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RESUM 

La pluja àcida no és l'única deposició nociva dels boscos. car, c=n principi, 
hi ha diversos tipus de contaminants i de deposicions que actuen alhora i gran quan
titat de: mecanismes que funcionen aïlladament i també sinèrgicament. 

La recent deterioraci6 dels boscos de l'Eu ropa Central és deguda a les ¡me
raccions entre els faclOTs biòtics. els antibiòtics i les tensions produïdes per la mà de 
¡'home. 

Per (ant, per a aconseguir una protecció a llarg n~rmjni de la gran varietat 
de les funcio ns fo restals. creiem que és indispensable una polÍlica de control dels con· 
tami nants de , 'aire. 

SUM MARY 

Acid rain is not the on ly harmful deposition in the forests. but as a ru l(: 
sev(:ral kinds of pullutants and d(:positions ar(: acti\'(: at th(: sam(: tim(:, with a multi· 
tud(: of mcchaoisms actiog aloo(: as wd l as syn(:rgically. 

R(:(:(:nt for(:st damag(: io úntral Europ(: QCcurs du(: to int(:ractions bnwun 
:lntural biotic and abiotic facloTs and man-mad(: sm'ss. 

Silvicultural measures may [(:duc(: th(: speed of damag(: d(:\'(:lopm(:nt, bUf 
will ~ of (:xu(:mdy limi[(:d [(:m(:dial u.se as loog as air pollUlion su(:ss cominu(:s. 
As natural factors largdy (:scape th(: inf1u(:nc(: of man it is of primary imponanc(: to 
T(:duc(: th(: man-mad(: SI[(:5$. 



Consequ(:mly, for a long {(:fm prot(:ction of th(: gr(:at vari(:ty of forest func
tions, a J>(:rsist(:m air pollurion comrol policy will !x indisJ>(:nsable. 

I. INTRODUCTION 

In f(:((:fl! }'Cars forest damage of an O!:{(:nr previously not (:xpcrienced has 
!x(:n observed in a num!xr of countri(:s in the northern hemisph(:r(: , particularly in 
som(: counuies of C(:nual Europe and predominandy in th(: central highlands. 

A greal variety of damage symptoms occurs in different tre(: sptti(:s and in 
diffefem locations. Tbis can often DOt !x explained soldy by parasites and dimatic 
damaging factors. Th(: symptoms obs(:rved today have been known for mor(: than a 
c(:mury from classicaJ fume damage in for(:sts in me immediate viciniry of large smoke
sracks indusuial ar(:3$. 

The centres of dassical air pollution damage to forests in Europe are the 
Ruhr district. Saxony and Silesia as well as th(: Bohemian basin. Tbe industrial region 
of the English Midlands is I(:ss rdevanr tO foc(:srry due to its modest forest cov(:r. 

Th(: im(:nsive recent fOf(:St damage, hQW(:v(:c, has Ixen report(:d from a wide 
sph(:c(: around m(:SC industrial regions. Th(: forest sites which have Ixen affected recemly 
ace often remot(: from any factorics and arc remot(: from the classical fume damage sitcs. 

Today the overwhdming majoriry of sO(:ntists !xlil:VCS mat ther(: cxiSts a causaJ 
rdationship Ixrween rhe recent for(:st damage and long-range rransported air pollu
tants emi[[(:d by high stacks and transported by st(:ady air curr(:nts aver long distances. 

The key rol(: of acidifying compounds lik(: for instance sulphur d ioxide emit
ted into the air by industrial process(:s of combusrion had b(:(:n recogniz(:d alceady 
in con nectÏon with rhe classical fum(: damage. Today the responsibi liry for th(: obser
ved increase in acidity of precipiration and soil in c(:rtain regions is gen(:calJy amibu
red ro sulphur dioxid(: and nitrog(:n oxid(:s. Thercfoc(:, since th(: firsr observarions of 
recent for(:st damag(: ar the Ixginning of rhe eighties, acid rain ha b(:(:n discussed 
as rhe main caus(:. 

Besidcs me acidifying compounds st(:mming from the burning of great quan
tities of fossil fuels the atmosphere is pollmed by the em ission of heavy m(:tals, halo
gen compounds and an (:normous number of organic compounds. As far as f(:cent 
forest damage is relat(:d ro air pollution, also d(:positions of still unknown pollutants 
might play an importam rok 

Z. SYMPTOMS AND EXTENT OF THE fOREST DAMAGE 

The recent forest damag(: Ixcame obvious Ixcause of damage to the crowns 
of importam tree sptties. Th(:refore me symptoms d('S(ri!xd in th(: following will r(:fer 
mainly to m(: condi tion and the'appearanc(: of th(: crown. 

