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COMMENTS ON THE IMMEDIATE HEALTH CONDITION
OF BIRCH STANDS IN THE AIR POLLUTED REGION

OF THE ORE MTS.

POZNAMKY K AKTUALNIMU ZDRAVOTNIMU STAVU POROSTU
BRIZY V IMISNI OBLASTI KRUSNYCH HOR

E. Kula', V. Ryba¥’, J. Zabecka’

! Mendel University of Agriculture and Forestry, Faculty of Forestry and Wood

Technology, Lesnickd 37, 613 00 Brno

% Reforestation Agency — Secretariat of the RPF, Forests of the Czech Republic, s. p.,

Dr. Vrbenského 2874/1, 415 33 Teplice

3 Agricultural Academy, Faculty of Forestry, ul. 29. Listopada 46, 30 426 Krakow

ABSTRACT: In the north-east part of the Ore Mts. (Bohemia) 3400 ha of birch stand (Betula verrucosa Ehrh.) situated in
higher altitudes (850-1000 m a.s.l.), which did not flush in spring 1997, were inventoried. Biotic (phytophagous insects, fungi),
abiotic (low temperature) and anthropogenic (pollution) factors which influence the health condition of birch were charac-
terized. A hypothesis of the absence of flushing in birch was expressed.

birch Betula verrucosa Ehrh.; non-flushing; the Ore Mts.; insect pests
ABSTRAKT: V severovychodnim Kru$nohofi (Cechy) bylo inventarizovano ve vysSich nadmoiskych vyskach (850-1 000 m)

3 400 ha porostt bfizy (Betula verrucosa Ehrh.), které v r. 1997 v rizném stupni nevyrasily. Charakterizovany jsou biotické
(hmyz, houbovi patogeni), abiotické (nizké teploty) a antropické (imise) faktory, které ovliviiuji zdravotni stav bfizy, a byla

vyslovena hypotéza moZné pficiny nevyraseni.

biiza Betula verrucosa Ehrh.; nevyraSeni; Kru§né hory; hmyzi §kadci

INTRODUCTION

The tree species composition of the Ore Mts. region
has completely changed due to the long-term negative
impact of anthropogenic air pollution; since 1980 birch
(Betula verrucosa Ehrh.) has become the dominant spe-
cies.

The region of the Ore Mts. has been exposed to
pollutant load for a long time, SO, being dominant.
After 1979 when spruce stands declined, a vast territory
was reforested with birch with good tolerance to air
pollution which reached 90-100 ug.m'3 after 1985. The
territory of the selected transects in the vegetation pe-
riod did not considerably differ in the average monthly
concentrations, while differences in monthly maximal
values were substantial. Specific conditions were thus
created which affect the vitality of the fertile plant and

through this plant a positive or negative reaction of the
phytophagous component occurs.

Kubelka et al. (1992) reported in detail the air
pollutant climatic characteristic of the region of the
north-east Ore Mts. and Kula, Hrdli¢ka (1996)
described the site conditions of the D&in sandstone
upland.

SITUATION

In 1991-1995 gradual and expressive regeneration of
spruce stands was observed and an optimistic prognosis
was based on this fact not only in terms of the sanitation
of the existing forest stands but also for a successful
implementation of a master plan for the regeneration of
spruce and beech stands in the entire Ore Mts. The

The presented paper is part of the project Studies of health state and entomofauna of birch stands which is supported by Grant Agency of
the Czech Republic No. 526/98/0537 and sponsored by regional companies, firms and istitutions: Okresni and Méstsky ufad in DéCin,
Alusuisse Ltd., Netex Ltd. in D&&in, Obalex Ltd. in Jilové, Komertni banka Ltd., Ceski pojistovna Ltd., Teplarna Ltd., Setuza Ltd., Pyrus
Ltd., SCES Ltd., Dieter Bussmann Ltd. in Usti nad Labem, Tonaso Ltd. Net¥mice, Cizkovickd cementdrna Ltd. in Cizkovice, CEZ Ltd.,
Elektrarna in Pocerady and Ledvice, Severofeské doly Ltd. Ch »v and Chemopetrol Ltd. in Litvinov.
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winter of 1995/1996, and its severe and long-term rime,
caused mechanical damage of large areas of forest
stands and extensive dieback of spruce stands in the
forest districts Litvinov, Janov and KlaSterec and in
Saxony.

Abiotic effects

In the winter of 1995/1996 not only spruce stands
were severely damaged by rime but also birch stands
(Kula, Kawulok, 1998). In spruce stands also
physiological disorders appeared followed by dieback
of stands, but birch was damaged especially mecha-
nically and the flushing of stands in spring 1996 was
normal.

The effect of winter kill of annual shoots and end
twigs was observed in connection with autumn clear-
eating of the willow leaf beetle (Lochmaea capreae L.)
(Kula, 1988) as the consequence of insufficient ma-
turing of annual shoots. Living branches of birch stands
affected in this way were preserved up to the height of
the snow cover.

At the present time 20-50 cm of annual shoots and
end twigs on older trees are dying. The cause of the
primary impairment and following winter kill of annual
shoots could be the premature shedding of leaves due
to the effect of fungus pathogens (rust).

The effect of pollutions

The forests of the Ore Mts. have been exposed to
SO,, NO,, O3 and fallout for a long time.

In 1996, as in the past, the most important pollutant
was SO, where concentrations were higher than in 1995
and the entire region was classified as a region where
the daily limits were exceeded most frequently. In 1996
the limit of 150 |.J.g.m'3 was exceeded from January
until early April and then in December (Mé&dénec)
based on 24-hour average concentrations. In autumn
1996 no station of the imission monitoring network re-
corded any deviation from the pollutant load (Kolek-
tiv, 1996).

The evaluated transects differ in their average annual
concentration of SO,, the highest load being observed
in Litvinov and the lowest in SnéZnik; the levels were
the same in Janov and Klasterec. In terms of the average
daily maximal values differences were observed be-
tween Snéznik (low load) and Klasterec (high load), in
Janov and Litvinov they were the same. In the height
gradient the SO, concentration decreased.

In 1996 (VIII) there was an operational breakdown
in the chemical factory during the combustion of pro-
pylene and ethylene in a field burner; in the course of
two days 464 t of ethane and ethylene, 217 t of propane
and propylene, 114 t of butane and butylenes, 310 t of
methane and 9.7 t of hydrogen burnt and special pollu-
tion escaped into the air (Anonymous, 1996). These
pollutants were not recorded by the stations of the net-
work of automatized pollutant monitoring. We have no
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knowledge about their reaction in the atmosphere. After
reaction of the released substances and the resulting
compounds phytotoxical effects could be expected. The
meteorological situation at that time showed good dis-
persion conditions followed by a passage of the cold
front. In November 1996, while extinguishing fire in
the chemical factory, motor petrol containing as much
as 20% of aromatic hydrocarbons and 5-15% of toxical
benzene began to burn. Aromatic hydrocarbons con-
taining toxical benzene, in particular, may damage liv-
ing organisms. By a warm flow of air these substances
were carried into higher heights. In the crucial days
there were low clouds above the affected region, a cold
front was passing and it was misty (Janecek, 1997).
This reduced dispersion.

Leaf waxes

Results determined using the gravimetric method
confirmed a considerable total loss of wax in birch
leaves in dependence on the height gradient; in late
August 1996 in an altitude of 900 m the amount of wax
decreased to one third compared with the control non-
pollutant region (forest district Litvinov, altitude of
900 m, 32.9 mg.O‘l, Némcice in the Drahanska Up-
lands 95.6 mg.g™"). The degree of disturbance of the
superficial structure lead to an extensive baring of the
leaf epidermis and the protective function lost its im-
portance. The amount of epicuticular waxes also de-
creased in the period between the spring and summer
aspect (Bedndfova, 1996). In the spring of 1997 the
wax content slightly increased (Bednafovd, unpub-
lished). The loss of epicuticular waxes is one of the
factors of the impairment of the tree species, even
though it is not caused by the absence of budbreak of
birch it monitors the impact of pollution which was
particularly important in the higher altitudes of the Ore
Mts. in August 1996 according to the condition of the
epicuticular waxes.

In spring 1997 budbreak of birch in higher altitudes
of the Ore Mts. occurred in such a low extent that it
was considered to be another ecological disaster in this
forest region.

The aim of the present study was to evaluate the
immediate health condition of birch stands and based
on evaluations of factors influencing the health condi-
tion of birch to give a hypothesis for the causes of this
absence of budbreak. ’

METHODS

— Inventory of birch stands without budbreak
Inventory of birch stands with poor flushing or
where flushing was severely suppressed was carried out
in the entire territory of the north-east part of the state-
owned, urban and private forests of the Ore Mts. From
this point of view two categories were determined: se-
verely damaged stands where restructuring and regen-
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eration will have to be carried out, and the category of
extensively damaged and impaired birch. More detailed
criteria were not taken into account because the objec-
tive was to delimit the area and position of the inci-
dence of this type of damage.

— Monitoring phytophagous birch pests

The extent of damage of assimilation organs by in-
sect pests and fungous pathogens has been classified
since 1995 using the method of unit branches sampled
in June and August from permanent sample trees situ-
ated in stands of the Ist-IIIrd age categories in height
transects of the forest districts Klasterec, Janov,
Litvinov and SnéZnik (Kula, 1997).

RESULTS

INVENTORY OF BIRCH STANDS WITHOUT
BUDBREAK

Premature drying up and shedding of leaves affected
birch stands in late August and early September 1996.
In spring 1997 a disorder in budbreak appeared, i.c. in
some stands there was no foliage whatever and no signs
of regeneration from the latent buds.

Inventory of these damaged birch stands was carried
out in the north-east part of the Ore Mts. and Dé&Cin
sandstone upland. Registered were 585 ha of severly
damaged birch stands, 1535 ha of stands were classified
as damaged and impaired and 1270 ha of impaired
stands (Tab. I). Symptoms of this damage were not
recorded in the DéCin sandstone upland and neither in
the western part of the Ore Mts. The continuous strip
of damaged stands of the forest district Litvinov begins
near Krupka and stretches eastwards to Moldava where
it passes into severely affected stands and reaches the
Flajska dam. It then continues along the state border.
The second zone of damaged stands lies in the forest
district Janov and in the forests of the towns Jirkov,
Chomutov and Most, extending from Mikulovice
through Rudoltice v Horach and Zakouti. The third re-

gion of damaged stands stretches along the state border
from the Hora Sv. Sebastidna to the Pfise¢nice dam
with mainly damaged and impaired stands. Another
zone of affected stands lies between Médénec, Loucna
and Vejprty with a strong representation of severely
damaged stands (Fig. 1). In general, stands situated in
an altitude of 750-1000 m in the tableaus of the Ore
Mts. were affected and only to a small extent those on
the linking slopes.

PHYTOPHAGOUS BIRCH PESTS

The total average spring losses in assimilation or-
gans caused by phytophagous pests in 1997 were maxi-
mally 12% (forest district Litvinov), while this damage
was below 10% in the other transects (forest district
Janov 8.6%, forest district Klasterec 7.8%, Snéznik
9.4% - Fig. 2). The degree of leaf damage in the cate-
gory below 10% was balanced, the most marked devia-
tions were recorded in the category of medium leal
damage (11-50% and 51-75% - Fig. 2).

Freely living caterpillars and hymenopterous larvae
accounted for the major loss of leaf area in all the stud-
ied transects (Fig. 4), followed by miners of the genus
Eriocrania (Fig. 4) which occurred in the stands of the
forest district Litvinov (3.2% share in losses) and ac-
companied by the casebearer (Coleophora serratella
L. - 1.2%) (Fig. 4). The share of weevil beetles in leal
damage in all the transects of the studied region was
1-1.5% (Fig. 4).

The symptom of damage shown as the breakdown of
the edges of the leaves and damage along the primary
leaf venation is associated with the direct effect of pol-
lutants. It was recorded particularly in the region of the
forest district Litvinov (1.1%) and Janov (1%) in the
higher altitudes (Fig. 4). Yellowing of leaves and their
premature shedding has been associated with the fungus
pathogen Euryochara betulina which occurred to
a larger extent in the summer aspect of 1997 (0.4-
4.4%). Another important lcaf pathogen was Discula
betulina which also caused premature shedding of

1. Extent of unflushed birch stands in the north-east part of the Ore Mts. (ha)

Forest owner-administrator Severely damaged stands | Damaged and impaired stands Impaired stands
Forest district Klasterec 100 340 220
Forest district Janov 15 180 140
Forest district Litvinov 150 540 580
Total FCR RSO Teplice 265 1060 940
Forest district H. Blatnd 10 60 0
Lobkowic forests 100 50 160
Urban forest — Most 50 160 20
Urban forest — Chomutov 10 50 20
Urban forest — K. Hamry 0 15 0
Urban forest — Jirkov 105 140 130
Total 585 1535 1270

J. FOR. 8CI., 45, 1999 (5): 197-205
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1. Map of the distribution of birch stands with disturbed flushing
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2. Overall extent of spring damage to the leaf arca of birch according to the individual transects (Kladterec, Janov. Litvinov. SnéZnik) in
1995-1997
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3. Overall extent of spring damage to the leaf area of birch according to the altitude in the individual transects (Klasterec, Janov, Litvinov,

SnéZnik) in 1995-1997

leaves and the occurrence of which reached 2.6-5.5%
(1996) and 2.9-5.3% (1997 - Fig. 4).

Long-term investigations of the health condition of
birch stands in monitoring points of four height tran-
sects indicated a positive development expressed in the
reduction of total losses of assimilation organs (Fig. 2)
with the exception of the forest district Litvinov where
an increase was recorded caused by the increased effect
of miners of the genus Eriocrania and C. serratella.

No special regularity was observed in the freely liv-
ing caterpillars and hymenopterous larvae, but with the
miners we recorded not only a change in the extent of
damage in the studied three-year period, but also con-
siderable differences between the transects. Members of
the genus Eriocrania moved westwards in the SnéZnik
— Litvinov direction and similarly the casebearer which
moved from the region of the forest district SnéZnik via
forest district Litvinov as far as the forest district Janov;
in spite of its low share in damages in the forest district
Klasterec it was here that we found the local gradation
focus (Kula, 1997).

The altitude as a criterion for the evaluation of the
average extent of damage of the leaf area of birch does
not appear to be suitable. In the complex of the acting
harmful factors, some of which prefer certain positions,
the regularity of distribution of total losses is out of

J. FOR. SCIL., 45, 1999 (5): 197-205

focus (Fig. 3). Neither phytophagous insects nor fungus
pathogens on leaves cause the large-area disorder in
birch flushing.

DISCUSSION

THE HYPOTHESIS OF CAUSES OF BIRCH
UNFLUSHING

The mortality of birch buds occurred on large areas,
it occurred suddenly and in the great part of this region
it affected whole trees.

The direct factor could theoretically be the insect
pest feeding on the buds (e.g. Cydia penkleriana Den.
et Schiff.); its occurrence, however, was not confirmed
and such a high degree of damage is not possible.

Among the indirect factors predisposing bud damage
in winter we rank premature loss of leaves, the not
maturing annual shoots and their winter kill.

We can eliminate the part of insect pests in prema-
ture leaf shedding because the development of the most
important phytophagous species occurred in spring. The
willow leaf beetle is retreating from older stands. The
part of freely living caterpillars and hymenopterous lar-
vae in the total losses was 5%. No large-scale gradation
of insects was observed in summer.
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4. Damage of the area of birch caused by freely living caterpillars and hymenopterous larvae (a). casebearers (b), miners of the genus
Eriocrania (c), weevils (d). unspecified pollutant load (e). Euryochara betulina (f), Discula betulina spring (g) and summer (h) aspect in Ore
Mits. and Décin sandstone uplands (1995-1997)

Fungous diseases of leaves (Discula betulina, Euryo-  the total average extent of rusts was not high enough to
chara betulina) are among the serious factors causing  cause large-scale unflushing of buds, even though its
premature leaf shedding. With only a few exceptions,  occurrence was higher on some control points, espe-
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cially in the higher altitudes. This biotic factor seriously
endangered the health condition of birch, particularly
during warm and rainy years.

Disorders in nutrition of the birch stands was not
proved. The increased level of sulphur in the higher
altitudes is a long-term phenomenon (Vanicek,
1983) which was also confirmed by Kula, Hrdlic-
ka (1996).

The reduction of leaf waxes as a consequence of the
negative impact of pollution is a serious factor predis-
posing attacks of birch'leaves by insects, fungus patho-
gens and especially causing physiological disorders.
The wax surface was strongly impaired in 1996 in the
higher altitudes (700-900 m) (Bednafova, 1996).
We still lack any comparisons with 1997 to be able to
accept the conclusion that the reduction of wax in 1996
was quite common for the given region or that it was
an extreme deviation.

In 1996 the SO,, NO, pollutant load was slightly
higher than in 1995, but without extreme concentrations
in the summer compared with long-term pollutant
levels.

The 1995/1996 the physiological impact of rime
causing the dieback of spruce stands was not reflected
in the deciduous woody species.

From the above given biotic and abiotic injurious
agents and their direct or indirect predisposition on the
health condition of birch stands it follows that they did
not cause the absence of spring flushing.

A potential cause could be the release of another
type of pollutant which rose into the high altitudes of
the Ore Mts. where its further dispersion was limited
by low cloudiness. The high concentration of ethylene
released into the atmosphere may have caused not only
premature shedding of leaves but it also may have
stopped the development of buds. The immature buds
either froze in the winter or during winter warming-up
they matured before their time and were destroyed by
the following frosts or these buds, activated after long-
lasting temperatures above the still frozen soil, had
“breathed themselves out™ and, as a consequence, had
lost their energy and dried up. Since other tree species
were not damaged it cannot be excluded that this pol-
lution episode occurred in the sensitive period of for-
mation of leaf buds or that in general the birch buds
were considerably more sensitive to these pollutants
than were other tree species where no damage was re-
corded in the studied region.

CONCLUSION

No principal reversal in the development of factors
affecting the health condition of birch stands (insects,
fungus pathogens) which might have been the direct
cause or could have predisposed the unflushing of birch
was found. Quantitative analysis of nutrient elements

J. FOR. SCI., 45, 1999 (5): 197-205

did not explain such an extensive physiological disorder
either. The condition of epicuticular wax is evidence of
the increased pollutant load in the highest arcas of the
Ore Mts. A hypothesis was expressed that a higher
amount of non specific pollutants might have had an
impact on birch at the time when new leaf buds were
established and later they were maybe more sensitive to
frost after warmer winter episode.
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V IMISNI OBLASTI KRUSNYCH HOR
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Kru$nohorska oblast je dlouhodobé vystavena imisni
zatéZzi s dominantnim vlivem SO,. Po r. 1979, kdy uhy-
nuly porosty smrku, bylo rozsahlé izemi zalesnéno bii-
zou (Betula verrucosa Ehrh.). Na jafe r. 1997 nevyraSi-
la biiza ve vys§ich polohach Krusnych hor v rozsahu,
ktery je mozné povaZovat za dalsi ekologickou kata-
strofu v této lesni oblasti.

Cilem pfispévku je posoudit aktudlni zdravotni stav
porostl bfizy a na zikladé hodnoceni faktori ovliviiu-
jicich jejich zdravotni stav vyslovit hypotézu pfi¢iny
nevyraseni.

Pred¢asnym usychénim a opadem listli byly postize-
ny porosty bfizy na konci srpna a na zaatku zafi
v r. 1996. Na jaie 1997 se projevila porucha v raSeni
s tim, Ze v nékterych porostech nastala Gplnd absence
olisténi bez projevu regenerace z latentnich pupent.

