Vol. 75, No. 2: 165-174, 2006

ACTA SOCIETATIS BOTANICORUM POLONIAE

FARMER DECISION MAKING AND ITS EFFECT
ON SUBALPINE GRASSLAND SUCCESSION
IN THE GIANT MTS., CZECH REPUBLIC

MICHAL HEICMAN!, VILEM PAVLUZ2, PAVLA HEJICMANOVA3,
JAN GAISLER?, JOSEF HAKL!, OTTO RAUCH*

I Czech University of Agriculture in Prague
Department of Ecology and Environment
Kamycka 129, CZ 165 21 Prague 6 — Suchdol, Czech Republic
e-mail: hejcman@af.czu.cz

2 Research Institute of Crop Production, Prague-Ruzyng
Grassland Research Station
Rolnickd 6, CZ 460 01 Liberec, Czech Republic

3 Czech University of Agriculture in Prague
Institute of the Tropics and Subtropics
Kamycka 129, CZ 165 21 Prague 6 — Suchdol, Czech Republic

4 Institute of Botany, Academy of Sciences of the Czech Republic
Dukelska 145, CZ 379 01 Ttebon, Czech Republic

(Received: August 25, 2005. Accepted: March 20, 2006)

ABSTRACT

Nitrogen deposition is generally considered as a main reason for many recent plant expansions, but manage-
ment changes are often not taken into account. Understanding the effects of agriculture management in the past
can be decisive in the explanation of plant expansions at present. In order to understand the spread of Molinia ca-
erulea and Calamagrostis villosa into Nardus stricta dominated subalpine grassland in the Giant Mts. (Krkonose,
Karkonosze), we undertook an experiment to explain farmer decision making and we discussed its effect on gras-
sland succession. We measured mowing productivity, yields, biomass quality and nutrient removal in N. stricta,
M. caerulea, and C. villosa dominated swards. With regard to defoliation management performed on the subalpi-
ne grasslands for at least 500 years and cancelled after the Second World War, we found the following results and
conclusions. 1. Mowing productivity, yield and forage quality were lowest in the N. stricta sward, therefore far-
mers preferred to harvest C. villosa and M. caerulea stands if they had the possibility to select a sward for mo-
wing. 2. Removal of all nutrients was the lowest in the N. stricta sward. With respect to these facts, the competiti-
ve advantage of N. stricta is obvious under long-term scything without fertilization. Consequently, the recent in-
crease of defoliation sensitive species M. caerulea and C. villosa above the timber line must be evaluated with re-
spect to both: termination of agricultural activities and recent nitrogen deposition.

KEY WORDS: forage quality, mowing productivity, Nardo-Caricion rigidae, nutrient removal, gras-
sland succession.
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INTRODUCTION

The area of natural grasslands is negligible in the Czech
Republic. Nardus stricta dominated subalpine meadows
(Nardo-Caricion rigidae alliance), for instance, are consi-
dered natural by many researches in the Giant Mts. (Krko-
nose and Karkonosze in Czech and Polish) despite of their
presumed enlargement by cutting and grazing in the past
(Jenik 1961; Stursa 1983; Stursovd 1985; Krahulec 1985).
Lokvenc (1960, 2001), on the other hand, considered Na-

rdus stricta grasslands as semi-natural arisen by oligotro-
phisation of plant communities caused by long-term gra-
zing and hay-making regimes after removal of Pinus mugo
shrubs. Hendrych (2001) presumed a quick increase of N.
stricta as a consequence of agricultural exploitation here
during the 17th and 18th centuries. Hejecman et al. (2005)
confirmed the ability of N. stricta to colonize bare ground
in subalpine conditions thus they concluded the possibility
of N. stricta spread due to cattle grazing and hay making.
Although all the above mentioned studies discussed the ef-
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fect of agriculture on the sward structure of subalpine gras-
slands, no study directly analyzed the available historical
data on biomass removal or number of grazing animals
above the upper tree line and therefore all conclusions abo-
ut the development of this community have been at a theo-
retical level to date.

To assess the agricultural impact on the landscape, it is
necessary to take into account the principles of farmer de-
cision making. Generally, farmers in grassland areas need
to maximize their profitability by increasing the weight ga-
in of livestock or milk production, but each animal is able
to ingest only a limited amount of biomass. Farmers there-
fore demand a maximum quality of herbage for feeding.
Forage quality (syn. nutritive value) is determined mainly
by crude protein, crude fibre, energy content, minerals (Ca,
P, Mg, K, Na), and by the content of antinutritive compo-
unds in the plant biomass. Nutritive values are strictly spe-
cies dependent and are affected by other factors such as
fertilization, minerals content in the soil, plant phenology,
etc. (Schellberg et al. 1999; Homolka 2000; Pavld, Velich
2001; Hejduk, Dolezal 2004; Pavli et al. 2006). N. stricta,
for example, is known for its low crude protein content and
high content of antinutritive silicate compounds decreasing
biomass digestibility (Jancovic, Holibek 1999).