The most important tr(:(: species of C(:ntral Europ(: have Ixen mosl aff(:c
t~d. suc~ as Silvcr fi~ (Abie! alba MilL ), Norway spruc(: (Pieea abie! [LJ Karst.), Scotch 
plOe (PznU! !yIIJe!lm L. ), European !x(:ch (PagU! !ylvaliro L) and Penduncula.t(: oak 
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(Quereu! rabuT L.). FUMer uee species wh ich arc less important from a forestry paim 
oT view ha\!(: also bcer'l affected. 

Al [he beginning of che sevemies Silvcr fic was rhe fim trec species to shaw 
damage. Because a periodically appcaring disease called SilV(:! fic die-back had beco 
known since che beginning of che laSl cemury, tnis more rc((:m disease was perceived 
as alarming only because or its long duration, its wide spread occurrence, its greal 
in[(:nsi ty and high deaeh rate. 

Charam:ristically che ncedles rum yd low and subsequently fall of{. Neeclle
shedding, however, may even occue [O grecn ncedles. This leacls [O a thinning of me 
ccown, proceeding from che honom tO che top and from che ccom: to me outside. 
Thc development of che top shoot lags behind che development of branehes and [his 
leacls already in young firs to the forma tion of a so called «storks nest crowm .. The 
high proponion of dead branehes is suiking. Apart from that, water sprouts arise. 
Damage to the roots and a pathologically extended werwood in che lower pan of the 
trunk accompany the disease. 

Ar rhe beginning of the eighties the first symptoms appeared also on Nor
way spruce. The symptoms are similar to those observed on Silver fir, but show severa] 
peculiarities. 

The needles or neddle tips tum yellow, especially if they are exposed to light 
and particularly on the upper, light exposed side. Sut also in che shaded parts of the 
crown discoloraüon oceurs. The need les may also tum brown or red and older ncedles 
fall off prematurdy. Hencc there is a strong overthinning of [he crown. Top drying 
and a higher propon.ion of dead branches is observed. As a consequence of the indu
eed physiological weak.ness of the trec subsequenc secondary damage by insects and 
fungi occu rs. Finally, individual trces and grups of trees die. 

G rowth reductions, cspecially reductions of diameter growth, have been 
found partieularly in the lower part of the trunk ofboth Si lver fir and Norway spruee, 
at least in eenain regions. Th is, however, will have to be treated later in eonnenion 
wi th rhe effem on fores t yicld. 

Within the last years also Scotch pi ne has shown increasing discolourations 
and thinning of the crown. Partial necrosis appears as weB as a rcduction of rhe needle 
lenght. The symptoms observed in Scoteh pinc may sitll be explainable by natural 
biotic and abiotic fanors, but the increase in the extent of the damage is striking. 

Until now rhe softwood species mentioned have been affected to a greater 
extem than hardwood species. As regards to hardwoods, damage is mainly reported 
on European beech. The leaves of the reriphery of [he crown begin to rum yellow 
and [here is a cru mpling and necrosis o leaves. The autumn leaves fall off prematu
rely and even green lea ves are lost, predominamly at the top of the crown. 8esides 
this process of defoliation and drying of the erown, also disturbed natural regenera
tion is observed. 

The rdations to rhe recent damage in conifer fores ts is not fully explained. 
This requires funher research, because beech is the mosr important hardwood in Central 
Europe. In a number of localities i[ is considered as a 5uitable replacemem for dama
ged species of coniferous trees. 
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The ra:ent forest damage has been panicularly rhoroughly recorded in the 
f(:de~1 Republic of Germany and therefore some results of the latest damage assess
ments in this coumry will be presented in the following. 

After an alarming increase in forest damage in areas remote from industry, 
a first damage assessmem was carried Out in 1982, identifying 8% of the total forest 
area as being injured by air pollution. In 1983 already 34% of che total forest area 
was found tO be affected, 

In 1984 rhe damaged part of the forest area was announced to be about 
50%, rhis time, howcver, comprising not only air pollution damage, but borh amhro
pogenic and natural forest decline. 

Merhodically rhe forest damage asscssment, as conducted by rhe governmem, 
c1assifies rhe forest trees into five groups according to rheir percentage of leave or needle 
losses, the so called damage classes. Table I shows the damage classes O to 4, che cor
responding percentage of needle losses as well as rhe percentage of the forest area for 
each damage class. 

lt can be seen in the table that 49.8% of rhe total forest area in West Ger
many belong to damage class O and do not show any significant symptoms of damage. 
The remaining 50.2% belong to classes 1 tO 4, thus ranging from cslighdy damaged. 
tO cdead •. The damage area of 50.2% is suspected to comprise an overwhelming part 
of air pollution damage. Classes 3 and 4 contain severely damaged or dead trees, but 
these represent only L5% of rhe total forested area. 