Inventarizace takto poSkozenych porostl bfizy byla
provedena v severovychodni ¢asti Kru$nych hor a v Dé-
¢inské piskovecové vrchoviné. Bylo registrovano 265 ha
silné poskozenych porosti bfizy a 1 640 ha porosti
bylo klasifikovino jako poSkozené a oslabené (tab. I).
Symptomy tohoto poskozeni nebyly zaznamenany v ob-
lasti DéCinské piskovcové vrchoviny a rovnéZ nejsou
hlaSeny ze zdpadni Casti KruSnych hor. Obecné byly
postizeny porosty situované v nadmoiské vySce 750-
1 000 m nachézejici se v nahornich ploginach Krunych
hor a pouze z malé ¢asti na navazujicich svazich (obr. 1).

Celkové primérné jarni ztraty na asimilacnich orga-
nech zpisobené v r. 1997 fytofagnimi Skadci dosaho-
valy maximalné 12 % (LS Litvinov), zatimco v ostat-
nich transektech pokleslo poskozeni pod 10 % (LS
Janov 8,6 %, LS Klasterec 7,8 %, Snéznik 9.4 % —
obr. 2).

Rozhodujici podil na ztraté listové plochy mély vol-
né Zijici housenky a housenice ve viech sledovanych
transektech a dile minovaci rodu Eriocrania (obr. 3),
ktefi se vyrazné vyskytovali v porostech LS Litvinov
(3,2% podil na ztratach), kde byli doprovazeni pouzdrov-
nickem stromovym (Coleophora serratella L. — 1,2 % —
obr. 3). Nosatcoviti se podileli na poskozeni listd ve viech
transektech sledované oblasti 1,0~1,5 % (obr. 3).

Dlouhodobé sledovani zdravotniho stavu porosti
bfizy v monitorovacich bodech ¢tyf vyskovych transek-
ti naznacilo pozitivni vyvoj vyjadieny poklesem celko-
vych ztrat asimilaé¢nich orgénua (obr. 2) s vyjimkou LS
Litvinov, kde jsme zaznamenali vzestup, ktery byl zpt-
soben zvySenym podilem minovaét rodu Eriocrania
a C. serratella.
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JestliZe u volné Zijicich housenek a housenic se ne-
projevila zvlastni zdkonitost, u minoval jsme zazna-
menali nejen zménu v rozsahu $kod ve sledovaném tfi-
letém obdobi, ale vyrazné rozdily existuji i mezi
transekty. Zastupci rodu Eriocrania postupuji zipadnim
smérem a podobné 1ze hodnotit pouzdrovnicka stromo-
vého, ktery se pfesunul z oblasti LS SnéZnik pies LS
Litvinov aZ na dzemi LS Janov, ale i pfes nizky podil
§kod na LS Klasterec zde bylo zaznamenano lokélni
grada¢ni ohnisko (Kula, 1997).

Hypotéza pricin velkoplosného nevyraSeni porostii brizy

Faktorem s pfimym dopadem by teoreticky mohl byt
hmyzi §kidce vyzirajici pupeny, jehoz vyskyt vSak ne-
byl potvrzen.

K nepfimym faktorim predisponujicim poSkozeni
pupent v zimnim obdobi Ffadime predCasnou ztritu lis-
tl, nevyzravani letorostl a jejich vymrzani.

Podil hmyzich $ktdcu na pfed¢asném opadu listi
muzeme vyloucit, nebol nejvyznamnéjsi fytofagni dru-
hy mély jarni vyvoj. Bazlivec vrbovy ustupuje ze star-
Sich porosti. Volné Zijici housenky a housenice se na
celkovych ztritach podilely 5 %. Zadna velkoplosna
gradace hmyzu nebyla v letnim obdobi r. 1996 zjiSténa.

Podil houbového onemocnéni listt (Discula betuli-
na) se fadi k vdznym Cinitelim plsobicim predcasny
opad listi. AZ na vyjimky nebyl celkovy pramérny roz-
sah vyskytu rzi tak vysoky, aby mohl byt pficinou vel-
koplo$ného nevyraSeni bfizy, i kdyZz na nékterych kon-
trolnich bodech — zvlasté ve vysSich polohich — bylo
zvySené zastoupeni.

Ubytek listovych voski jako dusledek negativniho
dopadu imisi je vaZnym predispozi¢nim faktorem k na-
padenti listd biizy hmyzem a houbovymi patogeny; pie-
dev§im vyvolavéa fyziologické poruchy. ZvIasté silné
naru$eni voskového povrchu bylo zji§téno v r. 1996 ve
vy§Sich nadmoiskych vySkach (700-900 m) (Bednd-
fova, 1996).

Imisni zatéZ SO,, NO, byla v r. 1996 mirné zvysend
proti r. 1995, ale bez vyskytu extrémnich koncentraci
v letnim obdobi proti dlouhodobym imisnim hladindm.

Fyziologické dopady namrazy 1995/1996 vedouci
k odumfeni smrkovych porosti se neprojevily na opa-
davych dfevinach.

Z uvedeného vyctu biotickych a abiotickych Skodli-
vych Cinitelt a jejich pfimé nebo nepiimé predispozice
na zdravotni stav porostl biizy vyplyva, Ze nebyly pii-
¢inou jarniho nevyraSeni.
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Jako mozna pficina se jevi tnik jiného typu polutan-
tu, ktery vystoupal do vysokych nahornich poloh Krug-
nych hor, kde jeho dalsi rozptyleni bylo omezeno niz-
kou obla¢nosti. ZvySend koncentrace etylenu
uvolnéného do ovzdu§i mohla zpisobit nejen predcasny
opad listl, ale zastavit vyvoj pupent. Nevyzrilé pupeny
v zimnim obdobi bud vymrzly, nebo pii Gnorovém
otepleni nastala jejich predcasna aktivace a naslednymi
mrazy byly zniCeny, nebo pfi zimnim otepleni a zamrz-
l1é pudé vydychaly svou energii a uschly. Vzhledem
k tomu, Ze nebyly poskozeny jiné dfeviny, neni vylou-
¢eno, Ze tato imisni epizoda nastala v citlivém obdobi
tvorby listovych pupenii nebo Ze pupeny biizy byly
obecné vyraznéji citlivéjsi k t€émto polutantim neZ pu-

peny jinych dfevin, u nichZ v postiZené oblasti nebylo
poskozeni zaznamenano.

Zéavérem muzeme konstatovat, Ze ve vyvoji faktori
ovliviiyjicich zdravotni stav porosta biizy (hmyz, hou-
bovi patogeni) nebyl zji§tén zasadni zvrat, ktery by byl
pfimou pfi¢inou nebo by predisponoval nevyraseni bfi-
zy. Kvantitativni analyza Zivinovych prvki rovnéZ ne-
piinesla zdivodnéni takové rozsahlé fyziologické poru-
chy. Stav voskovych epikutikuldarnich povlaki je
dokladem zvySené imisni zatéZe v nejvyssich polohiach
Krusnych hor. Byla vyslovena hypotéza, Ze specificky fy-
totoxicky dopad na bfizu mohly mit ve vys§i mife zastou-
pené polutanty na bizi uhlovodikd v dobé, kdy se zakla-
daly nové listové pupeny, nebo v zimnim obdobi.
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TREE VIGOR AND BRANCHING PATTERN

ZDRAVOTNI STAV DREVIN A MORFOLOGIE VETVENI

A. Roloff

Institute of Forest Botany and Forest Zoology, Dresden University, Pienner Str. 7,
D-01737 Tharandt

ABSTRACT: In this paper general methodical problems of vitality assessments of deciduous trees are discussed first; existing
disparities or contradictions are pointed out if assessments based on “leaf loss* and based on crown structures are compared.
The necessity of considering the branching pattern is substantiated and the methods developed to date are presented. With the
help of the “shoot base scars“, it becomes possible to reconstruct the crown development of the last 10 years, and in some
species of decades. In every investigated (broad leaved) tree species there are four growth stages to discriminate: exploration,
degeneration, stagnation, and retraction. These stages, which result in fundamental modifications of the branching structure,
are due to (statistically significant) decreasing shoot lengths. Especially in the leafless state these different branching structures
in the treetop are perceived from a distance (and in aerial photographs, as well). They are the basis of vitality assessment in
four vitality classes. These classes were developed for 19 hardwood species. By using this approach which is based on
branching structures a long-term chronic decrease of vitality can be recognized. Therefore, it is a practical method to use in
detecting forest decline and to discriminate it from short-term influences (e.g. drought damages). Correlations between
structural changes of the crown and radial growth as well as root development exist, as do genetic and silvicultural consequ-
ences.

branching pattern; shoot base scars; growth phases; vitality classes; crown structure

ABSTRAKT: V ¢lanku se diskutuji obecné metodické postupy hodnoceni vitality listnatych stromu a jsou naznafeny existujici
nesrovnalosti nebo rozpory v porovnani metod vychdzejicich ze ,ztrdty olisténi* a metod vychdzejicich ze struktury koruny.
Je zduraznén vyznam hodnoceni struktury vétveni; jsou prezentovdny nové vyvinuté metody. Pomoci jizev na bazi vyhoni je
mozné ur€it vyvoj koruny béhem poslednich 10 let, u né€kterych druhi i za nékolik desetileti. U kazdého zkoumaného listna-
tého stromu lze rozlisit Ctyfi ristové faze: explorace, degenerace, stagnace a retrakce. Tyto faze koreluji (statisticky vyznamné)
se zkracovanim vymladki, coZ se projevuje v zdkladnich zménach struktury vétveni. Zvlasté v obdobi bez listii je moZné
z ddlky (i na leteckych snimcich) vidét odlisné struktury koruny, které jsou zakladem hodnoceni vitality ve ¢tyfech tfidach.
Tyto tiidy byly vytvofeny pro 19 lesnicky vyznamnych druhii. Pomoci této metody, zaloZené na struktufe vétveni, je mozné
rozlisit dlouhodoby pokles vitality. Proto je to praktickd metoda pro urceni odumirani lesti a odlieni od krdtkodobych vlivi
(napf. poskozeni suchem). Korelace mezi strukturdlnimi zménami koruny, radidlnim riistem a vyvojem kofeni jsou doprovi-
zené genetickymi a péstebnimi zménami.

struktura rozvétventi; jizvy na bédzi vyhoni; ristové faze; tiidy vitality; struktura koruny

INTRODUCTION species. Furthermore, it (naturally) grows on extremely
different sites. )
It is still very difficult to determine tree vitality and

thereby the effects of acid disposition (e.g. in deciduous

trees). The reason for this difficulty is due to the fact
that until now most inventories considered only parame-
ters such as “percentage leaf loss™ and leaf coloring.
Therefore, this paper will consider the branching and
the crown structure of trees in the assessment of tree
vitality. This consideration is also important for the in-
terpretation of aerial photographs.

Among deciduous trees the European beech (Fagus
sylvatica L.) is of particular interest, for its distribution
ranges throughout Central Europe, and in many coun-
tries it represents the most important broadleaved tree
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DECLINE SYMPTOMS OF TREE CROWNS: “LEAF
LOSS“ VERSUS CROWN STRUCTURE

The consideration of crown structures in the assess-
ment of tree vitality became increasingly important. That
scientists are now aware of the problem of “leaf loss*
is shown in many studies (Roloff, 1986, 1989ab:
Flickiger etal, 1986, 1989; Perpet, 1988; Gies
et al, 1986; Mohring, 1989; Richter, 1989;
Westman, 1989). The number of leaves, and above
all the leaf size, is subject to considerable annual fluc-
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tuations, for example, as a result of drought and insect
damage or flowering and fructification, e.g. Thus crown
thinness is inappropriate to the vitality assessment of
deciduous trees to some degree. The correlation be-
tween “leaf loss* which is crown transparency and fruc-
tification has been well demonstrated (Fliickiger et
al., 1989). On the other hand, the foliage must also be
considered. However, the leaf size varies greatly even
within the same crown of a deciduous tree. Thus it is diffi-
cult to show a statistical significance in values between
different trees (Roloff, 1986; Gies et al., 1986).

For this reason it is not surprising to find consider-
able disagreement between so-called “leat loss* and
crown structure (to be discussed later) which occurs
when vitality assessments of the same beech trees are
compared (Tab. I). Assessments may differ by up to two
damage or vitality classes and agreement is only
achieved in about 50% of the assessed trees (Hessische
Forstliche Versuchsanstalt, 1988; Athari, Kramer,
1989a).

Therefore, it would be advantageous if the term “leaf
loss* could be replaced by a different term (e.g. crown
transparency) which does not lead to the misconception
of shedded leaves. A deciduous tree showing a “leaf
loss* of 30% does not mean that 30% of the leaves were
shed. These leaves simply never existed at the beginn-
ing of the growing season (Roloff, 1986).

In this context there is one more aspect which should
be mentioned for it has become particularly apparent in
the most recent investigations. There is a great variety
of tree species in which the crown, with increasing shoot
lengths, becomes more transparent with better growth

I. Disagreements between a vitality assessment of beech trees based
on leaf loss (damage classes) and crown structures (vitality classes)
(n =333, after Athari, Kramer, 1989)

Vitality class Damage class (leaf loss)

Total
(crown structure) 0 1 2
0 17 17 5 39
1 8 21 14 43
2 1 6 11 18
Total 26 44 30 100

VS 2

|. Disagreement between a vitality assessment based upon crown
transparency and crown structure (VS — vitality stage according to
Roloff, 1989a): In many tree species (here: wild cherry) the crown
becomes more transparent with better growth

J. FOR. SCI., 45, 1999 (5): 206-216

(Fig. 1). In this case a vitality assessment on the basis
of crown transparency versus crown structure is bound
to produce exactly opposite results (Roloff, 1989a,b).

A problem inherent to present inventories for the
determination of decline progress is discussed by
Mo6hring (1989). By using a series of photographs
taken over a 5-year period of the same crown parts of
beech trees, Mohring could show that due to dying-off
and breakage of branches, decline trend is inadequately
represented by “leaf loss“. Thus, no change of damage
class is noticed when the dying-off and shedding of
branches happens simultaneously (Fig. 2).

If the number of branches which break off is greater
than the number of branches which die off a decrease
of decline is determined. However, if the number of
branches which die off is greater than that of the
branches shed, an increase of decline is recorded. In
these cases, the true decline process cannot be assessed
by “leaf loss*.

CHANGES IN THE CROWN STRUCTURE WITH
DECREASING VITALITY

In this paper tree vitality is discussed in terms of
growth potential which in trees is expressed in shoot
growth. Although various branching structures within
one tree crown have been known for long (see e.g. Biis-
gen, 1927, Thiebaut, 1981, 1988), their significance
as a vitality indicator has only recently been discovered
(Roloff, 1985).

2. Decline trend is often represented inadequately by “leaf loss*
because of a different time course of die-off (S) and breakage (B) of

branches
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f)

3. Shoot base scars of Scotch pine (a), Sycamore (b), Norway maple
(¢), European ash (d), Oak (e), and Common willow (f) (scales in cm)

SHOOT MORPHOLOGY

By careful observation of the branching pattern of
a hardwood tree closely packed grooves upon the shoot
surface can be recognized conspicuously (Fig. 3). The
significance of these shoot-base scars has unfortunately
been ignored for a long time. They are the scars of the
bud scales which, when closely packed, originally en-
cased the young shoot primordia and hence mark the
boundary between two years of growth exactly to a mil-
limeter. In beech the rind does not turn to bark as it
does in oak but remains rather smooth. Thus, it be-
comes possible to retrace the development of any hard-
wood branching pattern for many years (in beech, e.g.,
over decades) and to reconstruct its growth in this way.

1985

—— ——

——
1

1981 1982 1983 1984
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4. Shoot morphology of beech. («) Long-shoot with shoot-base scar
(circle), alternate distichous leaves and lateral buds, terminal bud;
detail: shoot-base scar, the boundary between the annual shoots of
1983 and 1984. (b) A 9-year-old short-shoot chain without ramifica-
tion and with a terminal cluster of leaves; detail: annual shoot
boundaries, clearly marked by the shoot-base scars; dormant lateral
buds (reserve buds)

Further investigation of the branching pattern in most
tree species can be distinguished two kinds of shoots:
short shoots and long shoots (Fig. 4). Short shoots are
only a few millimeters or centimeters long, have only
3 to 5 leaves, and do not ramify during the following
years because they bear only small dormant lateral
buds. The terminal bud of short shoots, however, either
produces a short shoot again the following season and
short-shoot chains are formed, or else it returns to form-
ing a long shoot. Long shoots are clearly longer, show
more leaves, and ramify during the following year.

In any tree species the growth length of the treetop
shoots, and therefore the height increment of the tree,
decreases after passing a culmination point because of
maturity. This finding reflects decreasing vigor in the
tree. The lengths of treetop shoots are interpreted as
a sign of vitality because the strategy of a forest form-
ing tree species which strives to conquer new airspace

5. Detailed illustration of 4-year-old growth
| of a typically ramified beech (exploration

| phase)
/

74

2/ / //
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leader shoot

1984

leader shoot
1984
1953
1982

N1

i
1984 1981

1981

| 6. Growth phases of beech (model): on the left the state
| of the leader in 1981, on the right its development and
| ramification after 3 years (1984) (annual boundaries
| marked by interruptions of the black lines)
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Degeneration Phase

leader shoot

1984
3:‘::1983
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—1981

19.71 1584

1284

leader shoot

Stagnation Phase

must occur at the very top of the tree. On the other
hand, the shoot lengths in the inner, lower, and lateral
crown areas mainly depend on competition and light
conditions, and are therefore unsuitable for the vigor
assessment of a whole tree.

MODEL OF GROWTH STAGES

Fig. 5 shows how a typical ramification originates
from a leader shoot of a vigorous beech. This ramifica-
tion is similar in most other hardwoods with only few
modifications. This “exploration phase* produces the
branching structure that is known best and found most
frequently: The terminal and upper lateral buds yearly
develop long shoots, the lower lateral buds develop
short shoots, and finally the lowest lateral buds do not
shoot at all but remain as very small dormant buds for
years preserved for unusual events.

On every annual leader shoot the lengths of the
younger lateral shoots decrease from top to bottom and
the developing branching pattern is turned upwards or
forwards. In this way an obviously storied branch sys-
tem is developed and the annual shoot boundaries
(marked by the interruptions of the black lines in Fig. 5)

J. FOR. SCI., 45, 1999 (5): 206-216

Retraction Phase

can be distinguished even from a distance by the steps
of the branching pattern and by the abrupt change of
long lateral shoots to short shoots. This exploration
phase is the widespread appearance of the leader shoots
in healthy vigorous trees until an old age because this
is the only way the treetop can fulfill its main purpose
for the tree; i.e. to conquer new airspace steadily, to fill
it up with lateral shoots, and to be successful against
rival trees.

In the “degeneration phase” (Fig. 6), however, the
terminal bud develops shorter long shoots, but from
nearly any lateral bud (from the uppermost as well)
short shoots arise almost without exception. Thereby an
obvious impoverishment of the branching pattern takes
place and spears are formed in the periphery of the
crowns, which may also be seen from a great distance.

In the course of further decreasing vitality, even the
terminal bud changes into developing short shoots. In
this “stagnation phase” ramification ceases for short
shoots do not ramify. Because of the short annual length
of these shoots the length increment of the branch and the
height increment, respectively, of the tree stagnates.

If this stagnation phase persists longer than a few
years (if it is not only temporary), the branch or (if the
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treetop shoots are concerned) the treetop dies back. This
stage is called the “retraction phase*.

As a result of their disadvantageous mechanical-static
features (a dense cluster of leaves at the end of very
delicate shoots) the short shoot chains cannot grow to
any length or any age in the upper crown area exposed
to the wind. At this time secondary factors determine
the exact time of dieback. At this stage typical claws are
formed in the crown periphery because the short shoot
chains which are getting longer stretch toward the light.

Now it becomes clear why the different phases of
growing are due to decreasing shoot lengths and, there-
fore, reflect a decreasing vitality.

