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Summary 

In  t h l s  work t h e  l e a f  s t r u c t u r e  o f  Phlomis fruticosa and Urginea mari- 
tima from a s t r o n g l y  per tu rba ted ,  by means of a l r  p o l l u t l o n ,  phryganlc 
ecosystem i n  At t rca  (Greece) was s t u d i e d  i n  cornparlson t o  t h e  l e a f  
s t r u c t u r e  of t h e  same p l a n t s  from a s l m l l a r  phryganlc ecosystem f r e e  
of a l r  p o l l u t a n t s .  The first, l i g h t  microscope d e t e c t e d ,  detrimental 
e f f e c t s  of a l r  p o l l u t a n t s  r e f e r  t o  c h l o r o p l a s t s .  The l a t t e r  a r e  fewer 
and smal le r  i n  t h e  l eaves  of t h e  a f f e c t e d  p l a n t s .  A second e f f e c t  of 
a l r  p o l l u t l o n  on t h e  P. fruticosa l e a v e s  is t h e  shape of t h e  chloro-  
p l a s t  con ta ln lng  mesophyll c e l l s ,  whlch appear t o  be more i r r e g u l a r  
than i n  normal p l a n t s .  Besides ,  l e a v e s  of a. maritima e x h i b i t  c o l o r l e s s  
a reas ,  t h a t  1s a r e a s  wlthout c h l o r o p l a s t s ,  where t h e  m e s o ~ h y l l  c s l l  
l a y e r s  haue been practically reduced. I n  o t h e r  words t h e  l e a f  of 
U. maritima shows abundant z o l o r l e s s  c o n s t r i c t e d  areas i n  i ts blade. 
I t  1s reasonable  t o  presume t h a t  t h e  above e f f e c t s  on c h l o r o p l a s t s  
l e a d s  t o  t h e  mlnlmlzatlon of pI ;otosynthesls .  Therefore ,  our  r e s u l t s  
j u s t l f y  t h e  low primary production of t h e  most a i r  p o l l u t e d  ecosystems 
a s  ,well a s  t h e  lcwer biomass e s t l m a t l o n s  i n  t h e s e ,  a v a i l a b l e  i n  t h e  
I l t e r a t u r e .  

1. INTRODUCTION 

I t  seems t h a t  t h e  b a s i c  e f f e c t  of a l r  p o l l u t l o n  t o  t h e  p l a n t s  is direct- 
ed towards t h e  mlnlmizatlon of t h e r r  p roduc t ru l ty  (1 ,2 ,4 ,7 ,8 ,9 ) .  

Elorphological, macroscopically u l s l b l e  symptoms a r e  t h e  u l t l m a t e  
r e s u l t s  of changes in t h e  p l a n t s  due t o  a l r  p o l l u t l o n .  Chloros l s  o f  l e a f  
t l s s u e  and breakdosn of c h l o r o p h y l l s  and o ther  p l a n t  plgments a r e  some of 
these  symptoms ( 6 ) .  

Gurrng ihe l a s t  yeor our group s t a r t e d  vorklng on t h e  e f f e c t s  of a i r  
p n l l u t l c n  on At t i can  n a t u r a l  ecosystems. Our f l r e t  r e s u l t s  showed a s e r l o u s  
decrease  o f  p l a n t  blolnass and e l rmlna t lon  of s p e c l e s  diversity ( 3 ) .  P t  t h e  
same time, t h e  genera l  appearance o f  t h e  domlnant p l a n t s  occurring i n  t h e  
most p o l l u t e d  s tudy a r e a s  showed an  obvlous perturbation and l o s s  of vlgour. 

Havlng i n  mlnd t h e  above, se s e l e c t e d  two t y p i c a l  medl terranean p l a n t s ,  
one geophyte (Urginea mari t ima)  and a  subshrub (Phlomis fruticosa) I n  o rder  
t o  f i n d  ou t  t h e  ewact a c t r o n  of a i r  p o l l u t l o n  on l e a f  s t r u c t u r e .  

