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ABSTRACT

[Imarinen, Katja

Defoliation and plant —soil interactions in grasslands

Jyvaskyla: University of Jyvaskyld, 2006, 32 p.

(Jyvéaskyld Studies in Biological and Environmental Science,

ISSN 1456-9701; 164)

ISBN 951-39-2538-2

Yhteenveto: Defoliaatio ja kasvien ja maaperdn viliset vuorovaikutukset
niittyekosysteemeissa

Diss.

To understand the structure and functioning of grassland ecosystems it is
crucial to investigate how defoliation of plants (usually by herbivores or
mowing) affects plants and belowground organisms and biologically regulated
processes in soil. In this thesis I studied a) the impacts of defoliation on plant
growth and plant-derived resources entering the soil; b) whether changes
following defoliation have effects on the activity and abundances of soil
organisms in different trophic groups and if these changes are long-lasting; c)
the role of soil organisms in plant responses to defoliation and d) the effects of
mowing on species-rich grasslands. Experiments were conducted in a field and
in a greenhouse and plants were defoliated with scissors. The results show that
defoliation affects the quantity and quality of plant-derived resources entering
the soil. These effects, however, were highly context-dependent varying with
plant species identity, the timing of defoliation in a growing season and soil
nutrient status. In contrast, no widespread effects of defoliation on the
components of soil food webs or soil nutrient amounts were found.
Consequently, soil decomposer organisms seemed to have little importance in
influencing plant nutrient acquisition, growth and recovery following
defoliation under the experimental conditions I used. It was shown that
defoliation can generate changes in soil that affect plant N allocation after a
longer period. Moreover, by decreasing root mass and AM fungal colonization,
defoliation can depress plant nutrient acquisition from soil organic matter. In
species-rich grasslands mowing altered the plant community structure but did
not create long-lasting changes in the grassland soil that could affect the growth
of plants that subsequently colonize the site. My results emphasise, contrary to
the majority of previous studies, that defoliation of plants does not always
cause extensive changes in grassland soil.

Key words: Aboveground —belowground interactions; defoliation; grassland;
nematodes; nitrogen; plant community; roots; soil feedback; soil food webs.
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1 INTRODUCTION

1.1 The aboveground—belowground approach in grassland
ecology

Terrestrial ecosystems consist of an aboveground producer sub-system and an
belowground (decomposer dominated) sub-system. However, community- and
ecosystem-level processes do not occur in isolation on one side of this interface
from those on the other side. Because of the variety of interactions that occur
between the aboveground and belowground sub-systems, they are closely
linked and therefore have to be considered in combination (Wardle 2002).

It is characteristic of grasslands that the vegetation is periodically removed
by aboveground grazers or by mowing. Changes in plant aboveground
production and the rate of photosynthesis caused by vegetation removal may
have effects on the structure and functioning of soil food webs because the activity
and abundances of soil organisms are dependent on plant belowground inputs
as primary resources. Aboveground activities may therefore indirectly affect
soil organisms and the processes they regulate through affecting plants.
Changes in belowground food webs, in turn, may affect plant growth and
resources available aboveground since soil organisms are responsible for
decomposition and making nutrients available to plants (Verhoef & Brussaard
1990, Bardgett & Wardle 2003).

1.2 The effects of defoliation on plants and soil organisms

Defoliation, i.e. the loss of plant shoot mass (usually by herbivores or mowing),
is often manifested as changes in the growth rate and in the nitrogen (N) and
carbon (C) content of plant tissues (Detling et al. 1979, Lefevre et al. 1991,
Ferraro & Oesterheld 2002, Lestienne et al. 2006). Aboveground biomass
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directly experiences the effects of defoliation by losing carbon and nutrients and
through a decrease in photosynthesis. In the long run, both enhancement and
depression in aboveground production is possible following defoliation
(Milchunas & Lauenroth 1993). Belowground growth and carbohydrate
reserves are also often affected by defoliation. Root mass may decrease due to
the increased C allocation to re-growth of photosynthetic tissue (Caldwell et al.
1981, Ruess 1988); but increases in root mass following defoliation are also
possible (Milchunas & Lauenroth 1993). Likewise, the exudation of C-rich
compounds to the rhizosphere may increase (Holland et al. 1996, Mawdsley &
Bardgett 1997) or decrease (Dilkes et al. 2004). The effect of defoliation on the
quality (e.g. the N concentration) of plant shoots and roots is often positive
(Seastedst et al. 1988, Green & Detling 2000).

The described varying and opposite plant responses following defoliation
are partly explicable by the differences of individual plant species in their N
and C partitioning patterns following defoliation, probably due to the different
mechanisms involved in recovery from loss of foliage (Thornton & Millard
1996, Louahlia et al. 1999,2000, Lestienne et al. 2006). Changes in plant growth
rate. and N and C metabolism can arise purely as a result of plants’
physiological responses to defoliation but plant responses are, also influenced
by interactions between plants and their environment. Thereby plant N and C
allocation following defoliation is dependent on prevailing conditions (related
to the defoliation event itself or for example to soil nutrient status) at the
moment of defoliation. However, little is known about the role of these factors
in mediating plant responses to defoliation.