Table 2 shows the area of each of the five most important tree species, expres
sed in millions ofhectares as well as in petcent of the total forest area. The tree species 
arc arranged according tO the sizes of their areas, 

Among rhe five species, Norway spruce represellts wirh 40% the greatest 
part of the forest atea and Silvet fit with only 2% the smallest portion, Whereas Nor
way spruce a1so represents 40% of the total damaged forest area, Silver fir constitutes 
only 4% of rhis due to its small foresta area. In contrast to this 87% of the Silver 
fir area are damaged, rendering Silver fit the species threatened most by air pollutams. 

Distinguishing berween fo rest damage caused primarily by acidifying and 
other air pollutants and damage of orher origin is difficu!t because of the following 
reasons: 

- recent damage can nO( be separated from traditwnal damage based soldy 
on its symptoms; 

-latent damage is nO( recognized early enough; 

-symptoms of damage caused by air pollutants can be hidden by secon
dary damage such us inseclS and fungi; 

-[[ees damagcd by natural suess factors may have becn predisposed byair 
pollUlion stress; 

104 QUADERNS AGRARIS ....... 



-severely affected or dead trees removed by thinning operations escape 
recording. 

The uncenaimy abom [he true ponion of forest damage caused by air pol
lution and the fact that at least in West Germany no significant deforestation has been 
recorded umil now could lead to the opinion that the forests are not in great danger. 
It should be nOled. howe~r. that rhe damage has proceeded at an alarming rate and 
deforestation of luge areas has been repon ed from e.g. Poland and Czechoslovakia. 

Table 1.- Damage classes of the damage a..ssessment in the Federal Republic of 
Germany' 

Dama~e class Need1e-loss % of total forest arca 

O (withom damage) 0-10% 49.8 
1 (slightly damaged) 11- 25% 32.9 
2 (damaged) 26-60% 15.8 
3 (scvt:rely damaged) 61·99% 

I.> 
4 (d"d) 100% 

Table 2.- Trce species arca and damaged arca or Ihe most important species in the 
Federal Republic or Gcrmany' 

Arca of trce species Damage arca or trec species 

Trec species 
Millions % of total O/o or tree % or damage 

h, forest arca species arca forest arca 

Norway spruce 2.886 40 j1 40 
(Picea abies (L) Karst.) 

Scotch pinc 
1.470 20 j9 23 (Pinus sylvestris L.) 

European beech 
1.253 17 jO 17 

(Fagus sylvatica L.) 

Pendunculate oak 0.620 8 43 7 (Quereus robur L. ) 

Si lver fir 
0.174 2 87 4 

(Abies alba Mill.) 

Qthers 0.967 13 31 8 

Total 7.370 100 

* Ad.p.ed from <L984 fu'es. Dw>ag<: s"""Y. Ftd .... L M;nÍS<ry of mod. ""c.i<uhu.e ont! Forestryo. 

3. DAMAGE CAUSES AND RESPQNSE MECHANlSMS 

Exact scientific proof that aire pollutams or panicularly acid and acidifying 
compounds arc the primary cause of the recent forest damage is stilllacking in many 
areas. At present thefe are mainly plausible and indicative proofs, including the fol
lowing elements: 

- ¡nsects and fungi can in general be ruled OUt as primary causes. 5uch 
disease agents play a !Oie as parasites after previous damage by other factors . 
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-Viruses wd mycopla.smas unnO! be identificd as damagc causes, evcn 
wtu~rc they arc: d('(ectcd in foresl trees. On me otner me hypothesis (hat suen fa.CfOrs 
arc involved has not ytt been fa1sified . 

- FresI aod drought may be excluded as prim:uy causes, as the recent forest 
damage occurs on sites protectcd from frost :lS 'wdl as on humid sites. 

- A conncction with natural soil propcnics has not becn establishcd. as 
damagc is observtd on all saH Iypes. E~n (he natural nutrient dcficicncy or many 
forest sitcs can be exduded. as it is nOI or reccm erigin aod damagc also oceurs on 
nutrient·cieh habitats. 

- Misapplicd silvicuhural practices arc QUI or (he questian. as damagc is 
observtd undcr all forms or foresuy practicc. 

As natural f2ctors alone cmnO[ expla.in the cxtcm or recent forest damagc. 
espttially those f.¡crors havoe 10 be considcrcd, which :ue geographically widespread, 
which are harmful to diffúem tree species and whose response mechanisms corres· 
pond Wilh lhe observed symptoms. According to our current knowledge this applies 
oncly tO phytotoxic air pollucanes origin:ning from man's indosuial activity. Moreo
ver, it is miking th:;u recem damage tO foreses has been reponed predominandy from 
indwuialized countries wim high depositions of both domestic and imponed ait pol
luta.nes. 