Production limits, such as area available for forage
growth and time for its harvest, are a second criterion in
farmer decision making. If the limiting factor is time and
not area, the farmer seeks to increase harvest efficiency by
mowing stands with the highest biomass production and
does not manage the least productive ones. In the case of
subalpine grasslands, for example, this leads to cutting Ca-
lamagrostion villosae and neglecting Nardo-Caricion rigi-
dae grasslands. If the opposite is true and the area is limi-
ted, the farmer has to harvest the total available area witho-
ut respect to yields, harvest productivity, and biomass qua-
lity. Barto$ (1991, 1992) described the yields on N. stricta
grasslands in the eastern part of the Giant Mts. in the 19th
century. The biomass production was so low that to obtain
yields of at least 200 to 800 kg*ha'! of dry matter (DM),
the area could be mown only once per 2-3 years. Obviou-
sly, farmers in the 19th century were not able to select mo-
re productive swards and had to harvest the entire available
area without respect to time and mowing productivity. It is
evident that such conditions led to the highest possible de-
foliation.

The defoliation management of subalpine N. stricta do-
minated grasslands ceased after World War II. During the
long-term monitoring of these grasslands in recent decades,
an increase of Calamagrostis villosa and Molinia caerulea
was recorded (gtursové 1985; Wagnerova 1991; Lokvenc
1996; Fabiszewski, Wojtun 2001) but no study was focu-
sed on reasons for that increase. Higher nitrogen deposition
in the last decades was generally accepted as the main rea-
son, without respect to previous intensive defoliation ma-
nagement, similarly as for the expansion of M. caerulea in
Western Europe (Marrs et al. 2004; Tomassen et al. 2004).
The defoliation sensitivity of C. villosa above the upper
tree limit was investigated by Hejcman et al. (2005). Re-
sults of the study are in accordance with Lokvenc’s theory
(Lokvenc 1978, 2001) predicting C. villosa retreat after an
introduction of regular agricultural activities in the past.
The revealed defoliation sensitivity of C. villosa led far-
mers consequently to at least partly consider its present in-
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crease as a long-term succession of the sward after cessa-
tion of regular management.

With respect to defoliation management performed abo-
ve the upper tree limit before World War II, we analyzed
farmers’ preferences for harvesting particular vegetation
types to determine possible effects on the vegetation suc-
cession there. The aim of this study was therefore to an-
swer the following question: which grassland did the far-
mer prefer to harvest when he started to manage the subal-
pine zone of the Giant Mts.? In our study we compared
biomass yields, mowing productivity, nutritive values and
nutrient removal in N. stricta, C. villosa and M. caerulea
dominated subalpine swards. All these parameters determi-
ne the farmer’s behaviour.

MATERIALS AND METHODS

Study site

The study was performed on the Harrachov and Labska
meadows as the increase of C. villosa and M. caerulea in
N. stricta dominated swards is the most remarkable there.
The area of the investigated locality was approximately
650 ha. The site lies above the upper tree limit in the we-
stern part of the Giant Mts. (50° 45° 32" N, 15° 32* 28~
W, Czech Republic). The altitude of the study site varies
from the 1340 to 1380 m; The soil types are podzols deve-
loped on medium grain porphyric granite or granodiorite.
The mean annual temperature is 2°C and the mean annual
precipitation is 1380 mm (Vrbatova bouda Meteorological
Station). According to phytocenological nomenclature
(Krahulec et al. 1996; Koci 2001), the N. stricta dominated
grasslands belong to the Nardo-Caricion rigidae alliance,
C. villosa dominated grasslands to the Calamagrostion vil-
losae alliance, and M. caerulea dominated grasslands to the
Carici fylae-Nardetum subas. typicum community. No-
menclature of vascular plants follows Kubat et al. (2002).