Soil decomposer bacteria and fungi, hereby referred to as soil micro-
organisms or microbes, depend on plant-derived resource inputs to meet their
energy and nutrient requirements, and therefore they often respond to
defoliation (Griffiths et al. 1992, Wardle 1992). The responses of soil micro-
organisms and their grazers to defoliation do not show constant trends.
Defoliation of plants may result in higher microbial biomass and activity in soil
(Holland 1995, Mawdsley & Bardgett 1997, Guitian & Bardgett 2000); but
decreases in the biomass of soil micro-organisms are also possible (Garcia and
Rice 1994, Holt 1997, Mikola et al. 2001a, Sankaran & Augustine 2004), as are
neutral responses (Wardle & Barker 1997, Bazot et al. 2005). Likewise, the
effects of foliage removal on the abundances of microbial-feeding nematodes
and microbi-detritivorous enchytraeids ranges from positive to neutral and
negative (Ingham & Detling 1984, Todd et al. 1992, Mikola et al. 2001a,b, Mikola
et al. 2005). Also other groups of soil organisms, such as mycorrhizal fungi and
root feeding nematodes, that are more closely associated with plants, show
variable responses following defoliation (Stanton 1983, Todd et al. 1992, Todd
1996, Wall-Freckman & Huang 1998, Hartley & Amos 1999, Kula et al. 2005).

Ultimately, the responses of soil organisms to defoliation are explicable by
the alteration in the quantity and quality of plant-derived resources. Increased
C allocation to soil by plants and higher litter and root N concentrations often
explain increases in the abundances of soil organisms beneath defoliated plants;
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however, this is not always the case. Knowledge about the relationship between
plant-derived belowground inputs and soil organisms is still in short supply.

1.3 Defoliation, soil food webs and plant nutrient supply

Defoliation affects plant growth directly by removing and damaging
photosynthetic tissues and the root system. Indirect effects arise when
defoliation affects biologically regulated processes in soil through its influence
on the abundances of soil organisms and their trophic interactions. Soil micro-
organisms are the primary decomposers of soil organic matter, but soil animals
(most of which are of higher trophic levels) also have a significant role in
enhancing decomposition process and in releasing nutrients immobilized in
microbial tissues by grazing on microbes (Verhoef & Brussaard 1990, Setild &
Huhta 1991, Mikola et al. 2002). To date, very little is known about the relative
roles of soil organisms versus other mechanisms in determining plant responses
to foliage removal. Defoliation of plants might increase plant productivity if it
positively affects decomposition and plant nutrient supply. It is suggested that
herbivory by ruminants and clipping of foliage may increase the flux of C from
roots to rhizosphere and, as a result, increase the size and activity of the
biomass of soil micro-organisms (Ruess & McNaughton 1987, Holland et al.
1996). This, in turn may positively feed back to plant growth by enhancing
decomposition rate of soil organic material and increasing plant nutrient supply
(McNaughton et al. 1997, Bardgett et al. 1998, Hamilton & Frank 2001). In some
circumstances however, increased availability of C for microbes leads to
immobilization of nutrients into growing microbial biomass (Diaz et al. 1993,
Jonasson et al. 1996). In such situations, microbial feeding animals have a
crucial role in maintaining the availability of nutrients for plants; nutrients are
released from the microbial biomass when microbial-feeding animals are
consuming it (and comprising the ‘soil microbial loop’) (Clarholm 1985,
Bonkowski et al. 2000, Paterson 2003). Accordingly, shoot N concentration often
increases in grasses following defoliation, which indicates improved N
acquisition (Stanton 1983, Holland & Detling 1990, Green & Detling 2000).
Enhanced shoot N concentration can, on the other hand, also be due to higher
relative allocation of N to shoots after defoliation (Lestienne et al. 2006) and
does not necessarily reflect total plant N uptake.

It is possible that defoliation negatively affects plant nutrient acquisition
and growth by decreasing root mass, but the extent of this phenomenon seems
to depend on plant species identity (Thornton & Millard 1996, Hamilton &
Frank 2001, Lestienne et al. 2006). The decrease in root mass following
defoliation not only affects nutrient acquisition, but C availability in soil
(Sankaran & Augustine 2004). Depressed plant C allocation belowground may
lead to decrease in microbial biomass, decomposition and eventually, plant
nutrient acquisition (Bardgett & Wardle 2003). This process is of particular
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interest in relation to the conservation of species-rich semi-natural grasslands
because in these habitats low nutrient availability to plants seems to be related
to high plant species diversity (Collins et al. 1998, Pykala 2005).

