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Abstract. During the initial phases of succession on nutrient-poor, mineral substrates dead
plant material accumulates rapidly in the soil. This accumulation of soil organic matter can
result in a more than 10-fold increase in nitrogen mineralization within a tew decades. 'l hese
changes in soil features have important consequences for plant growth and the competition
between plant species. During succession in heathlands an increase in nutrient mineralization
leads to speries with low maximum growth rates and low biomass loss rates being replaced
by species with high potential growth rates and high biomass losses. The plant properties
responsible for reduced biomass loss rates appear to result in the litter produced being poorly
decomposable, whereas the litter from plants with high potential growth rates decomposes more
easily. Mode!l simulations suggest that such combinations of plam featwses greatly influence
the increase in mineralization and the change in plant species composition during ecosystem
development. Studies in the field and garden plot experiments confirmed this hypothesis.

Introduction

Plants and microorganisms have an extremely important impact upon the
chemical and physical properties of the enviromnent. Average air temperature
and atmospheric pressure would increase strongly if all living organisms were
to disappear from the earth (Lovelock 1989). Lovelock (1979, 1989) even
hypothesized that living organisms have a stabilizing effect on the physical
and chemical conditions of our planet as a whole. This hypothesis, which
he illustrated using his theoreticai Daisyworld model, has been greeted with
much skepticism to date (e.g., Kirchner 1989). One of the major criticisms
of the concept is the virtual impossibility to test such a hypothesis at a global
scale.

At a local scale, however, the effects of organisms on substrate and
atmosphere are also extremely relevant. Van Breemen (1993} reviewed a
large nuber of studies on the influence of plants, soil animals and microor-
ganisms on their physical substrate and concluded that these organisms affect
soil fertility and soil moisture content in such a way that over time the sub-
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strate becomes more favourable for their growth and survival. At a scale from
1 m? to | ha such hypotheses can easily be investigated and even tested.

Competition between plant species and the resulting species composition
of the plant community is strongly affected by changes in nutrient supply
{Berendse 1983; Tilman 1988). We measured a more than tenfold increase in
nuirient mineralization within a few decades during succession in nutrient-
poor ecosystems in the Netherlands (Berendse 1990). Such changes have
major effects on the establishment and the outcome of competition between
plant species. So, it is clearly impossible to ignore the effects of plant species
on the soil, when analysing or predicting changes in the plant species com-
position of nutrient-poor ecosystems. In this paper I will therefore analyse
changes in soils brought about by dominant plant species that are adapted to
nutrient-poor or nutrient-rich soils.

Description of chronosequences

In many cases an analysis of changes in natural ecosystems at a time scale
longer than one decade requires reconstruction on the basis of chronose-
quences, i.e., sequences of adjacent sites that have developed for different
time periods. Long-term observations in natural ecosystems frequently only
consider changes in plant species composition, whereas in many cases the
relevant soil and plant processes have not been monitored. In chronose-
quences all parameters considered to be relevant can be measured, using the
latest measurement techniques. Nevertheless, reconstruction of succession
by a comparative study of neighbouring ecosystems which have developed
during different time intervals is a risky enterprise. Mineral substrate, ground-
water level and climatological conditions should be similar at all sites. Miles
(1985) distinguished between stable substrate characteristics such as textural
composition of the subsoil and labile characteristics such as organic matter
content and acidity of the upper soil layer, and used several stable properties
to measure the similarity between sites. One other point of consideration is
the trivial, but often neglected fact that in chronosequences the various sites
developed partly in different time periods in which important driving factors
such as atmospheric N deposition and CO; level were different.

