
Introduction

Herbivory has both direct and indirect effects on vege-
tation (Hulme 1996). In the first case, herbivores remove
plant tissues, and in the other case, they may influence nu-
trient cycling (Mazancourt et al. 1998), and cause soil dis-
turbances (Crawley 1983). As a consequence of biomass
removal, herbivory increases the number of open mi-
crosites (Bullock et al. 1994, Hulme 1996), so it has an
indirect effect on the non-grazed species of the commu-
nity. In most of the grassland communities, the intensity
of the grazing pressure affects litter accumulation. The
lack of herbivory is likely to increase the amount of dry
biomass (Gough and Grace 1998), and increased grazing
pressure will probably decrease it (Holland et al. 1992).
Litter accumulation increases above-ground biomass, but
it decreases the establishment of seedlings and species

richness in grassland communities (Xiong and Nilsson
1999).

It is generally supposed that herbivory has a negative
effect on plant growth and fitness, because it reduces the
photosynthetic as well as the water and nutrient absorp-
tion surfaces, so it decreases the nutrient supply of the
plants (Belsky 1987). However, there are two alternative
hypotheses which do not predict negative relation be-
tween plant growth and herbivory (McNaughton 1983).
According to the first hypothesis, plants can compensate
for low levels of herbivory, therefore plant growth and fit-
ness will not decrease unless some level of herbivory is
reached. According to the second alternative hypothesis,
moderate levels of herbivory may even increase plant
growth, so overcompensation occurs until some level of
herbivory is reached.
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Abstract: We studied biomass and species composition changes of open perennial sand grassland (Festucetum vagi-
natae) as response to different levels of simulated grazing pressures. We conducted a factorial micro-plot field experi-
ment on previously grazed grassland that has been abandoned for a long time. In a two-way factorial design of 12
treatments x 8 repeats, we performed clipping (twice a year for three years) and litter treatments (removing and adding
litter once at the beginning of the experiment) to simulate components of grazing, namely the biomass removal and the
reduction of the litter accumulation. We used field spectroscopy and visual canopy cover estimation to measure the
effects on the amount of the above-ground green biomass and on the vegetation composition.

Litter treatments affected vegetation composition slightly during the experiment. We found that clipping decreases the
canopy cover of Festuca vaginata. However, compensation occurred in case of the above-ground biomass of the matrix
species due to moderate clipping. Both moderate and heavy clipping increased the number of species in the plots. Heavy
clipping had a strong negative effect on the biomass and canopy cover of Festuca vaginata, and in contrast with
moderate clipping it changed the gap structure of the community. It increased the size of the gaps and the abundance of
the gap species as well. Our results show that moderate grazing pressure has favourable effect on the open perennial
sand grassland community in terms of species density while it does not cause degradation of the matrix species.

Abbreviation: NDVI – Normalized Differential Vegetation Index.

Nomenclature: Simon (2000).



A number of grazing experiments show that the re-
sponse of vegetation depends considerably on the
strength of grazing pressure (Albertson et al. 1953, Bul-
lock et al. 1994, Willms and Dormaar 1985). Heavy graz-
ing may lead to changes in the species composition in
grasslands. Willms and Dormaar (1985) found that the
less productive, previously subordinated species become
dominant due to the high stocking rate. Grazing may
change plant species richness depending on the role of the
preferred plant species in the community. If grazers de-
crease the competitive ability of the dominant species,
species richness would increase but decreasing the com-
petitive ability of the inferior competitors results in de-
creasing species richness (Hulme 1996).

In this paper, we present a field experiment which was
conducted on a previously grazed perennial open sand
grassland community that has not been grazed for a long
time. Before starting our experiment, we had noticed the
increasing amount of the litter due to the lack of grazing.
Increased litter production may affect the original species
composition in this community, since it leads to humus
accumulation which helps to spread the generalists and
may cause local extinction of some open sand grassland
species.

Open perennial sand grassland (Festucetum vagi-

natae) is an endemic plant association in the Carpathian
basin. This community grows on sand-hill areas which are
traditionally grazed by sheep. Its responses to grazing are
not well known. We have some field experience that lack
of grazing leads to ageing” of the studied grassland type:
the cover of litter grows, the species density of the gap
species decreases, and finally, the cover of the dominant
grass species begins to decrease. However, we have no
experimental proof that grazing could reverse ’ageing’ of
the open sand grassland, and, if so, we do not know the
mechanisms of it.

