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ABSTRACT 

Due t o  t h e  changes i n  the  amount o f  SO emissions and the changed 

cond i t i ons  f o r  t h e i r  d i spe rs ion  dur ing t h e  l a s t  30-40 Years, t he  character 

o f  a i r  p o l l u t i o n  i n f l u e n c e  on t h e  f o r e s t s  has a l so  changed. From t h e  

ana lys i s  o f  t h e  r e l a t i o n s  between the SO concentrat ions and the  reac t i on  

o f  s e n s i t i v e  t r e e  species may be concluded t h a t  t h e  threshold value i s  

approximately 15 yg.m as l ong  term average. A t  t h e  p r e v a i l i n g  background 

concentrat ions about 15-20 yg.m SO i n  l a r g e  areas. It i s  obvious, t h a t  

t h i s  p o l l u t a n t  has reg ional  importance. There are c e r t a i n  d i f f e rences  i n  

t h e  r e a c t i o n  o f  s e n s i t i v e  t r e e  species on t h e  impact espec ia l l y  the 

dependence o f  t h i s  r e a c t i o n  on other  ecolog ica l  condi t ions.  Fur ther  

p o l l u t a n t s  can have add i t i ve ,  more than a d d i t i v e  o r  l ess  than a d d i t i v e  

e f f e c t s .  
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INTRODUCTION 

There are many t h e o r i e s  t o  exp la in  t h e  v i t a l i t y  l o s s  and l a r g e  scale 

i n j u r y  i n  European fo res ts .  Even though t h e  p r e v a i l i n g  cause according t o  

t h e  general op in ion i s  t h e  a i r  p o l l u t i o n ,  t he re  i s  no common agreement 

about the  processes l ead ing  t o  i n j u r y  and the  c o n t r i b u t i o n  o f  i nd i v idua l  

a i r  po l l u tan ts .  Is i s  wi thout  doubt t h a t  t he  d i r e c t  impact o f  a i r  p o l l u t i o n  

s t i l l  remains t h e  main process causing i n j u r y  i n  f o r e s t s  i n  some areas and 

t o  losses i n  f o r e s t  product ion and i n  the  soc ia l  f unc t i on  o f  forests .  The 

main quest ion i s  what i s  t h e  extent  o f  t he  d i r e c t  impact and what are t h e  

p o s s i b i l i t i e s  t o  d i s t i n g u i s h  between the  d i r e c t  impact and other  forms and 

ways o f  a i r  p o l l u t i o n  impact i n  f o r e s t  ecosystems. 

Also the  d i r e c t  impact o f  gaseous p o l l u t a n t s  on f o l i a g e  and other  

p a r t s  o f  t h e  t r e e s  i s  considered together  w i t h  t h e  d i r e c t  in f luence of 

p r e c i p i t a t i o n  i n  var ious forms such as r a i n ,  mis t ,  rime. O f  main i n t e r e s t  

i s  t he  i n f l u e n c e  on coni ferous fo res ts ,  where the re  are major problems a t  
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t h i s  t ime. 

THE TREND OF A I R  POLLUTION 

I n  some cases i n  connect ion w i t h  t h e  "new damage" i n  f o r e s t s  t h e  

d i r e c t  impact has been excluded as t h e  cause o f  i n j u r y  f rom t h e  p o i n t  o f  

view, t h a t  t h e  d i r e c t  impact can be o n l y  o f  l o c a l  character .  Fu r the r  i t  was 

assumed, t h a t  t h e r e  must be an immediate v i s i b l e  r e a c t i o n  o f  f o r e s t s  on 

e leva ted  concen t ra t i ons  o f  a i r  p o l l u t i o n .  Both presumptions correspond t o  

t h e  t r e n d  o f  emiss ions and a i r  p o l l u t i o n  sources i n  t h e  second p a r t  o f  t h e  

n i n e t e e n t h  cen tu ry  and i n  p a r t  t i l l  t h e  m idd le  o f  t h i s  century .  But t h e  

development a f t e r  t h i s  t i m e  changed markedly t h e  cha rac te r  and amount o f  

emissions and emiss ion sources and t h e  t r e n d  o f  a i r  p o l l u t i o n  n o t  o n l y  i n  

t h e  surrounding o f  t h e  i n d u s t r i a l  centers.  