Acid precipitation is only a part of rhe forest injuring depositions. As the 
term .. acid rain» is often used for lhe 100al deposition of pollurants, furmer specifica
tion is n~ded 10 understand the complex mechanisms leading 10 lhe foresl decline. 
The deposition of air poliu canes OCCUf$ in ga.seous form or as dust particles, both or 
which is a1tes..dry deposition», or dissolved in water, which in rum is called ~r depo
sitiom. The wt:t deposition not only includes rain, but also snow fog carrying poliu
tams. Both wel and dry depositions may comain acid or acidifying compounds. 

Because of meir greal aerodynamic roughness foreSts are es~cially exposed 
tO both forms or deposition. Due 10 Ihe greal surface area or trees, they fi!ter out 
the air pollutants effectivdy by wening and absorption. Consequemly. both kinds 
of deposition. dry and "'"el, are much higher in forests than over omer surfaces. This 
explains partly why deciduous It~ species have been injured 10 a smaller eXlent: rhe 
coniferous trees ha\"e a larger surtace area and meir needless are exposed alt pr round. 

Moreovcr, me longevity of foresl trees Iods tO an accu mulatÍon or pollu
lanrs. They may finnal y reach toxic concentralÍons in ~rennial plant organs such as 
he needles. the lrunk wood, rCOI wood and bark. 

Deposirions in the crown of me trees may also reach the soil by menas of 
washing off and leaffall, in addilion tO me depositions passing lhe canopy unhindered. 

It becomes obvious mat foresl ecosystems may be damaged by acid, acidifying 
or omet ait pollutants bolh ditectly through the plant organs abow= ground as wdl 
as indirectly via rhe soil an lhtough the rcots. In this res~cl particular atrention has 
tO be p:a.id to soil acidifica.Uon and its consequences for rcot growth and nutriem supply. 
As the complex mechanisms triggeted by soil acidificarion has been discussed in greal 
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de:tail on the: cConfe:re:nce: on Acid Rain. of May 24. 1985 at the: ICEA in Bucdon2. 
the: indirc=ct e:ffc=cts of 2cidifying ai r pollurants on the: forests is not within the: scope: 
of this pape:r. loste:ad the: dire:cI e:ffe:cu on the: plant organs abovc= ground will be out
Jined in the: fo llowing. 

As already mentione:d at the: be:gin ning. the re:sponsibility for the: obse:rvc=d 
incre:asc= in the: acidity of pre:cipimion and soil in certain re:gions is genet2l1y amibu
Ie:d tO acidifying compounds in the: atmosphere, puticularly sulphur dioxide: (502) 
2nd nitrogen oxidt:S (NOs). In the air or on the: sum.ce: of me: plants mc=sc= compounds 
unde:rgo various chemical reactions. Sulphu r dioxide: re:2CU mainly with oxyge:n in the 
gas phasc= 2nd with w:ue:r dropku in the: liquid phasc, changing into sulphurous 2cid 
(H2SO}) and suJphuric (H2S04). Ninety perce:nt of the: nitrogen ox.ide:s are: emitted 
in the: form of niuic oxide: (NO) which is oxidizc=d in the gas phase: with oxyge:n or 
ozone: (O}) tO nitroge:n dioxide: (N02) and with hydroxide: radic21s tO ni uic acid 
(HNO}). Under UV-light 2 photolysis of nitrogen dioxide mults in formation of nitric 
oxide: 2nd ozone: as well as othe:r photooxidants. 

Sulphur dioxide affe:ets the functioning of the guard cdls of the stomata, 
and thcre:by the: tot21 gas or:change: 2nd the: uanspiration of the: tre:e:s. The: ue:e:s' me:ta
bolism wiJJ be: distu rbed by damage tO the: biomembrane:s of the: cd ls and the ce:1I 
organdle:s, which will le:2d tO failure:s in thdr e:nzyme: activity. The: assimilation capa
city will be re:duce:d long bc=fore visual damage: symptoms arc disce:rn2ble:. The: age:mg 
of ne:e:dle:s 2nd Ie:avc=s will be accde:rated. which Je:ads 10 premature: sheddi ng of leaves 
or tO a re:duce:d number of ne:e:dle: sc=tS. 

The: re:duced assimilarion may be followc=d by growth re:ductions. The: tree: 
also be:come:s more: susceptible towards natu r21 sue:ss f2ctors and dise:asc=s. 

