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Adaptation von Wildgräsern an langfristige Belastung mit 
Schwefeldioxid

Birte Vermehren, Andreas Fangmeier und Hans-Jürgen Jäger

Synopsis
T he a d a p ta t io n  o f fo u r  g rass  sp ec ie s  to  s u lp h u r  d io x id e  

p o llu tio n  h a s  b e e n  in v e s t ig a te d  in  a n  o p e n  to p  c h a m 

ber e x p e r im e n t .  G ro w th  a n d  s to m a ta l  c o n d u c ta n c e  

w e re  o n ly  s lig h tly  a f fe c te d  by  th e  S 0 2 t r e a tm e n t ,  b u t  

m e a s u re m e n ts  o f p e ro x id a s e  a c t iv i ty  a n d  g lu ta th io n e  

c o n te n t  in d ic a te d  a n  in c re a s e d  to le r a n c e  o f p o p u la 

tio n s  fro m  p o llu te d  s ite s .

Adaptation, S02, Gräser, Wachstum, Antioxidantien, 
Open-Top-Kammer

Adaptation, S02, grasses, growth, antioxidants, 
open top chamber.

1. Einleitung

A n p a ss u n g  v o n  G rä s e rn  a n  la n g fr is tig e  B e la s tu n g  d e r  

Luft m it  S 0 2 k o n n te  b e re i ts  v o n  A YAZLOO & BELL 

(1 9 8 1 )  u n d  D U E C K  & a l (1 9 8 8 )  b e o b a c h te t  w e r d e n .  

M e c h a n is m e n  d e r  R e s is te n z  g e g e n  S 0 2 b e s te h e n  b e i 

a k u te n  K o n z e n tr a t io n e n  in  d e r  » avoidance« d e s  

S c h a d g a s e s  d u rc h  d a s  S c h lie ß e n  d e r  S to m a ta  (AYAZ

LO O  & al. 1 9 8 2 ) ,  b e i c h ro n is c h e r  B e la s tu n g  h in g e g e n  

in e in e r  b io c h e m is c h e n  T o le ra n z ,  fü r  d ie  d a s  a n t io x i 

d a tiv e  S y s te m  m itv e r a n tw o r t l i c h  is t  (M A D A M A N C H I 

& A L S C H E R  1 9 9 1 ) .

In  d e m  h ie r  b e s c h r ie b e n e n  E x p e r im e n t  w u r d e  

u n te r s u c h t ,  o b  in  D e u ts c h la n d  v e r b r e i t e te  W ild g rä s e r  

aus s ta r k  m i t  S c h w e fe ld io x id  b e la s te te n  G e b ie te n  a n  

d ie se s  S c h a d g a s  a n g e p a ß t  s in d .  G rä s e r  v e r s c h ie d e n e r  

H e rk u n f t  w u r d e n  in  O p e n -T o p -K a m m e rn  e r h ö h te n  

S 0 2-K o n z e n tr a t io n e n  a u s g e s e tz t ,  u n d  v e r s c h ie d e n e  

W a c h s tu m s p a ra m e te r ,  s to m a tä r e s  V e rh a l te n ,  S c h w e 

fe lg e h a lt  u n d  B e s ta n d te i le  d e s  a n t io x id a t iv e n  S y s te m s  

(G e s a m tp e ro x id a s e -A k tiv i tä t  u n d  G lu ta th io n g e h a l t )  

w u r d e n  e r fa ß t.

2. Material & Methoden

2.1 Versuchspflanzen

Poa pratensis L. (W ie s e n r is p e n g ra s ) ,  Dactylis glo- 
merata L. (K n a u lg ra s ) , Holcus lanatus L. (W o llig e s  

H on igg ras) u n d  Arrhenatherum elatiusl. (G la tth a fe r) .

2.2 Herkunftsorte des Saatguts

G e b ie te  m it  h o h e r  u n d  s c h o n  la n g e  w ä h r e n d e r  S 0 2-

B e la s tu n g  f in d e n  s ic h  im  S ü d e n  d e r  e h e m a lig e n  D D R

(H e rk ü n f te  1 - 3 ) ,  w o h in g e g e n  d ie  L u ft in  H ü t te n b e r g

(H e rk u n f t  4 ) n u r  g e r in g fü g ig  m i t  S 0 2 v e r u n r e in ig t  is t.

