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Abstract. Plant succession is a well-studied phenomenon in plant ecology, yet the effects of disturbance
and its influence on initial plant composition received little attention in this process. From many of the
potential reasons we investigated the effect of soil fungi on early succession. At each site a total of 60
permanent plots were established and fungicide treatment was used on half of the plots, the other half
served as control. We found that management by influencing initial plant communities, determine the
way how forb and grass dominancy changes in time. In addition, our findings support that the applied
fungicide treatment influence successional development of plant communities. Specifically, the
elimination of fungi from an annual-dominated (highly disturbed) site led to stronger grass dominance,
while decreased the presence of forbs. Nevertheless in the perennial-dominated (less disturbed) site
fungicide treatments favored to forbs, but this effect was not significant. Our results suggest that
previously used management regimes strongly affect the later secondary successional events that can also
be strongly influenced by the soil fungal community.
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Introduction

Succession is a well-studied process in ecology (Van der Putten et al., 2000). The
term refers to the development of species composition in a community, which is
associated with a sequence of changes in its structural and functional properties (Drury
and Nisbet, 1973). Following abandonment, there is a large number of arable fields in
Europe, where developmental processes appear, thus it is unequivocal that several
studies have focus on secondary succession in these habitats (Collins, 2001;
Rehounkova, 2010). In these studies, successional processes tended to return plant
communities to the state they were in prior to disturbance (Horn, 1974). In the last
decades, the effect of disturbance has been a major topic in succession studies (Perry
and Millington, 2008; Prach et al., 2014), suggesting that disturbance is a main driving
factor in vegetation changes. Nevertheless, disturbance-induced changes in the
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biophysical environment are related to disturbance size (Délle and Schmidt, 2009, Burt
and Clary, 2015). Different disturbance history creates different circumstances, which
alter the way of plant communities’ development. From this aspect the initial status of
communities can play a major role in succession processes.

Soil biota is another important factor influencing the successional development of
plant assemblages. Soil mutualists and pathogenic microorganisms are crucial in early
stages of both primary and secondary successions by influencing many important
ecosystem processes. Including direct effects like supporting or impairing plants (Rillig
and Mummey, 2006; van der Heijden et al., 2008); and indirect effects, like the altering
of nutrient cycles (nitrogen, carbon) and soil formation.

One of the most important positive relationship between plant species and soil fungi,
is the mycorrhizal connection. A large number of papers have dealt with the effects of
mycorrhizal fungi on individual plant species (Emery and Rudgers, 2012; Rydlova et
al., 2015), but also there is a growing number of studies that reveal their role in shaping
natural plant communities (van der Heijden et al., 1998). A diverse soil community can
increase species richness and productivity of the vegetation (Schnitzer et al., 2010),
moreover soil fungi not only affects the diversity of biosystems, but also controls
succession. They are very important determinants on the earlier successional phase by
stabilizing perennial forb seedlings (Gange et al., 1993). It triggers this effect by
reducing competition among species that facilitate coexistence in the critical phase of
community development (Mariotte et al., 2013). Furthermore there are evidences
showing that, not only the vegetation can change during succession, but simultaneously
soil fungal community, suggesting a sensitive feed-back between plants and soil fungi (
Sikes et al., 2012, Cutler et al., 2014).

In contrast, negative influences of soil fungi on plants control the later diversification
of developing plant communities by species replacements (Reynolds et al., 2003). With
negative feedback soil fungi can maintain plant species diversity within a community,
by reducing the dominance of certain species (Mills and Bever, 1998). The presence or
absence of certain soil biota can also explain why some exotic plant species are able to
occur at higher abundance in the non-native versus native range. Maron et al., (2014)
found that soils from the native range of some invasive plant species had a strong
suppressive potential on these plants, whereas this is not the case in soils in the non-
native range. This suggests that different composition of soil community can strongly
alter the structure of vegetation.

Besides the previously mentioned direct effects, indirect effects of soil fungi could
also be crucial in shaping community composition. Higher microbial biomass may
negatively influence plant communities in competition for nutrients (Dunn et al., 2006).
Another way for fungi to reduce available soil nutrients is by transforming them.
Certain denitrifying fungi can transform nitrate into N gases causing high loss of soil
nitrogen content (Waring et al., 2013).