In the last 12 years we studied several chronosequences. Here [ present
some of the data collected in two sequences on sandy substrates, one sequence
is characteristic of dry inland dunes and the other characteristic of heathlands
on substrates with intermediate soil moisture levels, in the Netherlands. [t was
possible to reconstruct the sequences in heathlands because in these areas
turf had been regularly removed for many years to encourage the growth
of heather. The date of turf removal and the techniques applied had always
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been precisely recorded. We checked the number of years after turf removal
against counts of annual stem rings in the the oldest Calluna vulgaris stems
in each plot. In all plots there was complete agreement between the two
estimates of the time period during which succession had proceeded. In the
inland dunes, Pinus sylvestris was one of the first vascular plant species that
was able to establish, together with the grass Corynephorus canescens. Pinus
seedlings were only able to establish in years with extremely cold and wel
summers, which occurred at a frequency of less than 0.1, It appeared that
each site was dominated by one even-aged cohort of spontaneous pine trees.
We defined the start of ecosystem development as the year in which pine
seedlings established succesfully, and measured the time elapsed since then
by counting the annual rings in the thickest pine trees at each site. At both the
heathland and the inland dune site the mineral subsoil consisted of aeolian
sandy deposits that can be considered to be homogeneous over relatively large
areas. Groundwater levels were similar at all sites within one sequence and
the plots were always sufficiently close to avoid any significant difference in
climatological conditions.

Inn each of the chronosequences a strong accumulation of litter and dead
root material was observed (Figure 1a). In the inland dune and the heathland
sequence about 2 and 3.5 kg organic matter/m?, respectively, had accumulated
in the litter and the FH-layer within 50 years starting from a bare mineral
substrate. Within this period, the accumulation of dead organic material in
the soil was accompanied by an increase in annual N mineralization from
lessthan 1 gm™2 yr~! to 13 ¢ m™2 yr~! in the heathland area to as high
as 17 g m™2 yr~! in the inland dunes (Figure 1b). It is inconceivable that
such changes will nat have had important impacts upon plant productivity
and upon the competitive balance between the different plant populations.
In the heathland sequence, above-ground productivity was strongly linearly
correlated with N mineralization and incrcased from 120 g m™? yr~! to ca.
550 ¢ m—? yr~'. Both the accumulation of soil organic matter and the rate
of increase in N mineralization decline during the later phases of ecosystem
development.

In both sequences soil moisture increases as a consequence of the accu-
mulating soil organic matter (Figure Ic¢). The accumulation of soil organic
matter apparently has a strongly regulating effect upon soil moisture in these
dry ecosystems. The soil moisture content during the initial phases of the
heathland sequence is higher than that in the inland dune sequence, but after
50 years this difference was greatly reduced. In the inland dune sequence the
pH (KC1) in the mineral subsoil declines from 4.9 to 3.1 after 121 years (data
nat shown).
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Figure {, (a) The amount of organic martter in the L and FH layer, {(b) the annual nitrogen
volumetric soil moisture content in the upper 10 cm and (d) the total
amount of nitrogen in the whole ecosystem versus successional age in heathlands and inland
dunes. Filled dots: heathland plots; filled triangels: inland dune plots. Bars represent standard

mineralization, (¢) the
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The accumulation of nitrogen in the whole ecosystem (plant biomass + soil
to a depth of 30 c¢m) is remarkably similar in the two sequences, especially
since these ecosystems have attained a completely different structure after
about 50 years; a grassy heath versus a pine forest. The initial N accumula-
tion rates are almost equal (4.2 and 4.4 ¢ N m™2 yr~! in the heathland and
inland dune sequence, respectively) and close to the average N input through
atmospheric deposition. This observation implies that during the early phases
of ecosystem development essentially all incoming nitrogen is preserved and
losses due to nitrate leaching or denitrification are negligible. The presented
relation between successional age and the total amount of nitrogen in the
ecosystem is clearly curvilinear. This relation is perhaps due to nitrogen satu-
ration during the later phases resulting in increased nitrogen losses by leaching
or denitrification. We have to realize, however, that the later phases in the
two sequences have experienced on the average lower N inputs as compared
to the younger sites. Such differences between plots within one sequence are
one of the important pitfalls in the interpretation of chronosequence data.

