to be good for tree growth but there appear to be very few living fine
roots associated with the tree. Large structural roots are present up to a maximum distance of 9m
from the main stem. All the sections of the crown (each associated with a living section of the trunk)
are small and thus carry small wind loads due to the fact that the tree has gone through the
retrenchment process. Visual assessment of crown structure, combined with an analysis of wind
resistance using Arwilo 1:20 Scientific and an estimation of the extent of intact wood in the trunk
and roots using sonic tomography (Rinntech, 2012) confirmed that the tree has no major structural
problems, despite the degree of hollowing.
The iron band, which had been in place since at least the 1960s was causing cambial damage by
constriction. Reconnection following severance of the band in 2005 seems to have caused more
damage by increasingly restricting the growth of the underlying cambium. This appears to have
interfered with the formation of new wood and bark below the band, thus reducing the flow of
carbohydrates to the stem base and root system. The constriction, in combination with two years of
defoliation from Tortrix viridana and repeated colonisation by oak mildew, has probably contributed
to the decline of the tree.
The main urgent recommendation was to replace the iron band with an alternative static bracing
system which would not interfere with the cambium. This was carried out on the 5th July 2013. On
the same occasion a small reduction of the large piece of weakly attached decaying wood in the
crown was carried out, to avoid failure and consequential damage to the remaining live growth. In
addition a weak concentration of organic foliar fertiliser was sprayed on a small proportion of the
crown to stimulate improved photosynthesis of the chlorotic leaves, which had a positive effect on
the greening of the leaves. The unsprayed foliage remained chlorotic throughout the growing
season.
Recommendations for future management include regular monitoring of the foliar condition in the
coming growing seasons, of the new bracing system and fine root growth. Other recommendations
include some changes to the visitor access and interpretation to help reduce physical damage to the
rooting area and the trunk as a consequence of climbing. Propagation from the tree is also
recommended if it has not already taken place, as well as undertaking a soil test for Phytophthora
spp. to confirm suspicions that this species is not the cause of the problems.
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Sammanfattning
Kvilleken är, med sin omkrets om drygt 14 meter, en av de största och äldsta ekarna i Europa.
Trädets hälsotillstånd verkar relativt snabbt ha försämrats och möjligen är denna nedgång inte
reversibel. I juni 2013 besöktes trädet av en grupp internationella experter på gamla träd och en lång
rad tester, mätningar och bedömningar genomfördes. Kvilleken visar alla typiska karaktärer för ett
åldrigt träd. Kronan har retirerat och delats upp i flera olika, från varandra, skiljda enheter, stammen
är ihålig, dess omkrets är exceptionellt stor och trädet erbjuder en lång rad olika habitat.
Jordmånens beskaffenhet förefaller god för träd att växa i men trädet verkar ha mycket få levande
finrötter. Däremot finns stora strukturella rötter som sträcker sig upp till 9 meter från
huvudstammen. Alla kronans sektioner (var och en associerad med en levande sektion av stammen)
är små och har därmed ett litet vindfång som en konsekvens av att trädet har gått igenom
kronretireringsprocessen. Visuell bedömning av kronans struktur kombinerat med en
vindresistansanalys, där en Arwilo 1:20 Scientific användes, och en skattning av förekomst av intakt
ved i stam och rötter med hjälp av ljudvågstomografi (Rintech 2012), bekräftade att trädet inte har
några större strukturella problem trots omfattande ihålighet.
Järnbandet runt stammen, som suttit på plats åtminstone sedan 1960‐talet, orsakade skador på
kambiet genom något som närmast kan beskrivas som strypning. Bandet klipptes av 2005 men
fogades åter samman och detta verkar ha orsakat ytterligare skador genom att ha hämmat tillväxten
på underliggande kambium. Detta verkar i sin tur ha påverkat bildandet av ny ved och bark under
järnbandet vilket har lett till ett försämrat flöde av kolhydrater till stambas och rotsystem.
Järnbandets inverkan, i kombination med två års angrepp av ekvecklare Tortrix viridana och
återkommande kolonisation av mjöldagg, har sannolikt bidragit till trädets försämrade hälsotillstånd.
Den huvudsakliga och ytterst angelägna rekommendationen var att byta ut järnbandet mot ett
alternativt stabiliseringssystem som inte skulle påverka kambiet. Denna operation genomfördes den
femte juli 2013. Vid samma tillfälle genomfördes också en mindre beskärning av en större, död gren i
kronan, vars fästpunkt mot huvudstammen var försvagad. Detta för att undvika att grenen skulle
brytas och falla av och i fallet skada levande grenar och kvistar. Dessutom sprejades bladverket i en
mindre del av kronan med en svag lösning av en organiskt näringslösning för bladverk, för att
stimulera fotosyntes i delvis klorotiska blad. Denna åtgärd hade en positiv effekt såtillvida att
sprejade blad blev grönare. Obehandlat bladverk förblev klorotiskt genom hela växtsäsongen.
Rekommendationer avseende framtida åtgärder innefattar regelbunden uppföljning av bladverkets
kondition under de kommande växtsäsongerna, av det nya stabiliseringssystemet samt av förekomst
av finrötter. Vidare föreslås förändringar i hur hänvisningar ges till besökare (var besökare lämpligen
rör sig) i syfte att minska påverkan i rotzonen och dessutom risken att besökare klättrar på trädet.
Det är också lämpligt att driva upp nya plantor från ekollon från trädet, om detta inte redan har
gjorts, samt dessutom att ta ett jordprov för att bekräfta den nuvarande uppfattningen att
potentiellt sjukdomsalstrande Phytophtera spp. inte är orsaken till observerade problem.
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Background
Kvilleken (also known as Rumskullaeken) is one of the largest and oldest oaks in Europe with a girth
exceeding 14 metres. Its age has been estimated to be between 900 and 1000 years old and it is
completely hollow. It was protected as a Natural Monument (Naturminne) in 1924 and is situated
near Rumskulla in the County of Kalmar. It is no longer formally a Natural Monument as it has now
been included in the Kvill Nature Reserve which was designated in 2009.
The tree has been mentioned many times through history. It was described in 1774 by Magnus
Gabriel Craelius, when it was used as a tool shed by the local farmers and was measured to be 13.06
metres in girth. One of the most significant historical records relates to when the state carried out
the last major survey of the oaks owned by the crown in the 1860s. Lieutenant Witt stated that this
tree was so large and significant that it should be saved. For more information on the history of the
tree see www.ne.se.