We designed an experiment to study the effects of dif-
ferent levels of simulated grazing on the above-ground
biomass and species composition on this community.
Specifically, one of our questions was whether the domi-
nant Festuca vaginata could compensate the removal of
its tissues or would even overcompensate it according to
McNaughton’s second alternative hypothesis (McNaugh-
ton 1983)? Since the dominant grass represents most of
the biomass in this community, we studied the species
level and the community level above-ground biomass at
the same time. We expected that clipping of the matrix
species would lead to increasing cover of the subordi-
nated species. We thought that clipping would not lead to
compensation because removal of leaves would consider-
ably reduce the growth of the matrix species. In case of

heavy clipping, we even expected that this treatment
could destroy the tussocks of the grasses.

Furthermore, our goal was also to detect changes in
species composition and species richness in the gaps of
the matrix of the dominant species, caused by different
grazing pressure levels. We expected that clipping treat-
ments would cause increase in species density of the sub-
ordinated species.

We also studied the effects of litter manipulation at
the beginning of the experiment as a simulation of the re-
sults of long-term grazing regime. We expected that litter
removal would lead to increase of the cover and species
density of the subordinated species, while litter addition
would cause the opposite effect, and we also anticipated
significant interactions between clipping and litter ma-
nipulation treatments. We also expected that those effects
would diminish at the later stages of the experiment.

The clipping treatment applied is consistent with the
sheep grazing practice used to manage open sand grass-
lands in Hungary. It means that sheep do not live on the
grassland permanently but they graze on the grassland
once, twice, or three times a year.

Methods

The study area lies on the Kis-Tece Pasture Nature
Preserve 30 km NE of Budapest, in the outskirts of
Vácrátót village, in the valley of Tece creek. Mean
monthly temperature is –1.5°C in January and +20.5°C in
July; annual mean precipitation is around 650 mm.
Drought occurs frequently at the end of the summer sea-
son. The canopy cover of the vegetation on the Kis-Tece
pasture was very low in the 1950’s because the area had
been grazed heavily by horse, pig, and cattle until this
time. The pasture has not been grazed since the 1950’s so
the amount of litter and canopy cover of the vegetation
became higher. A part of the Tece pasture was afforested
by Pinus nigra, Pinus sylvestris and Populus nigra after
giving up the grazing.

Most part of the pasture is open perennial sand grass-
land (Festucetum vaginatae, Kárpáti and Kárpáti 1954).
This association is endemic to the Carpathian basin,
growing in semiarid climatic conditions on calciferous
sand soil with low humus content. The vegetation has a
semi-desert character because water uptake by plants is
limited by the low water holding capacity of the coarse
sand. The vegetation is co-dominated by Festuca vagi-

nata and Stipa borysthenica tussocks which we consider
as ’matrix species’. Small annual forbs and annual or per-
ennial grasses live in the gaps between the tussocks. We
consider them as ’gap species’.
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The experiment was carried out in a patch dominated
by Festuca vaginata. The area of the open sand surface
was around 10%. We started the experiment in November
2000 and ended in November 2003. A two-way factorial
experiment was performed (Fig. 1). Factors were the re-
moval of the leaves of matrix species Festuca vaginata

and Stipa borysthenica by clipping and changing the
amount of the litter. Sheep generally consume grass spe-
cies and forbs as well but we assumed that they mainly
consume Festuca and Stipa in our case because they are
the dominant plant species. Forbs, which are small and
grow among the taller grass tussocks, are not easily acces-
sible by the sheep which spend short time in the grassland
for grazing. We performed the clipping treatment in No-
vember 2000, May 2001, May 2002, November 2002, and
May 2003 when the aboveground biomass was relatively
high in the study site. This timing of grazing may prevent
litter accumulation which is observed on the pasture. The
treatment at the end of November 2001 was not applied
because of the early snow-cover. The clipping treatment
had three levels: control, moderate clipping, and heavy
clipping. We cut the above-ground biomass of the matrix
species using scissors. The moderate clipping resulted in
50% and the heavy clipping resulted in at least 90% re-
moval of the green leaves of the matrix species. We dried
(at 60°C) and weighed the above-ground biomass re-
moved by clipping treatments for each quadrat. We con-
sidered heavy grazing as 5 sheep per hectare per year,
while moderate grazing as 2.5 sheep per hectare per year.