During our research we tested the indirect effects of combined fungicide treatment
on plant community composition of two differently managed sites, which were
dominated by annual forbs or perennial forbs, and asked the following questions: a.)
how does successional development differ in plant communities with different initial
disturbance history; b.) what is the effect of the elimination of soil fungi on the species
composition in different successional stages?
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Materials and methods
Field experiment

We performed our field experiments from 2008 to 2011, at two differently managed
sites in South Western Hungary. One of our sites (near the town of Siklos; coordinates:
45.881500, 18.254238) was a recently (2-3 years) abandoned vineyard (area 7.000 m?)
in which seasonal management still occurred (hoeing, mowing). We called this site
annual-dominated, because, the site was dominated mainly by annuals (Stellaria media,
Lamium purpureum, Bromus sterilis, Arenaria serpyllifolia, Vicia angustifolia) and
some perennials (Elymus repens, Poa pratensis; Appendix Table 1). The second site
(near the town of Mariakéménd; coordinates: 46.026577, 18.470698) was a diverse
meadow steppe (area 16.000 m?), that was also actively managed as an orchard 30 years
ago and is now mown once a year. The site is called perennial-dominated, because the
site was dominated mainly by perennials (Achillea collina, Agrimonia eupatoria,
Calamagrostis epigeios, Centaurea stoebe, Coronilla varia, Dactylis glomerata,
Euphorbia cyparissias, Galium mollugo, Knautia arvensis, Poa angustifolia, Scabiosa
ochroleuca, Appendix Table 2). Both sites had similar geographic and climatic
conditions. The region is hilly (120-180 m) with an average elevation of 150 m. The
mean annual precipitation is 650-700 mm and the mean annual temperature is 10-11 °C
(averages between 1971-2000) (Bihari et al., 2009).

In both sites, we selected 60 (50x50 cm) fixed position quadrates for four years.
Position of the quadrates was designated semi-systematically; both sites were divided
into 60 equal sized blocks grid (85 m? in the annual-dominated and 270 m? in the
perennial-dominated sites), and in each blocks one quadrate were posited randomly. In
the first year we surveyed the baseline conditions of the quadrates (created a species list,
estimated the cover of forbs and grasses, along with the estimation of bare ground and
leaf litter). Scientific names of plant species follow Kiraly (2009). From the beginning
of the experiment we excluded every kind of management in the fields, for being able to
observe successional differences. To detect the effects of soil fungi on the development
of plant communities we applied a Mefenoxam (56,304 mg/l) and Thiophanate-methyl
(1250 mg/l) fungicide mixture on half of the plots (30). The other half of the plots
served as control. The fungicide treatment was applied twice a year in spring and in
summer. Each treated plot received 250 ml of the fungicide mixture while control plots
received the same amount of water.

We collected data from the plots once a year, in late spring (around May). In each
plot, the number of all vascular plant species was recorded and their coverage (%)
estimated. We also estimated litter coverage and bare ground surface. We distinguished
two groups of vascular plants, (grasses and forbs) for the statistical analysis.

Data analysis

For the statistical analysis we carried out built linear model for each measured
parameters, using function Im (based on Chambers, 1992) in R environment (R version
2.15.1; R Development Core Team, 2011), function anova were used to visualize
ANOVA table. The models also included two and three-way interactions. Our
dependent variables were the measured attributes (coverage of grasses, forbs, leaf litter
and bare ground), while the independent variables were the fungicide treatment,
disturbance, and year. All independent variables were treated as fixed factors and were
log transformed. Transformation was based on graphical evaluation according to
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Crawley (2014). For pair-wise comparisons, Tukey post-hoc tests were conducted in
both cases with multcomp-package (Hothorn et al., 2008).

Results

We detected significant differences between the field sites with different initial plant
dominancy (Appendix Table 1 and 2). The results of the ANOVA are shown in Table 1.

The coverage of forb species differed highly at the initial stage, depending on the
management regime of the plant community (Figure 1). Significantly higher (16%)
dominance of forbs were detected at the annual-dominated site compared to the
perennial-dominated one (t = -4.163; P < 0.01). In the following two years a different
trend was detected at both places: at the annual-dominated site we registered decreasing
dominance of forbs, while at the perennial-dominated site their dominance increased.
During this period the differences between the two sites disappeared. In the fourth year
the tendencies strengthened and showed stronger significant differences between the
sites (35%) (t = 9.40800; P < 0.001). In the perennial-dominated site, the coverage of
forbs became higher than in the annual-dominated site by 40%. The fungicide treatment
did not cause differences in the first three years, but at the fourth year the elimination of
soil fungi affected forbs positively the annual-dominated site (14%) (t = -3.708; P =
0.0204). In the non-fungicided quadrates the number of forbs significantly decreased by
30% during the three years of the experiment, at the same time the fungicide treatment
moderated the loss of forb coverage.
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Figure 1. Changes in the coverage of forb species from 2008-2011. Error bars represent S.E.M.
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Table 1. ANOVA results of the applied linear models of the effects of different sites (annual-dominated and perennial-dominated), fungicide

treatment and time on the forb cover, grass cover, bare ground cover, and leaf litter cover.

