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Sammanfattning

Malet med studien var att se hur branning med propanbrannare och klippning av huvudstammen
paverkade 6verlevnad, skottskjutning och vitalitet hosungabokar (FagussylvaticaL.) och ekar
(Quercusrobur L.) under forstasasongen efter behandling. Behandlingarnautfordesvid tvatillfalen
under vegetationssasongen—i magj ochi juli —for att se om tidpunkten hade négon betydelsefor hur
tréden paverkades. De nyaskotten réknades och méttestvaganger padetidigt behandladetraden och
en gang padetrad som behandlades sent. Vitaliteten bedomdes genom att jamférabladfargen med en
fargskaasom gick frangront viagult till brunt. Eftersom métningarnagjordesunder forsta
vegetationssasongen efter behandlingarnavar det svart att avgoradverlevnadsfrekvensoch vitalitet hos
de avsagadetraden. Mgjligheten finns att tréd som inte gjorde nagranyaskott under forsta
vegetationssisongen kommer att goradet i framtiden. Overlevnaden hosbrandabokar och ekar skilde
inte mycket mellan arternaunder den forsta sdsongen, men grévretrad visade en betydligt hogre
overlevnad an klenare. Formagan att skjutanyaskott, liksom vitaliteten, var béttre hos ek 8n hosbok
under forstasasongen.






Abdtract

Young trees of European beech (Fagus sylvatica L .) and peduncul ate oak (Quercusrobur L.) were
burned with apropane-flamer or cut with ahand-saw with theintention to study their response, interms
of survivd, ability to resprout and tree vigour during thefirst vegetation season after disturbance. An
early burning/cutting was performed in May and alate onein July, to seeif theresponsewas different
because of thetime of the year. New sproutswere counted and measured twice on theearly treated
treesand onceon thosetreated | ate. Thevigour of thetreeswas determined through comparing the
leaf-colour of thetreesto acolour-scale. In such an early stagethe survival and vigour of the cut trees
was hard to determine, because they may need more than one season to start resprouting. Thesurvival
of the burned beech and oak treesdid not differ much during thefirst season, but larger treessurvived
to amuch higher extent than thin ones. The ability to make new sproutsaswell asthetree-vigour was
better for the oaksthan for the beeches during thefirst season.






Introduction

Two thousand years ago, southern Sweden was covered by deciduousforestswith lime (Tilia), Oak
(Quercus), alder (Alnus) and birch (Betula) in mixturewith pine (Pinus) (Bjorse & Bradshaw 1998).
At that time, the dominantsin the region today —Norway spruce (Picea abies), Scotspine (P.
sylvestris) and European beech (Fagussylvatica L.) (Bjorse & Bradshaw 1998; Lindbladh 1998;
Bj6rse 2000), had avery different distribution and abundancein southern Sweden. Norway spruce had
itssouthernmost outpost in Ostergétiand and Dalsland in mixtureswith Scots pine and birches. Scots
pinewas morecommonin theeastern partsof theregion, closely linked to areaswith frequent fires
(Bj6rse & Bradshaw 1998), and the European beech had not yet entered the scene from the south
(Hannonet a. 1999).

Webb (1987) and Huntley & Webb (1989) claim that, in North Americaand Europe, climatic change
has been themain factor for ateration of plant communitiesover thelast thousands of years. Others
(Abrams1992; Clark et al. 1989; Tinner et a. 1999; Svenning 2002) claimthat fire (human and
natural) hasbeen shaping thelandscapefor millennia. In Europeit hasal so been suggested that human
activities(directly andindirectly), climate change and natural disturbanceshave acted together indriving
the alterationsthat have occurred (Bjorse & Bradshaw 1998), and that human impact hasbeenthe
primary factor for thelast onethousand years(Lindbladh et a. 1998).

