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Summary. At monthly intervals water content, crude fibre,
total and protein nitrogen, sugars, starch, total lipids, ash
content and calorific total energy were measured through-
out the lifespan of the leaves of the deciduous mediterra-
nean shrubs Pistacia terebinthus L. and Cotinus coggygria
Scop. From these data the construction costs and mainte-
nance costs, as well as the construction costs of non-storage
compounds and energy expenditure values were calculated.
The latter values were also calculated for the evergreen
stemmed shrub Ephedra distachya for reasons of compari-
son with an evergreen mediterranean species. The water
status in the deciduous leaves is stable for a long time during
the drought period until the beginning of senescence in Au-
gust/September. In Cotinus an early and considerable in-
crease of storage compounds is found, whilst in Pistacia
terebinthus the accumulation is more uniform until August.
The N-content is rather low compared with other deciduous
leaves, the calorific energy is in the lower range of the values
reported for similar species. The construction costs of the
leaves of both deciduous species are significantly lower than
those calculated by Williams et al. (1987) for two drought
deciduous chaparral species but are in agreement with the
data reported by other authors on deciduous leaves. Con-
trary to the findings of Williams et al. they are lower than
those of evergreen species; this is also true when the con-
struction cost of the non-storage compounds alone is con-
sidered. The values found for Ephedra are similar to the
values reported in the literature on evergreen leaves. The
maintenance costs do not show a significant variation in
the deciduous leaves. They are higher than those known
for evergreen leaves but somewhat lower than the values
calculated for deciduous chaparral leaves.
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In the Mediterranean type of vegetation, we find the differ-
ent life forms of evergreen shrubs, considered to be drought
tolerators, and of deciduous species, thought to be drought
avoiders. It has been known that this description is too
simplified (Ehleringer and Mooney 1983; Mooney 1983)
inasmuch as deciduous shrubs also show important physio-
logical properties similar to those of the evergreen specics
(Harley et al. 1987). Interestingly, upon calculating the con-
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struction cost values for leaves of deciduous chaparral
shrubs, Merino et al. (1982, 1984) found higher values for
drought deciduous leaves than for evergreen leaves. Wil-
liams et al. (1987) confirmed these findings using their own
method of calculation of the construction cost. Our earlier
investigations of the seasonal trends of storage substances
were confined to evergreen species (Diamantoglou and Kull
1982, 1988; Diamantoglou et al. 1989). In this paper, we
report on the storage compounds and the energy content
of two deciduous shrubs, Pistacia terebinthus and Cotinus
coggygria, of the European mediterranean vegetation. Ac-
cording to the methods of Williams et al. (1987) and Merino
et al. (1984) we calculated the construction and mainte-
nance costs, which are compared with their data on chapar-
ral shrubs and with the values calculated from our results
on the evergreen stemmed mediterranean shrub Ephedra
distachya (Diamantoglou et al. 1989).

Materials and methods
Materials

Leaves of deciduous species Cotinus coggygria Scop.
(= Rhus cotinus L.) and Pistacia terebinthus L. (both Ana-
cardiaceae) were taken from the shrubs of about 1,5m
height, growing on rather deep soil in openings of natural
macchia-like vegetation near Malakassa (40 km N of Ath-
ens) on a NE-exposed slope of the lower part of the Parnes
Mountain (about 380m NN). Leaves from marked
branches were taken (around 10°° a.m.) at monthly inter-
vals starting in March when the leaves begin to sprout and
later until the number of leaves on control shoots of similar
shape had decreased by natural defoliation to about 25%
of its initial value. The defoliation of the shrubs started
from late August onwards. In September some of the leaves
started to turn yellow and by October most of them were
yellowish and senescent.

Climatic data of the harvesting period during 1985 are
shown in Fig. 1. The dry summer period lasted for about
4 months.

Methods

Immediately after harvesting, one part of the leaves was
put into plastic bags and dipped into boiling water for
10 min. In the laboratory they were then dried in a ventila-
tion oven at 60° C. The other part was frozen immediately
and stored at —20° C for the investigations.
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Fig. 1. Climatic data during the period of investigation. Top:
monthly rainfall; bottom - monthly mean temperatures

Soluble sugars were analyzed by TLC, the total sugar
content by the anthrone method (comp. Diamantoglou
et al. 1989). The starch content was measured by the anth-
rone method of McCready et al. (1950). The total lipids
were quantified according to the gravimetric method of
Bligh and Dyer (1959). The total nitrogen content was mea-
sured by the method of Kjeldahl (1883), which was also
used for the quantification of the protein-N after precipita-
tion of the proteins with trichloroacetic acid (Diamantoglou
and Kull 1988). The protein fraction was calculated by mul-
tiplying the protein-N content by 6,25.