Forb cover (%) Grass cover (%) Bareground (%) Leaf litter (%)

df  F-value P df  F-value P df F-value P df  F-value P
Site 1 5.894 0.0155 * 1 49425 6.68e-12 *** 1 3.5749 0.028719 * 1 598.018 <2,2e-16 ***
Fungicide treatment 2 13198  2.58e-06 *** 2 21602  9.9le-10 *** 2 1.568 0.211080 2 6.667 0.00139 **
Year 3 10.597  9.07e-07 *** 3 3.978 0.00807 ** 3 13.380 2.04e-08 *** 3 16.388 3.52e-10 ***
Site:Year 3 52,7877 <272e-16*** 3 73510 <2,2e-16 *** 3 52.048 < 2,2e-16 *** 3 370.456 < 2,2e-16 ***
Treatment:Year 6 2.420 0.0257 * 6 2.601 0.01716 * 6 3.921 0.000767 *** 6  0.999 0.42517
Site:Treatment:Year 15 13,069 < 2,2e-16 *** 15 21,451 <22e-16 *** 15 23,211 < 2,2e-16 *** 15 46,772 < 2,2e-16 ***
Significance level codes: 0 “**** 0,001 “**’ 0,01 “* 0,05  >0,1°"
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The grass coverage showed contrary results to the forbs (Figure 2). In the annual-
dominated site the dominance of grasses were low, while at the perennial-dominated
site they were significantly (11%) higher (t = 3.606; P = 0.0292). In the second year of
the experiment these differences further increased (20%) (t = 4.591; P < 0.001). Namely
at the perennial-dominated site the coverage of grasses increased while at the more
disturbed site it decreased. In the third year we did not experience changes at the
perennial-dominated site, but detected strong increase in grass coverage at the annual-
dominated site. In the fourth year of the experiment the dominance of grasses at the
highly disturbed annual-dominated site increased further, while at the perennial-
dominated site it strongly decreased, causing significant differences between the two
sites (34%) (t = -6.128; P <0.001). The fungicide treatment did not cause differences
during the first three years, but in the fourth year a significant effect was detected at the
annual-dominated site (t = 4.195; P <0.01). The elimination of soil fungi caused lower
increase (15%) of grass dominance than in the control plots.
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Figure 2. Changes in the coverage of grass species from 2008-2011. Error bars represent
S.E.M.

The number of species changed at both sites significantly. In the second year the
number of species on perennial-dominated site did not change, but in the third year it
increased significantly by three new colonizer (Crepis biennis, Rosa canina, Scabiosa
ochroleuca) (t = -5.5284; P < 0.001). In the last year no differences were detected. At
the annual-dominated site the number of species increased significantly in the first two
year, while stagnated at the last two years. Fungicide treatment did not affect this
attribute at any of the experimental sites.
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Changes in bare ground surface were also observed (Figure 3). The two sites
significantly (27%) differed in their initial stage (t = -8.109; P <0.01). At the perennial-
dominated field the coverage of bare ground was low at the first year, while it was high
at the annual-dominated site due to the frequent management. In the second year of the
experiment we recorded changes at both sites. At the annual-dominated site bare ground
decreased by 7%, but at the perennial-dominated site it increased by 17%. The
development of the two experimental sites was different. The bare ground at the annual-
dominated site reduced from year to year down to 0%. At the perennial-dominated site
the coverage decreased at the third year, and at the fourth year it increased again. We
did not detect differences between the two sites at the second and third year, but there
was a significant (12%) difference (t = 3.573; P = 0.0331) in the fourth year of the
experiment. The fungicide treatment caused no differences in this attribute at any of the
sites.
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Figure 3. Changes in the coverage of bare ground from 2008-2011. Error bars represent
S.E.M.