From studying pollen diagrams, it can be seen that pedunculate (Q. robur L.) and sessile(Q. petraea)
oak and hazel (Corylusavellana) were much morecommon in thevirgin forests of Europethan they
aretoday (Vera2000). Vera(2000) claimsthat what madeit possiblefor themto persist, washeavy
grazing by largewild herbivores, such asaurochs (Bos primigenius), European bison (Bison bonasus)
and red deer (Cervus elaphus). Those animals contributed to create an open park-likelandscape with
big trees, where succession of young treestook placein thorny scrubs(e.g. Crataegus, Juniperus).
Some (Tinner et a. 1999; Vazquez et a. 2002) suggest instead that different oak-species (among
others pedunculate oak) and partly also hazel (Clark et al. 1989; Tinner et al. 2000; Svenning 2002)
benefited from fires, while European beech was disfavoured (Tinner et al. 1999; Tinner et al. 2000;
Vézquez et al. 2002). Many of thefireswere human-caused that | ater ceased dueto migration and
changesinagricultural practises(Clark et a. 1989).

Itiswell known and accepted that pines have adaptationsto frequent fires (Agee 1998), but whether
also pure deciduous stands has been burning occasiondly isstill debated (Lindbladh & Bradshaw 1998;
Hannon et a. 1999; Tinner et al. 1999; Vera2000; Vazquez et a. 2002). In North America,
suggestions have been madethat many of their oak-speciesare adapted to, and even dependent on,
forest firesfor their large-scal e existence (Crow 1988; Abrams 1992; Dey & Guyette 2000; Brose et
a. 2001). Important morphol ogical features, which make them successful competitorsafter firein
comparison with other deciduous species, have been detected in American oaks. For examplethe oaks
havethick bark which providesgood insulation for the cambium during fires (Lorimer 1985; Crow
1988; Abrams 1996; Dey & Guyette 2000), good resprouting ability after heat stress(Huddle &
Pallardy 1996; Huddle & Pallardy 1999) and agreat number of dormant/adventitiousbuds situated just
under the surface of themineral soil, wherethey are protected from the hesat of fires(Dey & Guyette
2000). Theremoval of grassinthefiretakesaway the protection for rodents, which are main predators
on acorns (Lorimer 1985). Oaksdo not rot easily after cambia damage, their rootsgo deeply intothe
soil, and ground conditionsafter fire provide good growing-ground for acorns (Abrams 1996). Whether
someof thisisalso truefor central -European oaks (peduncul ate and sessile 0ak), islittleinvestigated,
but there areindicationsthat they possess at | east some degree of adaptationtofire (Lindbladh &
Bradshaw 1995; Lindbladh & Bradshaw 1998; Tinner et al. 1999; Véazquez et al. 2002; Niklasson et
al. 2002).



Today, inforests|eft to free devel opment, light-demanding treeslike peduncul ate and sessile oak have
problemsto compete with more shade tol erant species, when domestic animasand fire are banned
fromtheforests(Niklasson et al. 2002). Pedunculate and sessile oaksare crucia ashost treesand
feeding-placesfor many threatened species, for examplefor agreat number of wood-living insects
(Jonsell et a. 1998), and thereforeit isimportant that oaks remain acommon member in our treeflora

In North Americaadeclinein oak regeneration coincideswith effectivefire suppression programs,
whichwereinitiated during the early 1900's. American researchersare now trying to reintroducefireas
ameans of management, to securethe regeneration and to stop theloss of oaksthat istaking place.
(Abrams1996; Broseet al. 1999; Dey & Guyette 2000) It isoften proposed that both American and
European oaks have problemsto regenerate under closed canopies (Abrams1996; L of et al. 1998),
and Abrams (1996) suggeststhat the competition from seedlings of more shade-tolerant speciesisan
important reason for this. Theremedy for the regeneration problem might bethe use of fireto reduce
the number of competing specieslikefor exampleAmerican (F. grandifolia) and European beech that,
somesuggest, has seedlingsthat are morefire-sensitive than oak-seedlings (Barnes & Van Lear 1998;
Brose& VanLear 1999; Broseet a. 1999). Experimentswith theaimto test thishypothesishave
come up with ambiguousresults. Barnes& Van Lear (1998), Brose & Van Lear (1999) and Brose et
al. (1999) found that seedlings of American oakswould benefit from firetreatment, whilethe opposite
wastruefor McGeeet al. (1995), who found that American beech seedlingsincreased morethan
northernred oak (Q. rubra) after fire. Besidesthe shade and competition problem for oak
regeneration, thereisthe problem of predation of acorns (Watt 1919; Abrams 1996; L 6f et al. 1998).
Abrams(1996) suggeststhat using firemay aso reducethisloss.