Similar growth phases can be identified in every other
investigated broadleaved tree species, with only little
species-dependant modifications, e.g. in oak, maple, ash,
birch, willow, and others (Roloff, 1989a). The follow-
ing vitality class system is developed basing on these
growth phases.

VITALITY CLASSES

Healthy vigorous trees of “vitality class 0* (Fig. 7)
show treetop shoots in the exploration phase: Both the
main axes and part of the lateral twigs consist of long
shoots. For this reason a regular netlike branching pat-
tern is developed, which reaches deep into the interior
of the crown. The crowns are equally closed and domed
and do not show any greater gap unless a stronger in-
tervention has occurred in the stand because such a gap
is closed quickly by the intensive ramification. In this
manner the newly conquered airspace is quickly filled
by the harmonical branching pattern. In summer a dense
foliage arises without any greater gap.

Weakened trees of the “vitality class 1* show treetop
shoots in the degeneration phase. Thus, spears are formed
rising above the canopy. The leaves on these spears are
dense and go all around them (at the top of the lateral
short shoots or short-shoot chains). The crowns make
a frazzled impression on the outside and have a fas-
tigiate appearance because the airspace between the
spears is not completely filled by leaves and twigs, and
the crown has a spikey outline. Inside the crown the
branching pattern, and there with the foliage, is quite
dense. In this vitality class straight percurrent main axes
of the treetop branches are still dominant but the crowns
no longer look as intact as in class O because of the
spears shooting out of the canopy.

In the obviously declining trees of “vitality class 2*
the treetop shoots begin to build short shoots in the
stagnation phase. The leafless state could be designated
as the claw stage because the short-shoot chains in the
outside of the crowns grow longer, are predominant,
and stretch clawlike to the light. These short-shoot
chains which are growing too long break off in summer
in thunderstorms and heavy rains and strew the forest
floor in declining beech stands. Under normal circum-
stances beech as well as other tree species rid them-
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7. Vitality classes in beech (view of the upper crown in winter and
summer; based on the growth phases of Fig. 6)

selves of parts of their unimportant twigs in the inner
and lower crown parts in this way. But if the treetop
shoots themselves are declining the self-pruning of
twigs progresses into the outskirts of the crown, and the
crowns become thin from inside outwards. The cause
for this occurrence is not premature leaf fall but broken
short-shoot chains, lack of shoots, and dead buds and
twigs. The branching pattern shows a bushy and lumpy
accumulation in the periphery of the crown. This accu-
mulation causes summer and winter bushy crown struc-
tures and greater gaps. The crown periphery still has
hardly any straight percurrent branches.

In the considerably damaged or dying trees of *vi-
tality class 3 the crowns finally fall apart by breaking
off of larger branches and dieback of whole crown parts.
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fcm)
30

annual shoot length

—e— tree with only moderate reaction to droughts

—o— tree affected by droughts in 1947, 1959,

1964,

8. Annual length increment of the leader
shoots of two 120-year-old beech trees, one
of which clearly shows drought damages
(very short shoots formed abruptly in the year
following and extremely dry summer and af-
terwards quick recovery), whereas the other
remained nearly unaffected

1976 and 1983

1950

The tree seems to consist only of more or less surplus
subcrowns dispersed randomly in the airspace and
forming whiplike structures. The treetop is dying back
often or already is dead because the treetop shoots grew
in the retraction phase.

DROUGHT DAMAGE AND RELATIONSHIP
OF THE PRESENTED VITALITY CRITERIA
TO ENVIRONMENTAL FACTORS

After the previous explanations, it should be self-
evident that such a vitality class system based on crite-
ria of the branching structures solely can result from
a long-term chronic diminution of vigor.

Drought damage, for example, can influence branch-
ing only temporarily and does not lead to a fundamental
variation of the branching structure. Drought damage
can be indentified even after many years with the help
of shoot scars because very short shoots are formed
abruptly in the year after a dry summer (in species with
determinated growth) and recover their original values
quickly again the following season (Fig. 8).

On the other hand, drought damage can cause a fun-
damental passing thinness of the foliage because of the
premature leaf-fall during the current summer and smaller
and fewer leaves in the following season. But from
a distance it is impossible to recognize the temporary
short shoots caused by a past drought (e.g. from ground
level in a forest) and they cannot effect a fundamental
modification of the branching structure (Fig. 9),
whereas a chronic decrease of vitality (connected to
a long-term decrease of the shoot lengths in the treetop)
can cause a conspicuously different branching structure
in hardwoods (Fig. 10). Of course, the best time for an
exact assessment of vitality with the help of this method
is after leaf-fall, in autumn and winter.

As only long-term influences can effect a fundamen-
tal modification of the branching pattern, this method
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year

is suitable to identify “forest decline® in hardwoods,
because the recent rise in the decline of European and
North American forests is supposed to be caused by
existing and long lasting influences. Therefore, modifi-
cations of the branching structure are not exclusively
specific to air pollution but for example are due to such
long-term negative factors affecting tree growth such as
air pollution. It is similar in almost all other symptoms
of forest decline which are known to date: They can be
caused by air pollution but may also be a result of other
stress factors (Hanisch, Kilz, 1990; Hartmann
et al., 1988).

Surprisingly, further investigations of beech trees have
clarified how long the decline in this important Euro-
pean hardwood species has been going on (Fig. 11).
Only the vigorous, healthy trees of vitality class 0 (vs 0)
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9. A “hidden* drought damage in the branching pattern on the right
(see arrows) does not lead to a fundamental modification of the
branching structure, but to a “delay* of | year compared with the
unaffected one on the left
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10. Comparison of typical treetop branch-
ing patterns of a vigorous beech (b),
a drought damaged beech (), and a chroni-
cally declining beech (c)

11. Annual length increment of the leader
shoots of 100-160-year-old beech trees during
the last 40 years (classified by vitality classes
according to Figs. 9, 7: VS - vitality stage,
YT - expected trend according to the yield
tables, VS 0: n = 140, average age 131 years,
VS 1 + 2: n = 279, average age 132 years,
VS 3: n = 141, average age 134 years)

12. Annual length increment of the leaders as
in Fig. 11, but the vitality classes (VS) | + 2
and 3 are in per cent of the annual value of
VS 0 (VS 0 in each year as 100%)
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13. Average annual length increment of the leaders of different vi-
tality classes (VS) in the last 10 years (L;,) (mean value, standard
deviation, and statistical significance of the difference, * significant
on 5%-level, ** on 1%-level, *** on 0.1%-level)

follow the age trend of the yield tables, whereas trees
of the vs 1-3 decline many years later. Transforming
the absolute values of the leader increment into values
in per cent of vs O (Fig. 12) emphasizes that trees of vs
1 + 2 have in most cases been in decline for about
10-15 years and trees of vs 3 have declined for about
20-25 years. Another way to show the long-term dif-
ferences between the vigor of trees of different vitality
classes is the average annual length increment of the
leader shoots during the last 10 years (Fig. 13). This
diagram emphasizes the expressiveness of the presented
vitality class system again.

This system which is based on crown structures may
also be used successfully in aerial photographs, thus
making it possible to cover a larger area in a shorter
time (Runkel, Roloff, 1985, see Fig. 14).

Recent research in 18 other hardwoods has shown
the possibility of assessing the vitality of other tree
species of the northern hemisphere in the same way as
reported here for beech trees. In these hard-woods only
very few species-dependent modifications must be
taken into account. This research was conducted for
Betula pendula, B. pubescens (Roloff, 1989b;
Westman, 1989), Acer platanoides, A. pseudopla-
tanus, A. saccharum, Aesculus hippocastanum, Alnus
glutinosa, Carpinus betulus, Fraxinus excelsior, Fagus
americana, Prunus avium, Q. robur, Robinia pseudo-
acacia, Salix caprea, Tilia cordata, T. platyphyllos
(Roloff, 1989a).

The vitality class key for beech trees was approved
and applied in a variety of investigations (Lonsdale,
1986; Lonsdale, Hickman, 1988; Dobler et
al., 1988; Hessische Forstliche Versuchsanstalt, 1988;
Gies etal., 1986; Stribley, 1993).
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14. Vitality classes (according
to Fig. 7) in aerial photographs
(beech)

3
'S
154
®
1 -
(]
05
Ca 0 N
(n=15) (n=10) {n=11)

15. Vitality classes (VS) according to Fig. 7 of beech trees on fertil-
ized sites in the Solling mountains in Germany (set up in the early
1980s) with acidified (N), limed (Ca), and untreated (O) plots (for
explanation of the statistical significance see Figs. 9. 13)
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structures of beech trees is just beginning to emerge

(Fig. 15).
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16. Correlation between 10 year's growth
of shoots (L 10) and their basal diameter
(D) at the 10-year-old bud scale scar (VS -
vitality class according to Fig. 7, r - corre-
lation coefficient) (for explanation of the
statistical significance see Fig. 13)

17. Results and interrelationships of crown
and root parameters in excavated 2 m high
beech trees [y: linear regression, r;: corre-
lation coefficient total and for sylleptic (r,)
and non-sylleptic trees (r,,), circle: site 1,
triangle: site 2, square: site 3; full symbols:
sylleptic trees, blank symbols: non-syllep-
tic trees] (for explanation of the statistical
significance see Fig. 13)

EFFECTS ON RADIAL GROWTH, CORRELATIONS
WITH ROOT DEVELOPMENT, AND GENETIC, AS
WELL AS SILVICULTURAL, CONSEQUENCES

Although a close correlation between vitality class

(on the basis of crown structure) and radial growth of
branches of the crown does exist (Fig. 16; Roloff,
1989a), it is difficult to correlate with radial growth at
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breast height (Gédrtner, Nassauer, 1985; Wahl-
mann et al, 1986; Perpet, 1988; Mahler et al,
1988; Athari, Kramer, 1989ab; Fischer,
Rommel, 1988), particularly if the space of the trees
investigated is not considered. Possible reasons for this
generally unexpected discrepancy will not be discussed
here (refer to Roloff, 1986, 1989a). However, it
must be pointed out that the growth at breast height as
a vitality indicator is not only problematic in the case
of beech trees. On the other hand, close relationships
were found if the space of the trees was taken into
account and if investigated trees were of the same vi-
tality class based on both “leaf loss** and crown structure.

The correlation between changes of the crown and
root growth which unfortunately require a considerable
amount of research are of particular interest. A legiti-
mate assumption is that the presented modifications of
the branching structure are related to similar modifica-
tions of the root system because recent research has
shown the high correlations between both of these com-
ponents of the “system tree. By proceeding on the hy-
pothesis that the crown and root development of a tree are
related, a tree can be considered as an integrated system
of interdependant relationships. On three very different
sites 24 beech trees of 2 m height were completely ex-
cavated and quantitatively analyzed (Roloff, 1989a;
Roloff, Romer, 1989). For these trees (apart from
soil data) the following parameters were determined:
total leaf number, total leaf area, average leaf size, num-
ber of short and long shoots developed in different
years, total shoot lengths, total root lengths exceeding
a root diameter of 2 mm, total shoot dry weight, total
root dry weight exceeding a root diameter of 2 mm, age
of plant, and rooting depth.

In almost all cases unexpectedly high significant cor-
relations between all crown and root parameters were
found (Fig. 17). This correlation emphasizes the fact
that no phenomenon, neither the crown development
nor the root-crown interaction, is purely accidental but
that the entire tree represents an integrated regulated
system in which every change of one parameter imme-
diately induces changes in other parameters of the
crown and/or the root system. Neither the age of the
tree (9-31 years) nor the site have a considerable influ-
ence on the relationships within the crown and between
crown and roots of 2 m high beech trees.

Genetic consequences are presented by Miiller-
Starck, Hattemer (1989). In beech trees they
found (on the basis of crown structure) a decreasing
genetic variety (heterozygotic grade and genetic diver-
sity, respectively) with a decreasing vitality of the tree,
assessed by the method presented. Accordingly, only
beech trees of high genetic variety survive stress with-
out suffering obvious damage.

Finally, changes of the crown structure of stressed
beech trees may also have silvicultural consequences
(Dobler et al., 1988; Hessische Forstliche Versuchs-
anstalt, 1988). As the canopy becomes more transpar-
ent after thinning, it is difficult to regulate natural re-
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generation of beech stands selectively. A modification
of thinning approaches and methods were suggested.
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CHANGE IN THE CONDITION OF NORWAY SPRUCE
FORESTS AFTER THE INSTALLATION

OF DESULPHURIZATION DEVICES AT THE SOSTAN]J
THERMAL POWER PLANT

ZMENY VE ZDRAVOTNIM STAVU SMRKOVYCH POROSTU
V BLIZKOSTI TEPELNE ELEKTRARNY SOSTANIJ PO JEJIM ODSIRENI

C. Ribari¢-Lasnik', F. Bati¢’, B. Dejanovi&’, P. Simonéic*

V' ERICo Velenje, Ecological Research & Industrial Cooperation, Koroska 58, 3320 Velenje
¢ Department of Agronomy, Biotechnical Faculty, University of Ljubljana,
Jamnikarjeva 101, 1000 Ljubljana
3 Sostanj Thermal Power Plant, Ivo Lola Ribar 18, 3325 Sostanj
4 Slovenian Forestry Institute, Vecna pot 2, 1000 Ljubljana

ABSTRACT: In a study carried out in 1996, the state of a forest ecosystem was evaluated by analysis of Norway spruce
[Picea abies (L.) Karst.], the most common, local/Slovenian forest tree species, after desulphurization of exhaust gases from
unit 4 of the So$tanj Thermal Power Plant (STPP). The consequence of reduced SO, emissions was a smaller annual mean
ambient air concentration of SO, and a corresponding lower accumulation of sulphur in spruce needles in 1996. In 1996
increased defensive mechanisms could be observed in spruce, as shown by an increased content of ascorbic acid in needles
in comparison with previous years. An increased vitality of spruce was also evident from the increased content of photosyn-
thetic pigments and the ratio of chlorophyll a to chlorophyll b. The improvement can be partly attributed to the reduced
emissions from STPP, and partly to more favourable climatic conditions in that year. The results presented show that the
ecological improvement programme of the Sostanj Thermal Power Plant, on which over 180 million DEM has been spent,
has been in great measure accomplished. The projects connected with clean-up of stack gases resulted in a lowering of annual
SO, emission from 90,000 tons to 51,000 tons in 1996. Nitrogen emission were reduced from an average before 1991 of
11,000 tons to an average of 9500 tons in 1996. Fly ash emission was reduced from 5000 tons in 1994 to 1850 tons in 1996.
Preparation for construction of a desulphurization plant for unit 5 of the STPP, which also includes reconstruction of the
electrofilters, is in full swing and is expected to be in operation by the year 2000. With the introduction of primary measures
to reduce concentrations of nitrogen oxides in unit 5 in the year 2000, the ecological sanitation plan for So¥tanj Thermal Power
Plant, in which around 360 million DEM will have been invested, should be completed.

Norway spruce; emissions; nitrogen oxides; sulphur dioxide

ABSTRAKT: Pfi studiu provadéném v r. 1996 byl hodnocen stav lesniho ekosystému pomoci analyzy smrku ztepilého [Picea
abies (L.) Karst.], nejroziifen&jsi mistni (slovinské) lesni dfeviny, po odsifeni koufovych plynl z bloku 4 tepelné elektrirny
Sostanj. V disledku poklesu emisi SO, byla v r. 1996 zaznamendna niZ8i prim&rna koncentrace SO, v ovzdusi a s tim
souvisejici niz§i akumulace siry v jehli¢i smrku. V r. 1996 bylo u smrku pozorovino posileni obrannych mechanism, indi-
kované zvySenym obsahem kyseliny askorbové v jehli&i ve srovnani s pfedchozimi roky. Vy$si vitalita smrku byla také ziejma
z vy$3iho obsahu fotosyntetickych barviv a z poméru chlorofylu a/b. Zlep3eni lze pfipisovat z&asti snizenému mnoZstvi emisi
z elektrarny a z&asti piiznivéjim klimatickym podminkdm v daném roce. PredloZené vysledky ukazuji, Ze program pro zlep-
%eni Zivotniho prostiedi, ktery provédi tepelnd elektrirna Sostanj a na n&jZ bylo vynaloZeno vice nez 180 milionii DEM, byl
do znacné miry splnén. Projekty zaméfené na vy¢iSténi koufovych plyni vedly v r. 1996 ke sniZeni ro¢niho mnoZstvi emisi
z 90 000 tun na 51 000 tun. Emise dusiku klesly z pramémé hodnoty 11 000 tun pred r. 1991 na primérnou hodnotu 9 500 tun
v r. 1996. Emise popilku se sniZily z 5 000 tun v r. 1994 na 1 850 tun v r. 1996. Pfipravy na vybudovini odsifovaciho zafizeni
pro blok 5 této elektrarny, které zahrnuje také rekonstrukci elektrofiltrd, jsou v plném proudu a jeho uvedeni do provozu se
okekava do r. 2000. Ekologicky ozdravny program pro tepelnou elektrirnu Sodtanj, v jehoZ ramci bude investovino kolem
360 milioni DEM, by mél byt dokoncen se zavedenim zdkladnich opatieni ke sniZovani koncentrace oxidi dusiku v bloku §
v r. 2000.

smrk ztepily; emise; oxidy dusiku; kysli¢nik sificity
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INTRODUCTION

The Thermal Power Plant in SoStanj (STPP) is one
of the major sources of air pollution with sulphur dioxide,
nitrogen oxides and dust particles in Slovenia (Strop-
nik et al., 1993). It is located in the valley bottom at
an altitude of 300 m in the central northern part of
Slovenia. The western slopes of the valley reach 1550 m
while the eastern are lower and reach only 900 m. The
valley is well ventilated except on the occasion of stable
anticyclonic weather when air circulation is low. In such
circumstances two temperature inversions are estab-
lished, one at an altitude of 1000 m and the other at
1200 m. Besides these, a temperature inversion ca. 100 m
above the valley bottom is established. The thermal
power plant has been active for more than forty years,
and air pollution by SO,, NO, and dust caused several
negative effects in the surrounding forests (LeSnjak
et al.,, 1989; Bati¢, Kralj, 1989; DrusSkovic,
1989; Ribari¢-Lasnik, Batic, 1990).

The impact of air pollution on forests has been in-
vestigated in several studies carried out or coordinated
by the Slovenian Forestry Institute and other research
organizations, as well as by the local community, the
local unit of the Slovenian Forestry Service and by the
polluters. Forest damage was assessed using standard
methods (Kolar, 1989; Belec, 1992; Bati¢ etal,
1993; Batic, 1994; Batic et al., 1996; Letno. por.,
1996), especially after the year 1985, when the effects
of air pollution on forests were expressed more drasti-
cally after very cold winters preceeded by dry and hot
summers. The negative effects of exhaust gases on for-
est growth was proved by tree ring increment studies
(Ferlin, 1990), and negative consequences on the forest
ecosystem were determined using several bioindication
methods, e.g. epiphytic lichen studies (Batic,
Kralj, 1989; Batic¢ et al.,, 1993), chromosomal
damage of Norway spruce root tips (Dru§kovic,
1989), studies of mycorrhiza (Kraigher, 1994; Al
Sayegh-Petkovsek et al., 1992), study of plant
hormone relations (Kraigher et al,, 1995; Dent,
Hanke, 1995), studies of photosynthetic pigments
and stress response mechanisms such as increased or
decreased content of water soluble thiols and ascorbic
acid, activity of peroxidase and total sulphur content of
Norway spruce needles (Kalan, 1991; Batic, 1991;
Ribari¢-Lasnik, 1991; Batic¢ et al., 1995;
Ribari¢-Lasnik,1996; Ribari¢-Lasnik etal.,
1996; Tausz et al., 1996). Analyses of forest soils
(Urbanc¢ic¢, 1989, 1996) and the study of mineral
nutrition of Norway spruce show that the impact of air
pollution is still more pronounced on the aerial part of
the ecosystem than in forest soils due to the moderately
short duration and low intensity of air pollution, except
for some very polluted sites in the near vicinity of the
plant (Simoncic, 1992, 1996). These investigations
showed the commencement of negative effects in forest
soils such as the mobilization of soluble cations like
Ca*™* Mg*™, and K* in the upper soil horizons, leading
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to depletion of these elements and to the impoverish-
ment of soils and later to lower productivity of the
systems. Upper layers of forest soils also contain more
sulphur in sites within the inner emission zone (Veliki
vrh, TopolSica, Zavodnje) and less in more distant sites
(Osankarica), or in sites which are protected from stack
gases (PireSica) (Urbancic¢, 1989, 1996; Si-
moncic, 1992, 1996). The input of air pollutants in
forest ecosystem was also studied by analyses of rain-
fall and soil water quality; the results showed an in-
creased content of elements like Al, As, Ba, Br, Fe, Cd,
Co, Cu, Sb and Zn in precipitations and accumulation
of elements like Cd, Cr, Fe, Mn, NHJ, Pb, Rb, Sb, Se
and Zn in spring water in more polluted forest sites such
as Zavodnje and Veliki vih (Svetina-Gros, 1994).
It was also proved that the input of pollutants was much
greater in forests than in grasslands and other open ar-
eas, and significantly higher in Norway spruce stands
than in stands with prevailing beech (Simon¢ic,
1996). On the basis of all these investigations in our
study the most suitable bioindication methods were
chosen to monitor the state of forests and other vegeta-
tion within the emission zone of STPP.