The f i r s t  phase i s  cha rac te r i zed  by r e l a t i v e l y  smal l  amounts o f  

e m i t t e d  p o l l u t a n t s  (ma in l y  SO ) from low stacks,  t h e r e f o r e  t h e  d i s p e r s i o n  

o f  emissions was l i m i t e d  and very h i g h  s h o r t  t i m e  concen t ra t i ons  occurred 
5 -3 4 -3 

( w i t h  10 yg.m SO as a max. and 10 yg.m as a mean f o r  a 30 min. 

pe r iod ) .  Never th less t h e  l o n g  t e r m  average c o u l d  remain r e l a t i v e l y  low. 

The e f f o r t  t o  reduce t h e  ground concen t ra t i ons  u s i n g  h ighe r  stacks,  

r e s u l t e d  a l s o  a t  h ighe r  amounts o f  emissions (up t o  10 - 10 t SO f rom 

one source) , in  a r e d u c t i o n  o f  s h o r t  term concen t ra t i ons  and peaks a l s o  a t  

l a r g e  d i s tances  f rom t h e  source. The f u r t h e r  i nc rease  o f  t h e  s tack h e i g h t s  

up t o  300 m and more makes t h i s  t r e n d  more expresive,  The s h o r t  t i m e  

concen t ra t i ons  have been reduced t o  10 - 10 y g  S02.m as a peak and t o  
2 0 

10 u g  as an average over  a 30 min. per iod.  The background rose t o  10 - 
1 -3 

10 yg.m as l o n g  t i m e  average. There a r e  d i s t i n c t  seasonal and y e a r l y  

f l u c t u a t i o n s  i n  t h e  near  ground concentrat ions.  The d i s p e r s i o n  o f  l a r g e  

ed SO f rom one source i n f l u e n c e  t h e  a i r  q u a l i t y  over l a r g e  

2 

2 

4 5  

2 

2 3  -3 

2 
amounts o f  em i t  

areas. 

Comparing 

same can be 

t w i t h  t h e  t r e n d  i n  SO emissions, i t  i s  p roab le  t h a t  t h e  

s a i d  about accompanying substances as HF and o rgan ic  

substances, b u t  n o t  f o r  NO where a s u b s t a n t i a l  p a r t  i s  e m i t t e d  f rom smal l  

mobi 1 e soures. 

This  development o f  emiss ions and t h e i r  d i s p e r s i o n  i s  very  impor tant  

f o r  t h e  c h a r a c t e r i s t i c  on r e a c t i o n s  o f  vegetat ion,  e s p e c i a l l y  o f  f o r e s t  

t r e e s  and f o r e s t  ecosystems. 

2 

X 
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THE RESPONSE OF VEGETATION 

The respons o f  v e g e t a t i o n  t o  t h e  a i r  p o l l u t i o n  due t o  emiss ions  f rom 

smal l  w i t h  l a r g e  f l u c t u a t i o n s  o f  near  ground concen t ra t i ons  can be 

acu te  i n j u r i e s  found d u r i n g  t h e  vege ta t i on  per iod .  Broad l e a f  t r e e s  as w e l l  

as c o n i f e r s  s u f f e r  under t h i s  i n f l uence .  Due t o  a g r e a t e r  i n t e n s i t y  o f  

gaseous exchange t h e  broad l e a f  t r e e s  can s u f f e r  f rom h i g h  peaks o f  

p o l l u t a n t s  more t h a n  e.g. spruce o r  pine. The c o n d i t i o n s  f o r  t h e  

development o f  acu te  i n j u r y  a r e  concen t ra t i ons  o f  10 Mg.m SO f o r  30 

min. a t  l e a s t  a t  a h i g h  i n t e n s i t y  o f  p h y s i o l o g i c a l  processes i n  t h e  t r e e s  

a t  h i g h  l i g h t  i n t e n s i t i e s  and a t  a h i g h  s o i l  and a i r  mo is tu re  conten t .  

The acu te  i n j u r y  neve r the less  need n o t  t o  be ve ry  dangerous, as t h e  

ep isodes  occu r  seldom and m o s t l y  a t  t h e  end o f  t h e  vege ta t i on  p e r i o d  

( tempera tu re  i n v e r s i o n s  i n  t h e  l a t e  summer w i t h  h i g h  peaks o f  p o l l u t a n t s ) .  

