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HIGH-ELEVATION AFFORESTATION AND
REGENERATION OF SUBALPINE FOREST STANDS
EXPERIENCES IN AUSTRIA

Joerg Heumader'

ABSTRACT

Austrian experiences on the field of high-elevation afforestation and preventive
regeneration of subalpine forest stands as part of torrent, avalanche and landslide
control work in high-mountain regions are dealt with in this paper.

It deals in particular with special reforestation and regeneration problems in the
subalpine altitudinal zone in the Alps coming from harsh environmental conditions and
negative influences like winter-desiccation, snow-blight fungi, snow gliding on steep
slopes etc. and describes successful solutions of such problems.

INTRODUCTION

"The catastrophic disaster of 1882 once more has shown the enormous importance of
torrent defense works in connection with forest preservation, forest-grazing regulation,
reforestation and revegetation in mountainous regions".

This was written by V.SECKENDORFF 1884, in the year of the establishment of the
Austrian Federal Service for Torrent, Erosion and Avalanche Control. From the
beginning therefore this Service tries to prevent or reduce mountainous hazards or their
effects by a combination of technical defense works and all sorts of watershed and
forest management measures.

There is no doubt, that forests are the best vegetation cover regarding runoff and soil-
erosion reduction, landslide and avalanche prevention and as rockfall barrier.

Therefore subalpine forests with direct protective functions for settlements, roads and
railways play an important role for human activities in high-mountain areas of the Alps.
Consequently preventive improvement and in-time regeneration of such forests stands -
especially on steep slopes - as well as high-elevation afforestation are of public interest
in Austria (Fig. 1).

Table 1 shows possible preventive and protective functions of subalpine forest stands
and resulting targets for management and high-elevation afforestation (Heumader 1996)

1 Gebietsbauleiter, Forsttechnischer Dienst fiir Wildbach- und Lawinenverbauung
Oberes Inntal, Langgasse 88, A-6460 Imst/Tirol, Austria (Tel. +43-5412-66531,
Fax. +43-5412-66531-23,

E-mail: wivtirol.imst@tirol.com)

—29-



‘UONBISSIONE UOTIBAS[R-YSTY pue JUaWaFRUBLI 15310]

10§ 5128181 Sunnsal pue spIeZey 2PI[SPUB| PUE SYIUB[RAE ‘JUSLIO] UO SPUR]S 15210 duid[eqns Jo §309159 2A1109301d pue 2a1uaA1d 3[qissog

"$y10M SutureIp [eonuoa)
1M UONBUIQUIOD
Ul 2A1I020Ja IS0t

"2[QESIADE SNIOM FuruiRIp
[EUONIPPE SISBD AUIOS U]
‘2AT02]32 aimb pue
yuepodun A1aA Jurzeid

"(2IMONIIS [2WIY)
28e juorap jo sdnoid 2qqeis
[Tews ut paxu ‘sajer uondasiaiut
ySmp  mm saoads 9an

'$391 USAIFIANUTM JO 1932 SUIMOpEYS
o Aq Jpw Awous Jo umop Sumiofs Adoued Y Ul MOUS puE UTEl JO

[qeureIsns ‘UuI)Suo] se
SIMSESULISJUTION [BIIUYD2]
1A uonEUIqUIod

ut ATuo A[[euLion

'sauoz Fumrels [emoy

"3[QBSIAPE PUE 2ATIO3JD
SI JURWLTBUBL IATIUAAI]
'SBU0Z SUTIIE]S [ENUI0g

‘(amyonns [oway) 238 Jua12QIp JO
sdnoid ojqels ‘paredel-ardnnur
‘[Bws Jo dmxnu (s9103ds sen

ua218-1o1urm Jo afejusorad Y3y

{9]qESIAPE pUB [TJas[) §001S3A1] Jo uoniquyol | usarSum Jo s3eusorad ySiy | vonendsuen pue wondsomul Aq sanroeded [jos SuTp[oy-1ajeA JO esealou]
S43)oM Buuund pup Jjawasous ‘uonpiidioz.sd Jo uoyp.apjuy Dadp uoynIIIjuy
52882004 STAI'ISANY'T