MATERIAL AND METHODS

Norway spruce [Picea abies (L.) Karst.] was chosen
as a bioindicator organism (Arndt et al.,, 1987), and
its needles were sampled for several analyses to moni-
tor the impact of air pollution on the forest ecosystem.
According to geographical and meteorological circum-
stances spruce needles were sampled regularly on two
profiles laid over the valley with the thermal power
plant at the bottom and extending into the outer emis-
sion zone. One profile was in the W=E direction, from
Smrekovec (1550 m) to Veliki vrh (350 m) and other
in the S-N direction (Veliki vrh — Kope 1500 m). Nor-
way spruce needles were sampled in early autumn each
year, from five apparently healthy Norway spruce trees
(defoliation from 0 to 20%) at each site, from the top
of the tree crown (seventh whirl, counting from the
top). Sampling of needles and their processing prior to
analyses were carried out according to Bermandin-
ger et al. (1990) and described in Batic¢ et al.
(1995) and by Ribari¢-Lasnik (1996). Photosyn-
thetic pigments and ascorbic acid were determined by
HPLC by using the method described by Pfeifhoter
(1989) and Bui-Nguyen (1980), water soluble
thiols after the method described by Grill, Ester-
bauer (1973). Total sulphur content was determined
conductometrically with a SULMHOMAT 12-ADG in-
strument (Stefan, 1985). Emissions and ambient lev-
els of pollutants were measured by standard methods by
the group from the Thermal Power Plant.

RESULTS

Measurements of the emission of SO, from the STPP
and the ambient concentrations of SO, at chosen sites,
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the analyses of total sulphur content, the content of
chlorophylls and ascorbic acid in Norway spruce nee-
dles were made for the period from 1991 to 1996. De-
sulphurization devices on unit 4 of STPP were installed
at the beginning of 1995, and sampling in that year was
the first sampling after the beginning of the desulphuri-
zation of stack gases.

Emissions of sulphur dioxide from the STPP in the
period from 1991 to 1996 are presented in Tab. L

The data show that emission dropped from 80,757 t
SO,.year ' in 1991 to 51,804 t SO,.year' in 1996. The
reduction in emission is quite significant. The effect of
reduced emissions of SO, is also evident in the ambient
air concentrations of SO, at five sites where such levels
were measured. The data are presented in Tab. II. The
effect of desulphurization on the ambient levels is not
as strong as that for measured emissions but still obvi-
ous. The reduced ambient concentration is also mani-
fested by the smaller total sulphur content of current
year needles of Norway spruce, especially on sites more
distant from the thermal power plant like Kope,
Brnesko sedlo, Kramarica and Smrekovec, but less in the

1. Emissions from the STPP in the period from 1991 to 1996 (Annual
STPP Report, 1996)

1991 | 1992 | 1993
Tons SO,.year~'|80,757 | 94,120 (86,101

Year 1994 | 1995 | 1996

80,516 51,663 | 51,804

1. Mean annual SO, concentration in pg.m"‘ (Annual STPP Report,
1996)

Sites 1991 | 1992 | 1993 | 1994 | 1995 | 1996
Sostanj 40 53 51 41 29 34
Topolsica 40 58 55 34 20 20
Zavodnje 50 55 47 49 26 33
Graska gora 30 42 47 50 27 28
Velenje 20 20 20 13 6 10
Veliki vrh 80 76 58 53 49 57

I11. Total sulphur content in current year needles in per cent of dry
weight (n = §5) — sampling years

Sampling sites | 1991 | 1992 | 1993 | 1994 | 1995 | 1996
Smrekovee 0.139 | 0.145 | 0.142 | 0.15 [ 0.111 | 0.134
Kramarica 0.162 | 0.188 | 0.169 - 0.132 | 0.150
Zavodnje 0.157 | 0.161 | 0.169 | 0.16 | 0.152 | 0.166
TopolSica 0.189 | 0.214 | 0.181 - 0.160 | 0.157
Lajse 0.184 | 0.201 | 0.199 - 0.151 | 0.154
Veliki vrh 0.213 | 0.247 [ 0.151 | 025 | 0.169 | 0.161
Laze 0.142 | 0.139 | 0.153 - 0.142 | 0.124
Graska gora 0.145 | 0.157 | 0.219 - = -

Brnesko sedlo | 0.133 | 0.140 | 0.157 | 0.13 | 0.110 | 0.123
Kope 0.126 | 0.135 | 0.140 - 0.095 | 0.107

sites close to the pollution source like Veliki vrh, Zavodnje
and TopolSica. These data are presented in Tab. III.

The same trend is also observed when comparing
sulphur content classes, computed together for current and
one year old needles. The data are presented in Tab. IV.

In this case, very polluted sites like Zavodnje and
Veliki vrh do not show any improvement, because com-
mon classes of total sulphur content are not so precise
measures as separate measurements.

Data for ascorbic acid and total chlorophyll content
in current year needles are presented in Figs. 1, 2. There
is a trend of increasing ascorbic acid content after de-
sulphurization at all sites, and also an increase of chlo-
rophyll content (Fig. 2) and an increase of chlorophyll
a to chlorophyll b (Fig. 3) is also detected.

The pattern of contents of water soluble thiols does
not show so clear a tendency (Fig. 4). All these changes
in the content of biochemical parameters of Norway
spruce vitality are in agreement with the reduction of
total sulphur content in current year needles, although
the trend of reduction is not very great (Fig. 5).

IV. Common classes of total sulphur content in current and one year
old needles, sampled in the period 1991-1996

Sampling sites 1991 1992 1993 1995 1996
Smrekovec 3 3 3 2 3
Kramarica 4 4 4 3 3
Zavodnje 4 4 4 4 4
TopolSica 4 4 4 4 3
Lajse 4 4 4 4 4
Veliki vrh 4 4 3 4 4
Laze 3 3 4 2 3
Graska gora 3 3 4 - -
Brnesko sedlo 3 3 3 2 3
Kope B 3 3 1 3

Legend 1: Adapted marginal levels reguired for ther classification of
the sulphur content classes in current year and one year old Norway
spruce needles determined by the SULMHOMAT 12-ADG instru-
ment

Sulphur content (mg S) in %

Sulphur content classes|current year needles |one year old needles
1 <0.097 <0.114
2 0.098-0.123 0.115-0.149
3 0.124-0.158 0.150-0.192
4 >0.158 >0.192

Legend 2: Marginal levels for total classes of sulphur content in
current and one year old needles

Total sulphur
content class

Sum total of classes of S-content in current
and one year old needles of Norway spruce

! 2

3and 4
5and 6
7 and 8

W
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1. Pattern of ascorbic acid in current year needles during the period
1991-1996
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5. Total sulphur content in current year needles

DISCUSSION AND CONCLUSIONS

Desulphurization of exhaust gases from STPP had
a significant effect on air quality in the area. Installa-
tion of cleaning devices on the stacks of unit 4 of STPP
caused a strong reduction of SO, emission. A reduction
of ambient air levels was also observed, although not
so pronounced. The effect was also detectable in de-
creased total sulphur content and increased content of
chlorophyll and ascorbic acid in current year needles.
These findings mean better vitality of trees and an im-
proved condition of forest stands (Bermandinger
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4. Pattern of water soluble thiols content in the current year needles
in the period 1991-1996

et al.,, 1990; Bati¢ et al., 1995; Ribaric¢-Las-
nik, 1996; Tausz etal., 1996, etc.). Partly, this can
also be explained by more favourable weather condi-
tions in the last two years, but the increased level of
favourable vitality parameters is accompanied by the
decrease of sulphur content and reduced emissions.

From these preliminary results the following conclu-

sions could be drawn:

— The chosen biochemical parameters are a suitable tool
for assessing the improvement in the condition of
forests after the installation of desulphurization and
Norway spruce needles could be suitable accumula-
tive and reactive bioindicator (Arndt et al., 1987;
Ribari¢-Lasnik, 1996; Tausz et al., 1996).

— Several bioindicators are necessary to get an over-
view of the overall improvement after the installation
of clean-up devices. For the forest ecosystem, the
analyses used, combined with measurements of pol-
lutants, could be a solid component of operational
monitoring of the environment status around thermal
power plants.

— A set of bioindication methods was recommended to
the authorities responsible for the environmental re-
gulation as an operational monitoring system.

— Apart from already used bioindication method, some
others should also be implemented to detect other
stresses and to assess the effect of desulphurization
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in other components and levels of forest and other
ecosystems.
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THE EFFECTS OF ENHANCED UV-B RADIATION
ON THE PHOTOSYNTHETIC CHARACTERISTICS
OF NORWAY SPRUCE [PICEA ABIES (L.) KARST.]
TREES GROWING IN FIELD CONDITIONS

VLIV ZVYSENE INTENZITY UV-B RADIACE NA FOTOSYNTETICKOU
CHARAKTERISTIKU SMRKU ZTEPILEHO [PICEA ABIES (L.) KARST.]
PESTOVANEHO V POLNICH PODMINKACH

0. Urban, M. Sprtova, M. V. Marek

Laboratory of Ecological Physiology of Forest Trees, Institute of Landscape Ecology,
Academy of Sciences, PoFici 3b, 603 00 Brno

ABSTRACT: A group of five-year-old cloned Norway spruce [Picea abies (L.) Karst.] seedlings were grown in field
conditions at the Experimental Research Site, Bily KfiZ, situated in the Beskydy Mts. (Czech Republic, NE Moravia, 49°30" N,
18°32’ E, 943 m a.s.l.). Half of them were exposed to elevated levels of UV-B radiation that simulated a 25% decrease of the
stratospheric ozone layer. A lamp modulated system was used in this experiment. Photosynthetic characteristics were estimated
by examining current shoots after one month and three months of exposure, respectively. Using gas exchange and chlorophyll
fluorescence measurements, A/Ci and A/l response curves, and biochemical model parameters, the photorespiration and
photochemical efficiency of photosystem II was estimated. Electron transport, Rubisco activity, and enzymes from the Calvin
cycle appeard to be the most sensitive to UV-B or the synergic influence of the other stresses, especially low temperatures,
that affect the CO, fixation level.

UV-B radiation; Norway spruce; photosynthesis; biochemical model; fluorescence

ABSTRAKT: Pétileté fizkované sazenice smrku ztepilého [Picea abies (L.) Karst.] byly péstoviny na Experimentdlnim
ekologickém pracovisti Bily K¥i% v Beskydech (Ceska republika, SV Morava, 49°30” s. &, 18°32’ v. d., 943 m n. m.). Za
pouziti systému modulovanych zafivek byla polovina sazenic vystavena zvy3ené intenzit¢ UV-B zéfeni simulujici 25% pokles
koncentrace stratosférického ozonu. Méfeni fotosyntetickych charakteristik bylo provedeno na jednoletych vyhonech po jed-
nom a tiech mésicich expozice. Gazometrickymi metodami byly stanoveny A/Ci a A/I kiivky fotosyntézy, parametry bioche-
mického modelu a rychlost fotorespirace. Fotochemicka G&innost fotosystému II byla stanovena na zikladé méfeni fluores-
cence chlorofylu. Jako citlivé na UV-B a dalsi synergicky pusobici stresy, zejména nizkou teplotu, se prokazaly byt predeviim
transport elektrond, aktivita Rubisca a aktivita enzymt Calvinova cyklu.

UV-B radiace; smrk ztepily; fotosyntéza; biochemicky model; fluorescence

INTRODUCTION

A continuing decline in stratospheric ozone concen-
trations stimulated interest in the consequences of in-
creased penetration of ultraviolet-B (UV-B, 290-
320 nm) radiation on the Earth’s surface. Many plants,
especially in the seedling stage, are detrimentally af-
fected by solar UV-B. UV-B may be classified as a stress
factor or a source of adaptive information for plants
(Caldwell, Flint, 1994). Because the concentration
of ozone in the atmosphere varies significantly through-
out the entire year and there are also seasonal variations

when ozone column thickness reaches a maximum in
the early spring and a minimum in the late fall, the
synergic effects of enhanced UV-B radiation and frost
temperatures can be expected in autumn months.

Plant reactions to UV-B are dependent on the amount
of absorbed UV-B and the environmental conditions
surrounding plant growth. Additionally, considerable
differences occur between varying plant species. UV-B
radiation reduced plant height, dry weight (Basiouny
etal., 1977), net CO, uptake (Stewart, Hoddinott,
1993), stomatal density (Naidu et al., 1993), and total
chlorophyll content (Basiouny et al., 1977).

The work forms a part of the research supported by grant No. 206/95/1257 of Grant Agency of the Czech Republic.
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Structural disturbances of the thylakoid membrane
(Brandle et al., 1977), reaction centers of photosys-
temII (Iwanzik etal, 1983), electron transport com-
pounds (Melis et al.,, 1992), Rubisco enzyme (Jor-
dan, 1993), and nucleic acids (Coohill, 1989)
caused by UV-B radiation were previously observed.
An increase of UV-absorbing pigments, specifically fla-
vonoids, is typical manifestation for UV-treated plants
(Coohill, 1989).

Because of their longevity, forest trees can play an
important role in regards to the effectiveness of biointe-
grators present in all environmental effects. Therefore,
it seems to be useful to observe effects of UV-B radia-
tion on the level of forest stands.

MATERIALS AND METHODS

Plant material

A group of five-year-old cloned Norway spruce [Picea
abies (L.) Karst.] seedlings were grown in plastic pots
with natural soil consisting of a sand-clay composition
under field conditions at the Experimental Research
Site, Bily Kiiz, situated in the Beskydy Mts. (Czech
Republic, NE Moravia, 49°30" N, 18°32" E, 943 m
as.l.) —see Kratochvilova et al. (1989) for de-
tailed information. A control group of 40 seedlings were
exposed to an ambient UV-B - control variant (C). A sec-
ond group (40 seedlings) was exposed to enhanced UV-B
radiation which was 25% higher than the actual UV-B —
exposed variant (E). The seedlings were exposed to
these conditions between 15. 7. and 20. 10. 1995.
A lamp modulated system was used for the UV-B treat-
ment (Caldwell et al., 1983).

Gas exchange measurements

Two identical current shoots from five trees were
used to calculate measurements during the entire sea-
son. The first measurement was taken after one month
(C8, E8 variants) and the second one after three months
of UV-B exposure (C11, EIl1 variants).

A closed photosynthetic portable system LI-6200
(LI-COR Inc., USA) was used to measure the relation-
ship between A/Ci, biochemical model parameters, and
photorespiration. The light response curves (A/I) were
measured by an open gas exchange system CIRAS-I
(PP-System, UK). Standard conditions in the assimila-
tion chamber were kept constant (temperature of nee-
dles: 23 + 3 °C; relative air humidity: 55 + 5%) — see
Marek et al. (1995) for detailed information.

Chlorophyll fluorescence measurement

A fluorometer PAM 101, 102, 103 (H. Walz, Ger-
many) was used for the Fv/Fm ratio measurement. Five
to eight needles from two current shoots were removed
at 7:30 in the morning. The upper sides of the needles
were exposed to a saturating pulse (1s) after dark adap-
tation (30 min) (Kalina et al., 1994).

Statistical data processing

The A/Ci and A/I curves were calculated using the
FOTOS program (Pirochtova, Marek, 1991).
Therefore, for each treatment, a set of 10 curves and
related parameters were obtained and statistically cal-
culated. The statistical significance of the differences
between the C and E variants was based on the F-test
and t-test of mean values. The analysis was conducted
using analytical tools from the EXCEL program package.

I. Parameters of net photosynthetic rate — internal CO, concentration response (A/Ci)

Variant A e o Rg T LS LM
c8 mean a  16.53 d" 97.68 0.86 5.18 0.055 1 32.19 | 67.80
st. dev. 1.62 6.50 0.04 0.46 0.007 2.75 275
E8 mean a, ¢ 12.54 e 122.69 0.91 5.25 0.049 3 37.11 m' 62.89
st. dev., 1.41 28.02 0.03 1.01 0.009 2,52 2.52
Cll mean b 13.68 d* 168.23 0.90 5.33 0.033 h.i 46.72 k,1 §3.27
st. dev. 1.63 13.72 0.03 0.90 0.007 5.83 5.83
Ell mean b, ¢ 8.65 e 18336 0.63 4.37 0.025 h,j* 5728 | k.m® 4273
st. dev. 1.21 20.56 0.15 0.63 0.004 6.11 6.11
Asat saturated rate of CO2 uptake [umol(COz).m_z.s_I]
I'e compensation CO2 concentration [umol(COz).moI"]
(C] saturation rate [dimensionless]
Rs rate of CO2 evolution in the Iight’ at zero Ci [umoI(COz).m‘z.s"]
T carboxylation efficiency [mol.m".s"]
LS. LM stomatal and mesophyll limitations of photosynthesis [%]
C8 (Cl1) control variants without enhanced UV-B radiation in August (November)
E8 (Ell) exposed variants by +25% of UV-B radiation in August (November). The same letter indicate significant differences
(on the level of 95%. P < 0.05), asterisks mean high statistical differences (on the level of 99%, P < 0.01) (n = 10)
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II. Input parameters of biochemical model of Rubisco activity

Variant r Rp’ R

cs mean a 91.76 d, f 0.65 g 239
standard deviation 13.89 0.18 0.20

E8 mean 0,67 62.20 d 1.17 h'* 2.34
standard deviation 11.32 0.37 0.13

Cll mean b’ 73.26 et f 221 g 3.62
standard deviation 8.42 0.23 0.31

Ell mean b*, ¢” 127.18 e’ 1.20 h* 343
standard deviation 10.11 0.14 0.21

r . — compensation CO2 concentration without photorespiration [umol(CO:).mol"]
Rp — rate of non-photorespiratory CO; efflux in the light [umol(COz).m’z.s"]
RL - rate of photorespiration [umol(COz).m'z.s"]

C8 (Cl11) - control variants without enhanced UV-B radiation in August (November)
E8 (El11) — exposed variants by +25% of UV-B radiation in August (November). The same letter indicate significant differences
(on the level of 95%, P < 0.05), asterisks mean high statistical differences (on the level of 99%, P < 0.01) (n = 10)

RESULTS

A/Ci response curves

Significant changes were observed in some of the
A/Ci curve parameters caused by enhanced UV-B ra-
diation and other stresses (Tab. I). There were statisti-
cally significant (P < 0.05) decreases of A, values for
C8 compared to E8 (24%), Cl1 compared to Ell
(36.8%), and E8 compared to E11 (31%). The differ-
ence between the C8 and Cl11 variants (17%) was sta-
tistically insignificant. A high increase of T’ was ob-
served between the E8 and E11 (49%) and C8 and C11
variants (71%), as well as a decrease in carboxylation
efficiency (t): 49.4% for the E variants and 39.1% for
the C variants, respectively. The saturation rate (©) and
the light respiration rate (Rg) changed insignificantly.
The stomatal limitation (LS) decreased during the sea-
son by 45% (P < 0.05) for C and by 54.4% (P < 0.01)
for the E variant. A statistically significant decrease
(22.6%) caused by the UV-B treatment was observed in
E11 compared to the C11 variant.