The content of crude fibre (including lignin) was deter-
mined after boiling the plant material with diluted sulfuric
acid and diluted potassium hydroxide by the method de-
scribed by Steubing (1965). The determination of chloro-
phyll content was performed also according to Steubing
(1965).

From the estimation of the contents of the storage sub-
stances, their energy content was calculated and added up
as described by Diamantoglou and Kull (1982). This energy
value of the storage products is designated as ECS =energy
content of storage substances.

The calorific total energy content (EGT-value. Pipp and
Larcher 1988) of the leaves was measured by adiabatic ca-
lorimetry after a renewed drying of the plant powder in
a desiccator. Calibration with benzoic acid: 26430 kl/g;
calorimeter: LGT-Waldkirch. The calorimetry was per-
formed according to Larcher and Thomaser-Thin (1988;
comp. also Pipp and Larcher 1987), but 35 bar oxygen
pressure was used. Three or four replicates gave maximal
deviations of 0,40% (coefficient of variation).

The ash content was determined gravimetrically after
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combustion of the plant material in a muffle furnace for
1,5 h at 500° C. Based on the values obtained, the calcula-
tion of the energy equivalents was corrected and designated
as the energy of ash-free substance (EAF-value).

The construction cost was calculated (as g glucose/g
dry matter) according to the method of Willaims et al.
(1987), using a value for growth efficiency Eg=0.87 (Pen-
ning de Vries et al. 1974, Penning de Vries 1975; McDermitt
and Loomis 1981) and considering nitrate as the nitrogen
source. The maintenance cost (g glucose/g dry matter x day)
was estimated using the maintenance coefficients of and
the method described by Merino et al. (1984). Since these
authors gave a minimum and maximum value of the main-
tenance coefficients for proteins and for ions, the average
values of these coefficients were used to calculate an average
maintenance cost of the leaf substances.

The construction cost of the storage compounds was
calculated using the values:

1 g sugars equivalent to 1 g glucose
1 g starch equivalent to 1,173 g glucose
1 g lipid equivalent to 2,852 g glucose

(Larcher 1980; Hoffmann 1985). (A rather high content
of resins in Pistacia may cause an error in the calculation
of the construction cost of storage compounds; in Cotinus
(and Ephedra) the error will be only small.) The difference
between the total construction cost and the construction
cost of the storage substances may be considered as the
construction cost of the non-storage substances which
mainly comprise the constructive components of the tissue
(secondary plant substances are disregarded, this is thought
to be a major source of inaccuracy). A fraction of the con-
struction costs as defined by the equation (11) in Williams
et al. (1987) represents the energy expenditure for N-assimi-
lation, for gaining the ions and the assimilation power not
incorporated into the biomass. When the latter is (as done
by Williams et al.) taken into consideration as the growth
elficiency value Eg. it is possible to calculate this portion
of the construction cost (which in the following is called
the “energy expenditure™) as the difference between the
total construction cost and the energy of the ash free sub-
stance (EAF, expressed in the same unit of measure as g
glucose/g dry matter). The “energy expenditure™ may give
some additional understanding of the energy budget of the
leaves.

Results

In both species, the relative water content of the leaves
is decreasing from March (72-78% of fresh weight) to July
(35-40% of fresh weight). Thereafter, it remains constant.
The water budget is found to be stable also during the
leaf senescence. Furthermore, the crude fibre content
(Fig. 2) is increasing until July. The total N and protein
N (Fig. 2) in the young leaves are normally declining during
growth, reaching a steady state only in July/August and
then start to decrease again. Beginning August the chloro-
phyll content (Fig. 2) also declines. From these data, one
may conclude that the leaves undergo growth until June
and that senescence starts in August,

The seasonal trends of the soluble sugars, starch and
total lipids content are shown in Fig. 3. In both specics,
there is a distinct rise of sugar content during the drought
period and a decline when senescence begins. The lipid con-
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Fig. 2. Crude fibre content, total-N content, protein-N content and
chlorophyll content of leaves of Pistacia terebinthus and Cotinus
coggygria o= DPistacia; a= Cotinus (also Figs. 3 and 4)

tent rises in spring and then starts to diminish during the
drought period. This effect is less distinct in Pistacia, per-
haps because of a significant amount of resins in the lipid
fraction. In spring, starch is considerably accumulated in
the leaves of Cotinus, but not of Pistacia. In both species,
only the sugars sucrose, glucose and fructose (the latter
in smaller amounts) are accumulated. The amounts of the
monosaccharides are found to be highest in August in both
species. In Pistacia, the highest content of sucrose is also
observed in August, but in Cotinus it is observed in June.
The ash content of the leaves increases during their life-
time (Fig.4). The total calorific energy (CTE) values
(Fig. 4) remain rather constant in Pistacia leaves and de-
crease somewhat in Cotinus. The energy content of the main
storage products (ECS-value; Fig. 4) was estimated for
Pistacia leaves to range from 1,6-3 kl/g, for Cotinus leaves,
values from 0,9-3,1 kJ/g are found. In Pistacia, the storage
substances are accumulating until August and start declin-
ing when the symptoms of senescence are visible. In Cotin-
us, the accumulation is more pronounced during the leaf
growth period and the highest value is found already in
June. Less energy of storage substances and less total energy
of the organic substance (energy of the ash-free dry matter,
EAF, Fig. 4) are at disposal to the decomposers in the eco-
system by the defoliation of Cotinus then of Pistacia.
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Fig. 3. Total sugar content, starch content and total lipids content
of leaves of Pistacia terebinthus and Cotinus coggygria