Adaptation of plant species to nutrient-poor soils

The dramatic increase in nitrogen mineralization during succession as
observed in heathlands and inland dunes must have important consequences
for plant competition. In recent decades, in many wet heathlands in Europe
the ericaceous dwarfshrub Erica tetralix has been replaced by the perennial
grass Molinia caerulea. In competition experiments in containers (Berendse
& Aerts 1984) and in field fertilization experiments (Aerts & Berendse 1988;
Aerts et al. 1990) Molinia is able to outcompete Erica at increased nutrient
levels, whereas Erica remains dominant under nutrient-poor conditions. In
dry heathlands an increased nutrient supply may lead to a strong increase
in the grass Deschampsia flexuosa replacing the dwarf shrub Calluna vul-
garis. But because older Calluna plants are able to overtop the relatively
low Deschampsia individuals, Deschampysia increases only aflter the Calluna
canopy has been opened up by heather beetle attacks or frost damage and
the grass plants receive sufficiently high light intensities (Aerts et al. 1990;
Berendse et al. 1994).

The grass species are able to outcompete the ericaceous species after an
increase in nutrient mineralization because they respond much more rapidly
to an increased nutrient supply. In a field experiment lasting three years we
applied four nutrient levels (0, 5, 10 and 20 g N m~2 yr~ ') to monocultures of
Ervica, Calluna and Molinia (Aerts et al. 1990). The potential above-ground
productivity of the grass Molinia was much higher than that of the dwarf
shrub Erica (Table 1). Doubling the dose of N (and corresponding quantities
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Tuble 1. Relative biomass loss and relative nitrogen loss rates {expressed as fraction
of the quanrities of biomass and vitogen present at the end of the growing scason),
potential growth rates (after Aerts et al. 1990) and decomposition rates weighted for
the contribution of different litter types to total litter production (Van Vuuren et al.
1992, 1993) in neighbouring populations of Erica tetralix and Molinia caerulea

Erica Molinia
relative biomass loss rate (year™') (158 1.48
relative nitrogen loss rate (year™ ") 0.22-0.32 0.64-1.00
potential growth rate (g m™2 yr—') 769 > 1794
litter decompesition rate (yr™') 0.06-0.00 0.24-0.26

of P and K) from 10 t0 20 g N m~? yr~! did not increase the above-ground
biomass of Erica but doubled that of Molinia. This difference in potential
productivity between the two species could be atiributed to (a) allocation of
less nitrogen to the photosynthetic system in Erica than in Moelinia and (b)
the greater biosynthesis costs of Erica tissues (amongst others due to their
higher lignin content).

These differences between the species explain why Molinia 1s more suc-
cessful after an increase in nutrient supply, but do not explain the success
of the dwarf shrubs under nutricnt-poor conditions. In habitats where the
nutrient supply strongly limits plant growth, the long-term success of plant
populations is determined by the balance between nutrient uptake and the
loss of nutrients through litter production, root turnover and herbivory. We
measured nitrogen losses from populations of Molinia and Erica plants in
adjacent sites for two years. Estimates of total nitrogen loss strongly depend
on the assumptions about the retranslocation of nitrogen from dying roots,
which we could not measure. Total losses of nitrogen from Molinia plants
varied hetween 60 and 100% per year of the total amount of nitrogen present
in the plants at the end of the growing season (Table 1). We calculated the
lower turnover rate assuming that 50% of the nitrogen in roots was withdrawn
preceding abscission, whereas the higher figure was calculated assuming that
no retranslocation took place. Losses of up to 100% clearly have impor-
tant consequences for the success of a population in an environment where
nitrogen limits plant growth. Nitrogen losses from Erica were much smaller
(ca. 30%). These reduced losses seem to be an important adaptation to the
nutrient-poor habitats that are dominated by this species. Nitrogen losses
from Erica plants are much smaller because their leaves, stems and roots live
much longer than those of Molinia (Table 2). Similarly, Escudero et al. (1992)
found that the life span of leaves of tree and shrub species in the Pyrenees
varied by a few orders of magnitude and that this variation was strongly cor-
related with the variation in soil fertility. Plant species dominant on infertile
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Table 2. Leaf life span, lignin content and biosynthesis costs of leaves
of Erica tetralix and Molinia caerulea

Erica Molinia
leaf life span (yr) 1.3 0.35
lignin concentration (%) 33 24
biosynthesis costs 1.8 1.4

(g glucose/g biemass)

soils had leaves that lived longer than species that were abundant on more
fertile soils. Recently we carried out an experiment in which |4 plant species
of Dutch grassland and heathland communities were grown in monocultures
in experimental plots, Here the direct effects of different soil characteristics
were excluded. We found a strongly significant inverse relationship between
a species’ average leaf life span as measured in these plots and its nutrient
index. The nutrient index 18 a parameter that ranks the average soil fertility
in the habitat in which the species is most frequently found.