Biochemical model

The input parameters of biochemical model, T'* —
compensation CO, concentration without the pho-
torespiration and Rp* — rate of non-photorespiratory
CO, efflux in the light, were significantly changed by
enhanced UV-B radiation (Tab. II). The calculated output
parameters of the model were decreased in UV-treat-
ment variants compared to control variants in both of
the measured time periods of exposure (Tab. III).

Photorespiration

There were no significant differences in the rate of
photorespiration in the control variant compared to the
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exposed one. High statistically significant decreases
were observed for C (51%) and E (46.6%) variants in
November compared to August (Tab. II).

A/l response curves

The parameters of light response curves (Figs. 1, 2),
such as the light compensation point T'j and dark respi-
ration Ry, were not affected by the UV-B treatment.
A high statistically significant decrease was observed
in the A, value for the exposed variants E8 (32.3%)
and El11 (51.5%) compared to C8 and CII, respec-
tively. A significant decrease (20.5%) was observed in
this parameter regarding the E11 variant compared to
the E8 variant. Photochemical efficiency (o) was signifi-
cantly decreased by UV-B radiation in August (5.5%).
In November o was higher (10.7%) in the control variant

[I1. Calculated parameters of biochemical model of Rubisco activity.
Values were calculated for C; 350 umul(COz).mul‘I

Variant Vi Vi Viub J, Jearn | Vo= %V,
C8 14.40 | 7.55 21.95 | 81.80 | 11.280 52.43
E8 8.21 292 1113 | 5042 | 7.920 35.54
Cll 6.44 | 2.69 9.13 | 48.89 | 7.300| 41.86
Ell 3.41 248 5.89 | 28.05 | 3.370 72.67
Ve - rate of Rubisco carboxylation [wnol(COz).m'Z.s"']

Va — rate of Rubisco oxygenation [].lmol(COz).m"z.s"]

Viubp — rate of RuBP consumption and formation
-l -
[Hmol(CO2).m2s7"]
Jy, Jearn  — rates of actual electron transport rate and electron

transport rate of carboxylation [pmol.m'z.s"]

C8 (CI1) - control variants without enhanced UV-B radiation in
August (November)

E8 (Ell) — exposed variants by +25% of UV-B radiation in
August (November). The same letter indicate significant
differences (on the level of 95%. P < 0.05). asterisks
mean high statistical differences (on the level of 99%.
P < 0.01) (n=10)
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S 1. Relationship between the rate of CO, up-
5 4 A a8 cs take (A) and photosynthetic active radiation
£ o ry L~§ intensity (I) under constant extracelular
"'; 3 & 6% B, ranrsAb88808 AAAAAAAALAAMA AAMAAALLBBALS ('.,‘02 concentration 350 umol.nml"'. C8 -
g AAAA- — 2 I WA X N N light response curve of control v:.manl after
3 2 LN | month of the exposure to ambient UV-B
§ 1 Ly ES radiation; E8 - light response curve of ex-
< posed variant after | month of the exposure
9 to enhanced UV-B radiation
1 200 400 600 800 1000 1200 1400
.2 I [umol m?s™)
6 o 2. Relationship between the rate of CO,
5 o =3 uptake (A) and photosynthetic active radia-
—_ & e AAAAAAAAAALLL ci tion intensity (I) under constant extracelu-
i 4 & AAAAAAALABAL A o - -1
s aaaa0A88E e lar CO, concentration 350 pmol.mol™".
& A & =<} L] L - -h C11 - light response curve of control vari-
§ 2 & ln-llllqmllllll“""“‘“ xxxzxxxax Ell ant after 3 months of the exposure to am-
E o " bient UV-B radiation; E11  light response
% 0 curve of exposed variant after 3 months of
y 200 400 600 800 1000 1200 1400 the exposure to enhanced UV-B radiation
2 I [umol ms™)

IV. Parameters of net photosynthetic rate — intensity of photosynthetic active radiation response (A/I)

Variant B © Rp o
C8 mean a* 3.79 14.39 e 0.48 0.52 f 27.75
standard deviation 0.22 1.81 0.12 0.08 2.21
E8 mean a',c 256 1491 0.57 0.52 f 25.80
standard deviation 0.13 222 0.08 0.08 341
Cll mean b 4.20 15.75 de 031 0.45 34.50
standard deviation 0.20 2.08 0.09 0.07 4.41
Ell mean b'.c 204 17.00 d 0.56 0.42 38.64
standard deviation 0.18 2.77 0.11 0.09 7.51

Amax — light saturated rate of CO2 uptake [umol(COz).m'z.s'l]
I — light compensation point [pmol.m_z.s"]

e — rate of light saturation [dimensionless]

Rp — rate of dark respiration [}uncyl(COz).m“z.s'I

o — photochemical efficiency of CO2 uptake [mol.m'l.s"l]

C8 (C11) - control variants without enhanced UV-B radiation in August (November)
E8 (E11) - exposed variants by +25% of UV-B radiation in August (November). The same letter indicate significant differences (on the
level of 95%, P < 0.05), asterisks mean high statistical differences (on the level of 99%. P < 0.01) (n = 10)

pared to the exposed one. An increase was observed in
the o. value during the season: 24% in the control vari-
ant and 49.8% in the exposed variant. These differences
were not statistically significant (Tab. IV).

Chlorophyll fluorescence

Using the chlorophyll a fluorescence measurement,
highly significant differences were observed in the
Fv/Fm ratio caused by long term exposure to elevated
UV-B and other stresses, respectively. There was no
significant difference between the C8 and E8 variant,
but a highly significant decrease was observed in the
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variants: Cl11-E11 (18.8%), C8-C11 (8.7%), and E8-—
Ell (27.9%) (Tab. V).

DISCUSSION
Effects of short-term exposure

The first estimation of gas exchange parameters and
fluorescence was conducted after 4 weeks of exposure
to enhanced UV-B radiation. Decrease of A, in the A/Ci
response (Tab. I) and o in the A/I response (Tab. IV)
parameters demonstrated the mean damage effects at
the primary CO, akceptor ribulose-1,5-bisphosphate

J. FOR. SCI., 45, 1999 (5): 223-229



V. Quantum yield efficiency of photosystem II

Variant C8 E8 Cl1 Ell
Fv/Fm mean b’ 0.733 ¢’ 0.753 a',b"  0.669 a% ¢" 0543
standard deviation 0.010 0.007 0.012 0.030

Fv/Fm — quantum yield of photosystem II

C8 (C11) - control variants without enhanced UV-B radiation in August (November)
E8 (El1) — exposed variants by +25% of UV-B radiation in August (November). The same letter indicate significant differences (on the level
of 95%, P < 0.05), asterisks mean high statistical differences (on the level of 99%, P < 0.01) (n = 10)

(RuBP) level while Rubisco activity was unaffected,
which can be documented by the significant unchanged
value of carboxylation efficiency T (Brooks, Far-
quhar, 1985).

The rate of the RuBP regeneration (Tab. III) de-
creased by 39.3% and demonstrates damage of the com-
pounds involved in the electron transport process. The
decrease of the Rubisco oxygenation rate V; was 61.3%.
This may be the result of a protective function of pho-
torespiration. A decrease of Rubisco oxygenation pro-
ceeds an increase of Rubisco carboxylation, because
they are competitive processes (Leverenz et al.,
1990). But this fact was observed only on the Rubisco
activity level while the rate of photorespiration R was
unaffected (Tab. II).

The results of stomatal (LS) and mesophyll limita-
tion (LM) provided evidence supporting slight changes
in the effect of the CO, transport processes to carboxy-
lation places in short-term UV-B exposure conditions.
Statistically insignificant higher values of CO, and
light compensations points (I',, I'[) are consequences
of minor stress damage (Peisker, 1978) caused by
UV-B radiation.

Effects of long-term exposure

The second estimation of gas exchange parameters
and fluorescence was conducted after 14 weeks of expo-
sure to enhanced UV-B. We expected a greater influence
of UV-B radiation because the combined effects of irra-
diance and frost on CO, uptake and chlorophyll a fluo-
rescence in Norway spruces were previously studied
(Kalina et al., 1994). Low temperatures especially
decrease activity in the Calvin cycle enzymes (Gaze-
lius, Hallén, 1980).

A noticable decrease (36.8%) in the saturated rate of
CO, uptake on the A/Ci response was observed. This
result correlates with a decrease in the rate of RuBP
regeneration (35.5%) and the actual electron transport
(42.6%).

Carboxylation efficiency T was higher in the control
variants (insignificantly). We noticed decrease of the ©
parameter for both control and exposed variants, we can
presume that decrease in Rubisco activity is caused espe-
cially by low temperatures and slightly by UV-B treat-
ment. The rate of Rubisco carboxylation V. decreased by
47% in the exposed variants compared to the control
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ones, but the rate of oxygenation V,, decreased by only
7.8%. These results provide the evidence about selec-
tive damage in the large Rubisco subunit which is re-
sponsible for carboxylation (Jordan, 1993). Addi-
tionally other studies have concluded that there is a
negative influence on Rubisco carboxylation reactions
due to long-term UV-B exposure (Vu et al., 1982).

The rate of Rubisco oxygenation decreased by 64%
in the control variants when the November measure-
ments were compared to the August measurements,
whereas this difference was only 15% in exposed vari-
ants. These results may demonstrate a limitation of the
protective possibilities of Rubisco oxygenation.

Higher values of ' and 'y were observed in November
in the exposed variants, but these differences were statis-
tically insignificant. Low temperatures in November
caused an increase of these parameter’s values for ex-
posed (49%) and control (72%) variants compared to
August. The shift from lower to higher values within
these parameters is a typical manifestation of seasonal
changes on photosynthetic characteristics (Sestédk,
1985).

An outstanding increase of stomatal limitation in No-
vember was observed for both exposed and control va-
riants compared to August. Opossit to Naidu et al.
(1993) we observed an increase of stomatal limitation
in exposed variants compared to control ones which
also occured in November. This is in the accordance
with Tevini, Teramura (1989). Their findings
are consistent with the suggestion that stomatal closure
is the primary cause of observed decreases in photosyn-
thetic response due to enhanced UV-B.

Changes in the photorespiration rate R were not
significant in November. This result documents the pos-
sibility of different sensitivity levels during particular
steps of the photorespiration cycle in relation to UV-B.

Maximal photochemical efficiency of photosystem II,
determined by the Fv/Fm ratio, was significantly de-
creased by enhanced UV-B. The decrease of this ratio
by low temperatures was also observed in Norway
spruce stands (Kalina et al., 1994), therefore, it is
possible to predict that the outstanding decrease of pho-
tochemical efficiency is caused by the combined effect
of UV-B treatment and low temperatures especially.

From the finished studies concerning photosynthetic
analysis, it is possible to find different sensitivity levels
to UV-B radiation on the CO, fixation level. Apparently
electron transport, activities of Rubisco, and enzymes
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of Calvin cycle are the most sensitive to UV-B radiation
or synergic influence from other stresses, respectively.
The synergic effect of low temperatures and UV-B ra-
diation is very important, because the combination of
these stresses occurs very often in field conditions.
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VLIV ZVYSENE INTENZITY UV-B RADIACE NA FOTOSYNTETICKOU
CHARAKTERISTIKU SMRKU ZTEPILEHO [PICEA ABIES (L.) KARST.]
PESTOVANEHO V POLNICH PODMINKACH

0. Urban, M. Sprtovi, M. V. Marek

Ustav ekologie krajiny AV CR, Porici 3b, 603 00 Brno
S pokracujicim poklesem koncentrace ozonu ve stra-

tosfére roste zajem biologl o mozné vlivy zvySené in-

tenzity dopadajici ultrafialové-B (UV-B; 290-320 nm)
radiace na reakce rostlinnych spolefenstev. Vysledna
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reakce rostlin zavisi jednak na mnoZzstvi absorbované
UV-B radiace, jednak na synergickém pusobeni dalSich
vnéjsich faktort okolniho prostiedi a lisi se v zavislosti
na jednotlivych rostlinnych druzich. Protoze béhem ro-
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ku dochézi k sezonnim zméndm Sitky ozonové vrstvy,
Ize v podzimnich mésicich ofekdvat zvySeni poméru
dopadajiciho UV-B a fotosynteticky aktivniho zifeni
pii soudasném vlivu nizkych teplot a prvnich mrazika.
Miru efektivity UV-B zéfeni na jednotlivé biologic-
ké znaky Ci reakce oznaCujeme zpravidla jako aké&ni
spektrum. UV-B radiace sniZuje celkovou biomasu rost-
lin, sniZuje rychlost asimilace CO,, stomatalni vodivost
a celkovy obsah chlorofyli. Byly pozorovény struktur-
ni zmény tylakoidnich membran, reak&nich center foto-
systému II (PSII), pokles stavu sloZek elektronového
transportniho fetézce, aktivity a mnoZstvi Rubisca. Ty-
pickym pruvodnim jevem pfi pusobeni zvySené inten-
zity UV-B radiace je zvySena syntéza tzv. UV-stinicich
pigmenti, napf. flavonoidd, ve vakuoldch bunék palisa-
dového parenchymu a mohutnéj$i kutikuldrni vrstva.
Pfi umé&lém ozafovani sazenic smrku ztepilého bylo
vyuZito systému modulovanych zafivek zvySujicich ak-
tualni intenzitu dopadajici UV-B radiace o 25 %.
Z provedenych gazometrickych méfeni a analyz vyply-
va, ze zvySena UV-B radiace pfi kratkodobém piisobeni
(dny aZ tydny) poSkozuje zejména primarni akceptor
CO, ribulosa-1,5-bisfosfit (RuBP) a schopnost jeho re-
generace. Vyrazny pokles rychlosti oxidace Rubisca

ukazuje na jisty stupeii protektivni funkce fotorespirace,
kdy pokles oxidace Rubisca musi vést k nartstu rych-
losti karboxylace, nebot se jednd o &isté kompetivni
procesy.

Dlouhodobé plsobeni (mésic aZ sezona) zvysené in-
tenzity UV-B radiace se projevilo vyraznym sniZenim
rychlosti karboxylace, zatimco rychlost oxidace poklesla
pouze minimalné. Tento vysledek muZe svédéit o selek-
tivni destrukci velké podjednotky Rubisca zodpovédné
za karboxylaci. Srovnanim hodnot rychlosti asimilace
CO, u kontrolnich a exponovanych sazenic po krétko-
dobém a dlouhodobém piisobeni zvy$enou intenzitou
UV-B radiace pak muZeme fici, Ze s délkou trvani ex-
perimentu dochézelo k saturaci ochrannych schopnosti
oxidace Rubisca. Vys§i hodnoty kompenzacni koncen-
trace CO, a ozdfenosti, jakoZ i niZ8i stomatdlni vodi-
vost a maximdlni fotochemickd tG¢innost PSII sv&dci
o stresovém vychyleni asimiladniho aparatu smrku zte-
pilého v dusledku pusobeni UV-B radiace. Konecny
efekt zvySené intenzity UV-B radiace byl vyrazné zvy-
Sen synergickym pisobenim dalSich stresovych faktort
— zejména nizkou teplotou, ktera sniZuje aktivitu enzy-
mu Calvinova cyklu.

Contact Address:

Mgr. Otmar Urban, Ustav ekologie krajiny AV CR, Pofi&i 3b, 603 00 Brno, Ceska republika
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PAST, PRESENT AND FUTURE OF THE FORESTRY

UNIVERSITY EDUCATION

On the occasion of the 150th anniversary of the beginning of forestry university education in Prague, the Faculty of
Forestry of the Czech University of Agriculture in Prague organized an international symposium (November 13-14,
1998) devoted to the history, present situation and future perspectives of forestry university education. Scientists from
universities of several European countries participated in the symposium, and presented following contributions.

150TH ANNIVERSARY OF THE UNIVERSITY FORESTRY EDUCATION

IN CZECH LANDS

J. Gross, I. Rocek, V. Chalupa

Czech University of Agriculture, Faculty of Forestry, 165 21 Prague-Suchdol, Czech Republic

INTRODUCTION

Forestry education has a long tradition in Czech lands.
The necessity of professional education of foresters is
given by multiple use of forests. At the beginning of
this millenium the importance and administration of
forests was closely connected with hunting of forest
game. The importance of wood production of forests
gradually increased and requirements concerning pro-
fessional knowledge and education of foresters had also
increasing trends. Already in the year 1756 instructions
were issued on forestry examinations in Czech lands
and required knowledge was determined. Candidates
for forest managers had to pass examinations under ap-
pointed examinators, and it was ordered to employ only
foresters who passed the examinations successfully.

The increasing importance of forests was connected
with the increasing number of inhabitants, big wood
consumption and fear of wood scarcity, mainly in less
forested regions. The necessity of professional knowledge
led to the foundation of professional forestry schools.
The first one-year forestry school was founded in the
year 1773 at Blatno near Chomutov (NW Bohemia) and
within short time after that, other forestry professional
schools were established also on other places.

HISTORY OF UNIVERSITY FORESTRY
EDUCATION

Encyclopedic lectures on forestry were included al-
ready in curriculum of lectures for the Chair of Agri-
culture at the Prague University in the year 1789. In the
year 1812 the Chair of Agriculture was affiliated to the
Prague Polytechnic University and together with it also
encyclopedic lectures on forestry. The first assistant
professor of forestry at the Polytechnic University was
Christoph Liebich, one of the important foresters of the
19th century. Liebich was born 1783 in Silesia and after
he finished studies at the Forestry School at Tharandt
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he worked since 1812 first as the “king and emperor’s
engineer* at Lwow and since 1818 in the same position
in the administration of state estates at Prague, where
he lived till the end of his life in 1874. In the year 1826,
after he left the administration of state forests, Liebich
started his editing, publishing, and teaching activities.
He edited several professional forestry journals and
published many professional books. In silviculture, he
was founder of the so called Prague school. He stressed
not only wood production role of forests, but also non-
wood importance of forests (e.g. soil conservation,
water management, climatic and health roles). Liebich,
as the first assistant professor of forest sciences at Prague
Polytechnic University, started lectures November 15,
1848 and offered encyclopedic forestry education to
a great number of students during his university activi-
ties. In the year 1849 Liebich elaborated a plan for ex-
tending forestry studies at Polytechnic University. In
his programme forestry studies should last two years.
He attached a great importance to practical training. For
this purpose he requested the lending of Brandys forests
(closely north of Prague) with the area of more than
6,000 ha for practical training in geodesy, forest inventory
and other disciplines. He further required the founding
of the independent Chair of Forest Sciences headed by
an ordinary professor. But these requests were not ac-
cepted and realised. Liebich lectured forest sciences at
the Prague Polytechnic University for 18 years and read
his last lectures in 1867/1868. After him, readers of
forestry encyclopedia were famous personalities like
Antonin Bohutinsky, Karel Kofistka, Joset Sigmond
and Vojtéch Kaisler. Forestry encyclopedia was then
lectured in the period 1910 to 1919 at the Czech Tech-
nical University in the Department of Agriculture and
Geodesy.

