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Abstract. The variation in stomatal activity within the crowns of Acer campestre, Carpinu~ 
betulus and Quercu~ cer~is was measured by vapour exchange porometer on several summer 
days in an oak-hornbeam forest, in SW Slovakia, Czechoslovakia. Variation resulted from crown 
position in the forest stand and from leaf position within the canopy. The highest stomat~l 
conductance was in sunlit sun leaves in the upper part of the canopy. Stomatal conductance 
decreased with increasing depth in the canopy. The steepest decrease was in the upper canopy, 
in the intermediate zone between fully sunlit and fully shaded leaves, and was caused by the 
decline in leaf irradiance and in stomatal density. In codominant trees, the conductance in shade 
leaves at the base of the crown was significantly lower than in the sun leaves at the top of the 
orown. In a dominant tree, Q. cerr/s, the differences in stomatal conductance were small and 
most frequently insignificant. Variation in incident light also determined the diurnal variation 
of stomatal conductance with respect to crown aspect. Differences between sun leaves on the 
east and west facing aspects of the overstory crown of Q. cerris were demonstrated for several 
days. 

T h e  q u a n t i t a t i v e  d e s c r i p t i o n  of  s t o m a t a l  b e h a v i o u r  is a c e n t r a l  p r o b l e m  in  
m o d e l s  c o n c e r n i n g  g r o w t h ,  p h o t o s y n t h e s i s  a n d  t r a n s p i r a t i o n  of  p l a n t s  a n d  
c rop  sur faces  (GouDRIAAI~ a n d  VA~ LAAR 1978). A k n o w l e d g e  of  t h e  s t o m a t a l  
a c t i v i t y  w i t h i n  t h e  c rowns  of  t r ees  is e x p e c t e d  in  t h e  mode l s  of  t h e  fores t  
c a n o p y .  

T h e  a i m  of  t h i s  c o n t r i b u t i o n  is t o  desc r ibe  t h e  v a r i a t i o n  in  s t o m a t a l  
a c t i v i t y  w i t h i n  t h e  c rowns  of  t a l l  d e c i d u o u s  t rees  f o r m i n g  t h e  c a n o p y  of  a n  
o a k - h o r n b e a m  fores t  in  S W  S lovak ia .  

MATERIAL AND METHODS 

T h e  i n v e s t i g a t i o n s  were  m a d e  in  t h e  I . B . P .  F o r e s t  R e s e a r c h  Si te  a t  Bs  
SW.  S lovak i a ,  Czechos lovak ia .  T h e  s i te  (see JURKO a n d  DUDA 1970, BISKUP- 
SK~ 1975) is a n a t u r a l ,  d e c i d u o u s  fores t  r e p r e s e n t i n g  a t y p i c a l  c l i m a t e - z o n a l  
u n i t  o f  C e n t r a l  E u r o p e a n  c o n d i t i o n s .  T h e  o a k - h o r n b e a m  fores t  m a y  be  
c lass i f ied as P r i m u l a e  ve r i s -Carp ine tum :NEuHSL. e t  NEUttSL. 1964. T h e  m e a n  
a n n u a l  t e m p e r a t u r e  over  t h e  pe r iod  1 9 3 1 - - 1 9 6 0  was  9.3 ~ a n d  m e a n  a n n u a l  
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precipitation about 550 mm. The soil is chernozem on loess and dries out 
markedly during the summer. 

The forest stand is formed by Carpinus betulus (prevailing species), Acer 
campestre, Quercus cerris and Q. petraea. I t  is about 18 m tall and of uneven 
age (mean about 80 yr). The total leaf area index (woody plants only) is 
4 to 6 (BISKUPSK~: and OSZL~rYI 1975, KuBi~.K 1975). More than  80 ~/o 
of the leaf area of the  trees is accumulated within the layer 10 to 22 m above 
the forest floor (OSzL~,~Yr 1978). The penetration of solar radiation through 
the canopy varied in individual months; in July,  the radiant  flux density 
at  heights of 13, 10 and 4 m was 7.3, 10.2 and 3.4 per cent of tha t  at  16 m, 
respectively (S~OLE~ 1975). 