2 .  MATERIALS AND METHODS 

The selection of t h e  two s tudy s i t e s  was based on t h e  lnformatlan w a l l -  
a b l e  t o  u s ,  concerning tlls blomass y:eld (3 )  a s  wel l  a s  on our empirical 
es t lmat lon  of l n d u s t r r a l  emlsslons.  These s i t e s  a r e  Korydalos and Varklza. 
Ko~.ydelos found on a s lope  of Egaleo mountain fac lng  P i r a e u s ,  i s  a smog- 
covered area ,  wl:h low b?omass. t h e r e f o r e  i t  is cunsldered t o  be a  s t rong ly  



p e r t u r b a t e d  area. Varkiza, l o c a t e d  on a sou thern  s l o p e  of Hymettus mountam, 
e a s t  o f  Athens, is  considered a  non-am-polluted a r e a ,  y i e l d l n g  t o  normal 
l e v e l s  of blomass. 

Leaves from Phlomis f r u t i c o s a  and Urginea maritima individuals were 
c o l l e c t e d  keeping i n  mind t h a t  t h e  p l a n t s  had t o  be of  s l m i l a r  phenology and 
t h e i r  l e a v e s  had t o  be of  t h e  same age ( F i g u r e s  1,6 and 11,18 a s t e r i s k ) .  
Micrographs prosen ted  h e r e  a r e  coming from the  same a r e a s  of the  l e a f  blade 
correspondingly.  Therefore,  h i s t o i o g i c a l  d i f f e r e n c e s  do not  r e f l e c t  t h e  
examination of  d i f f e r e n t  s i t e s  of  the  l eaves .  

P l a n t  m a t e r i a l  was f i x e d  i n  6?6 g lu ta ra ldehyde  i n  0.025M phosphate buf fe r  
a t  pH 7 a t  room temperbture f o r  3  hours. P o s t t i r a t l o n  was c a r r l e d  ou t  i n  1% 
Us04 In t h e  same buf fe r .  The p l a n t  m a t e r l a l  was washed i n  b u f f e r  and de- 
hydrated i n  a  g r a d l e n t  of ace ton  s o l u t l o n .  Then i t  was placed i n  propylene 
uxlde f o r  30 mlnutes and embedded i n  Ourcupan ACM (F luka) .  The s e c t l o n s  
(1-3 pm t h l c k )  were s t a i n e d  i n  1% t o l u l d l n e  blue 0  I n  1% borax s o l u t l o n  
acrord lng  t o  Plckett-Heaps ( 5 )  and observed wlth a  Z e i s s  l i g h t  microscope. 

3. RESULTS A N D  DlSCUSSION 

The l e a v e s  of Phlomis f r u t i c o s a  (F igure  1 )  a s  the). a r e  seen i n  c r o s s  
s e c t l o n  a r e  typically b l f a c l a l  (F igure  2 ) .  Abundant ~ ~ i u l t l c e l l u l a r  h a l r s  
cover both t h e  upper and t h e  lower epldermls (F igure  23. Upper epidermis 
c o n s i s t s  of one l a y e r  of f l a t t e n e d  c e l l s  wlth moderately t h l c k  e x t e r n a l  
wall.  Lower epldermls comprlses smal le r  thln-walled c e l l s  of l r r e g u l a r  shape 
(F lgure  3) .  Stomata occur  i n  t h e  lower s u r f a c e  of the  l e a f  only and they a r e  
c h a r a c t e r l s t l c a l l y  r a l s e d  above t h e  r e s t  epidermal c e l l s  s u r f a c e  (Figure 3 ) .  
One l a y e r  of long p a l l s a d e  and t h r e e  t o  four  l a y e r s  o f  small  and n e a r l y  180- 

diametric spongy parenchyma c e l l s  form t h e  ground t l s s u e  of t h e  l e a v e s  
(Figure 3 ) .  Abundant l a r g e  and l e ~ s - s h a p e d  c h l o r o p l a s t s  a r e  p r e s e n t  i n  both 
t h e  p a l i s a d e  (F lgure  4 ,  arrows) and t h e  spongy parenchyma c e l l s  (F igure  5 ,  
arrows) .  