This is in p2nicular the: casc= for a long te:rm influe:nce: of low sulphur dioxide: 
concentrauons. A pe:rmancnt maximum air conce:ntration of 50 p.g S02/ml is thought 
tO be me: uppe:r limit tO prote:ct the: fore:sts al normal sitc=s. AI high altitudc=s and ome:r 
critical site:s an uppe:r limit of 25 ¡.tg S02/ml has bee:n re:comme:nde:d. Thc=sc= value:s 
ue: e:xce:e:de:d onl y in 2 fc=w of the: dam2ge:d stands. As damage: still occurs. it may be 
conclude:d that dghter the: limit valut:S are: too high. mal cumulativc= cffects aver de:cadc=s 
play 2 rok. th2t additional pollulantS are: active or that the: re: are: unknown sudde:n 
high concentrations du ring short pe: riods of time:. There arc indications of all thesc: 
possibilitie:s. but with diffe:re:nt wdghrs 2ccording tO diffe: re:nt si te:s. 

Nitric oxide (NO) is dominant among thc emissions of nitrogen oxide:s. It 
is, howc=ve:r, oxidize:d in the: aunosphe:re: tO niuoge:n dioxide: (N02), which is more: 
phytOtoxic. The: dfc=cts of nitrogen dioxide on trces are: sim ilar 10 those: of sul phur 
dioxide:. If it occues alone:. a max.imum conce:n uation of 35 ¡.tg N02/m3 in the: vege
tation pe:riod sce:ms tO protcct the fo re:sts. It is supposed that the:re: arc syne: rgic e:ffc=cts 
of nitroge:n dioxide and su lphur dioxide:. The: importance: of niuoge:n oxide:s lie:s pri
marily in its rok for the: formation of photo-oxid2nts unde:r the: influe:nce of suong 
insoladon. among which ozone: is the: characte:ristÍc subslance:. 

A dirc=ct damage: by photo-oxidants tO fo re:srs has first bee:n obsc=rvc=d in the: 
1940's in a wide: are:2 2round Los Angde:s. Ozone: change:s the: che:mical Slructure: of 
the: wax layer of the: cuticula, re:ndering the wax more:s susce:ptibJe: to e: rosion. Ozone 
must be conside: re:d as one: of variou$ causal factors for the: re:ce:nt fore:SI damage:, as 
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the regions úkted panially coincide in time and space with incre~d ozone eoncen· 
trations. Damaging dfects m2y occur 2Irca.d)' wim onl)' sm211 inere~ in me narur:.t.l 
ozone eoncentrations (2bout , tO 30 Jlg O~/m}). The t)'pical symptoms or o%One 
d2m2ge, needle tip sized necrOS<':S on le2ves 2nd nttdles, arc seldom observed. G re2-
ter allention is bemg paid to dam2ge of the cuticu l2 witn subsequem erosion by acid 
precipitadon. The activir)' or 2cidified precipitation on the leaves depends on the \vet

ling propenies or the lca.f surfaee, which arc determined by its ehemic:.t.l2nd morpno· 
logial characteristics. In panicular ¡he propon.ion or wax in the cuticula 2nd me preo 
sence or epicuticular wax determine tne contact rime or [he moisrure and thus the 
penetrarion of active ions througn [he epidermis la)'(:r and [hrougn me stomata. 

During tne eV2porarion or acidified water on rhe lea ves, the pollutant con
centration incre:.lSes and tne pH-V2lue is lowered. AI pH-values of 3 or less, erosion 
or the cuticular wax oceuC$, es¡>(:Ciall )' when it h:.lS :.t.Iready been 2uacked b)' ozone. 
Already bdOre mis stage me hydrogen ions in me acid prccipitation may replace auions 
or me le:lves, such as calcium. potassium, m2gnesium and manga.nese. The oflen obser
ved magnesium deficienc)' in needles of damaged trees m2)' be pml)' expl2ined by 
[n is memanism. 

He2vy met21s such as zinc, iron, cadmium, mereury 2nd lead can act toxic 
tO plants directy vi2 the plant surf2ce. As tne aV2ilability of heavy metals for [he plant 
organs depends on their solubilit)', which increascs with lower pH-vaIues, high acidity 
or tne precipitation will iner~ the toxic influenee of the heav)' mera!s. In panicular 
heav)' met:.t.ls which have been u2nsponed in the 2tmosphere overy \'CC)' long distan. 
ces, wnich has 10 be supposed in eonnettion with me recent forest damage, arc finest 
putides and thus will be dissolved easil)'. The effem of heav)' metals on the uees 
and their contribution to the recent forest d2m2ge arc nill I2rgel)' unknown. 

Very man)' organic compounds occur in the atmosphere and some of rhem 
arc knawn to be highl), toxic to plantS. But rheir chemical reactions in rhe 2tmos· 
phere:.lS wtll as heir geographical distribution, accumulation and Iheir effem on Ihe 
forest ecosyslems arc not )'(:1 adequatel)' known. There is also linle knawledge 2bout 
[neir connection with recent forest damage. 