Three sample-trees were chosen for investigation: Carpinu8 betulus L. 
(approx. 70-year-old, 17 m tall), Acer campestre L. (70 yr, 18 m) and Quercus 
cerris L. (80 yr, 21 m). The Carpinus betulu~ and Acer campestre sample-trees 
are classified as codominant trees with relatively well developed crowns 
constituting, as a rule, the main stand. Their crowns form the main canopy and 
receive full light from above but  little from the sides. The Quercws cerris 
sample-tree is a dominant  tree with an extremely strongly developed crown, 
which projects above the level of the main canopy and receives full light 
from above and part ly from the sides. 

Stomatal  behaviour was followed at several locations within the crowns 
of the sample-trees during the clear days in Ju ly  and August, 1975. A steel 
tower was installed to provide access to the crown. Sun leaves were measured 
within the heights 17 to 20 m. Within the canopy, shade leaves were measured 
at  the base of the crowns: in Carpinus betulus and Acer campestre at 6 m 
above the ground, but  in Quercus cerris at 15m (shade intolerant species with 
short  crown). The sun leaves were sampled on south-facing aspects (SE and 
SW) of the crowns and for Quercus eerris also on west and east facing aspects 
of  the crown. 

Stomatal activi ty was measured with a diffusion porometer (Lambda 
LI-60-S) (KA~,~AS~ et al. 1969) in the abaxial epidermis of the hypostoma- 
tous leaves and expressed as stomatal conductance in mm s -1. In  each 
location, six leaves were usually measured. In  addition, measurements of 
soil moisture at  five depths, solar radiation above and within the canopy, 
air temperature  and vapour pressure were made, see  SMOLEI~I 1970. 

RESULTS 

The variation in stomatal  activi ty in relation to crown position within the 
s tand profile, leaf position within the crown as well as to the t ime of day is 
illustrated in Fig. 1A for two Ju ly  days. I t  is evident tha t  the shade leaves 
at  the bot tom of the Acer campestre and Carpinus betulus crowns exhibit 
lower s tomata l  conductance than  the sun leaves in the crown tops. These 
differences were significant in the course of both days. In  Quercus cerris, 
a dominant  tree, the differences were statistically insignificant throughout  
the course of the whole day. The stomata of this species were open for the 
longest t ime among the species investigated. Fig. 1B shows the spatial and 
temporal  variations in air temperatures,  solar radiations and vapour pressure 
deficits at two different heights within and above the  forest s tand for the 
same days as in Fig. 1A. Within the forest canopy (2 m above the ground), 
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TABL~ 1 

Vortical gradient  of  conductance [ram s -1] of abaxial epidermis of  loaves within the  crown of  
a codominant  Acer campfire tree on two different days. n ~ 4 - -6  

Height [m] 

Day Hour  of day 16 16 
(sunlit) (shaded) 

Ju n e  8 12 to 13 1.81 4- 0.14 0.78 • 0.11 

Ju ly  8 12 to 13 0.63 ~ 0.07 0.47 4- 0.10 

air temperature,  solar radiation and vapour pressure deficit were much 
lower than  above the canopy (19 or 25 m above the ground). 