1.3.1 Implications for the plant community structure of grasslands

Grazing and mowing are known to have an impact on the plant community
composition of grasslands (Ellenberg 1988, Grime 2001). Foliage removal alters
light availability within the canopy, causes flower damage and prevents litter
accumulation, resulting in changes in the competitive relationships between
plant species (Parr & Way 1988, Collins et al. 1998, Hulme 1996, Huhta 2001).
Many studies on the impacts of grazing and mowing on grasslands have
focused solely on the aboveground effects; but belowground responses can be
equally interesting because soil organisms and biologically regulated processes
in soil have the potential to affect the plant community composition
(Klironomos 2002, De Deyn et al. 2003). In most grasslands soil nutrient supply
is one of the major factors affecting plant community composition; and it is
significantly affected by soil organisms (Verhoef & Brussaard 1990). It is known
that plant species differ in their relative nutrient demand, nutrient acquisition
strategies and the form of nutrients used (Olff et al. 1994, Dawson et al. 2003,
Schimel & Bennett 2004). Thereby, it is possible that changes in soil nutrient
supply after defoliation have different effects on different plant species. This
could lead to changes in competitive relationships between plant species
belowground and contribute to the observed changes in plant community
structure aboveground.



2 AIMS OF THE THESIS

Links between processes occurring in aboveground and belowground
compartments of grassland ecosystems have become a more actively studied
topic, with increasing interest in how trophic interactions across the soil surface
affect community and ecosystem level processes (Wardle et al. 2004, van
Ruijven et al. 2005). Interactions between aboveground herbivores (including
simulated herbivory), plants and soil micro-organisms following defoliation are
much studied, whereas only a small number of studies have considered the
involvement of soil animals in these interactions. However, multi-trophic
perspectives regarding soil organisms following defoliation are needed because
responses of primary decomposers to defoliation are often not detected because
of top-down regulation of these components by their consumers (Wardle &
Yeates 1993).

In my studies, I aim at clarifying the processes that follow defoliation in
grasslands. To do so, it is essential to simultaneously address on plant
properties, soil organisms representing different trophic groups and soil
nutrient amounts. A comprehensive approach allows us to better understand
plant-soil interactions and to predict the effects of management practises, such
as mowing, on grassland ecology.

This thesis focuses on studying:

* the impacts of defoliation on plant growth and plant-derived resources
entering the soil;

whether changes in plant-derived resources entering the soil following
defoliation have effects on the activity and abundances of soil organisms
in different trophic groups and if these changes are long-lasting;
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the role of soil organisms in plant responses to defoliation; especially, does
defoliation activate or depress the decomposer food web and thereby
affect plant nutrient acquisition and growth;

the effects of mowing on species-rich grasslands; especially, what is the
role of soil organisms in structuring grassland plant communities and
maintaining of species-rich grasslands.



3 MATERIALS AND METHODS

3.1 Greenhouse experiments (I, III, IV, and part of V)

In each experiment, soils were sieved (1 cm) and homogenized. No organisms
were removed from or added to the soil, which allowed for the persistence of
diverse and natural soil communities. Plants used in the experiments were
typical for grasslands. When more than one species was used, the species were
selected to represent different functional groups (woody plants, non-
leguminous forbs, leguminous forbs and graminoids) (I, V). The aim of the first
greenhouse study (I) was to examine whether plant growth phase mediates the
effect of defoliation on plants and soil organisms. A three species plant
community was set up and defoliated with scissors at different times during the
growing season (see Table 1). Soil for this experiment originated from an
abandoned grassland site. In the second greenhouse study (III) the aim was to
investigate the mechanisms behind the responses of a graminoid (Phleum
pratense L.) to defoliation, and whether these mechanisms vary in relation to soil
nutrient supply and harvest time. In this study, soil was supplemented with >N
enriched root litter to examine plant uptake of organic N following defoliation.
Soil for this experiment originated from a cattle-pasture. Experiments IV and V
were set up to study long-term effects of defoliation on soil organisms and
other soil properties, and the subsequent effects on plant growth. Each of these
experiments consisted of the two following phases. In the first phase either P.
pratense (IV) or the resident vegetation in grassland sites (V) was defoliated and
the growth of plants was studied following defoliation. In the second phase,
soils were collected from the systems with different defoliation history and new
plants were grown in these soils.
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3.1.1Growth conditions in the greenhouse

In the greenhouse the light from outdoors was supplemented with daylight
lamps for 14 h d-1. Photosynthetic photon flux density was 75-240 pmol m-2 s
(240-800 pmol m2 s in experiment IV) at the height of plant shoots and
temperature was 18-22°C (33-38°C in experiment IV) during the light period
and 14°C at night. The relative air humidity was not controlled. Soil was kept
moist by regular irrigations using tap water. The pots were placed on a
greenhouse table and rearranged on a regular basis to provide equal conditions
for each pot.