Erica leaves live about four times longer as Molinia leaves, thanks to
their higher lignin content resulting in an incrcased thoughness of the leaf.
Lignin is more expensive to biosynthesize than compounds such as cellulose.
We calcunlated that the costs of biosynthesizing Erica tissue were about 30%
higher than those of Molinia tissnes (1.8 versus 1.4 g glucose/g biomass).
From this we conclude that the adaptation to nutrient-poor environments
by minimizing the loss of nutrients has an important negative side effect:
biosynthesis costs of tissues are increased, which results in a reduced potential
growth rate, which is an important disadvantage when soil fertility increases
(Berendse 1994), Apparently, plant properties that determine nutrient losses
and potential growth rates are strongly interconnected.

Another important feature that is affected by the ability of plant species
such us Erica to minimize their nutrient and biomass turnover is the decom-
posability of the dead material from these species. Lignin concentration often
shows a strong inverse relation with litter decomposition rate (Melillo et al.
1982; Berg & McClaugherty 1987; McClaugherty & Berg 1987). There are
indications that many other secondary plant compounds that increase leaf life
span and reduce herbivory also have adverse effects upon litter decompo-
sition (Grime & Comelissen 1996). In litter bag cxperiments we compared
decomposition rates of the different dead plant parts of Erica and Melinia for
a periods of three years (Van Vuuren et al. 1993). We weighted the annual
decomposition rates of the various plant organs according to their relative
contribution to the annual litter production. Such weighted decomposition
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rates far Frica litter are ahout one quarter of those for the dead material
produced by Molinia plants (Table 1).

From our comparative studies on Molinia and Erica we concluded that
the adaptation to nutrient-poor environments by reduced nutrient losses is
achieved by prolonging the longevity of plant organs. Important side effects
of such increased life spans are lower potential growth rates and lower litter
decomposability. Molinia is adapted to the relatively nutrient-rich phases
of ecosystem development by its relatively high potential growth rate, but
the corollary of higher maximum growth is shorter life spans of leaves and
roots and greater decomposibility of dead material. These three groups of
plant features seem to be very strongly intercorrelated. For this reason, I will
refer to the combination of low biomass turnover. low maximum growth and
low litter decomposability as the Erica syndrome and to the combination
of high biomass loss rates, high potential growth rates and a relatively high
decomposability as the Molinia syndrome.,

Theoretical analysis

The strong positive correlation between the longevity of plant organs, the
maximum growth rate of plants and the decomposability of the litter that they
produce has probably evolved in response to the large variation in soil fertility
in natural ecosystems, but also has important implications for the effects that
plant species may have upon nutrient mineralization during succession. To
analyze the effects of plant species with different syndromes on soil fertility
during succession we combined models for seil carbon and nitrogen dynamics
and for competition between plant species for light and inorganic nitrogen
(Berendse 1994). Although the resulting mode! is simple, the changes in soil
organic matter, plant biomass and nutrient mineralization it predicted are very
similar those in our real-life chronosequences. A more elaborate version of
the model was implemented with parameter values measured in independent
caperiments and initial values of state variables measured at the ficld sites
involved. This model was successfully validated using our chronosequence
data (Berendse 1988).

Dring succession in hypothetical ecosystems dominated by one plant
species, soil organic matter accumulates linearly, resulting in an almost linear
increase in nutrient mineralization (Figure 2). During the first five years N is
immobilized, because the fresh, nitrogen-poor material that the plants add to
the soil raises the C:N ratios in the soil organic matter. After 5 to 10 years an
equilibrium C:N ratio has been established because of a balance between the
decline in the C:N ratio in the soil brought about by decomposition and the
increase in the C:N ratio brought about by the addition of nitrogen-poor litter.
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Figure 2. The change in nitrogen mineralization during succession in ecosystems dominated
by three plant species with different potential growth rates (Gmax = 400, 800 or 1200 gm™
yr~!). Changes are calculated using a simple model for the carbon and nitrogen dynamics in
soils.