The vertical variation of stomatal conductance in leaves of the Acer cam- 
pestre codominant tree within the canopy are shown in Table 1 for two 
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Fig. 1A. Diurnal  course of the diffusive conductance of abaxial epidermis in sun (O) and  shade ( � 9  
leaves of three trees (differing in crown class) in the  forest canopy of the  oak-hornbeam s tand  
a t  B~b for two summer  days (July 29 and 30, 1975). Means • one s tandard  error; n = 6. 
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Height [m] 

14 9 3 2 

0.58 :h 0.08 0.41 • 0.06 0.63 4- 0.09 0.37 4- 0.05" 

0.20 4- 0.04 0.11 4- 0.01 0.16 4- 0.03 0.20 4- 0.01 

* Seedlings at  0.5 m height. 

cloudless summer days. Within the forest canopy, the highest conductances 
were observed in the upper par t  of the canopy, i.e. in sun leaves exposed to 
sunlight, while the lowest conductances were in shaded leaves within the 
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F i g .  2A.  D i u r n a l  c o u r s e  of  t h e  d i f f u s i v e  c o n d u c t a n c e  of  a b a x i a l  e p i d e r m i s  i n  s u n  l e a v e s  s i t u a t e d  
i n  t h e  m i d d l e  p a r t  o f  t h e  o v e r s t o r y  Quercus cerris c r o w n  for  t w o  d i f f e r e n t  c r o w n  a s p e c t s  ( W A - -  
w e s t - f a c i n g ,  E A  --  e a s t - f a c i n g )  i n  J u l y  a n d  A u g u s t  1975. M e a n s  4- one  s t a n d a r d  e r ro r ;  n = 6. 
F i g .  2B.  D i u r n a l  c h a n g e s  of  t h e  a i r  t e m p e r a t u r e  (AT) ,  s o l a r  r a d i a t i o n  (SR)  a n d  v a p o u r  p r e s s u r e  
de f i c i t  ( V P D )  a b o v e  t h e  fo r e s t  c a n o p y  d u r i n g  t h e  s a m e  d a y s  as  i n  F i g .  2A.  

lower canopy. The most rapid decrease of the conductance was found in the 
upper part  of the canopy, in the intermediate zone between fully sunlit and 
fully shaded parts of the crown. Similar results were also obtained for the 
Carpinus betulus eodominant tree. 

Fig. 2A illustrates the differences in stomatal activity between the foliage 
on the east and west aspects of the crown of the Quercus cerr% dominant  
tree. Stomata on the west side of the crown were opened fully later in the 
morning, but  were open for a long time, and closed frequently later in the 
afternoon than  the stomata on the east side of the same crown. Daily vari- 
ations in stomatal conductance on both east and west-facing aspects were 
influenced by the weather and soil moisture content (cf. Fig. 2B for meteoro- 
logical data  measured above the canopy). On July  10, a hot sunny day,  
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the  s t o m a t a l  c o n d u c t a n c e  was  re la t ive ly  low (lower t h a n  3 m m  s -1) a n d  the  
v a p o u r  pressure  deficit  was  high (noon va lues  a b o u t  2.0 kPa) .  On t w o  o the r  
days ,  J u l y  29 and  Augus t  27, the  conduc t ance  was high, b u t  the  v a p o u r  
pressure  deficit  was  r e l a t ive ly  low (see Fig. 2B). 

Fig. 3 i l lus t ra tes  t he  v a r i a t i o n  in s t o m a t a l  a c t i v i t y  wi th in  t he  c rown of  t he  
Quercus cerris d o m i n a n t  t ree.  I t  is ev iden t  t h a t  a t  t he  s ame  t i m e  of  d a y  the re  
is a r e l a t ive ly  large va r i ab i l i t y  in s t o m a t a l  conduc tance  wi th in  a t ree  c rown.  
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Fig. 3. Diurnal and spatial variations in diffusive conductance of abaxial epidermis in leaves: 
within the crown of dominant Qu~rcus cerris sample-tree in an oak-hornbeam forest at B~b 
(July 30, 1975). For meteorological data see Fig. lB. Means of six leaves are presented. -- 
E e, nd W -- east and west facing side of the crown, T and M -- top and middle of the crown, 
D and P -- distal and proximal parts of the limb. 