We designed a litter manipulation treatment in order
to simulate longer term effect of grazing (particularly, the

lack of grazing). The treatment was applied once in No-
vember 2000. The litter treatment had four levels: control,
litter replacement, litter removal, litter addition. In case of
litter removal and addition, we took off the litter from the
treated quadrats and put it on the nearest quadrat with lit-
ter addition treatment from the same block. Litter replace-
ment means that we put back the removed dry material to
the same quadrats. In the control level, litter was not
moved.

The experiment was fully factorial in randomized
block design (Fig. 1.), i.e., in each block we had 12 quad-
rats according to the 3 clipping by 4 litter treatment levels.
The size of quadrats was 80 cm × 80 cm. We designed
eight repeats, thus we had 96 quadrats altogether. We ar-
ranged the quadrats in a grid with 12 columns and 8 rows.
There were 30 cm wide paths between columns and 20 cm
wide paths between rows (Fig. 1).

The percent of canopy cover of plant species in the
quadrats was recorded by visual estimation. We assigned
a value between 0 and 100 to each plant species, to the
litter, and to the open sand surface. The gap species had
usually low canopy cover values (between 0.01% and
1%) thus in statistical tests we took their cumulated can-
opy cover values into consideration. We also recorded the
number of vascular plant species.

We estimated the above-ground biomass using non-
destructive field spectroscopy techniques (Goodin and
Henebry 1998, White et al. 2000, Kertész et al. 2001).
These allowed us to estimate the amount of the photosyn-
thetically active tissues while the visual method of canopy
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cover estimation does not distinguish between the
amounts of green and dry standing dead biomass. We
used Dycam ADC4 digital camera (© Dycam Inc.) in the
field. The camera contains a pair of 496X365 CCD arrays
with spectral ranges of 0.6-0.75 µm for the red (R) array,
and 0.75-1.25 µm for the near infrared (NIR) one. Calcu-
lation of the reflectance ratio (see below) requires calibra-
tion to the incoming light. Thus, in each picture, we in-
cluded a 5 cm × 5 cm Teflon © panel, which reflects about
80% of both red and NIR illumination (Kertész et al.
2001). We used NDVI to estimate the amount of the
above-ground green biomass. NDVI has currently been
the most commonly used spectral vegetation index. Its
main driver is the leaf area index (Roujean et al. 1995).
NDVI is defined as

NDVI = (NIR��� / NIR����� – R��� / R�����) /

(NIR��� / NIR�����+ R��� / R�����)�

where R��� is the reflected irradiation from the quadrat in
R, R����� is the reflected irradiation from the panel in R,
NIR��� is the reflected irradiation from the quadrat in NIR,
NIR����� is the reflected irradiation from the panel in NIR.

The samples were taken in March, May and Novem-
ber from November 2000 to November 2003. We could
not take spectroscopic data in November 2001 because of
the early snow. We did not take samples in March 2003
because the vegetation period started later in that year.

We analyzed the data of each sampling date sepa-
rately. Effects of the treatments in consideration of the
canopy cover, the number of species per quadrat, the
NDVI and the harvested biomass data were tested by
three-way analysis of variance with two fixed (i.e., clip-
ping and litter treatments) and one random factor (i.e.,

block) and interaction of fixed factors (treatments). Inter-
actions of the random (block) factor was supposed to be
zero, and pooled into the error to increase the power of the
test. The effect of the block was used in the decomposition
of variance only, but was not tested. We set false discov-
ery rate to 5% by using Benjamini-Hochberg’s correction
(Verhoeven et al. 2005). If the effect of a treatment proved
to be significant (p < 5%), its levels were compared by
Tukey’s HSD test.

Results

We studied the effects of the cutting and the litter
treatments separately, because there was no significant in-
teraction between the two treatments (Table 1).

The canopy cover of Festuca vaginata decreased after
the first clipping treatment due to both of the two clipping
levels. Heavy clipping caused lower values of canopy
cover than moderate clipping. We have found this effect
at most of the sampling dates (Fig. 2).

