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Growth and morphology of pedunculate oak
(Quercus robur L) and beech (Fagus sylvatica L)
seedlings in relation to shading and drought
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Summary - The effects of three intensities of shading in combination with drought on the growth and morphology of pedunculate oak and beech seedlings were studied in a pot experiment. The two species responded
similarly to shading, but had different reactions to drought. Shading reduced growth, increased partitioning to
stem and branches, increased leaf area and reduced partitioning to fine roots. Drought reduced growth, decreased
partitioning to leaves and increased partitioning to fine root biomass. In beech, drought increased the diameter
of fine roots; the increased partitioning to these roots did not increase line root length. In oak, drought combined
with high light resulted in less partitioning to stem and branches and increased partitioning to coarse roots.
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Résumé - Croissance et morphologie de plants de chêne pédonculé (Quercus rohur L) et de hêtre (Fagus
en relation avec l’ombrage et le dessèchement. Les effets d’ombrage à différents degrés - en
combinaison avec un traitement de dessèchement - sur la croissance et la morphologie de plants de chêne
pédonculé et de hêtre ont été étudiés en conditions expérimentales. La réaction du chêne et du hêtre s’est trouvée
identique à l’ombrage mais elle était différente quant au dessèchement. L’ombrage réduit la croissance mais il
augmente l’allocation de matière sèche à la tige et aux branches, de même qu’au feuillage mais il la réduit pour
les racines d’une diamètre de < 2 mm. Le dessèchement réduit la croisssance et l’allocation de matière sèche à
la biomasse foliacée mais il l’augmente pour la biomasse des racines fines. Dans les plants de hêtre, le dessèchement accroît le diamètre des racines fines ; cependant l’allocation de matière sèche augmentée n’accroît pas
la longueur des racines fines. Pour le chêne. le dessèchement en combinaison avec lumière pleine aboutit à moins
d’allocation au tige et aux branches mais plus au racines d’un diamètre de > 2 mm.
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INTRODUCTION

Spontaneous regeneration of broad-leaved tree
species in Scots pine (Pinus sylvestris L) plantations on poor sandy soils is a common phenomenon in northwestern Europe (Fanta, 1982;
Lust, 1987). Current silvicultural practice is to
take advantage of this spontaneous regeneration in order to develop mixed stands (Kuper,
1994; Preuhsler

et

al, 1994). Of the sponta-

neously regenerated broad-leaved tree species,
pedunculate oak (Quercus robur L) and beech
(Fagus sylvatica L) are especially valuable for
further stand development. Their seeds are dispersed into pine plantations predominantly by
blue jays (Garrulus glandarius L) and small rodents (Apodemus sylvaticus L and Clethrionomys glareolus Schreber). The probability that
acorns and beechnuts will develop into saplings
depends on the degree of herbivory and on the
seedlings’ ability to grow under low resource
availability (Fanta, 1982).
Pedunculate oak and beech differ in their tolerance of limited availabilty of light and moisture. Pedunculate oak has a low tolerance of
shade and a high tolerance of drought; beech
has a high tolerance of shade and a low tolerance of drought (Ellenberg, 1988). This general ecological characterization is primarily
based on the performance of older saplings under shaded and dry conditions. However, seedlings may differ from saplings in shade and
drought tolerance (Grubb, 1977). Tolerance of
shade and drought can be attributed to ecophysiological and morphological adjustments (Ko-

zlowski, 1982; Givnish, 1988). Ecophysiological studies of pedunculate oak and beech in
relation to shading and drought have generally
focused on photosynthetic capacity (Stickan
and Zhang, 1992) and plant-water relations
(Epron and Dreyer, 1993; Vivin et al, 1993).
Morphological plasticity has been studied primarily in leaves and roots (Osonubi and Davies,
1981; Eschrich et al, 1989). However, shading
and drought affect biomass distribution within
plants (Ledig, 1981), and thus plant morphology in general. This morphological plasticity
might be an important feature of shade and

drought tolerance.

To investigate the options for spontaneous regeneration in Scots pine stands as describe earlier, seedling response to shading and drought
was studied experimentally for both species,
and seedling size and morphology were analysed. The experiment was set up to ascertain: i)
the difference between seedlings of pedunculate oak and beech in their response to shading
and drought, and ii) the implications of this difference for the ability of seedlings to tolerate
shading and drought in Scots pine plantations.