Efforts to establish university forestry education with
the Czech teaching language were not realised during
the period of Austria-Hungary empire. Only after foun-
dation of the independent Czechoslovak Republic Oc-
tober 28, 1918, immediate steps were done to establish
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university forestry education in Czech language. Al-
ready November 6, 1918, professors of Czech Techni-
cal University headed by Professor Stoklasa, took out
a petition for the founding of School of Forestry within
the framework of the Czech Technical University. This
proposal was approved by Ministry of Education and
the start of lectures was determined for March 16, 1919.
The final structure of the university forestry studies was
formed in the year 1920. Within the framework of the
Czech Technical University, independent university
schools were established inclusive the University
School of Agriculture and Forestry. At the School of
Forestry a study programme was prepared on the basis
of experiences of universities which laid the emphasis
on the education of technical subjects.

The education at newly founded School of Forestry
of the Technical University was provided by experienced
teachers. Programmes of studies developed in the
course of time, but in principle the same basic curricu-
lum of forestry studies was kept. That was based on
combination of biological, technical, and economical
subjects. Since the year 1921 to the 1939, in total 674 stu-
dents graduated at the School of Forestry. After the
outbreak of the Second World War, all universities in
Czech lands were closed.

The university education was resumed immediately
after the end of the war, in June 1945, as a continuation
of the summer term of the year 1939. In the period after
the war, university staff of the Faculty of Forestry in-
cluded many prominent teachers as Karel Matyas,
Pravdomil Svoboda, Viéclav Korf, Viclav Douda, Alois
Mezera, Antonin Pfeffer and others. Prague Faculty of
Forestry existed in the period after the war within the
framework of the Czech Technical University up to the
year 1959, when it was closed due to the government
decision. In the years 1945 to 1959, in total 1,693 stu-
dents were matriculated at the Faculty of Forestry in
Prague. In the year 1964 the Faculty of Forestry was
transformed to scientific institution, the Scientific Forestry
Institute of the University of Agriculture, with the seat
at Kostelec nad Cernymi lesy. The activities of this
institute were focused on fundamental and applied re-
search and on postgraduate and specialized courses. In the
year 1990 the activities of the Prague Faculty of For-
estry were resumed and lectures started in the year 1991.

—

FORMS OF EDUCATION

The program of studies at the reopened Faculty of
Forestry was prepared with respect to present problems
in forestry and requirements of the society. The goal of
the Faculty of Forestry remains the education of profes-
sionals who will be specialists in biological, technical
and economical sciences. The Faculty of Forestry has
at present time three main courses of studies, i.e., forestry
engineering, landscape engineering with specialization
applied ecology, and since the year 1994 also wood
technology engineering. Studies in all these study
courses last five years and are closed by the second
state examination and by the submission of the diploma
thesis. Besides these five year engineering studies there
exist also three year bachelor studies “Economic and
administration service in forestry*.

Graduates of forestry engineering are specialists ca-
pable of management of forest enterprises and able to
solve cardinal problems of modern forestry. Graduates
of landscape engineering are specialists in landscape
management, soil erosion control, water management,
and care of ecological stability of landscape used by
agriculture and forestry. Graduates of wood technology
engineering are specialists in industrial wood process-
ing, veneer and plywood production, production of fur-
niture and other woody products. Bachelor studies are
focused on the economic aspects of forest management
and administration, problems of property ownership
and finances. Altogether 841 students are studying at
the Faculty of Forestry at present time (Tab. I). Since
1991, when the Faculty of Forestry was reopend, 449 stu-
dents gradued at the Forestry Faculty (Tab. II).

The Faculty of Forestry offers also postgraduate
studies, which may be realized after graduation. After
passing rigorous examinations, students submit and de-
fend dissertation to obtain scientific degree Doctor of
Philosophy (Ph.D.). The Faculty of Forestry in Prague
is entitled to offer postgraduate studies in 12 disci-
plines: Plant Physiology and Anatomy, Dendrology and
Forest Tree Improvement, Silviculture, Forest Protec-
tion, Game Management, Ecology, Applied and Land-
scape Ecology, Forest Inventory and Management,
Technology and Mechanization in Forestry, Economy
and Forest Management, Agricultural and Forestry Hy-
drology, Soil Protection and Soil Improvement.

. Number of students of the Faculty of Forestry at the Czech University of Agriculture in Prague (November 1, 1998)

Sdyyer [ SO | e | e | Beiriorandy, | TpErT S | Aimpeer
I 82 98 58 32 62 332
L. 53 59 21 21 10 164
1. 22 73 20~ 19 8 142
Iv. 46 42 22 = 6 116
V. 43 36 8 < = 87
Altogether 246 308 129 72 86 841
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II. Number of graduates of the Faculty of Forestry at the Czech University of Agriculture in Prague since 1991

i cngineering | cngineermg | engineering | Bachelor study | TG ey | Alogether
1992 - 37 - - - 37
1993 - 39 - - - 39
1994 - 29 - - - 29
1995 - 48 - - - 48
1996 41 42 - - - 83
1997 46 47 - 16 | 110
1998 44 42 - 11 6 103
Altogether 131 284 - 27 7 449

FACULTY FACILITIES

Ten departments of the Faculty of Forestry take part
in the teaching: Dendrology and Forest Tree Improve-
ment, Silviculture, Forest Protection, Forest Inventory
and Management, Logging and Wood Processing, Eco-
nomics and Forest Management, Ecology, Water Re-
sources, Land Use and Land Improvement, Construc-
tions. The Institute of Applied Ecology is also a part of
the Faculty of Forestry. The Arboretum at Kostelec nad
Cernymi lesy with an area of more than 12 ha and with
the collection of 156 coniferous and 1,024 broadleaved
tree species, is used for dendrology education. In the
Arboretum students may appreciate adaptability of vari-
ous tree species, their growth, and sensitivity to unfa-
vorable abiotic and biotic factors. A very important in-
stitution serving for practical education of students is
the Training University Forest with the seat at Kostelec
nad Cernymi lesy, which was established and allocated

to the University already in the year 1935. The area of
managed forests is more than 7,000 ha, and major part
of them is of high genetic value, which enables collec-
tion of high quality seeds. The production of plants for
afforestation exceeds 1 million plants annually. Log-
ging activities apply all basic technologies connected
with wood production. The University Forest Estab-
lishment includes also a castle, where are situated labo-
ratories and facilities for lodging and boarding of stu-
dents, taking part in practical training at the University
Forest within the education framework.

Large attention at the Faculty of Forestry is devoted
to scientific activities done in laboratories and on ex-
perimental plots situated in the University Forest or in
other regions of Czech Republic. The Forestry Faculty
research includes a wide spectrum of projects of both
basic and applied research. Funding is provided through
a variety grant agencies. Results of scientific projects
are published in international journals and monographs.

CHALLENGES TO FOREST EDUCATION IN A CHANGING SOCIAL

AND ACADEMIC ENVIRONMENT

F. Schmithiisen

Department of Forest Policy and Forest Economics, ETH Zentrum, 8092 Zurich, Switzerland

INTRODUCTION

The ties and working relations between Switzerland
and Czech Republic in forest education and research
have a long tradition and a solid basis. They are quite
intensive at present. Several teachers of the staff of
Forestry Faculty of the University of Agriculture in Pra-
gue visited Forest Sciences Department of the Swiss
Federal Institute of Technology. the ETH in Zurich and
participated in seminars there. Only a few years ago
students and teachers of the ETH in Zurich came on an
excursion to the Czech Republic. It is also useful to
remember the research co-operation in the 80s when we
were all very concerned about the extent and impact of
forest decay in different regions of Europe.
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UNIVERSITY FOREST EDUCATION
IN A CHANGING SOCIAL AND ACADEMIC
ENVIRONMENT

150 years of university forest education in the Czech
lands is an opportunity to ask ourselves what the
changes are that today determine university education
in the forest and wood processing sector. I think that
the changes come mainly from two directions. There
are new demands regarding the forest and regarding
forestry. And there are challenges to university educa-
tion and research co-operation as a whole. The follow-
ing reflections are based on my personal experience at
the ETH.

In 1994 we made a survey with 139 respondents on
the employment opportunities of forestry graduates
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who had left the ETH between 1986 and 1992. Less
than one third worked in forest administration, slightly
more than one third were employed in research and
teaching, and the rest in the private sector. Recently we
analysed the current employment of the former assis-
tants in our chair covering a sample of 22 respondents.
Most of them graduated between 1982 and 1996. Al-
most half had a job in the private sector, a quarter were
independent and the others were in the public sector.
More than 40% described their activity as services ori-
ented and 14% as forest sector related. The others were
engaged in a wide spectrum of activities including na-
ture and landscape conservation. Information from
studies in neighbouring countries seems to suggest that
these figures are indicative.

The findings, even if not representative, demonstrate
that university courses in forestry are no longer geared
mainly towards students who find employment in the
public forest service. Forestry courses are today useful
to society and competitive with other educational op-
portunities as long as they provide a basis in environ-
mental conservation and sustainable land management
practices. They have to qualify the graduates for a broad
range of jobs. The students need a flexible programme
and the liberty to select teaching subjects which corre-
spond to their interest and facilities and which they
think useful. After all, why should they not be in a
position to identify future employment opportunities
and evaluate their chances in a highly competitive la-
bour market?

Society’s demands regarding forestry are of a very
diversified nature and differ from country to country
and region to region. They embrace the production of
goods and services of a distributive character. And they
refer to interests in the very existence of forests, which
have their foundation in the perception and the personal
conviction of citizens. It is this global character which
makes the forests an important element of our reality.
Their potential for satisfying the needs of present and
also future generations, and their ability to do so, deter-
mine their social relevance. The biodiversity of forest
ecosystems and their multi-functional uses are new di-
mensions in political debates on forests and forestry.

The demands of society towards forests are constantly
changing. Their qualitative nature and the intensity with
which they are expressed vary with the flux of eco-
nomic and technological development. The uncertainty
inherent in any assessment of future demands should
sharpen our eyes for the more long term tendencies that
form the underlying pattern of our day to day problems
and the solutions which we can offer. They should
guide us in judging modestly our predictions of future
values and benefits. A far-sighted form of resources
management which leaves opportunities and alterna-
tives open to us and to the next generations and which
relies on the site specific production potential is prob-
ably the best approach in dealing with the uncertainties
of the future. In this sense forestry practices close to
nature are a modern and appropriate management ap-
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proach which safeguards the natural diversity and sta-
bility of the forests. Silviculture close to nature practiced
now determines our future options: those, which we can
think of now, and those which we do not yet know of.

It is in this context that one has to consider the pre-
sent and future role of foresters in society and the per-
spective from which citizens evaluate their usefulness
and competence. Fulfilling the demands for the perti-
nent professional qualification as managers of land and
of forest estates remains an important task. But new
challenges have emerged. They refer to the forester’s
role as a professional expert and advisor to political
institutions, interest groups and the general public.

A forest engineer has to be in a position to determine
the actual and potential benefits from forests and, at the
same time, to define the ecological limits to such uses.
He should be able to analyse competing as well as com-
plementary interests, and to explain alternative strate-
gies to forest owners. He should know how to assess
not only the value but also the costs of various goods
and services, and the financial implications of their avail-
ability. These tasks demand economic thinking, knowl-
edge of arbitration processes in order to find a consen-
sus, and understanding of the legal framework in which
to act.

In the local, national and international context forest
conservation and sustainable management require po-
litical decisions. In this respect forest engineers should
be able to give advice on the potential of resources, and
its contribution to social and economic development.
A professional forester has to cope with different demands
and to understand their multiple and evolutionary nature.
He has to explain and demonstrate the complexity and
fragility of different forest ecosystems. He should know
how to evaluate the particular characteristics and how
to choose the necessary measures of protection and sus-
tainable management.

If the social relevance of professional expertise is
constantly changing, so is the academic context for teach-
ing and research. The training of university graduates
is moving away from providing specialised knowledge
linked to narrow professional activities. What is the
point of offering knowledge for a single field if job
profiles are in constant change and if research leads to
new professions and job opportunities. Continuous aca-
demic education with short term courses and master
programmes is today part of more flexible and longer
lasting academic programmes. Building new curricula
combining education in natural sciences and technology
with competencies in economics and social behaviour
is another way of reacting to new demands.

Academic teaching programmes in environmental sci-
ences, natural resources utilisation and ecosystem man-
agement have been established. The variety of new aca-
demic studies requires an assessment how far forestry
courses may benefit from such programmes. And it is
equally important to consider the contribution of forest
sciences to environmental education and sustainable
land management courses.
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One significant element is the increasing importance
of university level education offered by “Fach-
hochschulen® or technical colleges. It complements but
also competes with traditional university curricula.
Education for the forest and wood-processing sector is
such a case. A comparison of the programmes offered
by the “Fachhochschulen® today with the university
curricula of some 25 years ago reveals this trend. Such a
comparison demonstrates that forest faculties must ex-
pand their teaching towards broader subjects with more
interconnections and towards systems analysis if they
want to offer a relevant programme to the students.

The principal conclusion is that the disciplinary bal-
ance of existing curricula needs to be critically re-
viewed. An adaptive academic forest education is one
that offers an equilibrium between biological, technical
and social disciplines. From my point of view this
clearly implies that university education in forestry
needs a solid foundation in economics and in the social
sciences. This is not an easy undertaking and there is a
long way to go. In our own revision we have made some
progress, but more efforts are necessary. My rationale
is simple. The problems associated with forestry are
problems of and among people, of optimising scarce
resources and of social equity. They result from the
contradictory interests and values that determine re-
sources utilization, and from different perceptions of
the rights and opportunities of our generation in view
of generations following us. To put it bluntly: it is not
forests that have problems. Forests do not have prob-
lems. It is society, which creates problems, and it is
society, which must solve them.

The educational profile, as a whole needs to be at
once specific and interdisciplinary. Specific in that stu-
dents have to understand the complexity of forest eco-
systems and the conditions for managing them in a long
term perspective. Interdisciplinary in that forests are
one of several renewable resources of the environment.
University education can provide a common ground for
understanding different interests involved in utilising land
and space. It should motivate forestry students to consider
their position in relation to other professions with which
they will have to collaborate after leaving university.

Academic education, whatever its form, is based on
an involvement in research, both of the students and the
teaching staff. Research today is highly competitive and
internationally linked. Pertinent research in forestry can
only be undertaken if it is based on general scientific
models and methodology. New research fields such as
environmental economics and law, natural resources
policy or empirical studies on human perceptions of
nature and landscape provide an integrative view. The
linkages between different fields of research reinforce
the need to assess and measure the relevant contribu-
tions of each field and to evaluate its potential. Forestry
research has made some efforts to integrate inputs from
other fields. It has been much less successful in offering
knowledge and findings to other disciplines. And it is
still at the beginning of playing a substantial role in
multi-disciplinary educational and research networks.

I think that providing an understanding of how to
manage a renewable resource in a long-term and multi-
functional perspective is the most significant contribution
that forestry education and research in the European
universities can make. The combination of scientific
knowledge with practical experience in sustainable re-
sources management is of value to the other land use
activities and to environmental conservation. The chal-
lenge of today is to seek for academic networks in
which forest education and research contribute to the
common goal of sustainable development in a meaning-
ful manner.

Forests are of importance as environment and eco-
systems of great biodiversity. Forestry outputs and
benefits, whatever their form, are part of rural as well
as urban developments. Their multiple role within the
broad perspective of sustainable uses calls for fresh
syntheses of sectoral and cross-sectoral disciplines
which open traditional research communitics to new
combinations. Protection and management of forests
are predominantly local and national issues. But they
are also of world-wide concern, both at the international
political scene as well as in the public debates of par-
liaments and citizens. International co-operation helps us
to find better solutions to deal with forests in societies that
are becoming more and more dependent on each other.

FORESTRY EDUCATION AT THE AGRICULTURAL UNIVERSITY IN KRAKOW
HISTORY, PRESENT SITUATION AND PERSPECTIVES

W. Gil

Agricultural University in Krakow, Faculty of Forestry, Al. 29. Listopada 46, 31 425 Krakow, Poland

INTRODUCTION
According to the data recently issued by the Agricul-

tural University in Krakow (1998), the University in-
cludes 8 faculties, employs 1,800 persons and a half of

234

this number i.e. 900 persons are members of the aca-
demic staff. The number of students amounts to 9,050
and within this number 6,137 students follow the full-
time studies and the balance i.e. 2,913 persons are stu-
dents of the part-time (extramural) studies.
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The university examines candidates for degrees dur-
ing their residency and at the conclusion of their studies;
confers degrees; regulates the curricula of the faculties
and the system of education; deals with disciplinary
problems; and administers facilities, such as library, lec-
ture rooms, and laboratories that are beyond the scope
of the faculties or departments.

HISTORY OF FORESTRY STUDIES IN KRAKOW

The history of forestry studies in Krakow may be
divided into two different periods. The first covers its
history as part of the Jagiellonian University and the
second comprises the record of forestry studies within
autonomous College of Agriculture, called later the
University of Agriculture.

In general, the beginnings of the Faculty of Forestry
in Krakow go back to the end of XIX century. In 1889
at the oldest Polish University, the Jagiellonian Univer-
sity founded in 1364, there was brought into existence
a division called Study of Agronomy. The Study was
formed within the frame of the Faculty of Philosophy.
Prof. Aleksander Nowicki gave first lectures in forestry
at that Study in 1893. In 1919 based on the Study there
was created a Department of Forestry headed by a famous
specialist in forestry — Prof. Stanislaw Sokolowski.
Later on, Prof. Edward Chodzicki led the Department
(since 1937). The Department was a centre of forestry
sciences in Krakow and constituted a basis for the foun-
dation in 1946 of the Faculty of Agronomy and Forestry
at the Jagiellonian University in Krakow. In 1947 For-
estry Section was separated from that Faculty and in
1949 it was transformed into an independent Faculty of
Forestry of Jagiellonian University with Prof. Tadeusz
Gieruszynski as its first Dean. The Faculty has steadily
developed under the great Polish educators in forestry
and the basic part of an academic staff consisted of the
former Faculty of Forestry professors of Technical Uni-
versity of Lwéw. Within this organizational structure it
existed until 1954. At that time the enrollment for the
first year of study was 110 persons. Admission at the
faculty was based on a competitive examination in biol-
ogy and mathematics. The total number of teaching
hours amounted to 4,540 during 4 years of study with
an average of 38 teaching hours weekly and 61 teaching
subjects. The curriculum offered by the Faculty led to
Bachelor of Science in Forestry degree and at the same
time, after passing exams in all 61 courses, and success-
ful defence of presented master thesis, to Master in
Agricultural-Technical Sciences degree (Zizka,
1992). Unexpectedly, ministerial decision of 1951,
based on some nonsense reasons, stopped the enroll-
ment of students and in 1954 the Faculty was defini-
tively closed down.

The Faculty of Forestry was opened again for in-
struction nine years later i.e. in the academic year
1963/1964 at the College of Agriculture (Wyzsza
Szkola Rolnicza) which emerged from the Jagiellonian
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University and since 1972 it is called the University of
Agriculture (Akademia Rolnicza im. Hugona Kollataja)
named in honor of a distinguished Polish scholar Hugo
Kollataj.

Among many notable professors of the Forestry Fac-
ulty one can name the following persons:
Stanislaw Sokolowski, 1865-1942, his scientific inte-
rest focused on silviculture, and he was a great suppor-
ter of nature conservation;
Dezydery Szymkiewicz, 1885-1948, a very active or-
ganizer of forestry studies in Krakow and the precursor
of the application of mathematical statistics in plant
ecology study, and author of the first Polish manual in
this field;
Edward Chodzicki, 1897—-1978, the creator of original
forest-physiographical division of Poland, the pioneer
of forest tree breeding science;
Tadeusz Gieruszynski, 1903—1963, the first dean of the
Forestry Faculty, the author of the first Polish manuals
of dendrometry (Jurkowska et al., 1965);
Stanislaw Domanski, 1916-1993, the author of unique
monographic treaties on raw Aphyllophorales, the ex-
pert in biotaxonomy of large-fructification fungi;
Stefan Myczkowski, 1923-1977, a prominent investiga-
tor of Carpathian forests, very active in the field of
nature conservation, awarded the European Goethe Prize;
Boleslaw Rutkowski, 1923-1990, dean of the Faculty
for many consecutive terms, the founder of the original
Cracowian school of forest management, author of the
statistico-mathematical theory of inventory and control
of forests and of the Polish way of the development of
theory, methods and systems of forest regulation.