To t h e  second area  a i r  p o l l u t i o n  damage - t h e  i n f l u e n c e  o f  low 

c o n c e n t r a t i o n s  (up  t o  100 ug.m SO as l o n g  te rm average) w i t h  seasonal 

and y e a r l y  f l u c t u a t i o n s  p e r t a i n  t h e  c h r o n i c  i n j u r i e s  when no d i s t i n c t  

symptoms on broad l e a f  t r e e s  occur  b u t  a r e v e r y  impor tan t  f o r  c o n i f e r s .  I n  

b road l e a f  t r e e s  t h e  c h r o n i c  i n j u r y  i s  m o s t l y  man i fes ted  by c o l o u r  changes 

and premature  l e a f  f a l l  a t  t h e  end o f  t h e  v e g e t a t i o n  per iod .  A lso  i n  

c o n i f e r s  t h e  main damage i s  connected w i t h  a premature need le  f a l l  bu t  t h i s  

i s  a symptom, wh ich  i s  n o t  s p e c i f i c  enough because such a premature f a l l  o f  

need les  can a l s o  be  a r e s u l t  f rom water  d e f i c i t  o r  f rom a s u r p l u s  o f  water  

i n  t h e  s o i l ,  f rom extreme n u t r i t i o n a l  d i s o r d e r  o r  f rom funga l  a t tack .  

s tacks  

3 -3 

2 

-3 

2 

PHYSIOLOGICAL PROCESSES 

The i n f o r m a t i o n s  about t h e  i n f l u e n c e  o f  a i r  p o l l u t i o n  on p h y s i o l o g i c a l  

processes can be summarized as f o l l o w s :  

- A f t e r  a l a s t i n g  impact on t r e e s  t h e  pho tosyn thes i s  i s  mos t l y  l i m i t e d ,  

a s h o r t  t e r m  i n f l u e n c e ,  however ,can s t i m u l a t e  t h e  process. 

t h i s  i s  n o t  an u n i f o r m  t rend .  Dependent on o u t s i d e  c o n d i t i o n s ,  

s t i m u l a t i o n  o r  depress ion  o f  t r a n s p i r a t i o n  can occur.  

- There a r e  d i s t i n c t  changes i n  m ine ra l  n u t r i t i o n  o f  t r e e s .  An 

i n c r e a s e  o f  s u l f u r  con ten t  i n  t h e  needles i s  m o s t l y  accompanied 

w i t h  an i n c r e a s e  o f  ka l ium,  c a l c i u m  o r  magnesium conten t .  

There a r e  d i s t i n c t  changes i n  t h e  amount o f  o rgan ic  c o n s t i t u e n t s  

- There i s  a d i s t i n c t  i n f l u e n c e  on water regime o f  t h e  t r e e s ,  b u t  

- 
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(s tarch,  sugar, aminoacids). 

MECHANISMS OF INJURY 

The changes i n  the phys io log i ca l  processes are manifested by the 

f o l l o w i n g  disturbances: 

- Accelerated senescence. This i s  shown by premature l e a f  f a l l  and 

- The "w in te r  i n ju ry ' '  o f  con i fe rs .  The absorption o f  SO i n t o  

t h e  needles o f  c o n i f e r s  goes on a lso i n  winter. The increased 

s e n s i t i v i t y  t o  f r o s t  can occur i n  s t rong winters  o r  a f t e r  a 

sharp drop o f  temperature. Very l a r g e  was i n j u r y  i n  European 

f o r e s t s  due t o  a temperature drop i n  the  l a s t  days o f  1978. 

The needles became red  and i n  the  sp r ing  a p a r t  o f  buds was 

k i l l e d  and many t r e e s  died. A second example o f  w in te r  i n f l uence  

i s  an i n j u r y  t h a t  developes i n  l a t e  winter ,  when t h e  s o i l  i s  s t i l l  

f rozen and s t rong r a d i a t i o n  in f luences t h e  t rees.  A disturbance i n  

the  r e g u l a t i o n  a b i l i t y  o f  stomata i s  a cause o f  needle damage. 

d is turbances i n  i n t e r n a l  r e l a t i o n s  between t h e  crown and t h e  

r o o t s  can be o f  importance. A d i r e c t  impact o f  SO can reduce 

t h e  development o f  t he  roo ts  more than t h e  development o f  t h e  

crown and a l s o  the  reduc t i on  o f  and changes i n  mycorrhiza can 

decrease t h e  v i t a l i t y  o f  trees. 

t h e  increase o f  s i l i c i u m  a c i d  i n  the  leaves. 