Kvilleken and the aging process
Trees, and in particular oak, are very long‐lived organisms. Kvilleken shows all of the characteristics
of an ancient tree. The crown has retrenched, the stem is hollow, the crown has become divided into
a number of discrete sections or functional units and the tree contains a wide range of habitats.
Retrenchment is described as being when the post‐mature crown goes through progressive or
episodic reduction. It is believed to result from a combination of physiological and biomechanical
changes associated with growth and aging (Lonsdale, 2004). It may be stimulated by, for example,
the progressive reduction in the length of the annual shoot increments in the crown periphery,
leading to an increase in hydraulic resistance. This increase in hydraulic resistance occurs also in
combination with progressive narrowing of the sapwood increments as a result of the annual wood
being spread around a very large stem girth (Rust & Roloff, 2002, Lonsdale, 2013). The resultant
crown is smaller than at the peak of maturity, often with dead wood in the upper parts. This can be
interpreted as a sign of reduced vitality but is considered to be a truly natural part of the aging
process.
The retrenchment of the crown, in combination with an increasing trunk girth, is an entirely natural
process that has enabled many trees to attain great age and to remain biomechanically stable
without human intervention, despite the fact that they are usually hollow. Episodic regeneration in
the crown in response to limb failure forms a part of this process, in combination with a reduced
demand on the roots and conductive system. Old trees do not, however, respond in the same way to
cutting as young trees. Ancient trees are in general more sensitive to change and need to be treated
with great care when planning or implementing management. They do, however, often exhibit many
natural strategies for survival.
Owing to the need to avoid changes that could harm an ancient tree, it is generally advised to keep
to the existing management regime unless the growing conditions or other factors appear to have
become significantly less favourable and especially if the tree is showing signs of reduced health. It
is therefore of primary importance to assess whether or not such changes have occurred. If so such
as is the case with Kvilleken, then amelioration of the growing conditions should be the primary
objective. For more detailed information regarding the management of ancient trees see Lonsdale,
2013 (ed.).