Regarding rhe response mechan isms oudined above the followi ng conclu
sions ma)' be drawn: 

Acid r2in represents onl)' one wa)' in which forest ¡rees ma)' be affected b)' 
2eid and acidifying compounds. MoreQVtr, 2cid and acidifying compou nds arc onl)' 
a pan of the ph)'lotoxic air pollutantS involved. Among ~he directl)' acting air pollu
tants none h:.lS been shawn 10 be rhe main C2use for forest damage. Neighrer can the 
s)'nergic effels of several subsrances alone cxplain all rhe damage s),mptoms observed 
on diffcrcnt trec species and undcr different site eonditions. Of course, man)' of the 
damagc s),mptoms will be explainable only in conneetion with the indireC[ effeet5 
via the soil, which have not been mentioned here. The key to the explanarion or a 
V2riety of physiologic:.t.l processes in the trec will lie in [he ava.ilabil ity or nutrients 
in lne soil and in rhe harmful effetts or toxic ions causing d2Il1age 10 the roOts. 

h is obviously necessaC)' tO djfferentiate in Ihe individu:.t.l cascs according 
to locaU)' changing primary causes, and according lO combined effeets of amhropoge. 
nie and narural factors. A long term ai r qual it)' stress can, cven wÍth low concentra-
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tions, reduce the resistance of (rees against natural biotic and abiotic injuries. On the 
other hand, natural fa([ors may increase rhe susceptibiJity of uees tO air pollutants. 

It is most imponam, however, that without amhropogenic air pollution rhere 
would be no forest damage tO the prese,nt extent in Central Europe. 

4. ECOWGIC AND ECONOMIC CONSEQUENCES 

The effects of pollutam st!ess aJter the natural competition becween the tree 
specles. There may be a selection against taller trees, which are most exposed , as well 
as against more susceptible trees. This impOverishment of the genetic variation will 
render the forest ecosystem less adaptable tO envorinmental conditions of all kind all 
will reduce its stabil ity. This is of major importance for the diversified functions of 
the forests, especially where forestS serve speciaJ prote([ive functions. 

The importance of certain threatened forest functions depends on the geo
graphical region. Regarding water conservation, the regulation of runoff from preci
pitadon and snow melt by the forests could be reduced. 1.oss of leaves, needles and 
roOts willlower the water retention capacity of [he forestS, which is important for flood 
reduction and esorion protection. 

A properly functioning forest ecosystem is indispensable for [he filtering of 
pollutants in connection with drinking water supply. The leaching of accumulated 
pollutants into rhe ground water will even be enhanced by soil acidification. In some 
regions of Europe a Iowering of pH-vaIues and an incrcase in toxic metaJ ions has already 
be~n o~served in spring water, as well as a tendency towards floods, particularIy during 
spnngume. 

The saH erosion risk is specialIy pronounced in alpine reg ions, where irre
versible damage can prevem reafforestation. Also in mountainous areas, forest decline 
leads tO a drastic ¡ncrease in avalanche risk. Already a slightly reduced number of uees 
per he([are could favor avalanche formation. 

Forests have also a stabilizing effect on many climatlc factors, such as wind 
speed, air humidity and temperature. As a result of deforestatÏon a marked increase 
in wind vclocity has already been observed in the Ore Mountains, which bclong to 
the German Democratic Republic and Czechoslovakia. Usually this leads tO enhan
ced evaporation. The consequences of local climatic alterations fo r agricul tural land 
use are difficu lt to estimate. 

The loss of the recreational value of the forest regions is of great importance 
in highly industrialized and urbanized areas. The recent forest damage in Cemral 
Europe, however, often ()(curs JUSt in forests constituting important recreational regions. 
Apart from the harm to the people seeking recrearion there, this also implies taurist 
business, which in rhose areas is a considerable source of income. 

Among all the effects of continuing forest decline the alterarion of [he forest 
yield and its impact on the timber market is rhe most obvious economic consequence. 
Despite tree dying and growth reductions, an oversupply of high diameter classes is 
to be expected at rhe beginning, since the most damaged trees will hve ta be removed 
from the stands at the right time ta avoid secondary damage. Prcliminary investiga-
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tions h2v(: shown ,hat th~ t~chnological pro¡xnics of ~ fro!" damaged tre~s 2re 
not imp:lired as long as s~condary damag~ can b~ 2VOlded thlS way. 

In th~ Fed~ral Republic of Germ2ny for example forc~d felling of damaged 
!Tecs would haV(: amoumed to 2 [imber oV(:rsupply of about 10% in 1984, had nOI 
ordinary felling be~n remicted. If on~ assum~s thal within the comng t~n y~ars all 
stands old~r than 60 years would be cur by 10% annually, this would me2n a multi ple 
of r~gular f~lIing. Apart from the s~vere impacl 00 the rimb~r market this would r:lise 
immense COSlS for keeping stocks of round wood and .swan timber. 