Tables  2 and  3 conta in  d a t a  t o  i l lus t ra te  t he  va r i a t i on  in s t o m a t a l  con- 
duc t ance  in twigs  of  Carpirbus betulus and  Acer campestre. The  m e a s u r e m e n t s  
were  m a d e  in M a y  and  June ,  1975 when  shoot  and  lea f  g rowth  were  still no t  
finished. The  differences in diffusive conduc tance  were on ly  s ignif icant  
be tween  the  oldest  and  y o u n g e s t  leaves,  i.e. be tween  basa l  and  apical  leaves  
of  c u r r e n t - y e a r  twigs.  

D I S C U S S I O N  

Prev ious  analys is  of  the  wi th in -c rown p a t t e r n  of  ecophysiologica l  f ea tu res  
in leaves  of  m a t u r e  dec iduous  t rees  g rowing  in an  o a k - h o r n b e a m  fores t  
( E L I ~  and  HUZYL~K 1975, HUZUL/~K and  ELIA.~ 1975) have  ind ica ted  dif- 
ferences  in leaf  physiological  act ivi t ies .  The  highes t  s t o m a t a l  dens i ty  was 
found  in the  u p p e r  pa r t s  of  the  crowns,  in sun leaves  of  t he  u p p e r  canopy ,  
while the  lowest  s t o m a t a l  dens i ty  was in the  lower  pa r t s  of  the  crowns,  in 
shade  leaves  of  the  lower  canopy .  I t  is ev iden t  t h a t  va r i a t ions  in s t o m a t a l  
conduc tance  wi th in  the  crowns of  t rees  in the  fores t  s t and  descr ibed  a b o v e  
are  assoc ia ted  wi th  v a r i a t i o n  in the  s t o m a t a l  dens i ty  as well as in l ea f  ir- 
r ad iance  wi th in  t he  canopy .  

The  differences in s t o m a t a l  res is tance  b e t w e e n  sun  and  shade  needles  of  
Pinus  strobus growing in fores t  p l a n t a t i o n s  have  been  found  b y  WAGGO~R 
a n d  TURneR (1971). Similar ly ,  BEARDS~,LL et al. (1972), WATTS et al. (1976) 
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TABLE 2 

The  va r i a t i on  in  di f fus ive  conductance [mm s -1] o f  t h e  abax ia l  ep ide rmis  in s u n  leaves  on  
current-year twigs  o f  Carpinus betulus L. T h e  m e a s u r e m e n t s  were m a d e  w i th  a t t a c h e d  leaves  in  
c rown- top  o f  t he  e o d o m i n a n t  t ree  (eas t - fac ing aspec t ,  15 m height)  on  M a y  11, 1975. n ~ 6 

L ea f  position on twig (from the base) 

1 2 3 4 5 6 

0.56 4- 0.21 0.77 4- 0.12 0.60 4- 0.10 0.63 -J- 0.05 0.51 4- 0.09 0.46 4- 0.07 

and BEADLE et al. (1978) have shown tha t  the highest stomatal  conductance 
is in the upper layer of Pitea sitchensis stand, while in shaded leaves in the 
lowest layer the conductance was very  low. Similar results for stands of 
deciduous broad-leaf trees have not been found in any of the literature cited 
here, except ELI~I~ (1977, 1978). The author illustrated such differences for 
Acer campestre and other deciduous trees grown in a mixed forest stand. 
Recently,  AUBUCHON et al. (1978) published results of their investigation of 
the leaf conductance within the crown of a dominant  white oak (Quercus 
alba L.) in an oak-hickory forest. They showed that  the top level of the  
tree crown experienced higher values for leaf conductance. 