Tree history and modern management history of Kvilleken (last 100yrs)
A visit by the Local Natural History Society (Brülow, 1917) described how a large part of the upper
crown had already gone and that there were many dead branches in the upper part of the crown.
This record also described that one of the side stems had been cut off many years previously and
that one of the southern branches had broken off in a storm. At that time, the tree was described as
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being in amongst arable fields and this is shown on the historical maps from 1944 (Carlsson et al.,
2007). Ploughing was unlikely, however, to have been carried out by machine during this period, due
to the high number of stones in the soil, which are still in place. It is therefore likely that the
immediate root area around the tree has been largely unaffected by ploughing or intensive
cultivation.
The tree had an iron band in place for a long period of time. It is unclear exactly when the iron band
was first put around the tree; a photograph from 1960 on Flickr shows that it was in place at that
time, without any sign of occlusion. The band was probably put in place with good intentions, due to
concerns that the tree would otherwise fall apart. There is also a chain higher up in the crown which
seems to have the intention of holding some large branch pieces in place. The exact dates and
intentions are either undocumented or unavailable.
On 13th July 2005, the iron band was cut by a person who considered that the iron band was causing
a problem for the tree (http://www.vimmerbytidning.se/article/articleview/15004/1/49/– 14th July
2005). On 20th July 2005, the iron band was welded back together with stronger wires and steel
poles. 10mm steel wire was used to connect up the old, dead part of the trunk. 20mm bolts were
used to reconnect the band.
According to the regulations for the nature reserve, it is forbidden to go within the fence
surrounding the tree (Länsstyrelsen, 2008), and the tree is now included within Kvill Nature Reserve.
Between 1998 and 2007, it was forbidden to go within 5m of the tree. This regulation has now been
replaced by those associated with the nature reserve. Many visitors do, however, go within the
fenced area and climb the tree.
A safety assessment of the tree was carried out in 2011. The management suggestion from the
resulting report was that the tree should be assessed every other year with a view to reviewing the
condition of the iron band, chains and the lean on the trunk (Roepcke, 2011).
In the summer of 2012, the authors visited Kvilleken on different occasions and determined that the
Kvilleken tree appeared to be in decline in comparison with previous assessments of its condition
over the previous decade. Contact with the County Administrative Board of Kalmar was made
regarding the declining condition. An assessment of the tree was proposed in relation to a visit by
several experts on ancient trees from the UK (David Lonsdale and Mike Ellison) and an expert on tree
biomechanics from Germany (Frank Rinn).

Methods
A site visit was made on the 6th and 7th June 2013 by a group of people including Jon Hartill, Vikki
Bengtsson, David Lonsdale, Mike Ellison, Frank Rinn, Leonard Kloos, MaryAnn Fargo, Mikael Witte
and Rob Ironside. A wide range of assessments were made and samples taken, which are explained
in more detail below.
The general condition of the tree was assessed visually, looking at characteristics such as extension
growth, leaf size, callousing, annual increments and epicormic growth. Growth increments were
approximately counted by means of several Resistograph readings taken from the dead parts of the
tree and also from the live part of the tree at 3m height on the south side of the main stem. Some
samples of leaves were removed from the tree and sent away to be tested for nitrogen, phosphorus,
potassium, calcium, magnesium, manganese, copper, zinc, boron, iron, sodium, sulphur and
aluminium. The sample size was, however, kept small in order to avoid significantly depleting the
leaf area.
6

Kvilleken – Assessment and management recommendations, November 2013
Soil samples were taken and sent away for analysis for pH and various other nutrients and trace
elements. A number of small pits were also excavated by hand to try and identify the location of fine
roots, up to 5m from the tree and close to the base of the trunk on the southern and south‐eastern
sides of the tree. Excavation was kept to a minimum to avoid any potential root damage, given the
condition of the tree. A compaction test was carried out in the area where the greatest erosion of
the vegetation has taken place owing to visitor footfall to establish the level of compaction. An
Arboradix Sonic Tomograph was used to establish the presence and geographic position of structural
roots down to a diameter of 2cm.
Two sonic tomography readings were taken from the trunk of the tree; one at about 20 cm above
the ground and another at about three metres to obtain a cross‐sectional view of the trunk and to
help understand the mechanical strength of the tree. The data collected was analysed to establish
wind loading and likelihood of failure.

Results
Soil nutrient assessment and pH
Soil conditions appear visually good, well aerated with good earthworm activity and a good humus
layer. It is difficult to find comparable nutrient values for natural systems and the values given below
from the soil analyses are values established at a national level related to fruit tree production
(Eurofins, 2013). Low values for the nitrogen elements and low pH are to be expected in a natural
grazing system such is now the case around Kvilleken. The humus layer in Sweden would be
expected to have a pH value of around 4 (SLU, 2007). It is interesting to note that the
concentrations of manganese, copper and iron levels all appear to be reasonable. It would be
interesting to find comparable data from other natural wood pasture systems to establish a clearer
view of the soil conditions and accessibility of nutrients.

Analysis name
pH
Accessible Phosphorus
Accessible Potassium
Accessible Magnesium
Potassium/Magnesium ratio
Accessible Calcium
NH4 –Ammonium nitrogen
NO3‐ Nitrate nitrogen
Copper
Manganese

Comparative values
for good fruit tree
growth
On low side
High
Low
Low
OK
Low
Low
Low
Low
OK

Value

4.6
16.0
4.3
2.3
1.9
31.0
< 8.0
11.0
0.3
30.0
420.
Iron
0 OK
Zinc
4.5 High
SO4 (sulphate)
23.0 High
Boron
0.43 Low
Table 1 – showing the results from the soil sample taken from the rooting area of Kvilleken on 7th
June 2013 as well as a comparison of these values with values established for fruit, berry and
vegetable production (Eurofins, 2013).
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Roots ‐ mapping and condition
Figure 1 below shows where the structural roots down to a diameter of 2cm are geographically
positioned using an Arboradix Sonic Tomograph. Large structural roots are present up to a maximum
distance of 9 m from the main stem.
Most of the fine roots that were examined in the small excavated pits had recently died but they did
not appear to have disintegrated, as would probably have occurred if a pathogen such as a
Phytophthora spp. had been involved. The only apparently live fine roots were found very close to
the tree. It is possible that there may be more fine roots within the area of the hollow stem. This is
an area where nutrients are released from decaying wood and can be re‐absorbed by the tree. It is
also likely that the fine roots are diffusely distributed due to the stones in the soil.
The amount of compaction was considered to be very minor and localised.