The subject of oak regeneration also hasimplicationsfor forest restoration. One of theaimsof forest
restorationisto bring back disrupted ecosystemsto their ‘ natural’ state, or at least to makethem
resemble such anideal stateasmuch aspossible. Theideaisthat humansshould mimic natural
processesto speed up thetransformationto the‘original’ state on aparticular site. Therestorationis
thought to reducetherisk of losing rare and fragile ecosystems, which earlier hasbeen altered by man.
(Mooreet al. 1999; Stanturf & Madsen 2002) It isprevioudy known that many conifer specieshave
adaptationsto fire (Weaver 1974; Kimmins1987; Mooreet a. 1999), and burning with different
Intengities can therefore be used asatool when restoring conifer plant communities. WWhen considering
alternative waysof restoration of hardwood ecosystems, it isimportant to know if some of these
species, for example oaks, aso show characteristicsfor fire adaptation.

Interestingly, very littleresearch on fire adaptationsin different tree-gpecieshasbeen performedin
Europe, and thereforethemain goa of thisstudy wasto analyseif young trees of peduncul ate oak and
European beech respond differently to fire-disturbance. The specific objectiveswere: (1) to analyse
differencesbetween young oak and beech in sprouting capacity in the season following artificia burning
and cutting (2) to examine surviva and treevigour in young oak and beech during the season following
artificial burning and cutting. Theresultsare discussed with theaim of providing guidanceto forest
managersin forest retoration efforts.
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Materia & Methods

Experimental design

For thestudy formerly established experimental blocks, located on former agricultural land onthe
groundsof the Swedish University of Agricultural Sciencesat Alnarp (55°40'N/13°10°E, 15masl.),
wereused. Thesitewasflat and the soil texture was sandy |oam. Bare-rooted seedlingswere planted,
and seeds of beech and oak were sown, in April 1995 and 1996, infour blocks (figure 1). Ineach
block four rows of beech and four rows of oak wererandomly placed. The distance between the
individua treesin each row was 0.5 m, and between therows 1.25 m. (L 6f 1999) Sincethe planting
and sowing there have been acertain rate of mortality among thetrees, why the spacing wasmore
irregular when the present study started. Before thisstudy began the blocks had been | eft unattended
since 1998.

For the present experiment only theformer

3 untresated control and mowing-treatment were
used. The pre-conditionsinthosetwo did not

differ considerably from each other, and changes

that occurred after abandonment of theformer

2 experimentshave madethemvery smilar.

Today theground in the experimenta blocksis

covered by grass. Thetreesvary in height from

4 approximately 0.5-4m. Thegresat variationin

1 tree-height might be dueto denseinitia spacing or
to the competition fromthegrass.

Figure 1. The experimental blocksat Alnarp,
with four rows of beech and four rows of oak in
each block.

Climate

Climate-dataweretaken from a SMHI (Swedish meteorol ogical and hydrological institute) weather
stationinMama, ca. 8km southeast of the study area. The averagetemperature during the vegetation
period (March - September in southern Sweden) was 13.0°C, and thetota rainfall was330 mm. The
normal averagetemperature between 1961-1990, for the same months, was 11.5°C, and the normal
total rainfall (1961-1990) was 290 mm. From thisit can be seen that it waswarmer during the
vegetation season year 2003, than it normally isin thearea. For averagetemperaturesand rainfall
month-wiseseetable 1.
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Table 1. Climate data from Swedish meteorological and hydrological institute (SMHI) (2003) in Malmo.

Average Rainfall Normal temperature 30 Normal rainfall 30

temperature 2003 2003 (mm)  years(°C) 1961-90  years (mm) 1961-
®) 90
March 31 11 2.0 40
April 6.9 45 6.0 38
May 12.7 58 11.3 41
June 16.5 54 15.3 52
July 18.9 90 16.5 61
August 18.3 36 16.4 58
September 14.5 36 13.0 59

Selection of trees for the treatments

Thediametersof the treeswere measured to the nearest mm, at 30 - 50 mm height above ground, with
acaliper or adide-calliper. Oval treeswere measured somewhere between thethickest and the
thinnest place of the stem. Stemswith gnaw-marksweretreated asthe oval onesand treeswith multiple
stemswereremoved from the sample. A small number of semswere divided closeto theground or had
branchesvery low. They were measured under thedivision, or only the main stem was measured.