3.2 The field experiment (II, and part of V)

A field trial was conducted in 2002-2004 to study the effect of mowing intensity
on plants, soil organisms and soil N and P concentrations in two plant species-
rich grasslands. This approach, simultaneously considering soil nutrient
amounts, soil organisms and plant properties, was designed to allow insight
into the mechanisms of ecological processes that follow mowing in grasslands.
The experimental grasslands were originally established in 1997 in a formerly
cultivated field situated on a south-facing 10° slope in Jyviaskyld, Finland. Two
different plant communities were established by sowing seeds of grassland
plants typical of the boreal zone. Experimental plots (1m? each) on the upper
part of the field were established with a species assemblage typical of dry
grasslands, whereas plots situated on the lower part of the field were
established with plants typical of dry-mesic grasslands. The vegetation in
experimental plots was mown (with pruning clippers) either once-a-summer (in
August) or twice-a- summer (in June and August), or left intact. All cuttings
were instantly removed from the plots after mowing. Soil samples were taken
twice each year, a month after treatments. Vegetation surveys of vascular plants
in the experimental plots were performed in June each year, prior to the first
mowing event. In each survey, plant species number was recorded for each plot
and the cover of species in an experimental plot also recorded using an area
percentage scale (0.5-100%).

3.3 Plant and soil analyses

Plant variables measured included dry mass of standing shoots at harvest, total
shoot production (consisting of standing shoot mass at harvest plus mass of
clipped shoots) (I, I1I, IV, V) and dry mass of roots (I-IV). Shoot and root N and
C concentrations were measured with an elemental analyser (EA 1110 CHNS-O,
Thermo Finnigan/CE instruments) at the Department of Biological and
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Environmental Science, University of Jyvaskylda (I-IV). The ®N concentrations
of shoots and roots were analyzed by Iso Analytical Ltd, UK (III). The overall
arbuscular mycorrhizal (AM) colonization rate of roots was estimated in
experiments I-IV. In addition, colonization intensity and arbuscular abundance
of colonized root fragments were examined in experiments II and III.

Activity and biomass of soil micro-organisms were determined using a
method based on microbial basal respiration and substrate induced respiration
(II, IIT). Prior to the microbial analyses all visible organic material particles were
removed from the soil by hand. Nematodes and enchytraeids were extracted
from soil sub-samples using a wet funnel method (O'Connor 1962, Sohlenius
1979) (I-1V). Total numbers of living nematodes were counted, and later using
preserved samples, all individuals (or 150 individuals if the total number
exceeded this) were identified to genera and allocated to trophic groups
according to Yeates et al. (1993). Enchytraeids were counted live and their fresh
biomass was estimated according to Abrahamsen (1973). Earthworm biomass
was determined by weighing after they were removed from the soil sample and
their gut cavities emptied (II). Physicochemical parameters measured from the
soils were: soil water content (I-V), organic material content (II), maximum
water holding capacity (II) and the concentrations of NHs-N, NO3-N and POg4-P
(I-1V).

3.4 Data analyses

The treatment effects were analysed using analysis of variance (ANOVA) (I, I1I,
V), linear mixed model (II) and t-tests (III, IV). In the cases of significant
(P<0.05) interaction between the factors, the effects of the treatments were
further examined by appropriate simple-effects analyses (Maxwell and Delaney
1990, Quinn and Keough 2003). In all analyses, the homogeneity of variances
was tested using Levene's test, and when needed, the data were transformed to
meet assumptions of homogeneity of variances. When these assumptions could
not be met even after transformation, treatment effects were tested using non-
parametric analyses according to Zar (1999). In experiments II and III
associations between pairs of variables were tested using Pearson's correlation
coefficient. The analyses were performed with the SPSS statistical package,
except for experiment II where the mixed model analyses were carried out with
the MIXED procedure of the SAS statistical package.

Plant community diversity in the grassland plots in experiment II was
investigated with the Shannon diversity index, H" = -) pi Inpi, where pi is the
proportional contribution of the species to total area cover of vegetation in a
plot. Community dominance was investigated with the Shannon evenness
index, ' = H'/InS, where S is the number of plant species in a plot (Magurran
2004).



TABLE 1 An overview of the experimental designs.

Experiment

I

I

v

91

Type of experiment

Experimental unit

Plants

Treatments

No. of defoliation
events

Timing of the first
defoliation event

Time between the
last defoliation event
and harvest

Greenhouse

Plant pot, size
11

Trifolium repens L.

Plantago lanceolata L.