Figure 1 ‐ shows where the structural roots down to a diameter of 2cm in size are geographically
positioned using an Arboradix Tomograph.
It was not possible to find enough roots to send away for a Phytophthora analysis at the time of the
field visit to Kvilleken. Contact has been made with Dr Jonas Oliva at the Forest Mycology and Plant
Pathology Department at SLU and he plans to make a visit to take samples in the early summer of
2014. This is a precautionary measure given the relatively large number of visitors to the tree and
the likely widespread geographic origin of the visitors. Since, however, no other trees in the locality
are showing signs of poor health, it is not expected that Phytophthora is the main cause of decline.
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Stem and branch structure, bio‐mechanical assessment, relative strength
loss
Figure 2 below is an illustration of the results from the sonic tomography reading taken at about
20cm above the ground. This showed that there are two sections (green and blue in colour), one on
the eastern side, one on the western side, (sensor points 11‐1 and 2‐5), which are likely to have
vascular connections to the roots. The areas on figure 2 that are red and pink are areas where there
was no information owing to a failure to transmit sound‐waves; e.g. because there was some
decayed wood, air or a crack. From a visual assessment of the base of the tree, there appeared to be
five distinct units (two of which probably have living wood according to the tomography), each
leaning against one another.

Figure 2 – Sonic tomography indicated that, at 20cm above the ground, the trunk probably contains
two sections with vascular connections, between sensor points 11‐1 and 2‐5 (green and blue). The
pink and red sections are where the sonic tomography has not picked up any information and are
thus likely to represent decayed wood, air or cracks.
The sections of the crown that are borne on the presumed living sections of the trunk are all small
owing to the retrenchment process and thus carry small wind loads. See also the Arwilo 1:20
Scientific (Rinntech, 2012) wind load estimations below. The structure of the canopy, according to
visual assessment, combined with the sonic tomography and Arwilo 1:20 Scientific (Rinntech, 2012)
estimations confirmed that the tree has no major problems structurally (see Appendix 2 for more
details).

Tree ring analysis, age, vitality assessment
Both in 2012 and at the visit in June 2013, the leaves were very small and chlorotic (figure 3). The
small sample size of leaves meant that the results from the nutrient testing were somewhat
uncertain. All values apart from manganese appeared to be OK, although there were some
difficulties in finding comparable data for oak, since most of the available data are for tree species
used for production (e.g. fruit trees) (Eurofins, 2013, Kula et al., 2012; Stasziak, 2010, Reimann et al.,
2001).
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Figure 3 – Chlorotic leaves from Kvilleken (left) next to normally developed leaves from a mature oak
nearby (right). Note both the difference in size and the dark green ribs along the centre of the
Kvilleken leaves – usually an indication of nutrient deficiency.
Kvilleken has also been subject to defoliation as a consequence of feeding by larvae of the moth
Tortrix viridana in 2012 and to a lesser extent in 2013 (larvae were seen on the leaves at the visit in
June 2013). As well as feeding on the leaves, the tortrix moth also causes some of the leaves to curl
and brown. In addition, mildew was seen over the whole crown of Kvilleken, as well as on most of
the surrounding oak trees.
Extension growth in the lower crown was up to 4 or 5 cm, whereas in the upper crown there was
virtually none.
The iron band, which had been in place since at least 1960, has caused significant cambial damage as
a result of constriction. The Resistograph measurement showing most recent growth increment was
taken below the band so probably this constriction has occurred quite recently. The results from the
Resistograph increment readings indicate that the tree is between 800‐1000 years old, which is in
line with other age assessments. The tree may, however, be older as it is not known how many
increments once occupied the hollow centre of the stem. Extrapolation of successive increment
widths would not be reliable beyond 700yrs, owing to changes in the growth rate.
Growth rates of sapwood increments are approximately 2mm/year in recent years (also the case in
the dead part of the tree, where samples were taken). Growth increments were the largest over the
last ten years compared with those formed in previous years. This is difficult to explain given the
current condition of the tree.