From the data shown, the construction and mainte-
nance costs as well as the energy expenditure of the leaves
are calculated (Fig. 5). No complete set of data is available
to allow for the calculation of these values according to
the methods used in this paper regarding shrubs or trees
with evergreen leaves of the European Mediterranean vege-
tation. For comparison, therefore, the corresponding values
of the leafless evergreen chlorophyllous stemmed shrub
Ephedra distachya were calculated from the data published
by Diamantoglou et al. (1989). They are also shown in
Fig. 5. The construction costs of the deciduous leaves of
both species are very similar; the values for Ephedra are
significantly higher. In Cotinus leaves the construction cost
decreases with increasing leaf age, while in the case of Pista-
cia leaves, it is relatively constant throughout their livespan.
The same is true for the evergreen twigs of Ephedra. The
construction costs of the non-storage substances behave
similarly but increase in the senescing leaves. In Ephedra,
the construction cost of the non-storage substances is lower
during the late growth period and higher from autumn to
March.

The average maintenance costs of the deciduous leaves
show no significant variations. In Ephedra, maintenance
costs decline throughout the late drought period as a result
of the decrease of lipid and protein components (comp.
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Diamantoglou et al. 1989). The average maintenance costs
in the deciduous leaves arc higher only by a small fraction
than in evergreen Ephedra twigs.

The energy expenditure values calculated from the con-
struction costs according to the method described decline
in the leaves of the deciduous shrubs but remain rather
constant in the Ephedra-twigs.

Discussion

The results of our investigation of the two deciduous medi-
terranean shrubs may be compared with the data on ever-
green shrubs, especially Pistacia lentiscus, of the Greek
phrygana vegetation near Athens (summarized in Diaman-
toglou and Kull 1982, 1988) and also the results reported
on chaparral plants of California (Merino et al. 1984).

The water content of the mature leaves of Pistacia tere-
binthus and Cotinus is similar to that of the evergreen Pista-
cia lentiscus at their specific natural stands, which have
different water-supplies. Under identical stress conditions,
the transpiration rates of Pistacia lentiscus are lower than
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Fig. 5. Construction costs (as g glucose/g dry matter), construction
costs of the non-storage substances, maintenance costs (as g glu-
cose/g dry matter x day) and energy expenditure (as g glucose/g
dry matter) of the leaves of Pistacia terebinthus and Cotinus coggy-
gria during their lifespans and of green shoots of Ephedra distachya
during one year, o=Pistacia; a=Cotinus; + =Ephedra

of Pistacia terebinthus (Mooney 1969). The crude fibre con-
tent in our deciduous leaves shows values similar to those
found in leaves of diverse evergreen species. Also, the chlo-
rophyll content is in the same range as found for the ever-
green species. Interestingly, the total-N and protein-N con-
tents also show similar values as in the evergreen species.
The decline of the N-content in senescing leaves is probably
due to an export of N-compounds; the final concentration
in the dying leaves of 3-5 mg/g dry matter is in the same
range as found for evergreen leaves.

The accumulation of soluble sugars during the summer
drought period is more distinct in the deciduous species
than in the leaves of P. lentiscus (Diamantoglou and Mele-
tiou-Christou 1979; Diamantoglou and Kull 1982). A rise
of the osmotic pressure during the summer period in the
leaves of all three Anacardiaceae is by and large parallel
to the total sugar content. Therefore, it is thought to be
an active increase due to drought avoidance, as discussed
by Kull and Breckle (1972).

The ash-content of the leaves in our deciduous species
is in the range listed by Pipp and Larcher (1988) for leaves
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of such shrubs in the Mediterranean climate. The values
are higher than those measured in Lepechinia (Merino et al,
1984). The calonfic total energy (EGT) — values are in ac-
cordance with the data of Pipp and Larcher (1988) on Ru-
tanae.