-  H e rk u n f t  1, Z Ö S C H E N : z w is c h e n  H a lle  u n d  

L e ip z ig , J a h r e s m it te l  d e r  S 0 2- Im m is s io n e n  u m  

1 5 0  p g / m 3,

-  H e rk u n f t  2 , M Ö L B IS : ca . 10  k m  s ü d ö s t l i c h  v o n  

L e ip z ig , ü b e r  la n g e  Z e it e x t r e m  b e la s te te r  

S ta n d o r t ,  ü b e r  2 0 0  p g / m 3 S 0 2 ,

-  H e rk u n f t  3 , S E N F T E N B E R G : z w is c h e n  C o ttb u s  

u n d  D re s d e n ,  S 0 2- Im m is s io n e n  > 5 0  p g / m 3,

-  H e rk u n f t  4 ,  H Ü T T E N B E R G : z w is c h e n  G ie ß e n  
u n d  W e tz la r , g e r in g  b e la s te te r  S ta n d o r t  m i t  < 2 0  

p g / m 3 S 0 2 ( Im m is s io n s d a te n  U M W E L T B U N D E S 

A M T  p e rs .  M itte i lg .) .

2.3 S 0 2-Exposition

D ie  S 0 2-E x p o s it io n  fa n d  im  S o m m e r  1 9 9 2  a u f  d e r  

O p e n -T o p -A n la g e  d e s  In s t i tu ts  fü r  P f la n z e n ö k o lo g ie  

d e r  J u s tu s -L ie b ig -U n iv e rs i tä t  G ie ß e n  s ta t t .  D ie  im  G e 

w ä c h s h a u s  a n g e z o g e n e n ,  s e c h s  W o c h e n  a l te n  P f la n 

z e n  w u r d e n  1 0 0  T age  la n g  d re i v e r s c h ie d e n e n  B e 

g a s u n g s v a r ia n te n  a u s g e s e tz t :

-  N F  (n o n - f il te re d  a ir  =  A u ß e n lu f t) ,

-  N F + 5 0  (A u ß e n lu f t  p lu s  5 0  p p b =  1 3 5  p g / m 3 S 0 2 ) 

u n d

-  N F + 1 0 0  (A u ß e n lu f t  p lu s  1 0 0  p p b = 2 7 0  p g / m 3 

S 0 2).
P ro  A rt,  H e rk u n f t  u n d  B e g a s u n g s v a r ia n te  w u r d e n  5 

p a ra l le le  T ö p fe  v e r w e n d e t .  B e w ä s s e ru n g  u n d  D ü n 

g u n g  e r fo lg te n  in  e in e m  fü r  d ie  V e rs u c h s p f la n z e n  a u s 

r e ic h e n d e n  M a ß .

2.4 Wirkungserhebungen

Wachstum: W ö c h e n t l ic h  b o n i t ie r t  w u r d e n  W u c h s 

h ö h e  u n d  H a lm z a h l .  Z u r  B io m a s s e b e s t im m u n g  e r fo lg 

te n  z w e i  E r n te n  n a c h  e in e r  E x p o s i t io n s z e i t  v o n  8 
b z w . 13  W o c h e n ,  b e i d e n e n  2  b zw . 3  d e r  p a ra l le le n  

T ö p fe  g e e r n te t  w u r d e n .  D ie  B lä tte r  d e r  e r s te n  E rn te  
w u r d e n  b e i -8 0 ° C  e in g e f ro re n  u n d  d ie n te n  d e n  b io 

c h e m is c h e n  U n te r s u c h u n g e n .
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Stomatäre Leitfähigkeit: D ie  M e s s u n g e n  w u r d e n  

m it  e in e m  L IC O R  L I-1 6 0 0  S te a d y -S ta te -P o ro m e te r  

je w e i ls  a m  z w e i t jü n g s te n  B la tt z u m  e in e n  ta g s ü b e r  

u n t e r  o p t im a le n  S t r a h lu n g s v e rh ä l tn is s e n  b e i v e r 

g le ic h b a r e n  A u ß e n b e d in g u n g e n  u n d  z u m  a n d e r e n  

n a c h ts  d u rc h g e fü h r t .

Schwefelgehalt: D ie  b e i 1 0 5 ° C  g e t r o c k n e te n  B lä tte r  

d e r  E n d e rn te  w u r d e n  in  e in e r  K a ffe e m ü h le  g e m a h le n  

u n d  d e r  S c h w e fe lg e h a l t  m i t  e in e m  S c h w e fe la n a 

ly s a to r  (L E C O  SC  1 3 2 ) b e s t im m t.