As soon as the C:N ratio has reached a constant value the mineralization rate
increases linearly. This increase continues up to a maximum that depends on
the potentiat growth rate of the dominant plant species. The accumulation of
soil organic matter and the continuous increase in nutrient mineralization dur-
ing succession on well-drained soils is due to a feedback operating between
the positive effect of increased soil organic nitrogen on nitrogen mineraliza-
tion on one hand, and the positive effect of increased mineralization upon
litter production on the other hand. Once plant productivity is at its maximum
so that increased nitrogen mineralization would no longer increase produc-
tivity, the N mineralization ceases to risc. This analysis leads to the important
hypothesis that the final mineralization rate during succession is determined
by the potential growth rate of the plant species that is dominant during this
final phase. The model predicts that the nitrogen mineralization in this Tast
phase equals the amount of nitrogen taken up by the vegetation when it has
achieved its maximum productivity.

The increase in mineralization during succession was calculated for three
ecosystems dominated by hypothetical plant species that differed in biomass
loss rate and in litter decomposahility. The different biomass loss rates (L.} and
litter decomposition rates (k) had relatively little effect on the mineralization
(Figure 3a, b). However, a positive link between biomass turnover and litter
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Figure 3. The change in nitrogen mineralization during succession in ecosystems domi-
nated by three plant species with (a) different relative biomass loss rates, L; (b) different
litter decomposabilities, k; and (¢} different relative biomass loss rates and different litter
decompngabilities, L and k. Changes are calculated using a simple model for the carbon and
nitrogen dynamics in soils.

{a) solid line: L = 0.4; broken: L = 0.2; dotted: L. = 0.1; (b} solid: k = 0.4; broken: k = 0.2;

dotted: k = 0.1; (c) solid: k = 0.4 and L = 0.4; broken: k= 0.2 and L =0.2; dotted; k=0.1 and
L=0.1.

decomposability greatly enhanced the increase in nutrient mineralization with
time {Figure 3c).

Ag a next step we calculated changes in species composition and nutrient
mineralization during succession in an ecosystem with two hypothetical plant
species that were identical except in maximum growth rate, relative biomass
loss rate and litter decumposability. We compared an Erica-like species (low
potential growth rate, low biomass losses, low litter decomposability) with
a Molinia-like species (high potential growth rate, high biomass turnover,
preducing easily decomposable litter). The Erica-like species is dominant
during the early phases of succession, when only small quantities of soil
organic matter have accumulated and the mineralization rate is below 6 g
N m~2 yr~! (Figure 4). If accumulation of soil organic matter continues and
the mineralization rate increases to sufficiently high levels, Molinia replaces
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Figure 4. The change in (a) nitrogen mineralization and (b) biomass of Erica (dashed line)
and Melinia {solid line) during succession. Changes are calculated using a simple model for
light and nitrogen competition and the carbon and nitrogen dynamics in soils. The two species
differ only in potential growth rate, Grax, biomass loss rate, L, and litter decomposability, K.
Frica. Gax =750 gm~ > yr ', L - 0.6 yr~!, k= 0.05 yr~!; Molinia: Gmax — 2500 g m™
yr=', L=09yr " k=02yr".

Erica rather rapidly because of its higher potential growth rate. After Molinia
starts to replace Erica the increase in mineralization rate is greatly accele-
rated. During this phase a positive feedback develops between the positive
effect of an increased mineralization upon the expansion of Molinia, and the
positive effect of an increase in Molinia upon the mineralization rate. This
positive fecdback is quantitatively significant only during the early phase of
the expansion of Molinia. In later phases Molinia approaches its maximum
growth rate, so that an increase in nitrogen supply does not lead to any further
increase in litter production.