Phleum pratense L.
Defoliation

Plant growth phase
when defoliated
Oor4

Plant age 8, 10, 14
or 20 weeks

1 week

Field

Field plot, size
1m?
Species-rich

grasslands

Mowing intensity
Grassland type
Harvest date

0,1or2
in a summer

In June and/or
in August

4 weeks

Greenhouse

Plant pot, size
11

Phleum pratense

Defoliation
Soil nutrient content
Harvest date

Oor1

Plant age
10 weeks

3 or 19 days

Greenhouse
Plant pot, size
11

Phleum pratense

Phase 1: defoliation
Phase 2: soils with
different def. history

1:0or2
2: -

1:Plant age
17 weeks

1: 4 weeks

Phase 1: *
Phase 2: greenhouse

1.
2: plant pot

1: *-

2: 9 grassland species

1=
2: Soils with
different def. history

1. *
2: -

1:*

* same as in exp. Il




4 RESULTS AND DISCUSSION

4.1 Plant belowground responses to defoliation

In my studies, defoliation had a constant negative effect on living root mass.
The decrease in root mass following defoliation was apparent regardless of the
plant growth phase at the time of defoliation (I, II), defoliation frequency (II),
soil nutrient content (III) and the plant species composition under investigation
(I-IV). The results from the three-year field trial (II) did not deviate from this
pattern, indicating that the negative effects of defoliation on root mass observed
in the pot studies is unlikely to have resulted from experimental conditions
prevailing in the greenhouse environment (McNaughton et al. 1998). The
results support the view that the preferential carbon allocation by plants to their
shoots following defoliation occurs at the expense of belowground allocation,
often resulting in depressed root growth and an increase in root mortality
(Caldwell et al. 1981, Thornton & Millard 1996, Guitian & Bardgett 2000, Mikola
et al. 2001a).

I found that defoliation did not have a constant effect on root N and C
concentration. In a species assemblage of three plants, in which most of the
biomass consisted of a leguminous forb T. repens, the effect of defoliation on
root N concentration and root C-to-N ratio varied from negative to positive
depending on the phase of plant growth at the time of defoliation. Defoliation
resulted in enhanced root N concentration when plants were defoliated in an
active growth phase whereas the opposite was true when plants had well-
established root and shoot systems (I). The results demonstrate that timing of
defoliation within a growing season, i.e. plant age, can determine how root
quality responds to defoliation. On the other hand, plant growth phase at the
time of defoliation did not affect root carbon concentration (I). In species-rich
grasslands mowing treatments did not cause differences in root N and C
concentrations among plants (II). Whether this was an outcome of opposing
responses (positive versus negative) at the individual plant level is not clear;
but the results deviate from that of experiment I in that the effect of defoliation
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was constant regardless of the growth phase of plants at the time of
defoliation.This result might be explicable in terms of differences in the
dominant plant species between the two studies; in the greenhouse study the
plant community was dominated by the leguminous forb T. repens whereas in
the field study the plots were dominated by the graminoid Festuca ovina L. It is
possible that leguminous species are more responsive than graminoids to
defoliation. However, experiment III showed that root N concentration of a
graminoid (P. pratense) can vary depending on experimental conditions (in this
case soil nutrient supply and the time for recovery) following defoliation. Root
C concentration of P. pratense was not affected by defoliation (III).

* In summary, the results agree with the view that defoliation does have effects on
plants and plant-derived resources entering the soil. The effects of defoliation on
plant-derived resources entering the soil are not, however, easily predicted
because they are significantly mediated by the experimental conditions.

4.2 Responses of soil organisms to defoliation

Soil food webs are generally considered to be resource (bottom-up) controlled
(Wardle 1992, Wardle 2002). Accordingly, I found that, as plants aged, the root
feeding nematodes became more numerous (I), suggesting that they were
influenced by bottom-up regulation. Further evidence for the prevalence of
resource control of soil biota was observed when the addition of organic
material to soil increased the numbers of soil organisms within each of several
trophic groups (III). The increase in the numbers of predatory nematodes along
with root mass supports the view that soil food webs may also experience top-
down regulation (Wardle & Yeates 1993) (I). On the contrary, in a study where
the soil was supplemented with nutrient solution, none of the studied groups of
soil organisms responded to the increase in plant biomass (III).

What became clear in my studies was that defoliation did not significantly
affect the abundances of soil organisms (I-IV). The only response of soil
organisms to defoliation was a decrease in AM fungal colonization, most
probably because of increased photosynthate limitation given that mycorrhizal
fungi require energy from plants (Caldwell et al. 1981, Gehring & Whitham
1994, Strauss & Agrawal 1999) (IlI). Against my expectations, and despite the
well known role of bottom-up forces in regulating the abundance of soil biota,
even considerable reduction of aboveground vegetation by mowing twice a
summer for three growing periods did not have significant impacts on soil
organisms (II). However, in this case, it should be noted that in the field there
was high spatial variation in the plant species present and in soil properties.

The reasons why soil food web components did not respond to defoliation
is not clear, but can be explained by several processes. Firstly, it is likely that the
changes defoliation imposed on plant-derived resources entering the soil were
not substantial enough to affect the populations of soil organisms. It is possible
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that the decrease in living root mass following defoliation was overrun by the
amount of decaying and dying roots; or that the importance of living roots as a
source of C was small compared to the C already present in the soil (Mawdsley
& Bardgett 1997). Secondly, it is also possible that the flow of carbon-rich
substrates from roots was enhanced by defoliation (Holland et al. 1996,
Paterson & Sim 2000), and that this compensated for the resources lost through
root senescence. Thirdly, plants might provide root material of higher quality
(higher N% or lower concentration of defensive compounds) following
defoliation (Seastedt et al. 1988, Merrill et al. 1994). This could have taken place
when plants were defoliated early in the growing season, at a time when
defoliation resulted in senescence of a vast amount of living roots (I). It is also
recognized that besides providing C to soil micro-organisms, plants compete
with them for nutrients (Kaye & Hart 1997). It is thereby possible that soil
micro-organisms benefited from retarded root growth following defoliation.