2 

- There i s  evidence t h a t  f o r  t he  l i f e  o f  t he  t rees  a l so  the  

2 

ECOLOGICAL DEPENDENCES 

One o f  t h e  c h a r a c t e r i s t i c  features o f  a i r  p o l l u t i o n  i n j u r y  t o  fo res ts  

i t s  development depending on ecolog ica l  condi t ions.  But i n  t h i s  respect 

t he re  are d i f f e rences  between e.g. Norway spruce and Scotch pine. 

a l t i t u d e .  

It no t  poss ib le  t o  decide the  most important f a c t o r  connected w i t h  the 

a l t i t u d e ;  t h e  wind v e l o c i t y ,  the i nso la t i on ,  the temperature, or  s t i l l  

o t h e r  factors .  But i t  i s  obvious, t h a t  t he  wind frequency and v e l o c i t y  i s  a 

very impor tant  f a c t o r .  Standson exposed s i t e s ,  mountain r idges and stand 

edges are e a r l i e r  damaged as a re  other  p a r t s  o f  t he  forests. 

I n  spruce fo res ts  the re  i s  a c l e a r  dependence o f  i n j u r y  on 

i s  
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A dependence o f  t h e  i n t e n s i t y  of t h e  i n j u r y  and i t s  development on 

water  con ten t  and on m ine ra l  n u t r i e n t  reserves  i n  t h e  s o i l  has a l s o  be 

proven. The dynamic of  i n j u r y  on o l i g o t r o p h  bogs and very  mo is t  s o i l s  i s  

acce le ra ted .  I n  p i n e  s tands  t h e r e  i s  a c l e a r  n e g a t i v e  c o r r e l a t i o n  between 

t h e  i n t e n s i t y  o f  damage and t h e  s o i l  f e r t i l i t y .  There fore  f e r t i l i z a t i o n  i n  

these  s tands  can g i v e  ve ry  good r e s u l t s  i n  i n c r e a s i n g  t h e  v i t a l i t y  and 

r e s i s t a n c e  o f  t h e  p i n e  f o r e s t s .  

Very i m p o r t a n t  i s  t h e  i n f l u e n c e  o f  f a c t o r  " t ime"  i n  r e l a t i o n  t b  t h e  

i n f l u e n c e  o f  e c o l o g i c a l  f a c t o r s .  For  assessment and e v a l u a t i o n  o f  a i r  

p o l l u t i o n  i n f l u e n c e  i t  i s  necessary t o  d i s t i n g u i s h :  

- t h e  t i m e  between t h e  s t a r t  o f  t h e  i nc rease  o f  a i r  p o l l u t i o n  l e v e l  

and t h e  occurence o f  f i r s t  v i s i b l e  symptoms 

- t h e  t i m e  between t h e  beg inn ing  o f  a i r  p o l l u t i o n  e f f e c t s  and 

d e s i n t e g r a t i o n  o f  t h e  f o r e s t  s tand as a whole. 

I f  we summarize t h e  r e s u l t s  o f  s t u d i e s  about  t h e  d i s p e r s i o n  o f  emiss ions  

and t h e  measurements o f  near  ground concen t ra t i ons  o f  SO ,it i s  obvious 

t h a t  t h e  t i m e  o f  " l a t e n t "  e f f e c t  can be v e r y  l o n g  and t h e  occurrence 

v i s i b l e  symptoms can be changed by o t h e r  s t r e s s  f a c t o r s .  A lso  a t  

r e l a t i v e l y  h i g h  mean c o n c e n t r a t i o n s  o f  SO t h e  t i m e  between t h e  beg inn ing  

o f  a i r  p o l l u t i o n  e f f e c t s  and t h e  f i r s t  v i s i b l e  symptoms can be some years .  