Two diameter-classeswere chosen for further treatment: 5 - 35 mm (thin) and 40 - 70 mm (coarse). A
gap wasl eft between the diameter-classesto make the two classes more different from each other. Five
trees of each species, in each diameter-class and for each treatment were selected from each block. In
block number 4, there were not enough beech treesin the thin diameter-class, why therewereonly ten
Instead of twenty-fivetreesinthat class. Thismeansthat 100 treesfrom each block (85 from block 4)
wereincludedinthe study (5* 2* 2*5*4), making atotal of 385trees.

Treatments

Thefivetreatmentsin the study were BE-burn early, CE-cut early, C-control, BL-burnlate and CL-cut
late (figure 2). All treatmentswere performed on both beech and oak. Treatmentswererandomly
selectedin MINITAB (Minitab Inc., USA) (Calc - Random data- Samplefrom columns). Eachtree
was marked with aspecific number and aletter-codefor thetreatment.

The cutting wasdone at aheight of 50-100 mm above the ground, with ahandsaw or apair of
secateurs. The equipment used for the burning was a propane-flamer with open burners (Ascard 1995).
A stopwatch was used to note the time during which each plant wasburned. Larger individuals (>30
mm) werein theflamearound one minute and small onesabout thirty seconds. The burning wasdone
just abovethe ground and the nozzlewas directed towardsthe stem from all sides(figure 3).
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S S b
Figure 2. All treatmentsin the study — Figure 3. The nozzle of the burner

BE,BL,CEandCL. directed towards the stem from all sides.
Photo: Sven Birkedal Photo: Sven Birkedal

Theearly cutting (CE) wasperformed on May 7" and theearly burning (BE) on May 8". Atthetime
when CE and BE treatments were done the beecheswere flushed to approximately 80%, and the oaks
had just started to open the buds. Thelate cutting (CL) was done on June 30" and July 3°. Thelate
burning (BL) wasstarted on July 3%, but asaconsequence of the heavy rain that day the burning was
completed on July 5. At thetime of thelate treatments both tree-specieswerefully flushedandina
stage of shoot €longation.

M easurements

Inthefirst measurement, on July 19", all new sproutswere measured from the stem/ground to the
outermost tip of thelongest leaf. The number of sprouts on each tree was counted, except wherethe
sproutswere so small and so many that separate counting wasimpossible. Inthat casetheir numbers
wereestimated in classesof ten and their lengthin classes of 5 mm. The origination-point of the new
sproutswasrecorded to either S—stem over the soil surface, or M —steminthe mineral soil. (On
September 23 twenty trees of the burn treatments (BE, BL) were checked to see where the sprouts
appearing from themineral soil, originated from. The soil around the sprout was dug away to find out
whether the sprout started from theroots, or from the stem bel ow ground. Only four of theinvestigated
treeswere beeches.) Theoriginal stem of sometrees seemed to havedied asaresult of their treatment;
if that wasthe caseit was noted. To be considered as dead the leaveson the original stem should be
either brown or missing. Whether the tree had made new sproutsor not, was not taken into account
whendecidingif it had survived —just the origina stemwas considered. Inthisstudy only immediate
mortality was measured, which meansthat only the mortality during thefirst season after thetreatments
wasrecorded. Inthefirst measurement only treatments BE and CE, wereincluded, becausethetreesin
thelatetreatments(BL, CL) had not shown any sign of response.

In the second measurement, September 24™ to 26", the response of treesin al treatments (BE, CE, C,
BL and CL) wasanaysed. Thistimesurvival, sprout-lengths, number of sproutsand point of origin of
sproutswas noted, but also leaf-colour and if the cambium on the burned treeshad grown over the
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burned area. L eaf-colour was compared with ascal e of eight colours, from green viayellow to brown.
For thiscoloursfrom Butinox (Jotun Paints EuropeLtd.) were used:

1: 7020-G30Y (dark green)

2: 5040-G30Y (green)
3:2060-G70Y (light green)

4: 2040-G70Y (yellow-green)
5:1040-Y (light yellow)

6: 4551 (sun-yellow)

7: 3050-Y 20R (grey-brown)
8: 5040-Y 60R (red-brown)

Theincoming light - photosynthetic photon flux density (PPFD) in umol m? s* wasmeasured witha
photometer (L1-190 SA, LiCor, NE, USA), at aheight of approximately one meter above ground, by
eachtree. Thelight-availability wastaken asameasurement of the aboveground competition. The
measurementswere performed on October 28, which wasacloudy day. The sun appeared for about
fifteen minutes, while the measurementsfor thelast part of block 3 weretaken.