Historical background of the site and agriculture

According to Lokvenc (2001), the investigated area has
been farmed for at least 500 years. However, mowing and
grazing began to be more intensive during the 16th century
when the Dvoracky settlement was established. The first
written record about hay-making above the timber line in
the Giant Mountains dates back to 1609 (Lokvenc 1978).
Our area laid on the unstable border between two hostile
dominions, therefore the first written record about hay-ma-
king in the Harrachov and Labskd meadow dates back to
1668 when a farmer from one dominion was captured du-
ring hay making by people from the second one. A conver-
se situation provided further evidence for grassland harve-
sting in 1688. Unstable ownership of the land and fear
from imprisonment resulted probably in the harvest of only
the most productive sites and ruthless exploitation of Pinus
mugo stands for firewood. The situation stabilized in 1710
and regular controlled cattle grazing, hay making, and fire-
wood collection started at the locality. The first evidence
about grazing in the study area comes from 1688, when 50
cows and 80 goats from Dvorské boudy settlement were
kept to graze probably the southern part of the study area.
Farming reached its peak in the 18th century and restric-
tions of grazing were recorded in the 19th century. Accor-
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ding to various sources based predominantly on economic
records, 230-340 cows were kept at the pasture and 5 hay-
lofts were built in the investigated area during the 18th
century. Later, hay making prevailed and the area rented
out by authorities for mowing was 550 ha in the second
half of the 19th century (Schmid 1879). Hay-making and
therefore all agricultural activities were definitively aban-
doned after World War II. Hay making of subalpine gras-
slands at the end of the 19th century is shown in Figure 1.
Figure 2 documents hay making in the investigated area
before World War II.

Mowing productivity and yields

Three plots dominated by N. stricta, C. villosa, and M.
caerulea were selected in the study area and harvested ac-
cording to traditional hay-making at the beginning of Au-
gust 2003. All analyses were performed in three replica-
tions. Mean coverage of plants and their biomass percenta-
ge in the mown samples of three stands of each dominant
are given in Table 1. To eliminate the effect of skill, two
experienced mowers were employed for the cutting of the

ACTA SOCIETATIS BOTANICORUM POLONIAE 167

selected plots. To adapt to the investigated sward, each
worker performed several minutes of mowing before the
mowing productivity measurement. Mowing productivity
was expressed as mown area and obtained biomass in dry
matter per two minutes of work. We used one sharp scythe
of the same length and with the same kind of handle as tra-
ditional. Traditional scythes used for the mowing of the in-
vestigated area are shown in Figure 3. Yields were deter-
mined by harvesting 1 m? in each selected stand. The hei-
ght of the stubble was 3 cm. Fresh biomass was weighed in
the field, then a mixed sample was taken and dried at ap-
proximately 80°C under laboratory conditions, and field
weights were recalculated into dry matter. In the case of N.
stricta biomass, we removed litter of more than one year
old.

Biomass quality

We investigated the biomass quality of dominant species
only. We used this approach because the biomass percenta-
ge of other species was lower than 1% (Table 1) and there-
fore negligible. The second reason was that the forage qua-

Fig. 1. Hay making above the upper tree li-
mit in the Giant Mountains at the end of the
19th century. Women carried up to 50 kg
and men up to 70 kg of hay over a distance
of 12 km (Photo: archive KRNAP).

Fig. 2. Aerial photograph of study area (Har-
rachov meadow) taken in 1936. Light pat-
ches indicate freshly mown plots. Mowing of
the same place was possible only once per
two or three years. Hay-making in the forests
close to the upper tree limit is visible in the
upper left hand corner of the photograph
(Photo: archive KRNAP).
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TABLE 1. Mean coverage of plants (cover) and their biomass percentage (biomass) in the mown samples on Nardus stricta (Nar.), Calamagrostis villosa

(Cal.), and Molinia caerulea (Mol.) dominated swards.

Species Nar. cover Nar. biomass Cal. cover Cal. biomass Mol. cover Mol. biomass
Anthoxanthum alpinum 1 0.03 0.5 0.04

Avenella flexuosa 5 0.1 5 0.11 3 0.2
Calamagrostis villosa 2 0.24 95 99.7

Carex bigelowii 0.5 0.01

Carex pilulifera 0.5 0.01

Galium saxatile 2 0.03 1 0.1

Homogyne alpina 0.5 0.01 0.5 0.05

Luzula sudetica 0.5 0.01

Molinia caerulea 97 99.8
Nardus stricta 90 99.56

lity of C. villosa has not yet been distinguished under cen-
tral Europe conditions and the results will serve as a com-
parison for further studies. Biomass samples were dried
and analyzed for nutrients and minerals. Dry matter (DM),
crude protein (CP), and crude fibre (CF) were determined
by the Weende analyses method (AOAC 1984). The gross
energy (GE) was measured by using the automatic adiaba-
tic calorimeter LAGET MS 10 A. Minerals and ash content
was analyzed by colorimetry, photometry, and by atomic
absorption spectrometry.