Discussion
The iron band, which had been in place since at least 1960, has unfortunately caused significant
cambial damage as a result of constriction and has likely caused a reduction in the supply of
carbohydrates to the stem base and root system. Reconnection following severance of the band in
2005 seems to have caused more damage by causing more severe restriction of cambial growth
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under the band. This has probably interfered with the formation of new wood and bark below the
band, thus reducing the flow of carbohydrates to the stem base and root system. Transport of water
and mineral nutrients to the foliage could also have been impaired as a consequence. One possible
example of impaired growth occurs near the “foot” of the tree, where it rests on a large rock and has
probably been unable to continue to grow adaptively over the rock (figure 4).
The Resistograph measurement showing most recent growth increment was taken below the band
so probably this constriction has occurred quite recently and may explain the sudden reduction in
vitality. Ten years ago, for example, growth was occurring below the band at a good rate; this last
increase of increment may have resulted in the now observed cambial damage and presumed
translocation disruption. Growth rates of sapwood increments are approximately 2mm/year in
recent years (also the case in the dead part of the tree, where samples were taken). Growth
increments were the largest over the last ten years compared with those formed previous years.
This is difficult to explain given the current condition of the tree but it may be due to a more
concentrated translocation of energy with the remaining live portions of the stem, following dieback
of other portions.
Both in 2012 and at the visit in June 2013, the leaves were very small and chlorotic (figure 3)
indicating severe decline. It is also possible that paleness of the foliage was partly caused by
unusually late development, also perhaps because of declining health and/or previously cool
weather. It is likely however, that impairment of the transport of water and mineral nutrients to the
foliage, is the most logical explanation for the change in the condition of the tree. This may have
triggered a spiral of decline, which has then been exacerbated by Tortrix viridana and mildew. It is
known that mildew if covering the tree over many successive summers can cause a decline in
vitality, death of epicormic growth, thus making the tree more susceptible to other factors
(Lonsdale, 2013). This lack of nutrients to the foliage is likely to reflect root dysfunction rather than
soil deficiency, since there has probably been a lack of carbohydrates reaching the roots as a
consequence of the constriction caused by the iron band. This is reflected in the fact that there was
an apparently widespread and recent death of fine roots, again likely due to a severely reduced
supply of carbohydrate from the foliage, also related to cambium damage as a consequence of the
iron band and the reconnection of the iron band (2005), and perhaps especially the observed
defoliation by caterpillars in 2012 and 2013. The amount of compaction to the soil was considered
to be very minor and localised and thus unlikely to be a major contributing factor to the current
decline. The many stones in the soil have helped to ameliorate the amount of compaction from
visitors to some extent.
There is a small chance that the small size and yellowness of the leaves could be a symptom of fine
root infection by a Phytophthora sp., since these symptoms cannot be explained by the soil
conditions, which are evidently good. Further investigation is recommended with regard to
Phytophthora sp.
An additional factor that may have contributed to the decline relates to the increase in sunlight
penetration onto the bark of the stem on the south side, with consequently increased temperature,
owing to a reduction in the foliage density. This, in combination with physical damage from visitors
climbing the tree, may have resulted in the cambium dieback seen on the southern side of the stem
and buttresses.
The iron band was in place since 1960 or earlier. This means that the tree grew with the band in
place; a fixed bracing system, for at least fifty years. Also, it is possible that, by reducing flexure of
various parts of the tree under wind loading, the bracing has caused the tree to lay down less
adaptive growth than would otherwise have occurred. For this reason, it cannot be assumed that the
11
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adaptive growth has been sufficient to provide adequate support for the tree, even if the bracing
were to be removed. In any case, our experience of trees of this age and condition is still somewhat
limited. All were therefore in agreement that removal of the bracing without replacement would
pose an unacceptable the risk of loss of the tree.

Figure 4 – The “foot” of the tree, where it rests on a large rock and where adaptive growth may not
have been possible due to the iron band
It is however always fraught with difficulty identifying the cause of decline in an ancient tree. This is
because ancient trees may respond very slowly to a change and have stored energy which allows
them to continue to grow in a “mirage of good health” despite problems. In addition, ancient trees
are complex organisms, with a wide range of dependent organisms, making cause and effect difficult
to identify. Decline is also most often caused by a combination of several different factors. The fact,
however, that the separate functional units of the tree appear to have the same level of decline may
indicate that it is caused by factors that have affected all parts of the tree.