Statistical analysis

The statistical analysiswasdonein MINITAB. Mean valueswere cal cul ated from each block and put
into themoddl. Sampleswherethe valueswere closeto anormal distribution were analysed inANOVA
- Generd linear model, and the rest were analysed in Nonparametrics- Friedman. The computer
produced avaluefor thelevel of significans. If the P-value waslessthan 0.05, peduncul ate oak and
European beech were considered to respond differently to the treatment.
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Results

Thesurviva after burning did not differ consderably
between peduncul ate oak and European beech. There
were by far more dead trees(ca. 70 %) inthethin
diameter classthaninthe coarseclass(ca 5 %) for
both species. Theresprouting after disturbance started
faster in the oaksthan in the beeches, and the oak-
sproutsgrew much longer.

Surviva

Peduncul ate oak and European beech showed no
sgnificant differenceinimmediatemortaity within
diameter classand trestment. Theimmediate mortaity
of theoriginal stem (figure4), among the burned trees,
was considerably higher for thethin treesthan for the
larger trees(figure5). Themortality of thecontrol trees

inthethin diameter classwasmuch lower (ca. 5%) than
themortality of thin burned trees(ca. 70 %). Therewas

no significant differencein surviva between early and
late burned treesfor either species.

Figure4. Beechtreeinthin diameter
classwheretheorigina stemis
dead.

Photo: Sven Birkedal

Immediate mortality for thin trees (5-35mm)
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Figure5. Percent of trees (mean
value of blocks 1-4) in burn
treatments (BE-burn early, BL-burn
late) and control (C), wherethe
original stem died during thefirst
vegetation season. Different letters
above the columns indicate

a statistically significant differences
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Resprouting ability

In general oak (figures6a& b) produces more biomass (total length of sprouts) than beech during the
first vegetation season after disturbance (table 2). Itismost visiblefor the burn-trestments, where oak
hasgreater length of sprouts per tree, in both July and September and for both diameter classes (Only
srictly significant for thethin diameter class (P<0,05)). Oak a so responded quicker than beech did.

Table 2. Mean number of sproutsand mean length of sprouts per tree (mean value of blocks 1-4), in July and September,
for al treatments (BE-burn early, BL-burnlate, C-control, CE-cut early, CL-cut late). Statistically significant difference
(P<0,05) between beech and oak, for the same treatment and diameter class, indicated with different letters.

Mean no. of Mean no. of Mean length of Mean length of
& 5-35mm sprouts/ tree (July) sprouts/tree (Sept) sprouts/tree (July) sprouts/tree (Sept)
(cm) (cm)
Beech BE 0 a 2,4 a 0 a 25,7 a
Oak BE 4,3 b 39 a 153,5 b 206,3 b
Beech BL 3,4 a 14,2 a
Oak BL 32 a 110,1 b
Beech CE 4,3 a 9,8 a 51,9 a 268,8 a
Oak CE 6,9 a 5,8 a 217,0 b 250,3 a
Beech CL 17,3 a 100,8 a
Oak CL 3,6 b 89,7 a
Beech C 0 0
Oak C 0 0
Mean no. of Mean no. of Mean length of Mean length of

& 40- sprouts tree sprouts/tree (Sept) sproutg/tree (July) sprouts/tree (Sept)

70mm (July) (cm) (cm)
Beech BE 0 a 2,9 a 0 a 231 a
Oak BE 2,7 b 24 a 86,5 a 158,7 a
Beech BL 0,9 a 2,6 a
Oak BL 3,6 b 116,2 b
Beech CE 35 a 32,1 a 45,9 a 557,2 a
Oak CE 15,1 b 15,1 b 652,0 b 917,2 a
Beech CL 99 a 65,4 a
Oak CL 17,4 b 540,0 b
Beech C 0 0
Oak C 0 0
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Figure 6a. New sproutsin Figure 6b. New sproutsin
cut oak. burned oak.