Gesamtperoxidase-Aktivität: D ie  B e s t im m u n g  e r 

fo lg te  a u s  e in e m  S ö r e n s e n p u f f e r e x t r a k t  d e r  b e i -8 0 ° C  

e in g e f ro r e n e n  B lä t te r  n a c h  G R Ü N H A G E  & JÄ G E R  

(1 9 8 2 ) .

Glutathiongehalt: D e r  G lu ta th io n g e s a m tg e h a l t  w u r 

d e  n a c h  G R IF F IT H  (1 9 8 0 )  a u s  d e m s e lb e n  E x t ra k t  

w ie  d ie  P e ro x id a s e n  e r m it te l t .

2.5 Statistik

U m  d e n  E in f lu ß  v o n  S 0 2 u n d  H e rk u n f t  a u f  d ie  u n t e r 

s u c h te n  P a ra m e te r  z u  te s t e n ,  w u r d e n  V a r ia n z 

a n a ly s e n  (A N O V A ) d u rc h g e fü h r t ,  a n  d ie  b e i p o s i t i 

v e m  E rg e b n is  e in  L S D -T est a n g e s c h lo s s e n  w u r d e .

3. Ergebnisse

3.1 Wachstum

N u r  in  e in z e ln e n  F ä lle n  h a t t e n  d ie  S 0 2-B e h a n d lu n g  
o d e r  d ie  H e rk u n f t  d e s  S a a tg u ts  e in e n  E in f lu ß  a u f  die 

u n t e r s u c h t e n  P a ra m e te r .  So w u r d e  b e is p ie ls w e is e  die 

W u c h s h ö h e  d e r  K n a u lg rä s e r  a u s  H ü t te n b e r g  d u rc h  

S0 2 d e u t l ic h  r e d u z ie r t .  E in e  s ig n if ik a n te  R e d u k tio n  

d e s  S p ro ß g e w ic h ts  d e r  H ü t te n b e r g e r  P f la n z e n  tra t  

b e im  K n a u lg ra s  b e i d e r  Z w is c h e n e rn te ,  b e im  G la tt

h a fe r  b e i d e r  E n d e rn te  au f. B ei d e n  m e is te n  P o p u 

la t io n e n  w u r d e n  d ie  W u rz e ln  e h e r  d u rc h  S 0 2 g e sc h ä 

d ig t a ls  d ie  o b e r i rd i s c h e n  O rg a n e ,  w a s  e in e  t e n d e n z i 

e lle  V e rg rö ß e ru n g  d e r  S p ro ß -W u rz e l-V e rh ä ltn is s e  z u r  
F o lg e  h a t te .

3.2 Stomatäres Verhalten

D ie  s to m a tä r e  L e itf ä h ig k e it  a lle r  u n t e r s u c h t e r  A rte n  

e rw ie s  s ic h  s o w o h l b e i d e n  ta g s ü b e r  a ls a u c h  b e i d e n  

n a c h ts  d u r c h g e f ü h r te n  M e s s u n g e n ,  b e i d e n e n  alle 

S p a l tö f fn u n g e n  g e s c h lo s s e n  w a re n ,  a ls  u n b e e in f lu ß t  

v o n  d e r  S c h w e fe ld io x id b e h a n d lu n g  o d e r  H e rk u n f t .

Abb. 1

Gesamtperoxidase- 

Aktivitäten [E (min g FG)1] 

der vier untersuchten Arten in 

Abhängigkeit von S02-Be- 

handlung und Herkunft des 

Saatguts (Hk 1 = Zöschen,

Hk 2 = Mölbis, Hk 3 = Senf- 

tenberg, Hk 4 = Hüttenberg).

Fig. 1

Effects of S02 treatment on 

peroxidase activity [E (min g 

fresh weight)1] of the diffe

rent grass populations.

POA PRATENSIS DACTYLIS GLOMERATA

N F N F + 5 0  N F + 1 0 0  N F N F + 5 0  N F + 1 0 0

HOLCUS LANATUS ARRHENATHERUM ELATIUS
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3.3 Schwefelgehalt

Bei a lle n  A r te n  u n d  H e rk ü n f te n  w a r  a ls R e a k tio n  a u f  

d ie  S c h w e fe ld io x id b e h a n d lu n g  e in e  s ig n if ik a n te  A k 
k u m u la t io n  v o n  S c h w e fe l z u  b e o b a c h te n .  E in d e u tig e  

K o rre la tio n e n  z w is c h e n  d e m  S c h w e fe lg e h a l t  u n d  d e r  

H e rk u n f t k o n n te n  n ic h t  g e fu n d e n  w e r d e n .