Management recommendations
Due to the very poor condition of the tree, it was agreed that there was a need to put some
management actions in place relatively quickly if there was to be any chance of success. A
telephone meeting along with a very short report was presented to the County Administrative Board
of Kalmar on 17th June 2013, proposing a number of “emergency measures” to be put in place in
order to try and save the tree (see appendix 1 – short report sent 17th June 2013). The reason for this
is that when an ancient tree is in decline, the risk of death increases exponentially with each passing
year. Sadly it may be too late for this very special tree, but given the fact the tree is likely to be one
of the largest remaining oaks in Europe, it was considered well justified to try.
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Management actions implemented in the summer of 2013
A crucial management action involved removing the iron band to allow unrestricted growth of new
cambium and improved vascular connection between the foliage and the root system. Due to the
fact that the band has been in place at least since the 1960s, to simply cut it away may have had
undesirable consequences, given that the tree have been to some extent reliant on the support from
the band.
Figure 5 is a 2D diagram produced from a sonic tomograph showing the wood density just below the
iron band at ca. 3m height. Green is structurally sound, dense wood, the red or pink represent the
hollow parts. On 5th July 2013, the old iron band was removed and replaced with a static bracing
system which unlike the iron band, has only minimal contact with the live parts of the tree and thus
allows for virtually unrestricted growth of the cambium and bark. The blue lines on figure 5 show the
proposed positions for the bolts. This was why the tomography was done at this height to identify if
it was possible to use a bolt and spoke system by identifying suitable wood to support the system.
There are now 16x 24mm stainless steel bolts with rings, set 20cm into the stem. The rings were set
at 15cm outside the bark. 12mm steel cable and a tensioner connect up the rings. The bolts are
marked to monitor future growth and the ring connections on the cables are also marked to monitor
movement. This is all fully adjustable but still imitates the support from the iron band.

Figure 5 ‐ is a 2D diagram produced from a sonic tomograph showing the wood density just below
the iron band at ca. 3m height. Green represents structurally sound, dense wood, the red or pink
represent the areas where little or no information was available, probably hollow or decayed areas of
wood (parts).
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Figure 6 – removal of the iron band under way after the new support system had been put in place.