Heavy clipping increased the canopy cover values of
the gap species significantly compared to the clipping
control. This effect lasted from the end of the first vege-
tation period to the end of the third vegetation period.
However, we found significant differences only in No-
vember of 2001, 2002, and 2003. Moderate clipping did
not affect the amount of the gap species during the study
period (Fig. 3).

Moderate clipping increased NDVI values in the sam-
pling quadrats in November 2002 and May 2003. NDVI

values were not affected by heavy clipping in the experi-
ments (Fig. 4).

Figure 2. �
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Figure 4. NDVI �
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Both moderate and heavy clipping increased the spe-
cies number in the sampling quadrats after two years of
the first treatment. There was no change in the species
pool during the two vegetation periods of the experiment.
Species numbers were not affected by the levels of the
clipping treatment in the first vegetation period (Fig. 5).

We removed significantly more biomass in the heavy
clipping quadrats than in the moderate clipping quadrats
during the first vegetation period. However, moderate
clipping resulted in more removed biomass at the last two
treatment dates (Fig. 6).

Litter addition decreased the canopy cover of the gap
species in March 2001, but we did not find any significant
difference later (Fig. 7). The amounts of Festuca vaginata

and species richness were not affected by the litter treat-
ment considerably. NDVI values depended on the levels
of the litter treatments in March 2001 and November
2003.

Discussion

According to our expectation, heavy clipping had a
very strong negative effect on the canopy cover of Fes-

tuca vaginata, so in contrast with the moderate clipping it
changed the structure of the community. It increased the
abundance of the gap species and species number as well.
There are some further results which show the strong
negative effect of heavy clipping on the matrix species
abundance. The amount of the removed biomass showed
the strength of the clipping treatment during the first
vegetation period. However, from the end of the second
vegetation period, we removed less biomass in case of
heavy clipping than in case of moderate clipping. As we
expected, the tussocks of Festuca vaginata seemed to be
thinner and smaller in the heavily than in the moderately

clipped quadrats. Albertson (1953) found that heavy clip-
ping increased the growth of the dominant grass species
in short grass prairie in the first year of his experiment. On
the contrary, at longer time scale he found that heavy clip-
ping reduced the abundance of the dominant species.
However, our heavy clipping treatment leads to sharply
reduced Festuca vaginata canopy cover even from the be-
ginning of the experiment. Accordingly, we suppose that
heavy grazing would lead to serious degradation of the
dominant species.

NDVI values showed different pattern from the visu-
ally estimated canopy cover values at the end of the sec-
ond vegetation period of the experiment. Moderate clip-
ping caused higher NDVI values compared to the clipping
control, while it decreased the estimated canopy cover of
Festuca vaginata and did not change that of the gap spe-
cies. The reason of the discrepancy is that by means of
field spectroscopy we estimate the area of the green sur-
faces only while by visual estimations we also take the
standing dead fraction into account. So it shows that there
were more standing dead parts in the clipping control
quadrats than in the moderately grazed quadrats. More-
over, our visual field observations support the positive ef-
fect of the moderate clipping treatment on the above-
ground green biomass since Festuca vaginata tussocks
seemed to be greener and denser in the moderately
clipped than in the clipping control quadrats.

We measured considerably higher NDVI values regu-
larly in November than in spring. On the other hand,
Kovács-Láng (1974) who investigated the amount of the
above-ground green biomass from April until October
found a double maximum, in May-June and in September
in the same community. Our result shows high production
of this community before the snow cover in November.
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Primary production can be increased or decreased due
to grazing pressure, depending on the proportion of the
grazed biomass and on the compensation ability of the
community. Semmartin and Oesterheld (2001) found that
clipping 50 percent of the plant parts decreased, while
Frank and McNaughton (1993) found that grazing pres-
sure increased plant production. Humidity seems to be
very important in case of the compensation ability of the
community. Overcompensation is more likely in wetlands
than in drier communities (Belsky 1987). In our experi-
ment, in contrast to our expectations, based on the NDVI

data we can suppose compensation in cases of moderate
and heavy clipping in terms of the estimated above-
ground green biomass compared to the clipping control
(Fig. 4). However, removed biomass data (Fig. 6) which
did not contain the biomass of the gap species shows com-
pensation only in case of the moderate level of clipping
treatment compared to the first and the last sampling time.
Thus, both the biomass of the matrix species and the total
above-ground green biomass resulted in compensation of
the effects of the moderate clipping. In case of heavy clip-
ping, matrix species did not compensate the treatment ef-
fects, compensation occurred in case of the total biomass
due to the increased abundance of the gap species. Despite
our expectations, these results show that compensation
growth can occur in a semiarid community and, in accord-
ance with McNaughton’s (1983) first alternative hypothe-
sis mentioned in the introduction, Festuca vaginata com-
pensated the effects of the biomass removal under
moderate grazing pressure.