The extem of visible foreSl damage is so far not sufficiently known in all 
countries and rhe prognoses of the fun.her dcvelopmem are uncen2ini. lt is therefore 
currently also impossible 10 estimate, how the forced felling of dam2ged wood will 
dcvelop. Consequenccs fo r the limber market, from which the future developmem 
could be deduced, haV(: nOt yet been evident. 

5. CONSEQUENCES FOR THE FORESTRY AND FOREST SClENCE 

The muhitude of effects of 2cid rain and omer forms of air pollution dama
ging the foteSlS is a challenge to foresters as well as scientitsts. The forestry measures 
10 be eaken must2im. 

I. at an accuraee assessment of the damage and 

2, at a reduction of existing forest damage as well as precautions ag:linst 
furth~r decline, 

An accurate assessmeot of the present extem of forest d2mage is necessary 
as a basis for res~arch and for environm~nt2l politics. There is also a question of asses
sing which proportion of [he redorded damage is really recent and which proponion 
of rhe recent damage has been caused by air polluuon. 

The methods being applied for this purpose arc cont:lined in rhe concepts 
of cmonitorinp and «SUf\'ty.. While surveying uses statistical sample methodcs, cmoni
toring» has its origin in sare! lite lechnology, r¿ering to remote sensing to impecr large 
areas. In the context of forest damag~ assessment cmonitoring,. signifïes a long term 
cominuous observation of pollutam stress or th~ reacdon of rhe foreSI ecosystem on 
external influences. In [he cas~ of actÍV(: monitoring indicator plants arc introduced 
imo th~ ecosystem for observarion. The obs~rvation of organisms alr~ady present in 
the ecosystem is called passiV(: monitoring. In th~ for~sl ecosysrems the tr~es themse!
ves arc available as bioindicalors. The conspicious symptoms allow quick assessment 
of Ihe exrem of damage, but need not necessarily be connecled to air pollurion, and 
if so, are liule pollut2nt specific. 

Therefore for exa.mple aerial false COIOUf photography is 10 be recommen
ded for the estimatÍon of rhe actual ext~nt of recem forcst damage, but is non specific 
for air pollution and mus needs support by lerremial investigarions. On the other 
hand. leaf and needle analyses ar~ sufficiently specif indicators of pollutants. In par
ticular perennie! conifer needles may be utilized as accumulating bioindicators. Espe
cially in spruce the number of n~~dl~ sets indiutes acute air pollution mess. spruce 
needles therefore reaCl as sensitive bioindicators, but i[ should be noeed thar natural 
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stress factors may also influence [he num~r of needle sers on me branch. Similarly 
the annual growm ring increment of a trec ring provides a mean of non spedfic sensi
tive bioindication. Trec ring analysis can greatly comribute to me damage asscssment. 

As an enmple [he methodical basis of me current work of the author at 
lhe Institute for World ForeStfy in Hamburg will be outlined in [he following along 
with fint results. 

The currem research aims al the quantification of potenlial alterations of 
the yicld of Douglas fir and Scotch pinc in comparison with Norway spruce, which 
has already shown increment losses on ce!tain sices due tO me influence of air pollution. 

Cu rrently only 3% of the total forest arca of the Federal Republic of Ger
many consist of Douglas fir, but this percentage is rising s[eadily, bccause Douglas 
fit is a vital, fast growing species and wcll suiled for cultivation in Nonhern Germany. 
Actually a greal num~r ofScotch pinc stands desuoyed by gale in 1972 have meanw
hilc been reaffo("C$ted with Douglas firo Until now [here have !>cien very few investiga
tions regarding the growth of Douglas fir under air pollution Stfess, 21though [his 
is very import2nt, since Douglas fir is suspccted tO be less affected by recent forest 
damage. 

The method employed tO qU2ntify increment alterations is based on tfee 
ring and stem analysis. About 6 tO 8 trec disks arc cut from the stem at V2riOUS hcights 
and arc prep2red in me laboratory for trec ring measurements. From rhe disks 4 radial 
samples arc cut Olt which che ring widch measufements can ~ made to che ncarest 
hundredlh of a millimeter by means of an EKll1ND-Tcee Ring Measuring Device. 
The d2ta aquisition, data proccssing 2nd dat2 storage arc done by powcrful computer 
programs. 

The dcvclopment of the volume of the trees can nat derivcd accuratcly from 
the annual diameter incremem 2l breasl height, because different incremem a[ diffe
rcm trec heights duc to ait pollution damage may alter me bole shape. A stem analy
sis program permits [he reconstruction of a lingirudinal growch rins pattem (resem
bling a SCem2tlC longitudinal seccion of the bole) and che calcul2110n of che height 
and volume developmem, form factor aIterations as wcll as alteracions or che degree 
of slendemess. All the results can ~ displayed graphic211y on paper by means of a 
plouer. 