Figure 7 – A close up of the new
support system, with 24mm
diameter stainless steel threaded
rods, which are marked with mm
increments to monitor growth.
The cable eye positions are also
marked in situ, to monitor
subsequent movement of support
system. A small part of the
original iron band can be seen
here, where vigorous growth of
occluding tissues meant that
more damage would have been
caused by removal.
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On the same occasion a small amount of the decaying wood in the upper crown above the chain,
which was weakly attached, was reduced. The reason for the removal of dead wood (which is
otherwise not usually advised for very old trees of high nature conservation value) was kept to an
absolute minimum and was carried out to avoid the potential risk that this would fall and damage
the limited live growth remaining on the tree. A number of dead branches hanging in the crown, no
longer attached were also taken down to ground level. All decaying wood was kept on site and
placed inside or around the tree.
In addition a very low concentrate of organic, natural foliar spray (SM 6 – Sea Magic 6) mixed with
rain water was sprayed on the leaves of several live branches on the same occasion. This is a
technique used for fruit trees when suffering from nutrient deficiency and chlorosis. It promotes
greening up of the leaves and a consequential improvement in photosynthesis. The foliar spray used
here was at much lower concentrate than that used for trees grown for cultivation. The branches
were marked at the time of spraying and were on the south side. A follow up visit on 16th July to look
at the leaves sprayed confirmed that the leaves had responded positively to the spraying. The
unsprayed foliage was more chlorotic than the sprayed foliage. An additional spraying of the foliage
took place on 4th August amounting to a total of 25% of the foliage on the second occasion on the
south and eastern side. The spraying was done in the evening to avoid sun scorch and to avoid the
liquid evaporating too quickly. A final visit to the tree was made on 22nd September 2013, when it
proved difficult to differentiate the leaves that had been sprayed and those that had not. The leaves
had begun to senesce and thus the effect was no longer visible. The sprayed foliage tree had
however, responded positively to the spraying, although the effect was relatively short term as there
was not a great deal of time between the spraying and autumnal discolouration. The foliage began
to discolour slightly earlier than the adjacent trees; however an early frost was the likely cause of
this.
Future management recommendations
The most important future management recommendations for Kvilleken are that it should be kept
under relatively regular monitoring for the following:
1. Foliage and leaf condition (June, August).
If the foliage is chlorotic once again in 2014, it may be worth spraying the tree again
for the 2014 growing season on three occasions in June, July and August. Foliar spray
or fertilisation is in general not recommended for old trees, due to the potential fast
changes that these applications can stimulate. In the case of Kvilleken however, the
foliage condition was considered to be so bad, perhaps because of the relative lack
of absorptive roots, that spraying was worth trying. Due to the fact that the sprayed
foliage showed some improvement in 2013, it may be worth considering spraying
again in 2014 to improve photosynthetic ability of the leaves, but this needs to be
reviewed based on the condition of the foliage in the spring/summer of 2014. The
hope with this treatment is that it may help induce more effective photosynthesis
and help the tree build up resources and stimulate fine root growth. Chlorophyll
testing and electrolyte leakage is another test that is recommended at some point
during the growing season in 2014 in order to check the leaf function. These
techniques are available in the UK and it is hoped that this can be organised for
2014. They may provide a more reliable result compared with the nutrient analyses
of the leaves that was done in 2013, as both of these techniques can be done in situ
without removing leaf material (Percival et al., 2008).
2. Structural condition primarily involving checking for movement of the new cable as well as
the old chain and any other structural changes (annually).
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If the cable is moving, it will need to be thoroughly checked and adjusted
accordingly. Some movement is likely, given that the tree is a living organism.
3. Root condition (annually).
It is worth hand digging some very small pits close to the live structural roots to see
if fine root development has taken place.
Other management recommendations include the following:
4. Visitor management.
The majority of visitors currently follow a desire line directly to the tree, which
means that they often do not see the sign. It would be worth either blocking the
desire line and putting a sign in place closer to the tree, explaining that the tree is in
decline and that one of the reasons is physical damage to the bark from climbing,
that the tree is being kept under close monitoring in the hope of improving its
condition, but asking visitors not to climb the tree or go within the fenced area.
Ideally a larger fenced area would benefit the tree at least in the short time and may
help to reduce localised compaction where fine root development is important.
Putting a visitor counter in place would provide useful data regarding the potential
impact of visitors.
5. Propagate from the tree.
Our understanding is that this has already been done but it would be worth doing
more of this work. This can be done by collecting acorns (although Kvilleken
produced none in 2013, unlike the majority of oaks, which have had a good mast
year) and both small and large cuttings from the tree. It would be good to plant
several trees that are offspring from Kvilleken nearby, but not at a distance closer
than 30m. It may be worth testing some of the adjacent oaks to fund out if they are
offspring from Kvilleken.
6. Test the soil for Phytophthora (SLU)
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Figure 8 & 9 – views showing the new bolt and cable system that has replaced the iron band
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Appendix 1 – Short report for telephone meeting 17th June
2013
Kvilleken – visit 6/7 juni 2013
Vikki Bengtsson, Mike Ellison, Maryann Fargo, Jon Hartill, Rob Ironside, Leonard Kloos, David
Lonsdale, Frank Rinn and Mikael Witte.
Summary of the field visit
Tree is in a period of what appears to be rapid decline, which may be irreversible; chance of recovery
decreases exponentially over the next 2‐3 years. Any action to be taken needs to be taken relatively
quickly if there is to be any chance of success.
Leaves very small and very chlorotic – likely cause nutrient deficiency (most likely to be iron and/or
manganese) but the deficiency probably reflects root dysfunction rather than soil deficiency, since
there is probably a lack of carbohydrates reaching the roots. There is a small chance that the small
and yellowness of the leaves could be a symptom of fine root infection by a Phytophthora sp., but
the pattern of foliar chlorosis (with green midribs) suggests nutrient deficiency. It is also possible
that paleness of the foliage was partly caused by unusually late development, also perhaps because
of declining health and/or previously cool weather.
Iron band causing cambial damage by constriction. Reconnection following severance of the band in
2005 seems to have caused more damage by causing more severe restriction of cambial growth
under the band. This has probably interfered with the formation of new wood and bark below the
band, thus reducing the supply of carbohydrates to the stem base and root system. Transport of
water and mineral nutrients to the foliage could also be impaired. One possible example of impaired
growth occurs near the “foot” of the tree, where it rests on a large rock and has probably been
unable to continue to grow adaptively over the rock
Soil conditions appear good, with good earthworm activity, a good humus layer and a ground flora
indicating reasonably base‐rich conditions. Diffuse distribution of roots in the soil due to the stones.
No obvious sign of compaction other than very minor and very local. Small stones in the soil have
ameliorated the severity of compaction from passers‐by. Further soil analysis may help inform this
(not carried out as yet). Most of the fine roots that were examined had recently died. The only
apparently live fine roots were found very close to the tree. The apparently widespread and recent
death of the fine roots is probably due to a severely reduced supply of carbohydrate from the
foliage. This, in turn, is probably due to several factors – cambium damage as a consequence of the
iron band and the reconnection of the iron band (2005), and perhaps especially the observed
defoliation by caterpillars in 2012.
Growth rates of sapwood increments – approx. 2mm/year from parts of the tree in recent years.
Difficult to know what most current growth rates are. Analysis over the last two hundred years
(approx.) of growth indicates that the tree is 850 – 1000 years old. (Frank has more information
about this which will come later).
Bark damaged probably by people climbing on the tree (evidence from moss kicked off and bark
damage).
Sonics tomography confirmed that the tree is in three separate parts. There are supporting roots
(with sonic connection to the ground) in all three directions (need this confirmed by Frank). Jon has
all the pictures illustrating this (will be included in the report).
To do
Remove iron band and replace with an alternative static bracing system which has only a minimum
contact with the live parts of the tree. Not advisable to leave the tree with no bracing due to the fact
that the band has been in place for more than 50 years.
Propagate from the tree (cuttings; large and small, acorns) – (has this been done before?)
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Foliar treatment such as a seaweed extract containing iron sequestrate (25% of the live branches),
review after 2 weeks, do another 25% if leaves look better and review after another 2 weeks. (low
concentration, evening application low sunlight in order to avoid scorch and to allow time for liquid
to remain for uptake). Will not do any harm and thus worth trying.
Removal of large dead wood above chain in the crown which is very weakly attached and has
recently died. If this falls it risks damaging a large amount of the remaining live growth. A climber
could do a better assessment of how much should be removed but with the aim of removing the
absolute minimum. Remove hangers in the interests of public safety.
Keep tree under relatively regular monitoring.
Have soil tested (for iron in both the ferrous and ferric state, pH, manganese, magnesium and NPK).
Have leaves tested (for iron, manganese, magnesium, potassium and nitrogen)?
New sign close to the tree explaining the situation – asking people not to climb on it and to keep
their distance – (5m distance according to the regulations??)
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Appendix 2 ‐ Bending strength of a typical stem, wind load
assessment
Current methods of assessing the strength of stems are based on their resistance (as tapered
cylinders) to bending forces. For consistency with other studies, the following analysis is based on
such a method. There is, however a need to take account of observations of stem failure in ancient
trees, which appears more often to follow a different process, involving the breaking‐out of
individual sectors of a stem that has become divided into a number of discrete functional (and
dysfunctional) units.
For the purpose of assessing overall bending strength, Figure 10 illustrates a mechanical graph at
20cm height above the ground. This shows the relative strength loss based on the sonic tomography
readings (figure 2). According to the tomography at 20cm above the ground, the tree has lost a
maximum of between 58% ‐ 83% of its strength in the stem due to major hollowing. This is however
in combination with a major reduction in the crown through the retrenchment process. This loss in
strength is, however, considered to be insignificant due to the shape of the trunk and the reduced
crown size. It is because of these mitigating factors that the tree stands up!