Empirical evidence

Our model analysis vielded not only the hypothesis that mineralization will
increase over time, up to a certain maximum is reached, but also that the rate of
increase is greatly affected by the plant species that is dominant (cf. Wedin &
Tilman 1990). The data we collected in the various chronosequences support
the first hypothesis. As a first step in testing the second hypothesis we carried
out several studies in which we compared the annual nitrogen mineralization
in adjacent sites that were dominated by either Erice and Calluna or by
Molinia and Deschampsia. We compared four groups of neighbouring sites,
each of them completely dominated by one species (Berendse et al. 1987,
Berendse 1990; Van Vuuren et al. 1992). In the first group we found no
significant difference between annual mineralization rates, but within the
other groups differences were statistically significant (Figure 5). At these sites
the mincralization in plots dominated by Erica or Calluna varied between 4
and 6 g m~2 yr—!, whereas the mineralization in the grass-dominated plots



84

20
b}

_—
|0y}
—
—
—
(e
~——

(d)

10 |~

N mineralization (g m=? yr)
=
N\

——

_

Erica  Muli. Call.  Moli, Erica Mo

LLULOANNW_ -
NN

N\

N\

\
N\

\\

0

i GCaill. Moli. Desch.

Figure 5. The annual nitrogen mineralization in four groups of neighbouring plots dominated
by (a) Erica and Molinig (Berendse et al. 1987); (b) Calluna and Molinia (Berendse 1990);
(¢) Erica and Meolinia {Van Vuuren et al. 1992); (d) Callung, Meolima and Deschampsia (Van
Vuuren et al. 1992). Differences were tested by a one-way ANOVA, followed by Tukey’s
studentized range test. Different letters indicate significant differences between subsites domi-
nated hy the different species.

varied between 8 and 13 g m™2 yr~'. The Calluna and Molinia plots in the
second site (Figure 5b) are part of the heathland chronosequence (Figure 1)
and had successional ages of 30 and 50 years, respectively. No information
was available about the successional age of the plots at the other three sites,
These data certainly corroborate our hypothesis, but they do not enable us
to distinguish between the effects of successional age and the effect of the
dominating plant species. Different mincralization rates could have been
caused by the different dominant plant species, but it is also plausible that
initial differences in nutrient supply favoured different specics and brought
them to dominance.

Reliable proof that different plant species have significant impacts upon
the increase in N mineralization appears very hard to obtain in realistic field
situations. In 1992 we started a garden plot experiment in which we com-
pared monocultures of different plant species planted at the same time. Plots
of 1 by I m in five replicated blocks were cut out to a depth of 50 cm,
where the yellow subsoil was present. The plots were subsequently replen-
ished with sandy sail thar was sieved in order to remove old roots and were
then planted with monocultures of Erica, Calluna and Molinia. In 1996 we
measured nitrogen mineralization during three periods of 8 weeks. Summed
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mineralization rates were significantly different between the plots planted
with the three species (ANOVA,; p < 0.05). The mineralization in the Molinia
plots was clearly higher (7.8 g m~2) than that in the plots dominated by the
evergreen dwarf shrubs (Calluna: 2.8; Erica: 46 g m~%). These data provide
the first convincing evidence that the grass has a positive impact upon the
increase in mineralization during succession as compared to the two dwarf
shrubs Erica and Calluna.

Final remarks

During succession on mineral, nutrient-poor substrates the accumulation of
dead plant materials results in dramatic changes in the soil. The nitrogen
mineralization can increase by a factor of 10 to 15 within a period of 50
years. In the extremely dry inland dunes the soil moisture content increased
by more than a factor 10 and converged strongly towards the soil water
conditions in the less dry heathland habitats. Such changes are favourable
for the cstablishment and growth of most vascular plant species, if there is
no inter-specific competition. But another consequence of soil organic matter
accumulation is the strong decline in soil pH and soil Ca content. In the
inland dune sequence pH-KCl in the mineral subsoil declined by alimost two
units within 121 years. Such a change cannot be considered to be favourable
for most vascular plant species, especially if the pH reaches sufficiently low
levels to increase the AT -concentrations in the soil solution.