The l e a v e s  of P. f r u t i c o s a  from the  smog s u f f e r i n g  system e x h l b l t  
s e v e r a l  green-yellow a r e a s  (F igure  6 ) .  A s  ~t i s  seen i n  c r o s s  s e c t i o n s ,  t h e  
l e a f  s t r u c t u r e  remalns unchanged i n  r e s p e c t  of  t h e  number of c e l l  l a y e r s  of 
each t l s s u e ,  i . e .  of t h e  eplderrnls ( c f .  Figure 7 with Figure 2 ) ,  of t h e  
p a l l s a d e  ( c f ,  Flgure 8 wlth Figure 3) and spongy parenchyma (ct'. Flgure 10 
with Flgure 5) .  On the o t h e r  hand disturbance is  ev lden t  f l r s t l y  I n  t h e  
shape of a l l  k m d s  of c e l l s  of dermal and ground t l s s u e s  ( c f .  F lgures  8,9, 
10 wlth 9 ,4 ,5 ,  r e s p e c t l v e l y )  and secondly i n  t h e  number, t h e  shape and s l z e  
o f  c h l o r o p l a s t s .  I t  is ev iden t  t h a t  t h e  number of c h l o r o p l a s t s  is s t r o n g l y  
eliminated i n  p a l i s a d e  ( c f .  F igure  9 ~ 1 1 t h  F lgure  0 )  and i n  spongy mesophyll 
c e l l s  ( c f .  Flgure 10 wlth F lgure  5 ) .  Noreover the  c h l o r o p l a s t s  of the  a l r -  
pollution a f f e c t e d  p l a n t s  a r e  smal le r  and seem t o  be more f l a t t e n e d  than 
the  ones o f  non-perturbated p l a n t s  ( c f .  F lgures  9,10 with 4 , 5  r e s p e c t l v e l y ) .  

The l e a v e s  o f  urginea maritima (Figure 11) a r e  almost u n l f a c l a l  
(F lgure  12) .  The thickrless  o f  t h e  blade 1s unlque (Figure 121, except of 
the  c e n t r a l  ve ln  and t h e  marginal  zone; the  about 10 c e l l  l ayered  mesophyll 
comprlses two o r  t h r e e  l a y e r s  o f  c e l l s  con ta ln lng  c h l o r o p l a s t s  a t  each s l d e  
(F lgure  12) .  Abaxlal chlorenchytita shows l a r g e r  l n t e r c e l l u l a r  spaces  and 
more I r r e g u l a r  shaped c e l l s  (Figure 14)  than t h e  a d a x l a l  one (Figure 13) .  

Leaves o f  most p l a n t s  o f  t h e  a l r  p o l l u t e d  a r e a  e x h l b l t  abundant p a l e  
a r e a s  on t h e l r  s u r f a c e s  ( F l g u r e  18) .  As seen i n  c r o s s  sectioned leaves ,  
these  a r e a s  c o n s l s t  of  t h e  upper and l o v e r  epidermal l a y e r s  whlle  mesophyll 
l a y e r s  have been practically reduced from 10 ( F l g u r e  12)  t o  2-3 c e l l  l a y e r s  
( F l s u r e  1 5 ,  open arm",-heads). 



In d~stal areas from the narrow zone (Figure 15, upper area in the left) 
chloroplasts of chlorenchyma cells (Figure 16) seem to be the same in number 
and shape w~th the ones of undisturbed plants (Figure 16, cf. with Figures 
12,141. Closer to the restriction (Figore 15, upper area in the middle) 
chloroplasts seem to bt fewer and smaller (Figure 17, cf. wlth Figure 16 and 
Figures 13,141 whole parenchyma cells of the narrow areas do not contain 
chloroplasts (Figure 15). 

The above data show clearly that the two plants, selected as Indices 
from the perturbated ares, appear considerable elimination of photosynthesis, 
because of the pollutron-affected leaf structure. This fact undoubtediy 
leads the system to low productivity and degradation. 

REFERENCES 

1. Kazlowskl TT, 1980. Blosclence 30:88. 
2. Legge AH, 1980. In: PR Mlller (ed.), Effects of Alr Pollutants on Medi- 

terranean and Tern~erate Forest Ecosvstems. USDA/Forest Servlce. Pasiflc 
Southvest Forest bnd Ranoe Exo. st":. Berkelev. Califnrn~a. * ,  , . 

3. Margaris NS, Arlanoutsou-Faragg~takl M, Tselas 5, Loukas L and Petanldou D, 
1983. Tech. Rep. 2, EEC (Contract No B 6612/9. 