Photo: Sven Birkedal Photo: Sven Birkedal

Some of the trees with great diameter have produced considerable amounts of biomass. There are

also large trees that have produced short or no sprouts at all, but there are no thin trees, which

have produced a lot of biomass (figure 7). The same relation holds for both investigated tree
species. No control trees sprouted during the whole season.
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Thereweredifferencesin thelocation of new sproutsinthetwo species. Thisaso differed betweenthe
treatments (figure 8). Most of the cut treesmade new sproutsfrom the stem abovethe soil, and for
beech thiswastruea so for the burn treatments. Oaks, to alarger extent, seemed to form new sprouts
under alayer of mineral soil after being burned. Only onetree, abeech wheretherootswere partly
over thesoil. had new sprouts startina from theroots.
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Figure 8. Percent of trees
(mean valueof blocks1-4)
inburntreatments (BE-
burn early, BL-burnlate)
and cut treatments (CE-cut
early, CL-cutlate), on
which the sprouts
originatefrom the stem
above or under the soil
surface, both from above
and under the soil surface
or from the roots of the

tree.

Theavailability of light had no influence on thelength of sproutsthetreeswere ableto produceduring
thefirst season after treatment (figure9).
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Figure9. Effect of light
availability (photosynthetic
photon flux density (PPFD)
in mol mr2 s*) on total
sprout length per tree (mm).
Treatments BE (burn early),
BL (burnlate), CE (cut
early) and CL (cut late) are
included, as well as both
diameter classes(5-35mm &
40-70mm).



Tree vigour and cambial regrowth

Figure 10. Yellow-green
colour of leaves in a
burned beech.

Photo: Sven Birkedal

The leaves of the burned beeches were more
yellow (figure 10) than the leaves of the burned
oaks (figure 11), and trees in the coarse diameter
class had greener leaves than those in the thin class.
In general, control trees had more vigorous crowns
than burned trees.

Treatments divided in leaf-colour classes - thin trees (5-35mm)
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Figure 11. Percent of trees (mean value of blocks 1-4), in each treatment (BE-burn early, BL-burn
late, C-control), in leaf-colour classes 1-8 (1-dark green, 2-green, 3-light green, 4-yellow-green,
S-light yellow, 6-sun-yellow, 7-grey-brown, 8-red-brown) or without leaves.
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Therewasno general result of one speciesshowing
more cambial regrowth (figure 12) than the other
(figure 13). Therewere, though, moretreesinthe
coarse (40-70mm) diameter class, which had
started to grow over the burned areaon the stem,
than therewerein thethin (5-35mm) diameter class.
No uniformtrend, concerning whether theearly or
thelate burned treesgrew the most over the burned
area, could befound.

Figure 12. Regrowing of the
cambium after burn-damage.
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Figure 13. Percent of trees (mean value of blocks 1-4) in the burn treatments (BE-burn early, BL-burn I ate),
which have grown over the area on the stem where the cambium waskilled by the burner.




Discussion

Survivd

Thesurvival of theoriginal stem during the same season asthe treeswere burned, did not differ
considerably between European beech and peduncul ate oak or between early and late treatments.
Therearethough, markedly more dead treesinthethin diameter classthaninthecoarseclass. Thisis
consistent with previousresults (Regel brugge & Smith 1994; Pausas 1997), and might be duetothe
greater thickness of bark inbigger trees (Vines 1968; Kimmins 1987; Hengst & Dawson 1993). The
thicker thebark, the moreinsulation it can providefor the cambium during an ongoing fire (K ozl owski
eta. 1991, Pausas 1997; Dey & Guyette 2000). Theintention with the burning wastokill the cambium
completely on both coarseand thintrees, but it is possiblethat thiswas not fully achieved. Another
reason for the better surviva inthe coarsetrees might bethat the xylem washarmed more severely in
thethin treesand therefore the water transport to theleaveswas disrupted (M ats Niklasson, pers.
comm.). Thesurviva ishigher for both beech and oak among the control treesthanintheburn
treatments. I cut/burned but unsprouted trees have survived their treatment ishard to tel | after only one
season. The same criterion asfor the burned and control trees- that the original stemisdead - cannot
be used for the cut trees. On the cut treesthe original stem has been removed and whether or not they
will resprout in thefuture cannot be determined during thefirst season. Thereare cut treesfor both
beech and oak, which haveresprouted already, and by this, have proven their survival through thefirst
season. No guarantees can bemadefor thefuture surviva of neither cut nor burned trees. Gardiner &
Helmig (1997) hasfound that only after seven yearsdo the mortality of water oak (Q. nigra) sprouts
cease, and thereforeit will berisky to try and determinethefinal survival of thetreesuntil at least seven
years have passed since thetreatmentswere performed.