"SHI0M BUIZI[IGEIS
-}oedmous Jo uonmnsqns "yoedmous i U0 syun-221) Jo 1wage Sursoddns

“sa10§ 21 opIsuT ajewIPoIdM 21y Aq uonpuLIoy reoy-idep jo uonuaadld
‘s2an ap wox Surddoxp sdwny mous £q yordsous auy w s3085mS FUIPKS JO
pue s12AB] PAQIISIPUN JO UORBULICY 31 JO uonuaAald {spuels usaidrojuim
J0 Adoues o ur uonelodesa smous pue uondaorejur Mous Aq pue sioaQe
ploms-pum Jururmes Aq ssewjonp yoedaous oy Swonpar pue Furjpas]

Mmous-asoo] fo BuliaBSiy

aouodut ou fo Ajjputiou SayoupjpAD

'squjs mous fo Suliag3lu

"yovdmous ayy ul wsydiown)aw

1932 21 JaN1aq 21 ‘eare
JUSUIYOIED  PRIS2I0jRr JO
a3wuaored i 1ayBny o1,

"2Anag2 2umb Apeaie
st fumzer§  yoojsaan
Jo uoniqmyord areos-adI1e

1°way) 28e Juaragrp Jo sdnoid
S[qEIS [[BUIS UT PIXTUT ‘S2jEd
uondaomyur ySny i saads
221 FunooI-dasp Jo pue SIaJTIod
u2a15 a3 Jo afejuaorad ySiyg

auor Supinys
2APONSUOD PUD FAyINASEP puim pup [jofmous Aq siadp] sous fo uonpimuncoy

52552004 SHHONVIVAV

‘(amidnns

'$1001 321 SuTZI[IqQEIS AQ UOISOIS [10S JO UOTIONPaI pue uonuasald
‘s5291) USRISIAUIM JO 19372 SUIMOPEYS 211 £q J[aUI AOUS JO UMOp Sumors
‘spueis usadroyumm jo Adoueo o ur uonesodeas mous pue uondaarul
mous ‘mopendsuen Aq sanmedes [ios Surpjoy-Iajem Jo ssealour (Adomed
a1 wr uondaaisur vonendioard Aq syead poopy Jo pue JJouTI JO UONANPIY

10104 AJn3

S3WI2WOS 'UOIS043 [jId 'uolso4a Jaays ‘sypad [ffount fo uonpuuof ‘wawdofanap pooy

528832044

uispq Juzuyow saddn ‘siapmpualy

SINTHHOL

'SEQIE Payd0)sun
JO UDII¥ISAI0AI
U0 SJUWWo,)

ISpUB)S 15210
Funsixa jo Jpamwadvurm
o SJUIWMWO0))

1§]98.18) UONIpUOd puUE
woniso durod 353.003 wLIA}-3u0]

1553105 surdieqns

Jo §39)J2 2AnIs04

=80=



Of course the protective functions of forests have limits; therefore they are not and
cannot be the best protection against natural hazards, as often is said (Heumader 1992).

SUBALPINE ZONES AND TREE SPECIES IN THE AUSTRIAN ALPS

The highest reach of trees into the realm of cold is represented by subalpine forests.
Downslope lie mid-elevation montane forests; upslope, the treeless alpine zone. The
subalpine zone generally consists of a lower, closed-forest belt and an upper, more open
parkland or timberline belt.

In the central ranges with continental climate subalpine zones roughly cover the
following altitudinal belts:

Upper line (timberline) min. 2000 m/max. 2300 ma.s.l.

Lower line min. 1600 m/max. 1800 ma.s.1

Subalpine main tree species in the central mountain ranges:

Spruce (Picea abies), larch (Larix decidua) and Cembran pine (Pinus cembra), the last
especially at the timberline.

On special sites pine (Pinus silvestris, especially var. engadinensis) may be of some
importance.