The ericaceous dwarf shrub and the perennial grass species we focused on
showed important differences in the longevity of their leaves and other organs,
potential growth rates and litter decomposition rates. For physiological rea-
sons, properties associated with low loss rates and high potential growth rates
cannot be combined easily (Chapin 1980). Such a trade-off results in biomass
loss rates and potential growth rates being positively correlated. This positive
correlation is typified by the Erica and the Molinia syndromes, but seems
to be a more general paueri. In 14 plaat species of grassland and heathland
communities we measured both the leaf life spans and the relative growth
rates at maximum nutrient supply in two independent experiments. Leaf loss
rates and maximum growth rates were strongly positively correlated among
these 14 species. The Erica and Molinia syndromes include low and high litter
decomposabilities. The long life span of plant parts in the ericaceous species
was possible because of the increased concentrations of lignin and secondary,
defensive compounds that apparently protected these plant tissues against
fungal and microbial attacks even after their death (cf. Grime & Clarnelissen

1996).
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Figure 6. The change in biomass of Erica (dashed line) und Melinia (solid line} during
succession. Changes are calculated using a simple model for light and nitrogen competition
and the carbon and nitrogen dynamics in soils.

{a) The two species differ only in poential growth rate (Gmax) and biomass loss rate {L).
EricaGmax=750gm ™2 yr ' L=0.6yr~ ', k=0.1 yr'; Molinia Gmax = 2500 gm™* yr~"
L=09yr ! k=0.1yr".

{b) The litter decomposability in Molinia is increased (k = 0.4 y1— .

{c) The litter decomposability in Erica is reduced (k = 0.025 yr— .

L]

Low litter decomposability has probably — at least partly — been evolved
as an indirect consequence of natural selection in favour of reduced nutrient
losses from the plant. But earlier I suggested that direct selection in favour of
low or high litter dccomposability can also be expected (Berendse 1994). We
modelled the dynamics of an ericaceous species and a perennial grass dur-
ing heathland succession while varying litter decomposability. When litter of
the two species decomposes at equal rates (0.1 yr~1), the ericaceous species
is dominant during the early phases, but is replaced by the perennial grass
after an increase in N mineralization (Figure 6a). When the perennial grass
produces litter that decomposes more easily (0.4 yr— '), the perennial grass
appears to become dominant much more rapidly (Figure 6b). On the other
hand, when the perennial grass competes with a genotype of the ericaceous
species that produces litter which decomposes more slowly (0.025 yr=h),
the ericaceous species remains dominant much longer {Figure 6¢). These
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simulation results imply that within one successional sequence in species
with low biomass turn-over and low potential growth rates, natural selection
might favour genotypes that produce slowly decomposable litter, whereas
in species with high growth rates and high biomass losses fitness might be
higher in genotypes which produce litter that can decompose more easily.
The positive correlation between biomass loss rates, potential growth rates
and litter decomposabilities among a wide variety of plant species has iinpor-
tant consequences for the effects that plants may have on soil organic matter
dynamics and nutrient mineralization. These plant properties not only affect
the fertility of the soil, but also determine the outcome of competition if the
nutrient supply changes during succession. Species that are able to replace
other species after an increase in nutrient mineralization seem to accelerate
the increase in nutrient mineralization too. Such effects could greatly speed
up the changes in species composition during succession in nutrient-poor
ecosystems, The two main groups of vascular plant species that aimost sym-
bolise these two sets of interconnected plant properties are the Gymnosperms
and the Angiosperms. The burgeoning of many new Angiosperm species
during the last part of the Mesozoic mighl, at least partly, be caused by
their growth rates being faster than those of the slow-growing Gymnosperms.
During this period most new Angiosperm species had to compete with Gym-
nosperms which were probably characterized by long-lived leaves or needles
that decomposed slowly after abscission. It is possible that the positive feed-
back between the effects of changes in nutrient supply upon the competitive
ability of species and the effects of these species upon soil fertility was partly
responsible for the rapid expansion of Angiosperms during the latter part of
the Cretaceous era.
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