The speed o f  damage development can be ve ry  d i f f e r e n t .  We have f o r e s t s  

w i t h  d i s t i n c t  symptoms o f  i n j u r y  where d u r i n g  t h e  l a s t  30 yea rs  t h e  damage 

has n o t  c l e a r l y  changed and where i t  i s  p o s s i b l e  t h a t  these stands can 

reach t h e i r  normal c u t t i n g  age. But t h i s  i s  t h e  case o f  f o r e s t s  growing 

under favourab le  c o n d i t i o n s .  Under p resent  a i r  p o l l u t i o n  c o n d i t i o n s  a r a p i d  

development o f  t h e  damage occurs  w i t h  un favourab le  e c o l o g i c a l  c o n d i t i o n s  o r  

o t h e r  s t r e s s  f a c t o r s .  

2 

2 

SO CONCENTRATIONS AND THE EFFECTS ON FORESTS 
2 

The r e a c t i o n  o f  s tands  o f  s e n s i t i v e  c o n i f e r o u s  t r e e  spec ies  t o  t h e  SO 
2 

p o l l u t i o n  shows, t h a t  i t  i s  n o t  p o s s i b l e  t o  c h a r a c t e r i s e  t h e  r e l a t i o n s h i p  

w i t h o u t  r e f e r e n c e  t o  o t h e r  e c o l o g i c a l  f a c t o r s .  

There a r e  v a r i o u s  p o s s i b i l i l i t i e s  t o  express t h e  i n t e n s i t y  o f  a i r  

p o l l u t i o n  concen t ra t i on .  Fo r  p o l l u t a n t s  such as SO t h e  a r i t h m e t i c a l  mean 

c o n c e n t r a t i o n  seems t o  be a conven ien t  way. The f o l l o w i n g  va lues  a r e  o f  

impor tance:  

2 '  
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- t h e  a i r  p o l l u t i o n  l e v e l  a t  which no respons i s  o c c u r r i n g  t h e  th resho ld  

va lue 

- t h e  r e l a t i o n s h i p  between t h e  average concen t ra t i on  and t h e  r e a c t i o n  o f  

f o r e s t  stands 

Fo r  f o r e s t  stands i t  i s  obvious, t h a t  i t  i s  n o t  p o s s i b l e  t o  ga in  answers 

on these  r e l a t i o n s  under l a b o r a t o r y  c o n d i t i o n s ,  Only l o n g  l a s t i n g  

exper iments can b r i n g  r e s u l t s .  

A convenient  express ion of  t h e  r e l a t i o n  between t h e  concen t ra t i on  o f  a 

c e r t a i n  and i t s  e f f e c t  i s  t h e  t i m e  between t h e  beginning o f  t h e  

e f f e c t  and t h e  d e s i n t e g r a t i o n  o f  t h e  s tand ( i n t e n s i v e  m o r t a l l t y  and t h e  ioss 
o f  s tand  s t r u c t u r e ) .  

From t h e  e v a l u a t i o n  of  r e s u l t s  concen t ra t i on  measurements over  l o n g  

pe r iods  s imu l taneous ly  w i t h  t h e  assessment o f  f o r e s t  stand i n j u r y  i t  i s  

p o s s i b l e  t o  deduce t h a t :  

I n  spruce f o r e s t s  a t  h ighe r  e l e v a t i o n s  e f f e c t s  o f  a i r  p o l l u t i o n  can 

a l r e a d y  be seen a t  l onger  te rm mean concen t ra t i ons  o f  20 yg.m SO Under 

extreme e x t e r n a l  c o n d i t i o n s  a t  t h i s  p o l l u t i o n  l e v e l ,  ser ious damage can 

develop and an increased m o r t a l i t y  occurs (Materna 1982, Wentzel 1982). 

p o l l u t a n t  

3 

2' 

Table 1 

The t i m e  between t h e  beg inn ing  o f  a i r  p o l l u t i o n  e f f e c t s  and t h e  

d e s i n t e g r a t i o n  o f  Norway spruce stands ( i n  yea rs )  

SO c o n c e n t r a t i o n  h e i g h t  above sea l e v e l  ( i n  m) 

ug.m up t o  600 600-900 900-1050 h ighe r  then 1050 

2 

-3 

20 

20 - 30 30 - 40 20 

30 - 50 50 - 60 20 - 30 20 

50 - 70 40 - 50 20 10 

70 - 90 30 - 40 10 - 15 

90+ 20 - 30 
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I n  stands of whi te  fir, t h e  threshold value i s  lower and already 15 