MATERIALS AND METHODS
In 1993

experiment was conducted using
) pla3
grown in large pots (5 000 cm
ced under three plastic rain shelters. Two of these shelters were covered with green nets that
intercepted 35 and 65% of the incoming radiation. The plastic roofings gave an additional reduction in incoming radiation. Repeated measurements around noon on three sunny days in
July showed that the average incoming photosynthetic active radiation (PAR) in these treatments were, respectively, 510 to 580, 340 to 360
-2 .
and 180 to 210 &mu;mol m
-1These shading
s
treatments corresponded to 60, 39 and 22% of
the PAR measured outside the shelters. They
will be referred to as the high light, intermediate
light and low light treatments, respectively.
The pots were filled with a mixture of 20%
clay, 20% fine sand and 60% wheathered peat
O 4.0-4.5, no additional fertilizer,
2
(pH-H
an

seedlings

).At the be-3
cm
ginning of the experiment the pots were watered
to field capacity. During the experiment the pots
average bulk density of 0.42 g

watered at weekly intervals. Care was taken to water the deeper soil by pouring water
into narrow vertical holes in the soil. The exact
amount of water supplied depended on the assigned moisture treatment and the measured
moisture content. Changes in soil moisture
were monitored by sampling weekly. This involved taking small soil samples at a depth of
10 to 25 cm and determining the moisture content gravimetrically. The results are given in figure 1. There were two moisture treatments: one
in which the mean soil moisture content in the
driest period was between 70 and 80% by
weight (referred to as moist) and one in which
were

soil moisture content was below 60%
An analysis of variance for
the dry treatment showed that from day 208 on,
soil moisture content was significantly lower
(Fprob < 0.001) under high light conditions
(49.9%) than under intermediate (56.2%) and low
light conditions (53.7%). Soil moisture content
did not differ between species. Ten weeks after the
start of the experiment the moisture retention characteristics of the soil were determined in six control pots. At a moisture content of 55%, matric
potential was equal to -1.6 MPa, which is equivalent to wilting point. Field capacity (taken as a
matric potential of -0.1 MPa) corresponded to a
moisture content of 78%.
Per species three pots for each moisture treatment were placed under each shelter. During the
experiment, pots in the same light treatment
were randomly redistributed four times, to minimize any effects of spatial heterogeneity in
light availability under the shelters.
the

mean

(referred to as dry).

In the last week of March

per pot

were sown at a

a

total of 54 seeds

depth of 5

cm;

seedling

emergence was recorded weekly. The seedlings
were thinned to five per pot: beech on day 170
(third week of June) and oak on day185 (first
week of July). Any seedlings that subsequently
emerged were removed. The remaining oak seedlings had a height of 13.4 cm (se 2.4); the
beech seedlings had a height of 12.6 cm (se
1.4). From May 29 onwards, the plants were
sprayed every 10 days against oak mildew (Microsphaera alphitoides Griffon and Maubl) and
beech aphids (Phyllaphis fagi L).
The plants were harvested during the first week
of October. Each plant was measured and separated into leaves, stem and branches, coarse roots
(diameter > 2 mm) and fine roots (diameter < 2 mm). Leaf area (one-sided) was determined using an LI-3100 area meter (LI-COR Inc,
Lincoln, NE, USA). In order to determine dry
weight, the leaves and fine roots were oven-dried
for 24 h at 70 °C and the stem, branches and coarse
roots were dried for 24 h at 90 °C. The data on leaf
area and leaf dry weight were used to calculate
2).
specific leaf area (SLA, one-sided; in cm
-1
g