As we expected, our results show that both moderate
and heavy grazing pressure have favourable effects on
species diversity in the studied perennial sandy grassland
community. We found that even moderate clipping makes
the grassland more open since it decreases the canopy
cover of Festuca vaginata. The negative effect of heavy
clipping on the cover of F. vaginata resulted in enlarged
gap patches. This considerable change allowed the gap
species to reach a higher volume, as we expected. The
previously subordinated Poa bulbosa became dominant
and some annual dicots reached high canopy cover values
during their flowering period. Similarly to our results,
heavy grazing of cattle increased the abundance of the di-
cots in a semiarid shortgrass community (Schuster 1964).
Heavy clipping did not increase species number, com-
pared to moderate clipping. However, moderate clipping,
contrary to the heavy one, did not destroy the gap struc-
ture of the community. Consequently, we consider mod-
erate clipping favourable for survival of the subordinate
species while it does not cause degradation of the matrix
species.

There is a considerable difference between the effects
of the clipping treatment levels on species richness.
Heavy clipping increased both species richness and the
canopy cover of the gap species, while moderate clipping
increased only the species richness. We did not find new
species after the first sampling, thus we consider the in-
crease of the species number in the clipping treatments as
increase of species density rather than immigration.

Despite our preliminary assumption, litter treatment
effected hardly the vegetation composition. Bosy and
Reader (1995) showed that grass litter often limits the
abundance of the different forb species. There are several
mechanisms which suppress forb seedling emergence
(Bosy and Reader 1995). One of those is that litter may
have effects on the physical environment, e.g., tempera-
ture is lower under the litter and litter decreases the illu-
mination of the soil surface, and another is the mechanical
barrier inhibiting the growth of seedlings. According to
our expectation, we found that litter addition delayed the
intensive growing of the gap species during the first
spring which might be caused by the colder and darker
physical environment beneath the litter layer. However,
as the weather became warmer during the spring, gap spe-
cies made up for their growing delay. Small forbs
(Arenaria serpyllifolia, Cerastium semidecandrum), and
the subordinated grass (Poa bulbosa) grew through the
mechanical barrier, while forbs with stronger growing
ability (Plantago arenaria, Syrenia cana) broke up the lit-
ter layer. So the added grass litter layer did not suppress
the seedlings mechanically.

The significant effect of litter treatment on NDVI next
spring after the treatment is a trivial result. Furthermore,
we consider accidental the significant litter effect three
years after the treatment. Contrary to our expectations,
there were no interactions between litter and clipping
treatments. The generally negative results of litter treat-
ment are in accordance with a couple of studies in which
these effects were not found (Carson and Peterson 1990,
Foster and Gross 1998, Xiong and Nilsson 1999). How-
ever, Hulbert (1969) found that litter removing increased
the amount of the above-ground biomass in short term.

Our treatments had different effects during the time
span of the experiment. Litter treatment hardly effected
the vegetation composition at the beginning of the experi-
ment, and it had minor effects later. The clipping treat-
ment affected the number of species, the estimated above-
ground green biomass, and the amount of the removed
biomass only in the second and third vegetation periods.

We simulated the effects of a highly selective herbi-
vore which consume only the matrix species on the
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amount of the living and dead biomass. We found that in
our open grassland community moderate clipping is com-
pensated by the growth of the matrix species while it re-
sults in higher species density of subordinate plants. Thus,
we suggest using moderate grazing as a management op-
tion for maintaining the vegetation structure and plant di-
versity of open sand grasslands. However, spatial and
temporal extrapolation of our findings needs more studies
on the effects of grazing treatments. Sheep grazing ex-
periments are in progress but management scale experi-
ments are also required.
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