Resprouting ability

After theburntreatment in May (early), European beech needed moretimeto start resprouting than
pedunculate oak. A similar result wasvisiblea so after the cut treatment in May, where the beeches
indeed had started to make new sprouts, but to alesser extent than oak. WWhen measurementswere
repeated |ater during the season, the beecheshad somewhat caught up with the oaks, but still the oaks
had agreater sprout-length than beechinall early trestmentsbut theearly cut (thin diameter class).
Burning and cutting was performed asecond time, in July, and when the new sproutson thosetrees
were counted and measured it wasfound that, again, oak wasthe faster resprouter. Thefact that oak
started the resprouting faster than beech is probably dueto oak (northern red oak and white oak (Q.
alba)) having greater reserves of starch intherootsthan many other tree species(Huddle & Pallardy
1999). Huddle & Pallardy (1999) and Ziegenhagen & Kausch (1995) havea so found that starch levels
inrootsareat their minimum in May, why it was expected that thetreesin the late trestmentswould
resprout faster than thosein the early treatments. European beech doesreact thisway, while

peduncul ate oak doesnot. Thereason might bethat thefluctuationsin root starch levelsin oak
(northern red oak and white oak) are smaller than for other tree species (Huddle & Pallardy 1999).
Peduncul ate oak has, because of itsfaster resprouting and itslonger sprouts, an advantage compared to
European beech when re-colonising an areaafter disturbance.

Concerning the mean number of sproutsit can be said that the beechesthat had resprouted had made a
great amount of sprouts, but they werein general not aslong asthe oak sprouts. Thefact that some
beeches had made so many sproutsisapossible source of error in the study, becauseit washard to be
surethat every individual sprout was counted and measured, and only once. The mean number of
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sprouts per oak treewas higher in July thanin September, which might seem alittle strange. Thereason
probably wasthat sometrees had been struck quite hard by oak mildew, which had killed some of the
sprouts. Themean length of sprouts per treewas however, greater in September thanin July, which
suggeststhat the mildew has not severedly disturbed thetotal biomass production.

After being cut, both European beech and peduncul ate oak formed most of their new sproutsfrom
dormant/adventitiousbudson the ssump, generally from the cambium ringin the cut, but sometimesalso
from further down on the stump (more common for oak). After burning of beech thelargest part of the
new sprouts originated from the stem under the burned area, but from over the soil surface. Burned
oakson the other hand, resprouted most frequently from under the surface of the minera soil, or from
both under and abovethe soil. Thestrategy to have dormant budsin thislocation givesnorthern red oak
an advantage after surfacefires, becausethe soil protectsthe budsfrom someof the heat during thefire
(Dey & Guyette, 2000), whilethe high temperatureskill budson the stem. It hasbeen suggestedin
earlier studies(Malanson & Trabaud 1988) in yet another oak-species, Q. coccifera, that after fires
new sprouts appear from well-protected buds|ocated under the surface of the soil.

Inthisstudy treeswhich had aninitially greeat diameter occasionally produced large amounts of biomass,
whilenoneof thetreeswith asmall diameter reached the samelevel of biomass production. That trees
which arebigger before the disturbance-occas on have abetter ability to make many and long new
sprouts afterwards, iscons stent with some previousresearch (Pausas 1997; Espeltaet a. 2003), and
contrary to other (Gardiner & Helmig 1997).

Yet another factor, which might contribute to variation in resprouting frequency and length of sprouts
after disturbance, islight availability. Fromwhat can befound from thisstudy light availability doesnot
affect any of the studied variables, while other studies (Ziegenhagen & Kausch 1995) show that
undisturbed peduncul ate oak seedlingsunder shaded conditionsrespond to thelower light level withan
Increasein shoot length. Gardiner & Helmig (1997) found that different thinning regimesintheoverstory
did not affect the number of sproutswhich Quercusnigrawasableto produceinitially. Mortality inthe
sprout clumpswas not affected either. During the coming vegetation seasons sproutswith better
availability of light grew talerinthe Gardiner & Helmig (1997) study, why the sproutsin the present
study can be expected to show agrester responseto different light levelsin acoupleof years.