The quantity of litter also showed differences between the two experimental sites
(Figure 4). At the initial stage we detected strong deviations (t = 17.466; P <0.001). At
the annual-dominated site we observed 0% coverage of leaf litter, while at the
perennial-dominated site the quantity was high (37%). After the management had been
stopped for the experiment, the litter content changed significantly at both sites. The
coverage on the perennial-dominated site decreased in the second year, while the
coverage of annual-dominated site increased. The coverage of leaf litter did not change
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in the last two years. This value varied around 20%. Fungicide treatment did not affect
this attribute at any of the experimental sites.
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Figure 4. Changes in the coverage of leaf litter from 2008-2011. Error bars represent S.E.M.

Discussion

Our results show that the prevailing disturbance types of an area can significantly
determine the later process of succession. Two sites were selected with different
management history to conduct our experiment. These sites differed in their
composition already in the initial phase. In the more heavily disturbed, annual-
dominated site, the dominance of annuals was stronger, while in the less disturbed,
perennial-dominated site, the grass species were dominant in the first year. This could
be explained by the stronger disturbance tolerance of annual forb species, which usually
dominate pioneer sites, while perennial grasses are more sensitive to intensive
disturbance (Wilcox, 1998; Vaszari and Kukorelli, 2010). Our results support the
findings of Porcova and Wikler (2014), who explained the dominance of annuals over
perennials with the extensive management of vineyards. In contrast, the annual mowing
and grazing in the perennial-dominated site strengthened the perennial grass dominance
and stabilized the community, by supporting their reproduction (Meckenzie et al., 2006;
Gao et al., 2014).

After abandonment of sites, secondary succession started to change the structure of
the communities differently. During the experimental time, on the annual-dominated
site, the dominance of forbs decreased, while perennial grasses took over their place. It
is essential, because grass cover has an important role in succession by stabilizing the
community’s structure in the early phase (Prach and Pysek, 2001). In contrast, at the
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perennial-dominated site, grass dominancy decreased, proportion of perennial forbs
increased significantly and at the same time shrub species started to appear, showing a
further step of its succession (Kahmen and Poschold, 2004).

Changing percentage of bare ground is also an important factor in the process of
succession. Increasing and decreasing of gaps can open or even close the way to new
occupants, helps the development of communities and the maintenance of inner
dynamics (Zhang et al., 2012). In the perennial-dominated site, bare ground cover
increased in the first year, by the alteration of structure which causes changes in
dominance. During this period the coverage of forbs and grasses suppressed both
promoting the later forb dominancy. To the third and fourth year the bare ground did
not change further. In the annual-dominated site the reduction of bare ground is the
consequence of the termination of intensive hoeing. The release from disturbance
resulted the reduction of gaps, and nearly a 100% plant coverage developed; (Fahey and
Puettmann, 2007).

Change in the amount of leaf litter was similar, but had a different direction in the
two sites. The lack of management caused leaf litter reduction in the second and third
year in the perennial-dominated meadow, which is the result of the cessation of
mowing. In contrast in the annual-dominated vineyard, the lack of soil surface
disturbance resulted natural litter formation. The two sites with different history reached
similar coverage, which suggests us a balanced quantity of litter. Composition of litter
plays an important role in the development of communities by direct allelopathic effects
of dead plant materials, which can alter species composition and dominancy of plant
assemblages (Saito and Tsuyuzaki, 2012). Moreover it can influence the success of new
occupants by altering the light and microclimatic conditions (Bosy and Reader, 1995),
and also has strong impact on chemical and microbial composition of soils (Hobbie,
2015; Rinkes et al., 2014)

In our research we investigated the effect of fungicide treatment on the development
of plant communities in the early phase of succession. We found a strong effect only in
the case of the highly disturbed, annual-dominated community. As Jasper et al., (1991)
showed, soil disturbance can have a significant impact on fungal communities, but this
effect is strongly linked with the vegetation type. In disturbance-associated communities
the fungal species richness can be largely explained by richness of plant species (K6nig
et al., 2010) and even by the quantity and quality of litter input into soil (Frossard et al.,
2013). The fungicide treatment in our experiment had positive effects on forbs and
negative effects on grass species. Here the soil fungi might have helped the expansion
of grasses against forbs, which was also confirmed by McCain et al. (2011). Although
these results contradict the findings of Gange et al., (1993), that clarifies the role of soil
biota in the stabilization of forb species in the early succession. Dostalek et al., (2013)
found that grass species are more independent from fungal diversity, while they assist
perennial forb species in non-disturbed vegetation types. Similarly to his findings, in the
less disturbed annual-dominated site we found higher forb density in non-fungicided
plots, but the difference was not significant. Therefore our results and the scientific
literature can highlight the soil fungal community can have different effects in highly
and slightly disturbed communities, depending on its species composition. Along with
our findings, it has to be mentioned that, we only found differences among the
differently treated sites in the fourth year of the experiment. This finding suggests, that
natural development of fungal community in soils, feed-back among vegetation and soil

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 14(3): 281-295.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1403_281295
© 2016, ALOKI Kft., Budapest, Hungary



Nagy et al.: How initial composition affects the later development?
-290 -

community jointly interacted with the applied treatment, and required a longer time to
express in the vegetation composition (Wang et al., 2011; Cutler et al., 2014).