Figure 10 ‐ This diagram illustrates a mechanical graph at 20cm height above the ground showing
relative strength loss when taking into account the degree of hollowing.
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Figure 11 – Diagrams showing the bearing strength of the tree based on different degrees of
hollowing and relative strength loss. (SIA elasto incline tree statistics method – Wessolly, 1995)
According to the SIA ”elasto inclino tree statistics” (Wessolly, 1995) the typical tree stability of a solid
(non‐ hollowed) oak with the approximate dimensions of Kvilleken, would be 50,169%. 100% would
be full strength for the proposed load, 50,169% means that the tree is five thousand times stronger
than the likely loads it would be exposed to. Even with a significant amount of hollowing such as 55%
the tree retains a typical stability of 17559%, in other words 1,700 times stronger than it needs to be
for the expected load. With the obvious lack of wind load and the data from Arwilo (see figures 12
and 13) which show that the stem bending moment is decreased by 47% due to crown
retrenchment, this tree is extremely stable in the stem and canopy and extremely unlikely to fail at
the stem due to bending. These highlight that even with a full crown (which is not the case with
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Kvilleken) the footprint and girth of the tree means that it has a 27000% higher safety factor than it
needs in order to remain standing!

Figure 12 – Screenshot from the Arwilo1:20 scientific (Rinntech) programme (which calculates the
approximate theoretical wind loading based on crown size. This example has calculated the wind
loading assuming that Kvilleken has a full crown.

Figure 13 – Screenshot from the Arwilo 1:20 scientific (Rinntech) programme which calculates the
wind loading based on crown size. This example has calculated the wind loading taking account of
the actual crown extent.
The two screenshots above (figures 12 and 13) taken from the Arwilo wind 1.20 scientific loading
assessment programme (Rinntech) illustrate Kvilleken with a full crown load (fig 12) on the upper
photo and the lower illustrates the actual live growth (fig 13). The amount of crown on the lower
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picture has resulted in a 47% reduction in the bending moment on the hollowing stem in comparison
with the upper picture. This means that if we compare this with the diagram (figure 11) showing the
bearing strength of the trunk, then any reduction in strength due to the large open cavities has been
compensated for by the reduction in crown load. In other words the tree is over 27000% more stable
than it needs to be to stand up, even with a wind loading of a full leaf canopy. The measurements
are relative but nevertheless represent a realistic representation of the likely wind load force and
resulting bending moment on the stem. It is however important to set these analyses in the context
of an ancient stem, such as is the case with Kvilleken. Kvilleken consists of discrete functional units
and thus it is much more difficult to both measure bending moment on the stem and predict failure.
Due to the changing wind load by retrenchment of the canopy, the obvious asymmetry in the canopy
and the discrete functional units, the stem could however be loaded by torsion and twisting forces.
Torsion is the most potentially dangerous force upon a hollow decayed stem. Therefore it would be
unwise to remove the artificial support the tree has become accustomed to with time. In addition,
the main aim, was also to avoid the breaking out of the individual “functional units”.
As has been highlighted by the above calculations, there is relatively little wind load in the canopy,
due to a massive reduction in the foliage and thus canopy density. This is partly due to natural
retrenchment and partly due to the period of decline the tree appears to be in.
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