Figure 1 shows che longi tudinal growth ring pauem of a Dou las fir from 
a forest site 70 kilometees WCSt of Hamburg. which has becn known for some yeaes 
tO be affec[ed by air pollution. Ahhough the trec had becn c1assificd imo damagc 
C2lss 1 only according 10 its low amount of shed need les. severe growth reductions 
have occurred in recent years, especially in rhe lower part of the uunk. As a resu lt . 
the bolc shape has changed notably. The horizomallines represent the disks cut out 
of rhe stem. 

The annua! volume ¡ncremem of che same trec is shown in Figure 2. It may 
be dcrived from me graph m2l after vital growm until 1976 [he annual increment 
was reduced by about 50%. The severe 1055 of increment of most of che sample trees 
in 1976 can ~ explained easily by the hot and dry summer of lhe same )"Car. In con-
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trast tO oth~r r~gions. howt'V'er. at this si t~ known tO be expo~d tO air pollurants no 
recuperuion has bc~n obs~rved for 9 )'Cars. h may be conclud~d [hat drought has 
Itiggcr~d growth r~ductions and mat continuing air pollution stress has prevent~d 
a recuperation of the physiologicalJy weak~n~d tr~C's, thuslcading to consid~rabl~ los
~s in forest yie/d. 

, 
STAMMRADIUS ¡CMI 

, 

Figut~ 1.- Longitudinal growth ring pattcrn of a Douglas fi r of damagc class 1; ag~: 
72 )'Cars. 
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Figure 2.- Volu me increment curve of the Douglas fir of damage class 1; severe lasses 
of increment have occured after the dry year of 1976. 

Despite this no correlarion between rhe damage class and the growth of indi
vidual trees could be found in Douglas fir, Scotch pi ne and Norway spruce. Ac rhe 
beginning of the eighties a Strong correlation be:r:ween 105$ of needles and 105$ of incre
ment had been found in Silver fi r stands in Southern Germany. This applies to Nor
way spruce only at certain sites, whefeas al many amer sites any correlation is lacking. 
Then=fore shon [erm assessmem of the crown condition docs not necessari ly permit 
conclusions regarding me long term physiological state of the trees affei:ted by air pol
lutants. 

Th is makes it so difficult to eslÍmate the effects of acid, acidifying and other 
air pollutants on the forest yield. It has to be noted, however, [hat in many parts of 
our forem reductÍons of [he yield must have been occu ring for many yeats, eigther 
due to tree dyi ng or due tO increment losses in living trees. Alterations of the bole 
shape also have to be expected. 

Forestry measures for reduction of darnage may have mree objectives: Pre
veOlion of damage in stands nat affected, mititgauon of damage in stands a1ready 
affected and lastly me establishment of new more resistaOl fo rests in areas which have 
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lKen ddOrested. The following measures may be: applied primarily 10 avoid or reduce 
au pollulion damage in preKmly growing stands: 

- Fcnilizing , aiming lO compcnsa~ a determined deficiency, but only with 
cardul consideracions of possible disadvant2~. The sarne applies 10 measures a.iming 
to rc:vet5e a harmful lowering of $Oil pH. for example by liming. 

- Silvicu ltu ral measures which aïm 10 reduce {he access by air pollutams, 
such as closing the canopy as wdl as Ihe borders of the sland. 

-Measures which aim tO remove darnaged trees at the right time 10 avoid 
secondary damage. 

- Finally c:very foreslry measure which increases the resisrance of the forests 
slands. 

Funher general advice on practices tO reduce damage cannot be: gïven as 
damage <xcurs under all types of silvicuhure. For the establishmen of new stands and 
long term prolection rhe foJlowing measures are recommended: 

- Seed colkction from suitabJe fructify ing stands in order 10 ensure seeds 
as wc:ll as for establishing gene reserves. 

- fostering and prolec¡jon of Ihe natural reproduction bv means of fencing 
and control of wildlife. as wc:1l as anificial reproduction of stands undcr cover. 

Use of improved plam material with higher resistance will not IK of shon 
term succcss due 10 Ihe long time needed for breeding measurcs and Ihe comrol of 
brecding succcss. The rcsulu of breeding for resislance against c1assical pollulams are 
nOI trans~rable on recent forest damage and have remained insufficient despite dccades 
of effon . 

It is nOI )1:t dcar, if e.g. Austrian black pine and Douglas fir, which so far 
hayc becn preKrved al various sites. consti[ule a long {erm allernative. Retently damage 
10 ~uglar fir has also been reponed, though Douglas fir so far s«med 10 be: more 
reslStanr. 
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