4. Mlller PA and McBrlde JR, 1975. Effects of alr pollutants an forest. In: 
Mudd JB and Kozlowskr TT (eds.), Responses of plants ta a l r  pollutants. 
Academlc Press, New York. 

5. Plckett-Heaps .ID, 1969. J. Cell Scl., 4:397. 
6. Posthumus AC, 1982. In: Steubln~ L and Jaaer H-J (eds.). Manrtorlns o f  

a l r  Dollutants bv olants. hethods and problems. Dr. W. Junk ~ubllshers. 
The ~a~ue/BostoniLbndon. 

7. Wlnner WE and Bewley 30, 1978~. Oecologls 33:311. 
8. Wlnner WL and Bewley 30, 1970b. Oecolcgla 35:221. 
9. Wlnner WC, 1981. 'n: Margarls NS and Mooney HA Ceds.), Components of 

productlvlty of Mediterranean-cllmate regions. Baslc and Applied Aspects. 
Dr. W. Junk Publishers, The Hague/Qoston/London. 







LEGENDS 

F l g u r e s  1-1lJ. Phlomis fruticosa 

F l g u r e s  1-5. P l a n t  m a t e r l a l  from an a r e a  f r e e  from a l r  p o l l u t a n t s  (Varkiza) .  

F i g u r e s  6-10. P l a n t  m a t e r i a l  from an a r e a  where t h e  p lesance  of smog is 
ev iden t  (Korydalos) .  

F i g u r e s  1 ,6 .  The two l a s t  p a n s  of l eaves .  Samples were taken  always from 
t h e  second p a l r  o f  l e a v e s  (asterisk). Not ice  t h a t  p e r t u r b a t e d  
l e a v e s  ( F l g u r e  6 )  show s e v e r a l  l i g h t  a r e a s  (Both X2/3). 

F l g u r e s  2,7. L igh t  micrographs of  c r o s s  s e c t l o n e d  l e a v e s  (X70). 

F l g u r e s  3,8. Cross  s e c t i o n s  of l e a v e s ' n o t e  t h e  abundance of  c h l o r o p l a s t s  i n  
F lgure  3 i n  comparison t o  those  i n  F lgure  8 (Both X300). 

F l g u r e s  4.9. P a l i s a d e  parenchyma c e l l s  from c r o s s  s e c t l o n e d  l e a v e s ;  
c h l o r o p l a s t s  a r e  indicated by arrows (X700). 

F l g u r e s  5,lO. Spongy parenchyma c e l l s  from c r o s s  s e c t l o n e d  leaves ;  arrows 
l n d l c a t e  c h l o r o p l a s t s  (X700). 

F i g u r e s  11-18.Urginea maritima 

F i g u r e s  11-14.Plants from an  undis tu rbed  a r e a  (Vark lza) .  

F l g u r e s  15-18.Plants suffering from smog (Korydalos) .  

F l g u r e s  11,lR.The whole p l a n t s  (Both X1/10). The l e a v e s  of  t h e  p e r t u r b a t e d  
p l a n t  ( F i g u r e  1 8 )  show abundant p a l e  a r e a s .  

F i g u r e s  12-14.Cross s e c t i o n s  of a  l e a f  ( F l g u r e  12 ,  X70). A p o r t i o n  of t h e  
upper ep idermis  wlth chlorenchyma is  magnif ied i n  F igure  1 3  
(Y300). A p o r t i o n  of  t h e  lower epidermis wlth some ch lor -  
enchyma is magnlfled i n  F lgure  14 (X3OO). C h l o r o p l a s t s  a r e  
i n d l c a t z d  by arrows. 

F ~ g u r e s  15-17.Cross s e c t l o n  of  a  l e a f .  Narrow a r e a s  (open arrow heads)  wl th  
fewar mesophyll c e l l s  wlthout  c h l o r o p l a s t s  a r e  p r e s s n t  a t  t h e  
p a l e  s p o t s  o f  t h e  l eaves(F1gure  1 5 ,  X70). C h l o r o p l a s t s  seem 
t o  be n o t  a f f e c t e d  111 shape and number i n  d l s t a l  a r e a s  from 
t h e  narrowing ( F l g u r e  16 ,  X300) whl le  they seem t o  be fewer 
and s m a l l e r  i n  proximal r c g l o n s  (Figure 1 7 ,  X300). 