-1was deg
Specific root length (SRL; in m )
termined for one seedling per pot, using a seedling with approximately the mean diameter at
root collar. A sample of about one-third of the
fine root fresh biomass was taken and root
length was estimated using the grid intersection
method (Tennant, 1975). Next, the dry weight
of this sample was determined. The resulting
value for SRL was used to calculate the fine root
length of each of the plants in the same pot.
Differences in seedling morphology were
analysed with an allometric model relating organ size (Y) to seedling dry weight (X). A linearized form of this model [1] was fitted for the
five seedlings per pot, taking a as a species parameter and k as a pot parameter.
The ratio between organ size and total plant
size immediately after seedling appearance is
approximated by exp (a). This value is assumed
to be independent of light and moisture availability. The effects of light and moisture availa-

bility on seedling morphology were expressed
by the allometric coefficient k, representing differences between growth of an organ relative to
growth of the total plant (Causton and Venus,

(mean seed dry weight without seed coat
2.14 g for pedunculate oak but only 0.14 g

mass
was

for beech).
Both species responded similarly to shading
and drought, with reduced seedling biomass
and height. The reduction by drought was proportionally greater in the high light treatment
than in the intermediate and low light treatments (fig 2). The response of the shoot biomass
was similar to the response of height. Root biomass was only reduced by shading; drought had
no statistically significant effect on it.
Biomass

partitioning

The effects of the treatments on the parameter
estimates for the fitted allometric models are
given in tables I and II. Shading increased biomass partitioning to stems and branches at the
expense of partitioning to fine roots, although
the effect on partitioning to fine roots was only
statistically significant in beech. Drought resulted in less partitioning to leaf biomass and increased partitioning to the fine root biomass. In
pedunculate oak, but not in beech, drought in
combination with high light led to reduced partitioning to stem and branches and enhanced

partitioning to coarse roots.

1981).
The

experiment was analysed as a split-plot
experiment (ANOVA; GENSTAT 5) with shelter-pot combination as a block in the analysis
of biomass, height and SLA, and with shelter as
a block in the analysis of biomass partitioning,
leaf area, fine root length and SRL.
RESULTS
Growth

Seedling biomass and height are presented in
figure 2. In all treatments the seedlings of pedunculate oak had a larger biomass than beech,
but differences in height were not statistically
significant. The larger biomass of oak must be
attributed to its larger root biomass, as average
shoot biomass did not differ between the two
Beech seedlings emerged 5 weeks before oak seedlings (fig 1). The pedunculate oak
seedlings were able to attain a larger size in a
shorter period because of their larger seed bio-

species.

Leaves and fine roots
Pedunculate oak and beech had a similar SLA
(fig 3) and their leaf area was proportionally
similar to seedling biomass (tables I and II). The
effects of shading and drought on SLA and leaf
area did not differ between both species. Shading increased SLA and leaf area; drought primarily resulted in a decrease in leaf area.

Drought reduced SLA statistically significantly,
but the effects

were

small.

Generally, compared with beech, pedunculate
oak had thicker fine roots (fig 3) and a smaller
proportion in fine root length in relation to seedling biomass (tables I and II). The SRL and
fine root length of both species increased as
available light decreased, although the effects
of shade were only statistically significant in
pedunculate oak. Under dry conditions the SRL
of beech decreased, but fine root length was not
affected. This implies that fine root length is
maintained by the enhanced partitioning to fine

root biomass.

Drought had no clear effect on the
SRL and fine root length of pedunculate oak: at
intermediate light, SRL increased and fine root
length decreased; at low light, SRL decreased
and fine root length increased.

DISCUSSION AND CONCLUSION
In this experiment oak and beech

seedlings grohigh light and moist conditions
were larger than in comparable experiments
(Madsen, 1994; Ziegenhagen and Kausch,
1995). Despite the absence of fertilization and
the high peat content of the substrate, growth
was not limited by nutrient availability. Moreo-

wing

under

ver, at the end
root

of the experiment no evidence of
hypoxia under moist conditions was found.