* In summary, the results demonstrate that regardless of alterations in plant-
derived resources entering the soil following defoliation, widespread effects on
the components of soil food webs are not necessarily found. In line with this,
previous studies with coniferous forest soil have shown that the structure of soil

communities is well resistant to variable environmental changes (Liiri 2001,
Rantalainen 2004).

4.3 The role of soil organisms in nutrient dynamics and plant
growth following defoliation

Aboveground grazers may enhance grassland nutrient cycling processes,
especially nitrogen mineralization, through an increase in root C exudation and
stimulation of decomposer microbes (Ruess & McNaughton 1987, McNaughton
et al. 1997). Accordingly, common graminoid species often display elevated
shoot N concentrations following defoliation, which may reflect increased plant
N supply and uptake (Wilsey et al. 1997, Green & Detling 2000, Hamilton and
Frank 2001). The opposite effect may also occur if C is diverted from the system
due to significant loss of foliage (Garcia & Rice 1994, Holt 1997, Sankaran &
Augustine 2004). This may lead to decreased activity of soil organisms and to
slower rates of nutrient mineralization and nutrient supply for plants. I
explored these possibilities using a common forage grass (P. pratense) to see if
defoliation would stimulate soil micro-organisms and their grazers, and
consequently plant N uptake (III, IV). Further, I examined the role of soil
organisms in determining plant community responses following defoliation
using a more diverse species assemblage (I, II and V). The experiments clearly
disproved the view that defoliation increases the population sizes and activity
of soil micro-organisms and the activity of microbial-grazers, (i.e. the “soil
microbial loop”). Likewise, there was no evidence for enhanced C allocation to
the roots and rhizosphere following defoliation. Moreover, in experiments I and
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III plants did not compensate for the shoot mass lost by defoliation (but see IV)
which provides further evidence for that plant nutrient acquisition was not
promoted by defoliation. On the other hand, no evidence for suppressed
abundances of soil organisms and soil processes was found in my studies
either.

I found that defoliated plants acquired less N from soil organic matter

patches (IIT). This indicates that defoliation and the subsequent decrease in
shoot mass and AM fungi hindered the ability of plants to exploit nutrients in
the soil. The results from experiment III further show that increase in shoot N
concentration of the graminoid P. pratense was not a result of defoliation-
induced positive soil feedback through a more active soil decomposer
community following defoliation. Instead, it was more likely to stem from a
higher relative allocation of nitrogen to shoots after defoliation. Results of
experiment IV show, however, that plant N allocation patterns may be
influenced by long-lasting soil changes induced by defoliation. The mechanism
behind this observation, however, remained unclear because defoliation caused
no changes in the abundances of soil organisms or in soil nutrient amounts.
* In summary, in my studies soil decomposer organisms seemed to have little
importance in influencing plant nutrient acquisition and growth following
defoliation. Plant physiological responses to defoliation seemed to be the main
mechanisms influencing plant nitrogen dynamics.

44 The role of plant-soil interactions in grassland plant
community change following defoliation

Foliage removal by grazing and mowing promotes conditions associated with
high plant species richness and low dominance (Grime et al. 1987, Ellenberg
1988, Collins et al. 1998). Relative abundances of different plant species in a
community will change because plant species differ in their abilities to take
advantage of the new environmental conditions created by mowing, and
because plant species differ in their resiliency to foliage damage (Caldwell et al.
1981, Huhta 2001). In the greenhouse experiment with three plant species,
defoliation led to lower dominance because the contribution of the dominant
species T. repens to total production decreased and that of P. pratense and P.
lanceolata increased during the growing season (I). On the contrary, mowing did
not affect species number or dominance in the studied grassland sites in the
three-year field trial (V). Mowing induced changes in the relative abundances of
plant functional groups: woody plants were retarded by mowing, whereas
leguminous species benefited (V). These results agree with the common view
that leguminous species benefit from grazing and mowing and that cutting of

vegetation effectively hinders the establishment of woody plants (Collins et al.
1998, Fisher & Wipf 2002, Antonsen & Olsson 2005). The reason why T. repens
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did not increase in abundance in the greenhouse study is not clear; but the
result demonstrates that prevailing conditions, for example the identity of plant
species present, may mediate the effect of mowing and grazing on plant
communities. Possibly, the light intensity in the greenhouse was not sufficient
for T. repens to fully recover from defoliation.