Treevigour and cambial regrowth

Treevigour after the burn treatmentswere estimated through determining the col our of theleavesand
through checking whether the cambium had continued to grow over the burned areaon thestem.
Neither leaf-colour nor cambial growthisagood estimator of vigour of the cut trees. Thereforetheleaf-
colour will berelated only to the control trees, and the cambia growth can speak only for the burned
trees.

Theleaf-colour test indicated that peduncul ate oaks show lesstendencies of yellowing and wilting after
burning than do the European beeches. The difference was more apparent in the coarse diameter class.
Generally it can be said that the coarse diameter class, in both species, had managed better than thethin
classwhenit cameto crown vigour. Asdiscussed above, thisis probably dueto greater bark thickness
Inbigger treesor to damage caused to the xylem in thin trees. Others(Barnes & Van Lear 1998) have
found that mature oaksin North Americacan withstand firesvery well compared to many other
hardwood species, and that is probably what we seein thisstudy aswell. It has also been shown earlier
(Brose & Van Lear 1999) that American beech, onthe other hand, isquite sensitivetofires. There-
sponseto fire-damage on the beech stemis, according to theresults of Brose & Van Lear (1999), a
lessvigorouscrown. The crownsof the control treesin the present study did not show any great
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tendenciesof wilt or yellowing. Any considerabledifferencein | eaf-colour between theearly and thelate
burned trees cannot be detected.

The cambia growth over the scorched place onthe stem wasalittle greater in pedunculate oak thanin
European beech, but it wasgenerally quite much greater inthe coarsethaninthethintrees. If thefire
scar isnot very broad, and if the cambium grows much enough after the damage, there might bea
possi bility that the cambium above and under the scar can connect again. If anew connectionisformed
thetreemight surviveevenif the scar originally stretched al around the stem (Mats Niklasson, pers
comm.). Unfortunately, noliterature hasbeen found onthissubject. Thedifferencein cambia growth
between early and late burns showed no consistency.

M anagement suggestions

Thereareacouple of waysto use the knowledge about oaks/beechesand firein practical forestry orin
forest restoration. Theusein forest restoration may beabit more obvioussincetheaimthereisto
reintroduce natural disturbanceregimesin different forest ecosystems(Mooreet al. 1999; Stanturf &
Madsen 2002). If itisso that, asthisand many other studies suggest, oak forestsformerly depended
upon frequent firesfor their survival, the aim of forest restorers should beto burn oak forestsat short
interval sto keep the competition from more shade tolerant speciesdown.

Theresultscould also give guidanceto commercial forest managerswho have problemswith the natural
regeneration of oak. Not necessarily to usefirein theregeneration, but to try and imitate theresultsof a
fire. Oneexampleisthat theremoval of grassin oak regenerationswill render difficultiesfor someof the
worst acorn predators - thevoles (L orimer 1985). Another result of frequent firesisthe creation of
openforests (Lorimer 1985) with, for oak, favourablelight conditions (Crow 1988), why shelter-
woods should be preferablefor oak regeneration.

In North Americaresearch (Brose & Van Lear 1999) hasbeen performed to try and find out how much
damagefirein shelter-woodswill causeto overstory trees. Theresults showed that the damagewas
great in American beech, whilemost of the damageto the oak stemswere dueto large accumul ation of
dash around the stem base.
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Conclusions

The conclusionsto be drawn from thisstudy cannot stretch further than one season after the burning and
cutting, why it ishard to say anything about how well the peduncul ate oakswill managein competition
with the European beechesin alonger perspective. From what can be seen during thefirst season
however, the oaks start making new sproutsfaster than the beechesand the oak sproutsare also
considerably longer than the beech sprouts. The survival, asit has been estimated such ashort time after
thedisturbances, doesnot differ between thetwo species, but thelarger treeshave survived toamuch
greater extent than thethin ones. Thevigour of the beech treesisworse during thefirst season than the
vigour of the oaks. Theresultsthat have been found can givealittleindication of what will happeninthe
future, but to know thelong-term implicationsfurther studiesare needed.
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