ORGANIZATION OF THE FACULTY OF FORESTRY

The Faculty of Forestry in Krakow has the following
departments: Forest Botany and Nature Conservation,
Forest Ecology, Forest Entomology, Forest Pathology,
Silviculture, Forest Management, Forest Mensuration,
Philosophy of Nature and Country Culture, Forest Soil
Science, Forest Engineering, Forest Climatology,
Mechanization of Forest Works, Forest Tree Breeding,
Forest Protection, Forest and Wood Utilization, Zool-
ogy and Wildlife Management, Forest Tree Physiology.

The executive authorities of the Faculty act through
independent decisions supported directly by the opinion
of the Scientific Council of the Faculty or by opinions
of Council’s Commissions approved by the Council. In
some matters, such as conferring scientific titles the
Council possesses a decisive legal position. So the Fac-
ulty Council is authorized to confer Dr. Sc. and Doctor
Habilitated (Dr. hab.) degrees in forestry sciences.

FORMS OF EDUCATION

The position of the Faculty in 1994 is illustrated in
Tab. I. In 1998, the full-time teaching academic staff of
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I. Place of Krakow's Faculty of Forestry among 5 main forest science centres and institutions in Poland according to the state on March st

1994

Name of the institution

Forest Research Institute in Warsaw

Faculty of Forestry of University of Agriculture in Warsaw
Faculty of Forestry of University of Agriculture in Krakow
Faculty of Forestry of University of Agriculture in Poznan

Institute of Dendrology of Polish Academy of Science in Kornik

General number of staff Number of scientists
297 143
136 94
125 80
109 73
113 39

Source: E. Bernadzki, A. Grzywacz, 1995. The Condition of Forest Sciences in Poland. Sylwan, No. 4: 5-13.

the Faculty numbered 88 members, of which 54 persons
with Ph.D. (out of this number 24 persons were profes-
sors) and 62 persons employed as assisting and admi-
nistrative personnel. The number of students in 1998
amounted to 960 altogether (Anon., 1998).

The academic year is divided into two terms (semes-
ters) of approximately fifteen weeks each: winter and
summer semesters. The total number of teaching hours
has recently been significantly reduced from 4,500 to
3,400 hrs. for a full-time graduate program (i.e. 5 years
of study) (Kowalski T., 1997). The Faculty offers
the following categories of study: full-time (daily) stud-
ies, part-time (extramural) studies, postgraduate studies
and in addition the Faculty participates in doctoral stud-
ies organized by the Agricultural University in Krakow.

Full time studies last 5 years and lead to M.Sc. de-
gree in forestry in two majors (“specialisations®): For-
estry and Protection of Forest Resources. The Faculty
established an elective, or optional, system for gradu-
ates, by which they could choose most of their courses
themselves. The Faculty has recently created a possibil-
ity of finishing study after completion 4 years of daily
studies and presenting and defending a special thesis
written on a subject elected by student. This type of
studies leads to B.Sc. degree in forestry. At present
full-time studies are free of charge.

Part time (extramural) studies last 4 years and lead
to B.Sc. degree in forestry; the graduates may continue
their studies for 3 semesters more and in this case a Mas-
ter degree in forestry is conferred on them. The current
tuition and fee rates for undergraduate and graduate
studies amount to ca. 170 US$ and ca. 230 US$ per
semester respectively.

As full-time and part-time studies curricula are in-
tentionally strongly compatible, students may change

form of studies depending on personal situation or pref-
erences.

The Faculty also offers postgraduate studies. The types
of studies are shown in Tab. II. These studies require
paying tuition fees, their rates are subject to changes.
The program is completed during two semesters of
studies.

With admission criteria ranking among the most se-
lective in Poland the number of students who passed the
entrance exams has recently dramatically decreased. As
the response to this new situation the policy of Forestry
Faculty in Krakow has changed. According to the latest
decision of the Faculty Council, 50% of candidates for
the first year of study will be admitted on the basis of
results of GCSE (General Certificate of Secondary Edu-
cation) or equivalent and the balance, to the Faculty
admission limit, on the basis of written exams with
subjects to choose: biology or mathematics. The enroll-
ment rate during the past decade is shown in Tab. III.

THE CO-OPERATION WITH FOREIGN
EDUCATIONAL INSTITUTIONS BASED
ON BILATERAL AGREEMENTS

Forestry Faculty in Krakow co-operates with Mendel
University of Agriculture and Forestry in Brno, Technical
University in Zvolen, Technical University in Lvov,
Ukraine, Research Institute for Forestry and Urban Ecol-
ogy, Wageningen, The Netherlands, INRA Ardon (Centre
de Recherches d’Orléans), INRA Perroton, Conseil
Régionale Provence Alpes Cote d'Azur (students ex-
change — for practical training in forestry). Besides bi-
lateral agreements between faculties also exist agree-
ments signed at a university level (for example:

II. Postgraduate studies at the Faculty of Forestry of the Agricultural University in Krakow offered in academic year 1998/1999

Legal name of studies Lectures Field training Total l:lfl:::-t')le’;':i
Number of teaching hours

Postgraduate study in forest utilization and forest transportation 170 30 200 25

Postgraduate study in nature and environment conservation 85 85 170 50

Postgraduate study in genetics and forest tree breeding 173 14 187 49

Source: The author’s investigations based on documents of the Faculty of Forestry of the Agricultural University in Krakow, Poland

236

J. FOR. SCI., 45, 1999 (5): 234-237




I11. Enrollment rates at the Faculty of Forestry of the Agricultural University in Krakow, during the past decade 1989/1990 to 1998/1999

Full-time studies Part-time studies (Forestry alone) Possl‘irdaide:ate Tot:{‘lt:(\;:;t:r of
Academic year | Major: Forestry Majoré::::::’n‘:ie::"rces Un(;:ﬁ::::ﬂtﬂ Graduate students
Number of students
1989/1990 104 0 39 17 75 235
1990/1991 109 0 35 21 75 240
199171992 110 0 63 20 75 268
1992/1993 110 0 78 0 75 263
1993/1994 119 0 0 28 75 222
1994/1995 120 78 15 75 288
1995/1996 122 91 16 75 304
1996/1997 105 34 90 0 75 304
1997/1998 120 60 56 26 75 337
1998/1999 90 60 44 24 124 342

Source: The author’s investigations based on documents of the Faculty of Forestry of the Agricultural University in Krakow, Poland

Agreement on co-operation between agricultural uni-
versities in Krakow and Prague). The other projects of
bilateral agreements are in the course of preparation
(for example University of Goéttingen, Germany).

FACILITIES

Students live in residence houses in Krakow at 2 lo-
calities. Each house accommodates approximately
580 students. The Faculty provides their students with
lodgings for ca. 270 students (1998). They share dormi-
tories with the other faculties students of the University
of Agriculture. The Faculty has at its disposal the Forest
Experimental Station in Krynica with 6,500 hectares of
forest area and residence house, which accommodates
150 students and well-equipped lecturing rooms and
a canteen for students. There are 3 field stations located
there, namely: Field Station of Genetics and Forest Tree
Breeding; Field Station of Meteorology and Climatology
and Field Station of Silviculture. The building of For-
estry Faculty belongs to one of the best equipped with
modern media buildings in Krakow including a newly
designed net of Internet access and offers comfortable
conditions of work both for scientists and students.

PERSPECTIVES

— In an effort to keep pace with the rapidly changing
nature of today’s competitive marketplace the Faculty
recognizes the following educational priorities: the
need to adjust offered curricula to the real needs of
students (greater number of electives, constantly re-
vised programs).

— Creating the opportunities for extramural study at
the Faculty to serve individual students’ interests and
academic goals. Making full-time and part-time studies
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curricula classes even more integrated, so that students
could change more easily the form of study.

— Pursuing research and education conducted at the
Faculty in connection with a wide range of problems of
forest management in mountainous areas and industrial
regions of southern Poland.

— Creating the atmosphere more favorable for inter-
national education (proposals of lectures in foreign lan-
guages).

— Intensification of personal (professors and students)
exchanges within the European scientific and educa-
tional mobility programs.

— Elaboration of programs of continuing education
on the basis of postgraduate or other forms of studies
oriented towards the needs of forestry and other related
professions practitioners.

— Achievement of higher qualifications by academic
staff. By the year 2000 there is expected a total number
of 144 faculty members, out of this number 74 with
Ph.D. (included 22 professors) (Kowalski S., 1997).
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TODAY AND TOMORROW IN POLISH FORESTRY EDUCATION
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FACULTIES OF FORESTRY IN POLAND

Higher forestry education in Poland began in 1816,
with the foundation of the Forester’s School in Warsaw.
The tradition of this school continues in the Faculty of
Forestry, one of the first three faculties in the Warsaw
Agricultural University. In the same tradition is the
Faculty of Forestry of the Agriculture Academy in
Krakow, which is celebrating its 50th anniversary this
year (a portion of the time under the direction of Jagiel-
lonian University), and the Faculty of Forestry of the
Agricultural Academy in Poznan, which is 80 years old.

The Faculty of Forestry SGGW in Warsaw consists
of seven chairs and one independent department. The
faculty employs 126 workers, of which 89 are academic
teachers: 24 professors, 37 adjuncts, and 28 assistants.
The Faculty of Forestry in Krakow employs 140 work-
ers, of which 100 are academic teachers (25 professors
or higher). The Faculty of Forestry in Poznan employs
119 persons — 15 professors, 27 adjuncts, 35 assistants,
and 42 other workers.

The didactic activities of the Faculty of Forestry in
Warsaw are full-time studies (755 students, of which
139 are in their first year), part-time (358 persons, of
which 76 are newly-accepted), complementary master’s
studies (19 persons), the post-graduate course “Protection
of National Parks*™ (30 persons) and doctoral studies —
full- and part-time (35 persons). The Faculty of For-
estry in Krakow educates 960 full- and part-time stu-
dents. There are 90 first-year students with a forestry
speciality, and 60 who have chosen protection of forest
resources as a speciality. There are 45 part-time stu-
dents, and the faculty also provides post-graduate
courses. At the Faculty of Forestry in Poznan, in the
1997/1998 academic year, there were 665 registered
students, 395 part-time, and 35 studying in other sys-
tems. 300 persons were enrolled in doctoral studies, 23 in
a postgraduate forestry protection class, and 58 silvicul-
ture postgraduate students (Olenderek etal., 1998).

In the past ycars a commitment has been made to
improve the quality of laboratories, lecture halls and
classrooms. At present at the Faculty of Forestry in
Warsaw there are new laboratories for botany and
physiology, forest zoology and game management, for-
est protection and phytopathology, silviculture, remote
sensing and spatial information systems, and also com-
puter labs (which are equipped with State Forest Infor-
mation Systems). There are also nature and forestry
workshops which contain reading material — to supple-
ment the activities of the main library.

Each Faculty of Forestry has a center for field studies,
which is very significant for the scientific and didactic
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activities. For the Faculty of Forestry in Warsaw, this
is an Experimental Forest Station in Rogéw. It includes
the Nursery Training Center, Arboretum, lumber mill,
center for animal husbandry, and the Center for Nature
and Forestry Education, opened in 1996 in cooperation
with the SGGW and the General Directorate of State
Forests. Thanks to a great amount of work on moderni-
zation and renovation, the station in Rogéw has new
up-to-date equipment necessary for forestry and nature
education — formal and informal — for students, pupils
from forestry schools, State Forest workers, the local
community, and different groups interested in forestry.
The Faculty of Forestry in Krakow has a new scientific
and educational center for 150 students in the Experi-
mental Forest Area in Krynica Gérska. The Faculty of
Forestry in Poznan has two such areas — Experimental
Forest Areas in Siemianice and in Zielonka.

ACTUAL TRENDS IN FORESTRY EDUCATION

According to the present principles of sustainable
development (see Forest Principles, 1992; Ry-
kowski, 1994; European Parliament’s Resolution,
1997) there is an urgent need to introduce changes into
forest management in order to satisfy the various de-
sires of society towards forests. Forestry (people and
silviculture) must change. In order for the society to
understand the goals of forestry, they must be involved
in education at many different levels and in many dif-
ferent forms.

The authors of the document “Polityka Le§na Paristwa™
1996 (“State Forest Policy*) note the goals of foresters:
— bringing about transformation of programs in fores-

try high schools and universities; increase the know-

ledge of functioning ecosystems in landscapes and
forests; protect biological diversity; raise awareness
of modern techniques in forest ecological enginee-
ring; manage ecological and societal functions of
forest; planning, management, and administration of

Jorests; and overseeing forest products and services

in new socio-economic conditions, and in new forest

management models,

— introduce curriculum for primary and secondary
schools and university forestry departments to han-
dle problems with the natural environment, provide
necessary information about forests as functioning
ecosystems and to satisfy a forest's functions for eco-
nomic and societal development of the nation.
Following current trends in forestry evolution, a num-

ber of changes in the Faculty’s forestry study program

have been made. Their main goal (Olenderck, 1994)

is to create a new system of forestry study, which will
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conform to current educational standards, adapt higher
forestry schools to current practical needs, and follow
continuing evolution of multifunctional forest sustain-
ability. An improved form and method of teaching has
been developed, with the aim of better adapted pro-
grams and plans of study catered toward individual stu-
dent interests.

The following is a summary of the changes in the
plans and programs of study in the Faculty of Forestry
in Warsaw in the past years. A change in the number
of hours of lectures and exercises from 4,500 to 3,400.
Providing new compulsory subjects: nature protection,
computer science in forestry, photogrammetry and spa-
tial information systems. Ongoing individual studies in
programs, providing around 500 hours of study of sub-
jects chosen by faculty.

Master’s specialization is chosen by third-year stu-
dents. Some examples may be: forest economics,
silviculture, forest protection, natural foundation of for-
estry, forest management and forest geodesy, utilization
and engineering of forest management, forest zoology,
and game management, nature protection, applications
of spatial information systems in forestry.

In the world and in Poland, forestry studies are most
often reformed in a continual, evolutionary manner. Sys-
tems of study are also changing, in their realization,
regulations, and way of evaluating advances in teaching
and providing documentation. New programs must al-
low for changes as they happen in Polish and world
forestry, to meet the demands of a great many diverse,
often contradictory, functions.

This year a new speciality in forestry studies at the
Faculty of Forestry in Warsaw has been developed —
nature protection, preparing two postgraduate programs
of study: forestry economics and marketing, and the
application of remote sensing and spatial information
systems in forestry. New subjects are also provided:
nature protection, fundamentals of law, fundamentals of
photogrammetry and spatial information systems, and
forest history.

The academic profile of the Faculty of Forestry in
Krakow and the educational trend of its students results
from the specific environment in southern Poland. For
forestry studies, the direction is towards “protection of
forestry resources*. The Faculty also conducts post-
graduate courses in “Environment and Nature Protec-
tion*, “Forestry Use and Transport™ and “Forest Tree
Genetics and Selection®,

Responding to current needs, the Faculty of Forestry
in Poznan has begun offering postgraduate courses in
forestry protection and silviculture.

FORESTRY AND SOCIETY

Besides the evolution of forestry education in higher
studies, much importance is attached to the problems
increasing the understanding and forestry education of
society.
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Forestry education is a part of ecological education
(Grzywacz, 1994), and its contents, forms, and aims
are analogous to those of general ecological education.
The main goal is to form positive attitudes towards
forests and forestry, and to raise awareness of forestry.
Similar to ecological education aims, educational ac-
tivities should provide knowledge and skills relating to
forests.

At the Faculty of Forestry in Warsaw, a new spe-
cialization is planned in this area of forestry study. For-
estry education follows two related paths. First, it con-
veys knowledge of the various ecosystems in a
functioning forest. And second, where it differs from
ecological education, it explains the positive and nega-
tives roles of humans in shaping contemporary forestry
— explaining why and in what way forest silviculture is
conducted; why forests require constant supervision;
and why, despite growing threats, we still have forests
in Poland the likes of which can not be found anywhere
in Western Europe.

The main goals of forestry education are to raise
society’s awareness of forestry, create understanding
and acceptance of the necessity of forest management,
and form a positive image of foresters.

Basic forest and ecological education takes place of
course at all levels of schooling as a part of formal
education. The formal education system complements
education outside of the schools, which includes the
participation of many different groups: families, envi-
ronmental non-governmental organizations, religious
groups, local governments, mass media, national parks
and landscape parks, workplaces, governmental envi-
ronmental protection agencies, centralized institutions
and offices.

A question very often arises in this discussion — Who
should be in charge of forestry education — foresters or
teachers? By definition of the professions, the answer
would seem to be that foresters only look after forests
and are separate from teaching. Underlying the question
is a clear attempt to define foresters as amateurs and
teachers as professionals in this area. Foresters them-
selves subscribe to the opinion that their job is, above
all, to protect forest resources and guarantee safety in
the implementation of all forest functions, both con-
cerning raw materials and infrastructure. “Teaching
about the forest* is, consequently, the domain of teach-
ers. While some may think that teaching about forests
must concentrate on the richness of natural forests, it is
forgotten that contemporary forests have been shaped
by humans (foresters) and would not otherwise exist.
And who is better able to relate this concept of “forest*
than foresters? Foresters are professionals. There is ar-
guably no other profession in Poland that requires such
a broad range of knowledge.

Strictly separating the duties of foresters and teach-
ers is not possible nor necessary. Each can make an
essential contribution to the forestry education process.
and serve as support for the other. There are many ex-
amples of good cooperation. National forests are often
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used more and more in the teaching process to establish
a lasting ecological education program. Foresters can
perfect their educational skills and benefit from the
knowledge and experience of teachers. For these pur-
poses, courses have been organized in educational cen-
ters located in forest promotional complexes. Addition-
ally, the Center for Nature and Forestry Education in
Rogéw offers 3-day courses for forest rangers. During
these courses, various methods and forms of ecological
and forestry education are conveyed in theory and prac-
tice. Lecturers and trainers are experienced employees of
various educational centers, teachers of methodology,
and scientists.

CONCLUSION

We are aware that Poland’s entrance into the Euro-
pean Union will not affect the forestry job market.
Therefore, students need to be educated in a wide vari-
ety of topics. For that reason we offer a large choice of
subject programs, which often involve knowledge and
skills seemingly far removed from the subject of for-
estry. We expect to incorporate the following programs:
fundamentals of politics, finance, and national and in-
ternational organizations, change in societal prefer-
ences, European Unions laws, methods of societal com-
munication and resolving conflicts and others.

In a majority of countries, like in Poland, each sub-
ject has a separate realm. Advocates of such a system
maintain the separation between subjects, although in
reality they are overlapping. The disciplines come in
contact with each other, penetrate their subjects, and
inspire the creation of many new disciplines. The majority
of work coming in contact with forestry is of a complex
form. Too narrow a specialization would make it diffi-
cult for foresters globally to understand the complicated
management principles involved in forest ecosystems.
Increasingly, concepts are being introduced in which
students participate in interdisciplinary projects, in which

it would be wise to emphasize the connection and use
of different methods and technologies. Such work should
involve the five existing spheres: nature, technics, eco-
nomics, organization, and socialization. It would be better
if real problems were addressed and solved for actual
people, firms and businesses. Work could be realized in
small groups, acting as a forum for discussion of scien-
tific and technical problems.