The construction costs of the leaves of P. terebinthus
and Cotinus are significantly lower than those calculated
by Williams et al. (1987) for the two drought deciduous
chaparral species. The earlier publications of data on decid-
uous leaves, in most cases, originate from annuals and re-
port an average of about 1,3 (Hunt and Loomis 1979).
This is in agreement with our data on the fully expanded
leaves. The decrease with age of the construction costs of
deciduous leaves is much more distinct in the chaparral
shrubs than in our species; its possible causes are discussed
by Williams et al. (1987). The construction cost values ob-
tained for the chlorophyllous stemmed evergreen shrub
Ephedra correspond with the costs for the evergreen Hetero-
meles leaves found by Williams et al. (1987) and are nearly
in the same range as those found for Pinus taeda (Chung
and Barnes 1977).

The green tissues of Ephedra are somewhat more expen-
sive to construct than the deciduous leaves of P. rerebinthus
and Cotinus despite of a very similar protein content. This
is also true when the construction cost of the non-storage
compounds alone is considered. The higher construction
cost found for the assimilating evergreen tissues agrees with
earlier findings, which are discussed in detail by Chabot
and Hicks (1982). However, we have our reservations, be-
cause no comparable data are available on evergreen true
leaves of European Mediterranean species. Contrary to our
findings, Merino et al. (1984) reported that the leaves of
the deciduous chaparral species are more expensive to grow
that those of the evergreen Heteromeles.

The maintenance cost values obtained for Ephedra are
well comparable to the values calculated by Merino et al.
(1984) for the Heteromeles leaves. In contrast, the mainte-
nance cost values found for the European deciduous species
are lower than those found by Merino et al. for the chapar-
ral deciduous species. In Ephedra, they decrease somewhat
during the late growth period due to the decline of lipid
and protein contents. The maintenance costs of the decidu-
ous leaves are higher than those found for evergreen tissues,
but the difference is not as pronounced as found by Merino
et al. (1984). The observed differences in maintenance costs
are in agreement with the conclusion of Bloom et al. (1985)
that the total maintenance costs may not vary greatly
among tissues and species considering their different life-
spans.

As Schulze (1982) and Schulze and Chapin (1987)
stated, there are different strategies of the different life
forms and species, which are correlated with variations in
the ecfficiency of metabolic processes, ion-uptake, N-gain,
-storage and -utilization and different adaptibilities of these
processes to stress factors. Therefore, it could be expected
that the three species investigated would have different ener-
gy expenditure values which decrease during the lifespan
of the deciduous leaves and which remain obviously stable
in the Ephedra shoots (which have an average lifespan of
about 2-3 years) during the period of investigation.

In P. lentiscus and Cotinus, leaves are produced in early
spring and retained until September. Because the lifespan
of the leaves should be related to a balance between the
construction costs and the benefits, the leaves must live

productively relatively long throughout the drought period.
This could be attained by a stable plant water status caused
by a good stomatal control during the onset of drought
at the natural stands; in contrast to the findings of Poole
and Miller (1975) on Californian chaparral species. The
data of Harley et al. (1987) on photosynthesis and water
status of the drought deciduous Cistus salvifolius leaves al-
low us to suggest a similar behavior of the leaves of P.
terebinthus and Cotinus, which on the basis of their anato-
my, are somewhat more sclerophyllous than those of Cistus.

The strategy of the accumulation of storage substances
in the leaves of Cotinus and P. terbinthus seems to be some-
what different. In Cotinus, there is an early and considerable
increase of storage compounds, whilst in P. terebinthus the
accumulation is continuous and more uniform unti] August.
This suggests a stabilization of the plant water status in
Cotinus by prolonged periods of stomata closure compared
to P. terebinthus.

As Harley et al. (1987) pointed out, there is a continuum
of response from sclerophyllous evergreen to drought decid-
uous shrubs. Based on their findings on Cistus, from our
data on Pistacia terebinthus and Cotinus, it may be con-
cluded that these species show also intermediary character-
istics between sclerophyllous drought tolerators and decidu-
ous drought avoiders.

Long lived assimilating tissues have to invest more ener-
gy in their defense against herbivory. The protective mecha-
nisms vary in different species which may be a possible
explanation for the different metabolic costs. Hitherto, this
has not been taken into consideration in calculating con-
struction costs. Ephedra synthesizes ephedrine, which is effi-
cient already in low concentrations and therefore, not very
expensive. Fresh leaves with low sclerophylly frequently
found in the deciduous species of the mediterranean type
vegetations are consumed by herbivores preferably. The
leaves of Pistacia and Cotinus show a rather high crude
fibre and a low protein-N content. Furthermore, Anacar-
diaceac are well known for the production of substances
acting as allergenes. Perhaps the higher construction costs
of the deciduous Californian chaparral species, Diplacus
and Lepechinia (Merino et al. 1984; Williams et al. 1987)
are partly due to the production of higher amounts of more
expensive secondary substances effective as protectives. In
conclusion, there seem to be different strategies of semi-
drought-deciduous shrub species in the Mediterranean type
of vegetation in relation to drought resistance and defense
against herbivory.
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