3.4 Gesamtperoxidase-Aktivität

D ie S c h w e fe ld io x id b e h a n d lu n g  b e w irk te  b e i a lle n  A r

ten  e in e n  te n d e n z ie l l e n  A n s t ie g  d e r  P e ro x id a s e -A k ti

v itä t  (A bb. 1). B e s o n d e rs  d e u t l ic h  a u s g e p rä g t  u n d  s ig 

n if ik a n t w a r  d ie s e  S te ig e ru n g  b e i d e n  H ü t te n b e rg e r  

W ie s e n r is p e n g rä s e rn  u n d  d e n  K n a u lg rä s e rn  a u s  

H ü t te n b e rg  u n d  S e n f te n b e rg ,  d .h .  d e n  a m  g e r in g s te n  

m it S 0 2 b e la s te te n  G e b ie te n .

3.5 Glutathiongehalt

D ie G lu ta th io n g e h a l te  w u r d e n  b e i a lle n  v ie r  A r te n  

s ig n if ik a n t v o n  d e r  S 0 2-B e h a n d lu n g  b e e in f lu ß t .

In  A b b . 2  s in d  d ie  W e r te  fü r  Arrhenatherum ela- 
tius d a rg e s te l l t .  (Bei Poa pratensis z e ig te n  s ic h  ä h n 

lic h e  E rg e b n is s e .)  E r h ö h te  S c h w e f e ld io x id k o n z e n tr a 

t io n e n  b e w irk te n  b e i a lle n  P o p u la t io n e n  d ie s e r  b e i 

d e n  A r te n  e in e  s ig n if ik a n te  S te ig e ru n g  d e r  G lu ta 

th io n g e h a l te ,  d ie  je w e ils  b e s o n d e rs  a u s g e p rä g t  b e i

d e n  H ü t te n b e r g e r  P f la n z e n  w ar. D ie se  w ie s e n  i n n e r 

h a lb  d e r  N F -B e h a n d lu n g , d .h .  o h n e  S 0 2-Z u fu h r, d ie  

n ie d r ig s te n  W e r te  au f.

B ei d e n  M e s s u n g e n  a n  Dactylis glomerata u n d  

Holcus lanatus e rg a b e n  s ic h  re la t iv  n ie d r ig e  W e r te .  

E in e  E rk lä ru n g  lie g t  m ö g lic h e rw e is e  in  d e r  E x is te n z  

e in e r  z w e i t e n  G lu ta th io n fo r m  b e i P o a c e e n  (G lu ta - 

m y lc y s te in y ls e r in ) ,  d ie  d u rc h  d ie  G R IF F IT H -M e th o d e  

n u r  u n v o l ls tä n d ig  n a c h g e w ie s e n  w ird  (K L A P H EC K  & 

al 1 9 9 2 ) .

4. Diskussion

In  d e m  h ie r  b e s c h r ie b e n e n  E x p e r im e n t  h a t t e n  

S c h w e fe ld io x id k o n z e n tr a t io n e n  v o n  5 0  b z w . 1 0 0  p p b  

n u r  g e r in g e  A u s w ir k u n g e n  a u f  d a s  W a c h s tu m  a lle r  

u n t e r s u c h t e n  A r te n ,  d ie  s to m a tä r e  R e g u la t io n s fä h ig 

k e i t  e rw ie s  s ic h  a ls  g ä n z l ic h  u n b e e in f lu ß t .  G rü n d e  

h ie r fü r  k ö n n e n  in  v e rg le ic h s w e is e  g e r in g e n  S 0 2-K on- 

z e n t r a t io n e n  u n d / o d e r  in  d e n  g ü n s t ig e n  k l im a tis c h e n  

B e d in g u n g e n  e in e r  E x p o s i t io n  im  S o m m e r  l ie g e n .

E r h ö h te  p f la n z l ic h e  S c h w e fe lg e h a l te ,  w ie  s ie  b e i 

a lle n  u n te r s u c h t e n  A r te n  u n d  P o p u la t io n e n  a u f t r a te n ,  

s in d  e in e  g e n e re l le  R e a k tio n  a u f  S c h w e fe ld io x id  u n d  

b e r u h e n  a u f  d e r  p f la n z l ic h e n  F ä h ig k e it ,  d e n  S c h w e fe l 

z u  m e ta b o l is ie r e n  u n d  in  d e r  V a k u o le  a ls S u lfa t z u  

la g e rn  (R E N N E N B E R G  1 9 8 4 ) .