I n  t h e  p ine  fo res ts  v i s i b l e  symptoms o f  i n j u r y  i n  o lde r  stands 

-3 
ug.m SO as a l ong  term average can cause serious i n j u r i e s .  

appear 

a f t e r  some years w i t h  25 - 30 ug.m , a t  extreme external  condi t ions 

a l ready a t  15  - 25 ug.m A des in teg ra t i on  o f  stands r e s u l t s  from long 

term concentrat ions o f  70 - 80 Ug.m . (Huttunen 1980, Matterna 1981). 

If we compare these f i g u r e s  with t h e  background concentrat ions o f  
2 

i n  l a r g e  aeras of Europe, i t  i s  obvious, t h a t  i t  i s  not poss ib le  t o  

consider the  d i r e c t  impact o f  SO as a l o c a l  problem, but  as i t  i s  seen 

from t h e  SO trends, t h e  d i r e c t  impact has over-regional importance. 

Dose-effect r e l a t i o n s h i p s  are deduced mainly from measurements i n  the  

f o r e s t s  i n  reg ions where the  a i r  p o l l u t i o n  i s  caused mainly through 

combustion processes. The SO predominates bu t  i s  not  the s ing le  

phys io log i ca l y  re levan t  substance. On the  bas is  o f  l e a f  analys is  i t  i s  

poss ib le  t o  exclude t h e  i n f l u e n c e  o f  HF, but  n o t  t he  i n f l uence  o f  n i t rogen  

oxides. 

The concentrat ions o f  NO i n  the f o r e s t s  we have measured are between 

60 -100 % of t h e  concentrat ions o f  SO This can be one reason t h a t  t he re  

was a s t rong c o r r e l a t i o n  between the  S and N concentrat ions i n  the  spruce 

needles i n  stands w i t h  var ious l e v e l s  o f  a i r  p o l l u t i o n  (Materna 1981). 

Another p o s s i b i l i t y  t o  exp la in  t h i s  f a c t  i s  t h a t  t h e  increas ing N content 

depends on t h e  i n f l u e n c e  o f  SO (Materna 1972). 

It i s  n o t  poss ib le  t o  s i n g l e  ou t  t h e  e f f e c t  of NO on f o r e s t  t rees,  as 

the re  i s  on l y  a very l i m i t e d  data base on the  NO e f f e c t s .  From various 

r e s u l t s  i t  i s  poss ib le  t o  deduce t h a t  t he  t o x i c i t y  o f  NO subs tanc ia l l y  

lower than SO (Tay lor  e t  a l l .  1975, Mooi, 1983, Yang e t  a l l  1983). It i s  
2 

no t  probable t h a t  t h e  present concentrat ions o f  NO w i l l  cause i n j u r y  t o  

f o r e s t  stands. 

2 

-3 

-3 
SO 

2' -3 

SO 

2 

2 

2 

2 

2' 

2 

X 

X 
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X 

2 

This does no t  exclude the  p o s s i b i l i t y  o f  s y n e r g i s t i c  e f f e c t s  o f  NO 

w i t h  SO o r  w i t h  other  cons t i t uen ts  o f  p o l l u t e d  a i r .  AS an example the 

r e s u l t s  o f  a study w i t h  var ious clones o f  whi te  p ine  have demonstrated 

t h a t  a combination o f  SO w i t h  NO depending on external  condi t ions can 
2 2 

have an add i t i ve ,  more than a d d i t i v e  o r  l e s s  than a d d i t i v e  e f f e c t .  

Beside t h e  d i r e c t  in f luence o f  gaseous p o l l u t a n t s  i t  i s  poss ib le  t o  

consider t h e  d i r e c t  in f luence of p r e c i p i t a t i o n  w i t h  vary ing chemical 

composition. 