Our study revealed that different disturbance levels strongly influence early
succession processes by altering initial composition. We detected significant changes in
forb-grass ratio and also in other measured variables (bare ground and leaf litter
coverage) during the experimental time. On the annual-dominated site the development
resulted an increase in grass cover and a decrease in bare ground. In contrast the
perennial-dominated site stepped into a new successional phase, which in the first
period opened up, providing space for upcoming changes, including a decrease in grass
dominancy, and an increase in forb dominancy, and an intensive shrub growth. Soil
fungi appear to have a big impact on highly disturbed, annual-dominated communities,
where they can decrease the dominance of annual forbs, resulting a more grass
dominated assemblages. While in the less frequently disturbed site, perennial-dominated
communities, and the soil community facilitates the dominance of forbs species.
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APPENDIX

Appendix Table 1. Species list and location data of the annual-dominated site. Dominancy
of each species in the initial year (2008) is marked (+, 1, 2)

Species hame Location GPS (°N,°E)
Annual-dominated,; 45.881500,
Mariagytid 18.254238

Forb species

Arenaria serpyllifolia
Capsella bursa-
pastoris

Erigeron annuus
Fumaria officinalis
Galium aparine
Geranium pusillum
Holosteum
umbellatum

Lactuca serriola
Lamium purpureum
Myosotis arvensis
Stellaria media
Taraxacum officinale
Veronica arvensis
Veronica hederifolia
Veronica polita
Vicia angustifolia
Vicia grandiflora

N

+ sporadic

1 frequent
2 dominant

PR+ N

PRRPRPERPEN+ N+

Grass species

Bromus sterilis 2
Calamagrostis
epigeios

Cynodon dactylon
Elymus repens
Poa annua

Poa pratensis
Setaria viridis

Nl
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Appendix Table 2. Species list and location data of the perennial-dominated site.
Dominancy of each species is in the initial year (2008) marked (+, 1, 2)

Species hame Location GPS (°N,°E)
Perennial-dominated; 46.026577,
Mariakéménd 18.470698

Forb species

Achillea collina

Acinos arvensis
Agrimonia eupatoria
Ambrosia artemisiifolia
Arrhenatherum elatius
Artemisia vulgaris
Astragalus glycyphyllos
Carduus acanthoides
Carlina vulgaris
Centaurea banatica
Centaurea micranthos
Centaurea scabiosa agg.
Cerastium fontanum
Cerastium semidecandrum
Chondrilla juncea
Chrysanthemum leucanthemum
Cichorium intybus
Cirsium vulgare
Coronilla varia
Crataegus monogyna
Daucus carota
Dipsacus laciniatus
Erigeron annuus
Eryngium campestre
Euphorbia cyparissias
Euphorbia virgata
Galium mollugo
Galium verum
Glechoma hederacea
Hieracium pilosella agg.
Hypericum perforatum
Knautia arvensis
Lathyrus tuberosus
Linum austriacum
Medicago lupulina
Melilotus officinalis
Mentha arvensis
Mentha longifolia
Nonea pulla

Ononis spinosa

Picris hieracioides
Plantago lanceolata
Ranunculus acris
Ranunculus bulbosus
Rubus caesius

Salvia pratensis

+  sporadic
1 frequent
2  dominant
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Taraxacum officinale
Thlaspi perfoliatum
Thymus glabrescens
Torilis arvensis
Tragopogon orientalis
Trifolium pratense
Valerianella locusta
Veronica chamaedrys ssp.
vindobonensis

Vicia angustifolia 1

+ + + + + + +

+

Grass species

Alopecurus pratensis
Bromus hordaceus ssp.
hordaceus
Calamagrostis epigeios
Cynodon dactylon
Dactylis glomerata s.str.
Elymus repens

Koeleria cristata s.str.
Poa angustifolia

Poa annua

+

+N+ R+ N+
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