D ie  u n s p e z if i s c h e  A k tiv i tä t  d e r  P e ro x id a s e n  is t 

e in  M a ß  fü r  d e n  o x id a t iv e n  S tre ß ,  d e m  e in e  P f la n z e

Abb. 2

Glutathiongehalt [|ig g 1 FG] 

von A rrhenatherum  e latius in 

Abhängigkeit von S02-Be- 

handlung und Herkunft des 

Saatguts (Hk 1 = Zöschen,

Hk 2 = Mölbis, Hk 3 = Senf

tenberg, Hk 4 = Hüttenberg).

Fig.2

Effects of S02 treatment on 

glutathione levels [pg g 1 

fresh weight] of A rrh en a 

therum  e latius populations.
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a u s g e s e tz t  is t .  S c h w e fe ld io x id  v e r u r s a c h t  o x id a t iv e n  

S tr e ß ,  d a  im  V e rla u f  s e in e r  M e ta b o l is ie ru n g  R ad ik a le  

g e b ild e t  w e r d e n  (A L S C H E R  1 9 8 4 ) .  D ie  im  V e rh ä ltn is  

s ta rk  e r h ö h te n  E n z y m a k t iv i tä te n  d e r  W ie s e n r is p e n 

g rä s e r  a u s  H ü t te n b e r g  s o w ie  d e r  K n a u lg rä s e r  a u s  

H ü t te n b e r g  u n d  S e n f te n b e rg  -  b e id e s  H e rk ü n f te  m it  

g e r in g e r  S 0 2-B e la s tu n g  -  w e is e n  a u f  e in e  g e r in g e re  

T o le ra n z  d e s  S to f fw e c h s e ls  g e g e n ü b e r  S 0 2 h in .

G lu ta th io n  b ie te t  e b e n fa l ls  S c h u tz  v o r  o x id a t iv e m  

S tr e ß  u n d  w ird  in  S 0 2 a u s g e s e tz te n  P f la n z e n  in  

e r h ö h te n  K o n z e n tr a t io n e n  g e fu n d e n  (B E N D E R  & al. 
1 9 8 6 ) .  In  d e r  v o r l i e g e n d e n  A rb e it  w a r e n  a lle  u n t e r 

s u c h te n  P f la n z e n  in  d e r  L age , a u f  d ie  v e r m e h r te  

R a d ik a lb e la s tu n g  m it te ls  g e s te ig e r te r  G lu ta th io n g e 

h a l te  z u  re a g ie r e n .  B ei Poa pratensis u n d  Arrhena- 
therum elatius w u r d e  in  d e r  h ö c h s te n  S 0 2-B e h a n d -  

lu n g  v o n  a lle n  P o p u la t io n e n  e in  ä h n l ic h e s  N iv e a u  

e r r e ic h t .  D ie  b e re i ts  in  d e r  A u ß e n lu f tv a r ia n te  (o h n e  
S 0 2 !) r e la t iv  h o h e n  G lu ta th io n g e h a l te  d e r  P f la n z e n  

a u s  b e la s te te n  G e b ie te n  d e u te n  a u f  e in e  g e n e t is c h e  

A n p a s s u n g  d ie s e r  P o p u la t io n e n  h in .

Z u s a m m e n fa s s e n d  lä ß t  s ic h  d a h e r  s a g e n ,  d a ß  in s 

b e s o n d e re  a u fg ru n d  d e r  M e s s u n g e n  v o n  P e r o x id a s e 

a k t iv i tä te n  u n d  G lu ta th io n g e h a l te n  e in e  g e n e t is c h e  

A n p a s s u n g  d e r  W ild g rä s e r  a u s  G e b ie te n  m i t  h o h e r  

S 0 2-B e la s tu n g  z w a r  a u fg e z e ig t  w e r d e n  k o n n te ,  d a ß  

a b e r  d ie  v e r w e n d e te n  K o n z e n tr a t io n e n  z u  g e r in g  

w a re n ,  u m  d ie  A d a p ta t io n  a u c h  im  W u c h s -  o d e r  

S to m a ta v e rh a l te n  d e u t l ic h  n a c h z u w e is e n .
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