X 

2 
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Resu l t s  o f  i n t e n s i v e  r a i n f a l l  s t u d i e s  a r e  a v a i b l e  and a l s o  t h e  d i r e c t  

e f f e c t s  o f  t h e  p o l l u t e d  r a i n  were s tud ied .  From these  s t u d i e s  i t  i s  

p o s s i b l e  t o  deduce t h a t  o n l y  p r e c i p i t a t i o n  w i t h  a pH below 3 shows c l e a r  

e f f e c t s .  Such a c i d i t y  occurs  o n l y  excep t iona ly .  I n  t h i s  respec t  an 

i nc reased  danger f o r  f o r e s t  stands i s  due t o  t h e  f a c t ,  t h a t  h i g h  amounts o f  

condensat ion  n u c l e i  i n  t h e  atmospere i n c r e a s e  t h e  f requency  and i n t e n s i t y  

o f  r i m e  w i t h  h i g h  concen t ra t i ons  p o l l u t a n t s .  Th i s  can cause n e c r o s i s  of t h e  

need les  d u r i n g  thawing. 

IMPACT OF AMMONIA 

Due t o  r e l a t i v e l y  h i g h  amounts e m i t t e d  i n  some areas  o f  Europe 

(Bui jsman e t  a l l .  1985) i t  seems t h a t  ammonia must n o t  be cons idered as a 

l o c a l  problem on ly .  Close t o  t h e  sources t h e  concen t ra t i ons  o f  n i t r o g e n  

inc rease  i n  t h e  f o l i a g e  o f  t r e e s  2 - 3 t imes  i n  comparison w i t h  t h e  normal 

l e v e l  and t h e  c o n c e n t r a t i o n  o f  i n o r g a n i c  n i t r o g e n  i n  t h e  l eaves  inc reases  

even more. A f t e r  t h e  impact  t h e  c o n c e n t r a t i o n  o f  c h l o r o p h y l l  inc reases ,  t h e  

imbalance i n  n u t r i t i o n  causes a premature need le  f a l l .  Wi th  respec t  t o  

r e l a t i v e l y  h i g h  t h r e s h o l d  va lue ,  p robab ly  a t  10 - 10 Ug.m , i t  i s  no t  
2 3 -3 

l i k e l y ,  t h a t  t h e  d i r e c t  impact o f  ammonia w i  

DIRECT AND INDIRECT IMPACTS 

The r e a c t i o n  of t h e  t r e e s  t o  t h e  d 

1 become a r e g i o n a l  problem. 

r e c t  change i n  t h e  minera l  

n u t r i t i o n  l e v e l ,  draws t h e  a t t e n t i o n  on t h e  p o s s i b i l i t y  o f  i nc reased  danger 

t o  stands i n  which t h e  m ine ra l  n u t r i t i o n  i s  un favourab ly  i n f l u e n c e d  by s o i l  

changes caused by a c i d  d e p o s i t i o n .  It i s  p o s s i b l e  t o  p rove  a d e t e r i o r a t i o n  

o f  n u t r i t i o n  w i t h  Mg, K, Ca on r e g i o n a l  scale.  Such changes inc rease  t h e  

s e n s i t i v i t y  o f  f o r e s t s  t o  d i r e c t  impact o f  p o l l u t a n t s  and t h e r e f o r e  i t  i s  

p o s s i b l e  t h a t  a combina t ion  o f  d i r e c t  and i n d i r e c t  impact can i n f l u e n c e  t h e  

f o r e s t s  i n  v e r y  l a r g e  areas. 

It i s  p o s s i b l e  t o  use l e a f  a n a l y s i s  t o  g i v e  ev idence o f  d i r e c t  impact 

o f  SO HF, HC1 i f  t h e y  a r e  o c c u r r i n g  i n  h ighe r  concen t ra t i ons .  The l e a f  

a n a l y s i s  i s  w e l l  eva lua ted  (Guder ian  1970), and i t  i s  p o s s i b l e  t o  es t ima te  

t h e  l e v e l  o f  SO i n  t h e  atmosphere f rom t h e  c o n c e n t r a t i o n  o f  s u l f u r  i n  t h e  

spruce needles.  (Materna 1981). Leaf a n a l y s i s  i s  a l s o  used t o  d e t e c t  t h e  

area  i n f l u e n c e d  by an i nc reased  l e v e l  o f  SO (Rudolph 1983). The smal l  

d i f f e r e n c e s  a t  l o w  c o n c e n t r a t i o n s  o f  s u l f u r  d i o x i d e  a r e  neve r the less  

2’ 

2 

2 
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d i f f i c u l t  t o  p rove  and t h e r e f o r e  i t  i s  ques t i onab le  whether w i t h  l a r g e  

i n d i v i d u a l  v a r i a b i l i t y  o f  s u l f u r  con ten t  i n  t h e  needles o f  f o r e s t  t r e e s ,  i t  

i s  p o s s i b l e  t o  use t h i s  method w i t h  success over  l a r g e r  areas. 