Such preparation in which students participate in
practical work may help to break the barrier (which is
most of all psychological) between the study and pro-
fessional work of foresters.
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TRAINING OF FOREST ENGINEERS IN NANCY: A NEW CURRICULUM

FOR NEW SOCIETY REQUIREMENTS

R. de Romemont

Ecole Nationale du Génie Rural des Eaux et des Foréts, Formation des Ingénieurs Forestiers, 14 rue Girardet,

54042 Nancy-Cedex, France

INTRODUCTION

Being adapted to new requirements of society is
a main challenge for every training of forest engineers.
Development of specific pedagogical methods and
training for human resources are some assets for forest
engineers trained in the ENGREF.

240

PRESENTATION OF THE ENGREF
AND OBJECTIVES OF THE TRAINING
OF FORESTRY ENGINNERS (FIF)

ENGREF AND ITS NANCY CENTRE:

ENGREF, Ecole Nationale du Génie Rural des Eaux
et des Foréts, the “French Institute of Forestry, Agricul-
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tural and Environmental Engineering®, is the leading
French “Grande Ecole d’Ingénieurs* for forestry, water
management and land planning.

ENGREEF has five centres: four in continental France
(Paris, Nancy, Montpellier and Clermont-Ferrand) and
one overseas (Kourou in Guiana).

Nancy is one of the three centres of ENGREF which
work on forests. It is the biggest centre and the only one
studying and teaching temperate forestry. The Montpel-
lier and Kourou centres work on the forest of hot re-
gions and tropical rainforest.

Since 1990, the school has been responsible for the
training of forestry engineers (F.LF.) (five years) for-
merly given at the National School of Engineers of
Water and Forestry Work (ENITEF). FIF is one of the
three courses of studies provided in Nancy.

It admits:

— forest students after a highly selective competitive
exam two years after the baccalaureate,

— students with equivalent academic levels and profes-
sional experience.

OBIJECTIVES OF THE TRAINING OF THE FOREST
ENGINEERS: FORMATION DES INGENIEURS
FORESTIERS (FIF)

The period of training of forestry engineers (F.I.F.)
prepares specialists in forestry areas having an educa-
tional level of 5 years of higher education after a sec-
ondary school diploma.

Qualifications to be achieved

Equipped with a solid scientific background, forestry
engineers develop in contact with the forest a particular
aptitude for mastering the complexity of interactions of
living things and reasoning on the very long term.

They learn to take simultaneously into account the
ecological, economic and human components of the
problems submitted to them. They are prepared to adapt
to an environment in rapid evolution.

Positions aimed at

In the sectors of the forest, forest products, natural
spaces and trees outside of the forest (e.g. in urban
areas) forestry engineers have a vocation to take care
of: production; management; engineering; protection;
consulting; teaching, research and development.

They may work in France and abroad (specially in
the tropics) in the private, public or public-related sec-
tors: administration (Ministry of Agriculture, Ministry
of the Environment); National Office of Forests; terri-
torial bodies; private or public firms and consultant
boards; research and development organisations.
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The broad axes of the training are:

— a general scientific training, the main part of which
concentrates on life sciences and environment, wit-
hout forgetting the essential area of economic and
social sciences,

— the acquisition of the tools of modern analysis, diag-
nosis and decision-making, indispensable for the en-
gineer,

— the learning of techniques specific to the manage-
ment and preservation of forests and natural areas,

— the constant concern to develop the capacity for
communicating and working in a team.

FIF curriculum has been reformed in 97 to adapt in
permanence to new skills required by society. We present
below the curriculum and the pedagogical methods.

GRADUAL CURRICULUM

The three years are made up of 24 months of core
curriculum, 4 months of electives, and a final 6-months
internship.

Two years of compulsory core:

The first year consists more in a general training
giving the future engineers a basic knowledge of envi-
ronment and life sciences, economic and social sci-
ences, and other fundamental tools necessary for an
engineer.

The second year is devoted to forest sciences. During
this year, the different skills and general knowledge
developed during the first year of training are used in
the specific forest and forest management context.

Specialisation during the third year and thesis. The
third is a year where the students have the opportunity
to open up and specialise in fields, which are directly
dealing with forest resources management but also with
any other fields connected at one point with the forest
sector. The third year of training ends up with a final
internship lasting 6 months in order to go further into
an engineering activity in a firm or an organisation. It
gives rise to a paper and an oral defence.

PEDAGOGICAL METHODS

Considering the extent of the knowledge, which would
need to be assimilated by the students within their three
years of training in the FIF, the general policy chosen
was to aim for a fine rather than a full head.

There is of course a general knowledge which is
necessary for a good understanding, perception and
management of the living environment, but it is be-
lieved that the competence of an engineer lies in first
place in his capability to find out a problematic, to
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I. Contents of training (in hours)

Schedule Ist year 2nd year 3rd year Total %
Environment and life sciences 428 108 536 213
Engineering sciences 184 113 297 1.8
Silviculture and forest management 80 410 490 19.4
Economic and social sciences 116 112 228 9.1
Human training 74 171 36 281 1.1
Ground visits and practical trainings 82 108 190 7.5
Optional teaching 500 500 19.8
Total teaching 964 1,022 536 2,522 100
Pratical training I month 1 month 6 months

1. Calendar of the “Formation des Ingénieurs Forestiers*

Secondary school diploma

2 years of preparatory cl
Mathematics — biology — physics — chemistry
Compelitive exam
+2 : 1st year FIF
September COMPULSORY CORE
to June Lectures — Practical works
Summer Practical period in a firm
+3 2nd year FIF
September COMPULSORY CORE
to June Lectures — Practical works
Summer Practical period abroad
+4 3rd year FIF
ELECTIVE COURSES
To choose among:
September Management of natural areas Rural areas planning Business administration
to December Research | Tropical
then
Avenue and park trees Qu?::éﬁ':;i::;:‘:::’:[fm Forest products Initiation forestry
January to July +5 FINAL INTERNSHIP AND THESIS

clearly identify it, to find the tools and people to resolve
it and to be autonomous, keeping in mind that he will
have to work in the framework of an interdisciplinary
team.

THREE KEYS TO THE APPRENTICESHIP
OF AUTONOMY:

The training thus aims at progressively leading the
students to autonomy in work thanks to three key fac-
tors of the school’s pedagogy:

Fieldwork: where the students are given the oppor-
tunity to discover the real issues and to meet the pro-
fessional actors of the French natural resources manage-
ment. In addition to the placements and options met
during the training in the school, 36% of the appren-
ticeship consists in fieldwork.
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Projects: with an objective of developing the stu-
dents capacity to analyse and work (on their own or in
a team) on the solving of a precise problematic. Projects
are especially numerous during the second year of the
training. They often consist in team works or interdis-
ciplinary projects, in professional situation.

Choice: in addition to the foundation course. stu-
dents have the opportunity to specialise themselves
throughout the first and second years during their pla-
cement (in France or abroad).

The third year of training in the school is even totally
devoted to specialisation of the students.

Practical periods
Thus individual training periods, practical field-

works by teams and study trips take place in the two
first years. They have an essential role in the training.
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— Two individual training periods:

— during summer after 1st year: one month discov-
ering professional environment by taking part in
a study project,

— during summer after 2nd year: one month abroad
making a recap about one subject linked with for-
ests.

— Practical field-works by teams:
— during Ist year: one week phytoecology exercise,
— during 2nd year: one week afforestation exercise,
three weeks forest management
exercise.
— Study trips: (by bus all over France)
— during Ist year: one week about silviculture in
plain forests,
one week in low mountainous
areas,

— during 2nd year: ten days about dry and mountai-

nous areas,

one week about intensive forestry
and wood industry in Aquitaine
country.

TIME GIVEN FOR WORK AND PERSONAL
OR GROUP PROJECTS

Not considering the different fieldtrips and place-

ments, the general objective for the first and the second
year is basically to provide well-balanced timetables.

III. A typical week at FIF in Nancy

8 h-12h15 14 h-18 h
Monday lecture Tutorial classes
Tuesday lecture Tutorial classes
Wednesday Field
Thursday lecture Sport (optional)
Friday lecture Tutorial classes

Aim: each week: 0.75 x 36 h=27 h

HUMAN RESOURCES SKILLS TRAINING IN FIF

People and companies have very diverse views on
how they would like to see forests and natural land
used. It is necessary for forest engineers to listen, to
express and to discuss their point of view, to work in
a team consisting of people with a variety of backgrounds
and interests in order to find solutions between different
and often conflicting perspectives.

So human resources skills are important to develop
in addition to technical and scientific skills.
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There are five objectives for human resources
development:

— to know how to express one’s self written and orally,
— to know how to work effectively in a group as a par-
ticipant or a leader,
— to acquire knowledge and confidence of one’s self,
thus allowing:
— an entrepreneurial spirit and knowing when to take
necessary risks,
— to situate one’s self with good rapport with his
collegues and negotiators,
— to specify one’s professional plan and know the ap-
plication of technics to find employment,
— to be able to communicate in English written and
orally in an international context.

Human resources development is trained by modules
requiring students’ personal involvement

Pedagogy is based on concrete experiences that stu-
dents have during their studies:

Oral and written communication skills:

— Training reports and viva voce examination: they are
used as a base for oral and written communication
exercises. Critique of the quality of the viva voce
examination and of the training report by the other
students gives opportunity both to the speakers and
the writers to get feed back about their performance,
and for listeners and readers to be active.

— Oral expression technics: one module (1/2 week) -
with a theatre actor, students learn expression tech-
nics in various situations.

— Visual communication tools: one module (1/2 week).
Students have to make transparents for their viva
voce examination and posters with the help of a spe-
cialist.

Human resources skills:

— Personality development and team or meeting lea-
ding: one module (1/2 week). This module is co-or-
dinated with of a practical field project: afforestation
project that students have to carry out by teams du-
ring one week. With a human resources specialist,
they analyse their way of working in a team and the
possibilities to improve upon it.

— Application technics to find employment: one modu-
le (1/2 week). Students think about their professional
careers. They learn application technics to find em-
ployment: curriculum vitae, hiring interviewing, etc.

Students’ human resources are also developed
through their personal involvement in school activities,
in different student activities and associations, e.g. cul-
tural, sporting, professional, voluntary...

Forest engineers training is in permanent evolution,
as is our society and its relationship with forests.
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RECENZE

BEJLOMORKY LESNICH STROMU A KERU

V. Skuhravy, M. Skuhrava

Vydala Matice lesnickd, s. r. o., v Pisku ve spoluprdci s Ministerstvem zemédélstvi CR jako 4. publikaci v edici
Dobové spisky v roce 1998. Publikace md 176 stran, z toho 32 tabuli fotografii, kresby, grafy, mapy a tabulky
v textu. Doporucend prodejni cena je 147 K¢. Distributorem je Matice lesnickd.

Matice lesnické navazuje na tradici Dobovych spiskit a pokraduje
v jejich vydavini. V roce 1998 byl vydan &tvrty svazek nové edice
— Bejlomorky lesnich stromit a kerii. Autofi tohoto svazku, RNDr.
Viclay Skuhravy, CSc., a RNDr. Marcela Skuhravd, CSc., jsou Cte-
nifam dobfe znami a vénuji se studiu bejlomorek jiZ 40 let. Znacnou
pozornost vénovali druhiim Zijicim na lesnich dievindch — mj. i $kod-
livym bejlomorkédm — v prabéhu jejich kalamitniho pfemnoZeni. Do-
bovy spisek Matice lesnické navazuje do urcité miry na publikaci
obou autori Bejlomorky z roku 1960 (CSAZV v SZN Praha).

Bejlomorky jsou jednou z nejpocetngjsich Celedi dvoukridlého
hmyzu. Ve svété je dnes zndmo celkem asi 5 000 druhi bejlomorek,
v Evropé asi | 500 druhii a v Ceské republice se vyskytuje asi 500 dru-
hi. Studium bejlomorek ma v ceskych zemich dlouholetou tradici
a historie studia hilkotvorného hmyzu u nds se datuje jiZz zaddtkem
tohoto stoleti pracemi Bayera (1907), Baudyse (1912) a Cernika (1925).

Prevazné vétsing lesnikt jsou jisté znamé hélky bejlomorky bu-
kové Mikiola fagi ve formé malych Cervenych ,citronki* na listech
buku a hilky pom&mé Skodlivé bejlomorky borové Thecodiplosis
brachyntera na borovych jehlicich. V publikaci se v3ak Etendf dozvi-
da, Ze na lesnich dievinich se u nis dnes objevuje 80 znamych druhu
bejlomorek, z nichZ fada muiZe pasobit lesnimu hospodéistvi vétsi
nebo mensi $kody svym siln€j§im a intenzivnéjsim vyskytem zejmé-
na na hospodifskych dfevindch, jako napf. oba zminéné druhy, né-
které druhy rodu Dasineura aj. Proto autofi déli bejlomorky z hle-
diska Skodlivosti do &tyf skupin:

— druhy velmi Skodlivé, které mohou pfi silngj$im vyskytu vést az
ke chiadnuti nebo dokonce k odumfeni hostitelské dieviny,
— druhy Skodlivé, které sniZuji asimilaéni plochu dieviny, a tim
sniZuji jeji rust,
— druhy slab& $kodlivé, jejichZ poSkozeni hostitelské dieviny je malo
patrné,
— druhy neSkodné, jejichZ vyskyt se na ristu dieviny vibec neprojevi.
PfeviZna vétsina u nds se vyskytujicich druht bejlomorek na les-
nich dfevinach patii do této ¢tvrté skupiny neskodnych druha.
Vlastni bejlomorky jsou vieobecné velmi mélo zndmé, vypadaji
jako mali komarci a vétSina lesniki se s nimi téméF nesetka nebo si
jich viibec neviimne. Zato v3ak hdlky a novotvary jimi pisobené
jsou Casto velmi ndpadné, nékdy barevné, a vyskytuji se na viech
castech rostlin — od zcela nepatrnych velikosti nékolika milimetra az
po halky, dosahujici velikosti n€kolika centimetri. Specificky a cha-
rakteristicky tvar, velikost i vyskyt hilek umoZiiuje pfesné uréeni
puvodee. Oviem schopnost vytvéiet hilky se rovnéZ objevuje nejen
u jinych skupin hmyzu, ale i u hlistic, rozto¢u a u ruznych druha
hub. Pro informaci o zastoupeni a podilu halkotvorného hmyzu a roz-
toCl uvadime z publikace jednu tabulku (podle Buhra, 1964-1965):

Skupina Pocet | Skupina Pocet
Vlinovnici (rozto¢i) 350 | Blanokiidli — pilatky 75
Trasnénky 25 — Zlabatky 170
Plostice 5 - chalcidky 20
Stejnokiidli 450 [ dvoukfidli - bejlomorkoviti 600
Motyli 75 ~ vrtuloviti 80
Brouci 135

Nejpocetnéjsi skupinou hilkotvornych Zivocichi jsou tedy bejlo-
morky. Pro moZnost zdkladniho rozliSeni piivodce miZe byt uréitym
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vieobecnym voditkem piitomnost trusu v hélkéch, kdy se u bejlomo-
rek trus vibec nevyskytuje, kdeZto u ostatnich skupin je pfitomnost
trusu v halkdch dobfe patrnd. Rada druht bejlomorek se vyviji na rost-
lindch, napf. v kvétech, semenech nebo $iskdch, ale nevytviii novotva-
ry, hilky. Inkvilinni bejlomorky netvofi halky, ale vyvijeji se v hilkich
jinych druhdi bejlomorek nebo v hilkdch jinych druhd hmyzu, napf.
v hilkich Zlabatek. N&které druhy bejlomorek se Zivi jinymi druhy
hmyzu, napi. msicemi a Cervci; tyto dravé druhy mohou byt vyuZity
i v biologickém boji proti Skodlivému hmyzu, napf. pravé proti mSicim.
Treti troficka skupina se Zivi houbami — k nim se pogitaji i druhy, Zijici
fytosaprofigné v pudé a Zivici se sanim na rostlinnych zbytcich. Nej-
lépe prozkoumané jsou bejlomorky halkotvorné a inkvilinni, fytofagni,
jejichZ podil je 76 % druhu; dravé, zoofigni bejlomorky tvofi asi 8 %
druhl a mykofégni bejlomorky asi 16 % u nds znamych druhi.

Publikace je ¢lenéna velmi prakticky tak, aby ji bylo moZné po-
uzivat i pro uréeni bejlomorek podle jimi vytvorenych halek. Lesni
dfeviny (stromy i kefe) jsou uspofddiny abecedné podle ¢eskych na-
zvii a u kazdé dreviny jsou popsiny bejlomorky, které na nich vyvo-
lavaji hilky. U kaZdého druhu bejlomorky se uvddi: popis. bionomie,
umrtnost, hostitelské rostliny, vliv na hostitele, paraziti, otizky po-
pulacni hustoty, moZznosti boje, vztahy ke kvalité ovzdusi (prostedi),
rozsifeni a doprovodné grafy a kresby. Rozsah textu kazdého oddilu
je umérny vyznamu kaZdého druhu. Z lesnického hlediska jsou pravé
nejdileZitdjsi Gdaje o vyskytu, rozsifeni a hojnosti druhu v Ceské
republice i o pfipadné Skodlivosti.

Prvnich 13 kapitol publikace je velmi strunych, ale presto vy-
stiznych; poddvaji dobry piehled o viech dil¢ich otdzkdch. Kli¢
k urCeni hilek je jiz ponékud obsaznéjsi a dominantni Cast celé knihy
tvorfi kapitola 15 (str. 34-163). Pro informaci uvadime obsah a &le-
néni publikace: 1. Uvod, 2. Kritkd historie studia hélek bejlomorek,
3. Systematické zafazeni a pocet druhu bejlomorek, 4. Morfologie
bejlomorek, 5. Hélka (cecidium), 6. Vyvoj bejlomorek, 7. Potravni
(trofické) vztahy bejlomorek, 8. Geografické roziifeni bejlomorek,
9. Plo3né rozsiieni (frekvence vyskytu), 10. Faunisticky vyzkum bej-
lomorek na dzemi CR, 11. Skodlivost bejlomorek na lesnich drevi-
ndch, 12. Paraziti, 13. Sledovani hilek bejlomorek v pfirodg, 14. Kli¢
k ureni hdlek bejlomorek na lesnich dfevindch, 15. Bejlomorky les-
nich dfevin (pocinaje bezem a konée zimostrizem).

Zavér publikace tvoii pocetny soupis literatury, ktery mj. velmi
presné dokumentuje vysledky obsdhlé a mnohaleté price obou auto-
ri. Text uzavird anglicky a némecky souhrn a podrobny rejstiik Ces-
kych i latinskych ndzvi bejlomorek a lesnich dievin.

Halky na lesnich dfevinich i morfologii bejlomorek dokumentuje
velké mnoZstvi fotografii na 32 tabulich i ¢etné fotografie, obrizky.
perokresby, grafy, mapy rozifeni a pfehledné tabulky v textu.

Dlouholetd price obou autorti byla ocenéna i na mezinirodnim
poli jinymi védeckymi pracovniky — napf. pojmenovanim druhii bej-
lomorek Resseliella skuhravyorum Skrzypczynska (1975) a Semudo-
bia skuhravae Roskam (1977).

Vydanim této publikace nasadila Matice lesnickd svym Dobovym
spiskiim latku velmi vysoko. Kniha Marcely a Viclava Skuhravych
je nejen velmi atraktivni a étivou praci o bejlomorkich, ale vypliuje
i citelnou mezeru v nadi literatufe. Stane se jisté neocenitelnou a ne-
opominutelnou pomiickou nejen pro viechny uZivatele, ktefi se zaji-
maji specidlné o bejlomorky, ale i pro ty, ktefi se ridi dozvidaji
o tajich pfirody, jeZ v pfevazné vétSiné zlstivaji povrchnim pozoro-
vatelim zcela utajeny.

Ing. Vlastislav Jan ca¥ik, CSc.
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