In the outer (northern and southern) ranges with more oceanic climate:

Upper line (timberline) min. 1800 m/max. 2000 m a.s..

Lower line min. 1400 m/max. 1700 m a.s.L

Subalpine main tree species in the outer ranges:

Spruce (Picea abies) and larch (Larix decidua).

More in the lower subalpine belt and on special sites fir (dbies alba), mountain maple
(Acer pseudoplatanus), beech (Fagus silvatica) and sometimes pine (Pinus silvestris)
can be of importance.

HIGH ELEVATION AFFORESTATION

Successful and sustainable afforestations of subalpine unstocked areas are among the

most difficult tasks for foresters (Heumader 1996):

o They reach upwards to the timberline, an absolute limit for the existence of upright
trees, and have to withstand the climatic extremes of open mountain areas, in
contrast to regeneration in the shelter of a stand.

e Because of very slow growth recruitments and thickets need very long and
continuous care and tending.

o They need enhancing long-term frame conditions, especially continuous game and
livestock regulation measures.

o Afforestation of steep slopes with heavy snow packs is normally only possible with
the help of expensive technical anti-gliding and snow-pack stabilizing measures
(Fig. 2).

When planning and carrying out high-elevation afforestations it is very important,

s to learn from nature, that means to study natural regeneration of unstocked sites and

e to draw the right conclusions from positive or negative results of former
afforestation works for future activities.

About experiences with high-elevation afforestations there are some references (e.2.
Heumader 1984; Sauermoser 1988; Schonenberger et. al 1990).
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Fig. I: Protective subalpine
forest in the Inner Alps with
some small avalanche tracks
starting at timberline.
Supported by technical
measures reforestation will
be possible.

Fig. 2: High-elevation
afforestation in an avalanche
starting zone, controlled by
snow-pack stabilizing
structures. Forest can take
over the functions of the
technical measures in the
long run.



Tree species used for high-elevation afforestations

Principally only or to a high percentage the same species should be planted, which are
growing naturally in neighboured stands.

In the Austrian Alps mostly planted tree species are spruce (Picea abies), larch (Larix
decidua) and Cembran pine (Pinus cembra), the latter on acidic soils in the Inner Alps.
Despite its very slow growth in youth stage spruce (Picea abies) should be paid more
attentior, because it is least susceptible to snow-blight diseases and many natural stands
can be found reaching timberline.

On dry sites, especially on limestone and dolomite, mountain pine (Pinus mugo ssp.
uncinata), native to the Western Alps, proved to be worth trying.

Planting tests in the Tyrol with secondary and pioneer trees and shrubs like mountain
ash (Sorbus aucuparia) and dwarf mountain-pine (Pinus mugo ssp. mugo) were of little
use.

Seed provenance

Tree seeds for cultivation has to be of best suited origin, that means it must be collected
from stands in the same growth area and in the same altitude as the afforestation site.

If it is possible, it is more than worth the efforts and the costs to harvest cones from a
subalpine stand neighboured to the afforestation site.

Cultivation of subalpine tree species

(Gobl and Heumader 1989)

Plants for high-elevation afforestations should be cultivated in a “biological” way, using
green manuring and compost instead of chemical fertilizers and weeding by hand if
possible instead of herbicides.

Very important, especially for Cembran pine (Pinus cembra), is mycorrhizae
inoculation of seed and transplant beds in the nursery.

Suitable microsites for regeneration

Timberline is not an abrupt boundary, but a more or less broad zone of transition, in
which conifers gradually decrease in size and number and — in face of an increasingly
hostile climate - can survive only on favourable microsites (Fig. 3), sometimes as
individuals, but mostly in groups.

To all our experiences therefore the following principle is a basical requirement for
success in timberline areas:

Plant only on suitable microsites and never on unsuitable ones.

Unsuitable are not only those heavily exposed to wind influence with little or no snow
cover in winter.

Unsuitable are also those sites with thick and long-lasting snowpacks (Fig. 3), melting
very late in spring, because snow-blight fungi dangerous to conifer seedlings and
saplings are bound to such sites.