Nutrient removal

Nutrient removal was calculated by multiplying yield by
nutrient content in the biomass and expressed in kilograms
per ha.

Data analysis

One way ANOVA was used to evaluate the collected da-
ta. In the case of a significant result, we performed the Tu-

Fig. 3. Mowers of subalpine grasslands in the
Western Giant Mountains. Mowing of Nardus
stricta dominated grasslands was very diffi-
cult and extra sharp and short scythes were
necessary for it (Photo: archive KRNAP).

key HSD test for post-hoc comparisons. All analyzes were
performed in the STATISTICA (version 6.0) program.

RESULTS

Mowing productivity and yields

The mowing productivity expressed as mown area per
two minutes was the highest in the C. villosa dominated
stand and was significantly different from N. stricta and M.
caerulea stands. Results of the performed analyses are
shown in Table 2. The data were visualized in the form of
box plots (Fig. 4). The mean mowing productivity per two
minutes was 6.5, 6.5 and 9.9 m? in N. stricta, M. caerulea
and C. villosa stands, respectively. From the practical point
of view the most decisive for farmers is mowing producti-
vity expressed as obtained dry matter per mowing time.
Obtained dry matter per two minutes of mowing was 2.7,
6.1, and 10.4 kg on N. stricta, M. caerulea, and C. villosa

TABLE 2. Results of ANOVA analyses of mowing productivity and dry matter yield of Nardus stricta, Calamagrostis villosa and Molinia caerulea domi-
nated stands. Tukey HSD — indicate significant differences between investigated vegetation types, N — Nardus stricta, C — Calamagrostis villosa and M —
Molinia caerulea dominated stands. Significant results are bold faced. Degrees of freedom were 2 in all performed analyses.

Variable F-ratio P-value Tukey HSD
Mowing productivity — Area 10.7 0.004 N-C, M-C
Mowing productivity — Dry matter 21.4 <0.001 N-C,N-M, M-C
Dry matter yield 17.0 0.003 N-C,N-M
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Fig. 4. Mowing productivity as the harvested area and obtained dry matter per 2 minutes of mowing. The bottom graph shows dry matter yields in Nardus
stricta (Nar), Molinia caerulea (Mol) and Calamagrostis villosa (Cal) dominated swards.

stands, respectively. All differences were significant and
indicated the lowest biomass harvest in N. stricta gras-
sland. Mowing productivity in M. caerulea and C. villosa
stands was more than twice and more than three times hi-
gher in comparison with the N. stricta stand, respectively.
Therefore, to obtain the same amount of hay from a N.
stricta sward as from the other two swards, farmers had to
work more than two and three times longer. Dry matter
yield was 1800, 2827, and 3580 kg*ha'! in N. stricta, M.
caerulea, and C. villosa stands, respectively. Significant
differences in yield were found between N. stricta — C. vil-
losa and N. stricta — M. caerulea. Dry matter yields indica-
ted that the farmer had to mow almost twice as large an
area of N. stricta grassland to obtain the same amount of
hay as from the C. villosa sward.

Biomass quality

We revealed significant ANOVA results for all investi-
gated parameters with the exception of sodium content.

Results of the performed analyses are shown in Table 3
and in Figures 5 and 6. Calcium, magnesium, phosphorus,
and potassium content in N. stricta were significantly diffe-
rent from M. caerulea and C. villosa, but the differences
between M. caerulea and C. villosa were not significant.
Silicate, ash, and crude protein content were significantly
different between all combinations of investigated species.
Nitrate nitrogen content differed significantly between N.
stricta — C. villosa and M. caerulea — C. villosa. Crude fi-
ber content was significantly different only between N.
stricta and C. villosa.

Crude protein, similarly as gross energy content, was the
highest in the biomass of M. caerulea, followed by C. villo-
sa and the lowest in N. stricta. The revealed mean crude
protein content was 90.87, 147.97, and 99.73 g*kg-!, mean
crude fibre content was 316, 309.17 and 300.17 g*kg!, and
mean gross energy content 17,466, 18,342, and 17,575
kJ*kg! in N. stricta, M. caerulea and C. villosa biomass,
respectively.

TABLE 3. Results of ANOVA analyses of nutrient contents in the biomass of Nardus stricta, Calamagrostis villosa and Molinia caerulea. For abbrevia-

tions see Table 2.