For n i t r o g e n  ox ides  i t  i s  o n l y  occas iona l l y ,  f o r  a s h o r t  t i m e  a f t e r  

t h e  occur rance o f  h i g h e r  concen t ra t i ons ,  p o s s i b l e  t o  demonstrate t h e  

presence o f  NO; i n  t h e  f o l i a g e  o f  spruce and p ine .  I n  t h e  f o l i a g e  o f  b road 

l e a f  t r e e s  these  i s  normaly  a r e l a t i v e  h i g h  con ten t  o f  n i t r a t e s  d e t e c t a b l e  

and i t  i s  n o t  p o s s i b l e  t o  d i s t i n g u i s h  t h e  i nc rease  due t o  p o l l u t i o n .  

The d i r e c t  impact  o f  SO a lone and i n  combina t ion  w i t h  o t h e r  

p o l l u t a n t s  decreases t h e  inc rement  o f  f o r e s t  t r e e s ,  inc reases  t h e  m o r t a l i t y  

i n  f o r e s t s  and has an un favourab le  e f f e c t  on t h e  q u a l i t y  of  wood produced. 

Impor tan t  i s  a l s o  t h e  decrease i n  t h e  r e s i s t a n c e  o f  f o r e s t  stands t o  

f u r t h e r  s t r e s s  f a c t o r s  - a b i o t i c  as we l l  as i n s e c t s  and fung i .  

For  t h e  f u t u r e  o f  t h e  f o r e s t s  t h e  r e d u c t i o n  o f  f e r t i l i t y  and t h e  

impover ishment o f  spec ies  i s  v e r y  dangerous. 

Extremely endangered a r e  t h e  f o r e s t s  i n  extreme c l i m a t i c  c o n d i t i o n s ,  

e s p e c i a l l y  mountain f o r e s t s .  T h i s  i s  a l s o  very  impor tan t  i n  respec t  t o  

t h e i r  s o c i a l  f u n c t i o n s .  It i s  p o s s i b l e  t o  observe changes i n  water  f l o w  and 

wa te r  q u a l i t y  i n  damaged f o r e s t e d  watersheds. 

2 

CONC LUS I O N S  

A t  t h e  p resen t  l e v e l  o f  a i r  p o l l l u t i o n  on a r e g i o n a l  sca le ,  t h e  d i r e c t  

impact o f  a i r  p o l l u t i o n  on f o r e s t s  has a l s o  a r e g i o n a l  charac ter .  The 

f o r e s t s  a r e  e f f e c t e d  by s u l f u r  d i o x i d e  and o t h e r  p o l l u t a n t s .  About t h e  

e f f e c t s  o f  some o f  t h e  p o l l u t a n t s  t h e  i n f o r m a t i o n  i s  very  l i m i t e d .  

I n s u f f i c i e n t  i s  a l s o  t h e  i n f o r m a t i o n  about t h e  a i r  p o l l u t i o n  concen t ra t i ons  

i n  f o r e s t s .  

Very g r e a t  i s  t h e  r i s k  due t o  t h e  l o s s  o f  v i t a l i t y  and t h e  decreased 

r e s i s t a n c e  o f  f o r e s t s  t o  o t h e r  s t r e s s  f a c t o r s .  E s p e c i a l l y  extreme c l i m a t i c  

c o n d i t i o n s  can cause a s i g n i f i c a n t  i nc rease  o f  i n j u r i e s  i n  l a r g e  areas. 

A f u r t h e r  t h r e a t  i s  t h e  d i s o r d e r  i n  t h e  m ine ra l  n u t r i t i o n  as a 

consequence o f  s o i l  changes due t o  a c i d  d e p o s i t i o n  and t h e  inc reased 

s e n s i t i v i t y  o f  weakened f o r e s t  t r e e  spec ies  t o  t h e  d i r e c t  impact o f  a i r  

p o l  1 u t i o n .  
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