- 33 -



Ignoring nature in this case will lead and has lead to heavy damages to afforestations by
fungal diseases.

Dangerous fungi are Gremmeniella laricina on larch (Larix decidua), Gremmeniella
abietina and Phacidium infestans on Cembran pine (Pinus cembra) and Herpotrichia
Juniperi on spruce (Picea abies).

Planting on sites with long-lasting snow cover means not only money thrown away, but
will lead also to new infection foci for snow-blight fungi.

How can suitable and unsuitable microsites be found in the afforestation area?

Not only trees"but also ground vegetation species and plant associations correspond to
the distribution of wind-exposed and snow-covered, late-melting microsites. Therefore
ground vegetation and special indicator plants can be used for that purpose; for example
the so-called “wind-snow-ecogram” (Aulitzky 1963) in the continental Inner Alps.

A good and advisable method is a survey of the afforestation area in late spring, because
at that time still snow-covered parts and patches are clearly to be seen (Fig. 4); some
photos will be of good use for the following planting period.

If planting is possible in spring at a time, when unfavourable microsites are still snow-
covered, the better.

Planting stock, methods and seasons

According to the special situation bare-root transplants and pot plants are used.

For bare-root plants only pit-planting is advisable, because angle-notch planting may
lead to negative root deformations.

Pot plants have to be planted as carefully as bare-root plants, especially to avoid losses
by drying up.

On dry, southlooking slopes covering the bare soil of the planting pit with one or two
stones storing moisture and collecting dew in the night proved to enhance the trees’
growth.

In case of bare-root plants planting in spring has some advantages (easier choice of
microsites, positive effects of snow-melt moisture).

For planting in autumn the earlier the start the better; when the summer heat has ended,
from the middle of August on. Cembran pine (Pinus cembra) and spruce (Picea abies)
have ceased their sprout growth already, but their root growth goes on to the first frost,
which leads to better rooting,

Slight fertilizing with organic fertilizers in the first 2 or 3 years helps to overcome the
planting shock.

Forming tree clusters

Natural timberline areas almost always show trees growing in groups and clusterlike
stand structures.

These cluster structures are the result of harsh climatic conditions with favourable
microsites only in parts of the area on one hand and of natural regeneration processes on
the other; Cembran pine (Pinus cembra) seedlings germinate in small dense clusters
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Fig. 3: Natural regeneration at timberline, in this case by Cembran pine (Pinus cembra),

is possible only on suitable microsites (at the left) covered little by snow and becoming
snow-free early in spring.

Fig. 4: High-elevation afforestation in clusters observing suitable microsites. The

picture, taken in the melting season, still shows some snow patches indicating
unsuitable planting sites.
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from seeds cached by nutcrackers (Nucifraga caryocatactes), spruce (Picea abies) often
reproduce by branch-layering.

Clusters of several saplings or trees are better able to withstand the harsh environmental
conditions, because their interlacing branches form a sheltering screen down to the
ground and a positive microclimate inside the cluster.

In the timberline belt we can do no better than imitate this successful strategy of nature
by planting small tree groups (Fig. 4) on favourable microsites (Schonenberger 1986).
One cluster should be composed only of individuals of one tree species.

Tending of recruitments and tickets

Of special importance for a long-term afforestation success are continuous control
inspections, thus enabling in-time acting in case of damages or negative developments.

Infections by snow fungi for example can be combatted normally only in early stages.
This is done by removing and burning infested branches and saplings; this must be done
also in infested neighboured natural recruitinents and tickets, otherwise these will be
infection foci.

Application of fungicides has been tried, but brought no to negligible results.

Tending dense and closed afforestations in thicket stage is the last chance to form
cluster structures, because the young trees are still branched to the ground.

This can be done advantageously in a schematic way by removing all trees in diagonal,
at least 4 m broad strips criss-crossing the afforested slope.