Changes in aboveground conditions, such as an increase in light

availability in the canopy, are important factors influencing plant growth
response following defoliation (Collins et al. 1998). The role of changes in soil
attributes in explaining the effect of defoliation on the plant community may be
important as well. My study IV, with one graminoid species, showed that
clipping of plants may create long-lasting changes in grassland soil which may
affect the properties of plants that subsequently colonize the site. In contrary, in
experiment V, mowing history had no effect on the growth of several different
grassland plant species in the greenhouse experiment despite having effects on
the relative abundance of plant functional groups in the field plots. In this
study, however, only plant shoot mass was measured.
* In summary, mowing does not seem to create changes in the soil community and
soil nutrient supply that would differentially affect the growth of grassland plant
species. In a three-years perspective at least, soil changes do not seem to have a
significant role in determining the response of grassland plant communities to
mowing.



5 CONCLUSIONS

The results of this thesis show that defoliation of plants does not necessarily
impose widespread effects on the structure and functioning of soil food webs.
Consequently, the role of soil micro-organisms and their grazers following
defoliation seemed to have little importance in influencing plant nutrient
acquisition, growth and recovery under the experimental conditions I used.
Plant physiological responses to defoliation seemed to be the main mechanisms
influencing plant nitrogen dynamics. However, some evidence was found for
that plant N allocation patterns may be influenced by long-lasting soil changes
induced by defoliation. The results agree with the prevailing view that plant—
soil interactions are complex in nature and difficult to predict due to the wide
variety of mechanisms that are involved. The responses of plants to defoliation
can vary with plant species identity, plant age and soil nutrient supply.
Accordingly, the activity and populations or numbers of soil organisms may
increase or decrease following defoliation or, as my results emphasize, may also
be neutral.
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YHTEENVETO

Defoliaatio ja kasvien ja maaperdn viliset vuorovaikutukset
niittyekosysteemeissi

Niittyekosysteemeille on tunnusomaista kasvillisuuden ajoittainen laidun-
taminen tai niittdminen. Versomassan poisto eli defoliaatio vaikuttaa kasvien
kasvuun, kasvien resurssien allokointiin ja kasviyhteison lajistoon. Defoliaatio
voi tdten epdsuorasti, kasvien kautta, vaikuttaa myos maaperan elidyhteisoihin
ja toimintaan, koska maaperdn ravintoverkot ovat viime kddessd kasvi-
lahtoisten resurssien sddtelemid. Vditoskirjassani tutkin miten defoliaatio
vaikuttaa kasvien kasvuun ja maaperddan kulkeutuviin kasviperdisiin resurs-
seihin ja muuttuuko juuristossa eldvien maaperdelividen populaatiokoot
defoliaation seurauksena. Lisdksi tutkin mikd on ndiden muutosten vaikutus
kasvien ravinteiden saantiin, kasvuun ja kasviyhteistjen rakenteeseen.

Tutkimukset tehtiin joko kasvihuoneessa Jyvdskyldan yliopiston bio- ja
ympdristotieteiden laitoksella tai koealoilla kasvilajistoltaan runsaslajisilla
niityilld Jyvaskyldssd. Kasvihuonekokeet kestivit pisimmilldan yhden kasvu-
kauden ajan ja maastokoe niitylld kesti kolme kasvukautta. Koekasveiksi
valittiin tyypillisid niittykasveja ja maanpaéallistd herbivoriaa ja niittoa jaljiteltiin
leikkaamalla versoja saksilla. Defoliaation seurauksia tutkittiin tarkastelemalla
sekd kasvien kasvua ja kasvien laatua kuvaavia muuttujia ettd maaperdan
tysikaalisiin ja biologisiin ominaisuuksiin liittyvid muuttujia. Kasveista mitat-
tiin verson ja juurten biomassa, hiilen ja typen pitoisuudet sekd kuinka paljon
juuristossa on sienijuurta eli mykorritsaa. Leimatypen (1°N) avulla selvitettiin
hajotuksessa vapautuneen typen kulkeutumista kasveihin. Maaperdn ominai-
suuksista mitattiin kuiva-aine- ja orgaanisen aineksen pitoisuutta sekd
mikrobien biomassaa ja aktiivisuutta. Osassa kokeista mddritettiin lisdksi
maaperdn typpi- ja fosforipitoisuus. Maaperdeldimistd tutkittiin sukkulamatoja
ravinnonkdyttoryhmittdin, sukkulamatosukujen esiintymistd sekd &nkyrima-
tojen ja lierojen biomassaa.