The variations observed in stomatal  activity within the crowns of the 
trees, together with the variations in micro-environmental conditions, re- 
sulted in variations in transpiration rates. The highest rates were measured 
in sun leaves at the top of the crowns, and the lowest at  the  base of the 
crowns (cf. e.g. PARKER 1957, RUTTER 1966). For example, RUTTER (1966) 
found that  the rate of transpiration in the lowest layer of the canopy of 
Pinus sylvestris was about  half tha t  in the highest one. In our previous 
experiments with detached leaves of Acer campestre and other forest tree 
species (see E L I ~  1976), we also found low transpiration rates in shade 
leaves from the base of the crowns in laboratory conditions. We suggested 
that  high transpiration resistances measured in shade leaves were not  only 
a result of the short term influences of the microclimate, bu t  tha t  they  were 
a fixed property of the leaves. 

TABLE 3 

T h e  va r i a t i on  in diffusive conduc t ance  [ m m  s -1] o f  t he  abax ia l  ep idermis  in s u n  leaves  on  cur .  
r e n t - y e a r  twigs  of  Acer campestre L. T he  m e a s u r e m e n t s  were m a d e  wi th  attached leaves in  t h e  
uppe r  pa r t  o f  t he  c rown of  t he  e o d o m i n a n t  t ree  ( sou th- fac ing  aspec t ,  16 m height)  on M a y  11, 
1975. n ~ 4 - - 6  

L e a f  
L ea f  pair  (a, b) f rom twig  base 

1 2 3 

a 0.34 4- 0.08 0.49 4- 0.08 0.32 4- 0.02 

b 0.47 4- 0.13 0.62 4- 0.11 0.31 4- 0.09 
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In sun leaves in the upper canopy, high net photosynthesis rates have 
been observed in several coniferous and deciduous trees, e.g. by H~LMS 
(1970), WOODMAn (1971), NISHIOKA and NAGA~O (cf. KIRA 1975), WATTS 
et al. (1976), SCHULZE et a~. (1977) and AUBUCHON et a~. (1978) in natural 
forest conditions. In the oak-hornbeam forest at B~b, OSZL.~NYI (1976) found 
that the highest proportion of leaf biomass was in the upper third of the 
crowns of the four main tree species. The values of the specific leaf area in 
sun leaves of the upper canopy were also high (cf. ELI~  1979). Our results 
should be supported by these findings. The highest stomatal activity was 
in the upper canopy where maximum photosynthesis is expected. Similarly, 
AUBUCItON et al. (1978) suggested that photosynthetically-active radiation 
and leaf conductance are probably most important in causing differing photo- 
synthesis rates in the crown of a dominant white oak in an oak-hickory 
forest. However, variations in photosynthesis are also associated with many 
other plant and environmental factors, e.g. with the potential of Photo- 
systems I and II  to transport electrons (cf. e.g. SCHAEDLE 1975, L~WAN- 
DOWSKA et al. 1977). 

Our results indicate that  the place of the crown within the forest stand, 
i.e. its vertical position, determines the range of the differences in stomatal 
activity in various parts of the crown. In codominant trees, the within-crown 
differences are reinforced by the internal structure of the forest stand. In 
a dominant tree with the crown projecting above the canopy, the differences 
are small and most frequently negligible because of a relatively uniform 
irradiance. 

It  is suggested that the differences in transpiration and, in some cases, net 
photosynthesis rates observed by several investigators within the crowns of 
coniferous and deciduous trees are caused by differences in stomatal activity 
and leaf or crown microenvironment. In forest conditions, the differences in 
microenvironment and leaf properties between crown-tops and other crown- 
parts are more evident than in open-grown trees. These height differences 
are products of the vertical stratification of the forest ecosystem. 

The large variability of physiological activities within the crowns of 
both open-grown and forest-grown trees is an important feature of this 
growth form, viz. a tree. I t  should be considered in all samplings, experiments, 
field measurements as well as in the interpreting of data obtained. The 
knowledge of the within-crown heterogeneity of any physiological charac- 
teristic should be the first and most important requirement of any eco- 
physiological study of a mature tree. The neglecting of within-crown vari- 
ations, mainly in large trees, may devaluate experimental results obtained 
because comparison is impossible. 
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