Anti-snowgliding measures

An important cause for damaging recruitments and thickets on steep slopes is settling,
creeping and gliding of the snow pack (Fig. 5). Normally all three effects are referred to
as “snow gliding”.

Especially thickets are endangered, because the young trees have reached a size, where
they are not bent any longer but broken or uprooted.

Avalanche defense structures like snow fences or bridges are of no to little use in case
of snow gliding; the trees are protected only in a relatively small, 4-5 m strip directly
downslope the snow-pack stabilizing structures.

Protection against snowgliding can only be achieved by densely arranged structures
covering the whole slope (Sauermoser 1996).

For this purpose arrays of posts (Fig. 6) or poles (Heumader 1987), anti-snowgliding
tripods (Sauermoser et. al 1998) and berms (Heumader 1987) proved to be effective.

At relatively small costs berms can be made with a plow pulled by a cable winch.

Slopes terraced by berms are easily to afforest because young trees can be planted
directly into the furrows (Fig. 7); above that berms are good seed-beds for natural and
artificial tree-seeding,

Technical anti-snowgliding measures like posts or tripods can and should be used not
only for the protection of new afforestations but also for older ones threatened by
damage.

Detailed information is given in the above-mentioned publications.
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Fig. 5. Settling, creeping and sliding of snow on steep slopes can damage and even
destroy unprotected thickets, in this case of spruce (Picea abies) and larch (Larix
decidua).

W ¢ ‘ -‘..uilli!‘“l". ; G

Fig. 6: Arrays of posts fixed with zinced wire as anti-snowgliding measure.
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REGENERATION OF STEEP-SLOPE STANDS

Silvicultural strategy in uniform, mature or overmature stands normally is femel-felling
as first step for better structures and for natural and/or artificial regeneration in groups.
On steep slopes natural or artificial clearings by femel felling may lead to some
problems:

o Destabilization of the remaining stand.

e Too small clearings will inhibit or hinder regeneration by heavy snow accumulation
(so-called “snow-hole” effect) and by lack of warmth and light, the latter especially
in case of intolerant tree species.

e Too large clearings may develop to avalanche-starting zones.

There is no doubt that there have been large-sized die-back phases in natural mountain
forests before the beginning of forest management, but regeneration took place
nevertheless. The essential difference to our time most probably was the fact, that the
trees were not removed, but remained on the clearing. Dead, still standing and cross-
wise lying trees and trunks formed a dense “entanglement” with positive influences on
regeneration.

Thus nature shows us a reliable way to solve or minimize the above-mentioned
problems when regenerating forest stands on steep slopes.

Enhancing regeneration by man-made “entanglements”

Some years ago the Federal Service for Torrent, Erosion and Avalanche Control in the
western part of the Tyrol began to install artificial “entanglements” (Fig. 8) by felling
trees along the contour line and leaving high stumps (Heumader 1990).

The trees felled along the contour line should be left fully-branched for better retaining
effects. To prevent mass reproductions of dangerous bark beetles the stumps are
debarked and the felled trees protected by insecticides.

The positive effects of such “man-made entanglements™ are:

e Prevention or reduction of negative snow-gliding effects and of snow-slab fractures

e Protection against soil erosion and stone fall

o Improved regeneration microsites by better microclimatic conditions and by the
possibility of nurse-log reproduction.

To our experiences man-made “entanglements” have proved to be a good support for
natural and artificial regeneration of steep-slope forests.

FINAL REMARKS

The Austrian strategy to prevent and reduce natural hazards combines technical defense
works, preventive land-use/settlement regulations and watershed/forest management
measures.

Mountain forests play a sustainable role in this combined strategy.

To achieve the goal of stable mountain forests with hazard-orientated structures long-
term thinking and learning from nature is absolutely necessary.
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Fig. 7: Successful
reforestation with larch
(Larix decidua) and
Cembran pine (Pinus
cembra) planted on plow-
made berms.

Fig. 8: Man-made
wentanglements* by felling
along the contour line and
leaving high stumps for
enhancing regeneration of
steep-slope forest stands.
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