Defoliaatio vdhensi juurten biomassaa kaikissa kokeissa riippumatta
koeolosuhteista. Tulos tukee aikaisempia tutkimuksia, joissa on havaittu kas-
vien allokoivan hiiltd verson kasvattamiseen juurten kustannuksella
korvatakseen menetettyd yhteyttavad solukkoa. Vaikka defolioidut kasvit allo-
koivat resursseja verson uudelleenkasvuun, jdi versomassan mddrd defo-
lioiduissa kasveissa pddsddntoisesti alhaisemmaksi kuin ei-defolioiduissa
kasveissa. Defoliaation vaikutus juurten typpipitoisuuteen vaihteli tutkimus-
oloista riippuen. Kolmelajisen kasviyhteison (valkoapila, heindratamo ja
timotei) defoliointi kasvun varhaisessa vaiheessa lisdsi juurten typpipitoisuutta
verrattuna ei-defolioituihin kasveihin; mychemmin kasvukaudella defolioidun
kasviyhteison juurten typpipitoisuus oli matalampi kuin ei-defolioidun
kasviyhteison. Runsaslajisilla niityilld defoliaation ajoituksella tai intensiteetilld
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ei sen sijaan ollut vaikutusta juurten typpipitoisuuteen. Kasvilajien tiedetdan
reagoivan defoliaation eri tavoin, ja kokeiden ristiriitaiset tulokset osin
selittynevatkin eri osatoissd kdytettyjen kasviyhteistjen erilaisuudella.
Tutkimukset my06s osoittivat, ettd vahdravinteisessa maassa kasvavien kasvien
typpipitoisuus kasvoi defoliaation seurauksena, kun taas runsasravinteisessa
maassa defoliaation vaikutus oli pdinvastainen.

Vaikka defoliaatio vaikutti kasviperdisiin resursseihin maaperadssd,
maaperdelididen méadrissd ei havaittu merkittavid eroja defoliaatiokésittelyiden
vdlilld. Se miksi maaperédeliot eivdt reagoineet resurssien muuttumiseen, ei ole
selvdd, ja tulos poikkeaa valtaosasta aiempia tutkimuksia. Yllattavad oli, ettd
maaperdn ominaisuudet eivit muuttuneet edes kenttikokeessa, jossa
kasvillisuus niitettiin kaksi kertaa kesdssd kolmen kasvukauden ajan. Tuloksia
tarkasteltaessa on kuitenkin pidettdvd mielessd kenttdkokeille tyypillinen suuri
vaihtelu tausta-arvoissa. Koska defoliaatio ei vaikuttanut maaperdn hajottaja-
verkon rakenteeseen eikd toimintaan, ei se myoskddn tdtd kautta nopeuttanut
tai hidastanut hajotusta, ravinteiden kiertoa ja kasvien ravinteiden saantia.
Timoteilld tehdyssd kasvihuonekokeessa kuitenkin saatiin viitteitd siitd, etta
defoliaation seurauksena maaperdn ominaisuudet voivat muuttua ja vaikuttaa
seuraavien kasvisukupolvien typen allokointiin. Koska defoliaatio ei kuiten-
kaan vaikuttanut mitattuihin muuttujiin maaperdssd, esimerkiksi elividen
esiintymiseen tai typen mddrddn, ilmion takana oleva mekanismi jai
selvittdmattd. Tulokset osoittivat, ettd kasvin typen otto saattaa heikentyd,
koska defoliaatio pienentdd juurimassaa ja mykorritsainfektiota.

Versomassan poiston seurauksena lajienvilisen kilpailun ja niityn
kasviyhteison rakenteen tiedetddn muuttuvan. Ndin kdvi myds omassa
tutkimuksessani, kun kolmen kasvilajin yhteisossd valkoapilan dominanssi
pienentyi defoliaation seurauksena. Niitylld tehdyssd kokeessa lajimddrdssa tai
kasvien dominanssisuhteissa ei sen sijaan havaittu muutoksia niiton jdlkeen.
Niitto kuitenkin muutti toiminnallisten kasviryhmien suhteellisia runsauksia:
puuvartiset kasvit taantuivat ja palkokasvit, erityisesti apilat, lisddntyivéat niiton
seurauksena. Kun eri niittylajien taimia kasvatettiin eri niittokésittelyista
perdisin olevissa maissa, havaittiin, ettdi maan niittohistoria ei vaikuttanut
taimien kasvuun. Tulos viittaa siihen, etti defoliaation seurauksena maan
pdélld tapahtuvat muutokset, esimerkiksi lisddntyvad valon médrd, ovat maan
alla tapahtuvia muutoksia merkityksellisempid tekijoitd kasviyhteistjen
muokkaajina.

Viitoskirjatutkimukseni osoittivat, ettd defoliaatio vaikuttaa maaperddn
kulkeutuvien kasviperdisten resurssien mddrddn ja laatuun, mutta se, minkd
suuntaisia defoliaation aikaansaamat muutokset ovat, riippuu suuresti
koeoloista. Sekd kasvilaji, defoliaation ajoitus kasvukaudella ettd maaperdn
ravinnepitoisuus, vaikuttivat tutkimuksissani sithen millaisia vasteita kasveissa
havaittiin defoliaation seurauksena. Sen sijaan, vasten odotuksiani, maaperan
elivyhteisdissd tai orgaanisen aineksen hajotuksessa ei tapahtunut merkittavia
muutoksia defoliaation seurauksena.
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