Shading
The light conditions in the experiment ranged
from those found under an open canopy of
Scots pine (high light, LAI = 1 )
-2 to those
2
m
found under a closed canopy of Scots pine (low
-2 The seedlings of pedun2
m
light, LAI 3 ).
culate oak and beech responded similarly to the
experimental shading, by reducing growth and
thus seedling biomass. Shaded seedlings had a
proportionally larger leaf area and stem plus
branch biomass, and a smaller fine root biomass. The larger leaf area must be attributed to
=

increase in specific leaf area, because shahad no effect on partitioning to leaf biomass. These morphological adjustments reflect
the priority for shoot growth over root growth,
which is a common response of tree seedlings
to shading (Grime, 1979; Kozlowski et al,
1991). The observed effect of shading on specific root length was unexpected; differences in
specific root length are usually attributed to soil
conditions (Fitter, 1985).
The effects of shading on growth and/or morphology were expected to differ between the
shade-tolerant beech and the shade-intolerant
pedunculate oak (Grime, 1979; Kozlowski et al,
1991).This was not the case, however. The similarity in species response leads to the conclusion that under experimental conditions as applied here, both species display a similar
tolerance to shade. Possibly, differences in
shade tolerance between both species become
apparent at levels of light availability below
those used in this study. Furthermore, differences in the effects of shading on seedling size and
biomass distribution might first become evident
in the sapling stage. When resources are limited, oak species can draw upon the large reserves of energy in their cotyledons for their first
year of growth and development (Kolb et al,
an

ding

1990).
These large reserves of energy might also
buffer this shade-intolerant species against the
effects of shading in its seedling stage. Older
plants of pedunculate oak exhibit stronger reactions to low light (Ziegenhagen and Kausch,

1995). Morphological adjustments through

a

shift in biomass partitioning is a gradual process, which might result in a shade-specific habitus in older saplings. This adjustment can be
interpreted as a strategy to maximize the net rate
of energy capture (Givnish, 1988). In beech the

ability to accommodate shading through morphological adjustment is associated with a relatively high investment in leafy exploitation
shoots and low investment in exploration
shoots (Dupré et al, 1986). This growth pattern
seems to maximize light capture with a restricted investment in woody biomass. Comparable
date for older pedunculate oak saplings are
lacking.

Drought
The

experimental drought mimicked a prolonged summer drought in which soil water availability is limited from mid-July onwards.
Drought reduced the leaf area of both species
by reducing the biomass partitioning to the leaves. Consequently, light interception and thus
growth and seedling size were reduced.
Drought reduces photosynthesis (Weber and
Gates, 1990; Epron and Dreyer, 1993) and thus
the efficiency of light conversion into biomass.
However, on a yearly basis this effect is less
important than the reduction in leaf area (Pereira et al, 1989). In both species root growth had
priority over shoot growth, as can be seen from
the high partitioning to fine roots and the absence of clear drought effects on root biomass.
In both species the response to drought differed between the high light treatment, and the
intermediate and low light treatment, probably
because of the observed lower soil moisture
enhanced transpiration at high
irradiance (Kozlowski, 1982). The resulting intensified drought stress at high light produced
a greater reduction in growth. The effect on seedling morphology was greater in pedunculate
oak than in beech. This difference is related to
a larger biomass partitioning to the root, primarily at the expense of the stem and branches. The
additional investment in the root system while
maintaining the capacity for light interception
might explain why oak seedlings tolerate
drought better than beech seedling. The proportionally large investment in roots under dry conditions is common for pedunculate oak (Osonubi and Davies, 1981) and reflects the tree’s
strategy to increase rooting depth under dry
conditions. Plasticity in rooting depth is considered to be an important aspect of the drought
tolerance of a species (Reader et al, 1993), as it
enables plants to exploit deeper reserves of soil
moisture to maintain high predawn potentials
content and an

during drought (Hinckley

et

al, 1983; Abrams,

1990).
In this experiment the drought started in the
second half of July and continued until the end
of the experiment. Under natural conditions, the
forest floor under the Scots pine stands in which
blue jays and small rodents bury acorns and

beechnuts may dry out earlier in the season
(Clerkx and van Hees, 1993). Because of the
ontogenetic priority in root growth of pedunculate oak (Jones,1959), this species is better able
to cope with an early summer drought than beech.
The seedling roots of pedunculate oak will probably have penetrated the mineral soil by then, whereas the beech seedling roots are most likely still
restricted to the litter and humus layer.

Seedling establishment
The results of this study indicate that the establishment and initial survival of pedunculate oak
and beech seedlings in Scots pine stands is not
restricted by light conditions. Pedunculate oak
seedlings will be more successful than beech
seedlings in their establishment and initial survival under dry conditions.
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