Variable F-ratio P-value Tukey HSD
Calcium content 14.5 0.005 N-M, N-C
Magnesium content 37.2 <0.001 N-M, N-C
Phosphorus content 154 0.004 N-M, N-C
Potassium content 80.5 <0.001 N-M, N-C
Sodium content 0.4 0.708

Silicate content 245.4 <0.001 N-M, N-C, M-C
Ash content 29.2 0.001 N-M, N-C, M-C
Nitrate nitrogen content 18.1 0.003 N-C, M-C
Crude protein content 374.2 <0.001 N-M, N-C, M-C
Crude fibre content 5.6 0.042 N-C
Energy content 221.3 <0.001 N-M, M-C
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Mean calcium content was 0.91, 1.83 and 1.58, mean ma-
gnesium content 0.45, 1.24 and 0.53, mean phosphorus con-
tent 0.85, 1.19 and 1.02, mean potassium content 7.14, 10.75
and 11.72, mean sodium content 0.08, 0.11 and 0.12 g*kg! in
N. stricta, M. caerulea and C. villosa biomass, respectively.

Although the contents of the mentioned macroelements
important for animal production was the lowest in N. stric-
ta forage, ash content was on the contrary the highest there.
The high antinutritive silicate content in N. stricta fodder is
responsible for converse ash results. Mean ash content was
50.33, 37.63 and 43.53 and mean silicate content 32.79,
10.58 and 16.47 g*kg! in N. stricta, M. caerulea and C.
villosa biomass, respectively. Nitrates were another inve-
stigated antinutritive compound. Although their content
was the highest in C. villosa biomass, they were far under
the toxic level for ruminants there. Mean nitrate nitrogen
content was 0.07, 0.08, and 0.13 g*kg™! in N. stricta, M. ca-
erulea, and C. villosa biomass, respectively.

Generally, the biomass quality of all investigated species
was low and nutrients content was substantially lower than
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in forage from improved or most semi-natural grasslands in
the Czech Republic. Based on nutrient content and content
of antinutritive silicate, we concluded that M. caerulea po-
ssesses the best quality, which is only slightly different
from C. villosa, and that N. stricta biomass is the worst of
the investigated species.

Nutrients removal

The effect of vegetation type on nutrient removal was si-
gnificant for all nutrients except sodium. Potassium and
magnesium removal was significant for all three combina-
tions of investigated stands. Total nitrogen, calcium, and
phosphorus removal was significant only between N. stric-
ta — M. caerulea and between N. stricta — C. villosa. Re-
sults of ANOVA analyses are shown in Table 4 and graphs
in Figure 7.

Removal of all investigated nutrients was lowest in N.
stricta dominated stand. This was caused by the lowest
concentrations of nutrients in the biomass, but also by the
lowest biomass yields. Mean nitrogen removal was 26.11,

TABLE 4. Results of ANOVA analyses of mineral removal in the harvested biomass from 1 ha of Nardus stricta, Calamagrostis villosa and Molinia

caerulea dominated stands. For abbreviations see Table 2.

Variable F-ratio P-value Tukey HSD
Nitrogen removal 28.3 0.001 N-M, N-C
Calcium removal 26.8 0.001 N-M, N-C
Potassium removal 58.8 <0.001 N-M, N-C, M-C
Phosphorus removal 21.2 0.002 N-M, N-C
Magnesium removal 109.6 <0.001 N-M, N-C, M-C
Sodium removal 1.5 0.289
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Fig. 7. Total nitrogen, calcium, potassium, phosphorus, magnesium and sodium removal in Nardus stricta (Nar), Molinia caerulea (Mol), and Calamagro-

stis villosa (Cal) dominated swards.
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66.97, and 57.05, mean calcium removal 1.64, 5.10, and
5.68, mean potassium removal 12.8, 30.25, and 41.93, me-
an phosphorus removal 1.52, 3.35, and 3.66, mean magne-
sium removal 0.80, 3.45, and 1.87, and mean sodium re-
moval was 0.15, 0.33, and 0.44 kg*ha! in N. stricta, M. ca-
erulea, and C. villosa dominated swards.

DISCUSSION

Mowing productivity and yields

Differences in mown area per two minutes of mowing,
similarly as obtained dry matter, indicate preferences of
farmers for C. villosa and M. caerulea stands. These diffe-
rences are determined by yields, and predominantly by mo-
wing resistance of the investigated species. Mowing a C.
villosa stand was relatively easy and almost all biomass
above stubble height was removed without extraordinary
effort. The opposite was recorded during mowing of the N.
stricta sward and removing all biomass above the target
stubble height was almost impossible. Mowing productivi-
ty was also affected by litter accumulation and it was im-
possible to mow only living organs there, particularly in
the N. stricta sward. Our results concerning the difficulty
of mowing N. stricta are in accordance with testimonies
from the 19th century (Barto§ 1992). Short and very sharp
scythes were necessary to harvest this grass not only in
long-term unmanaged swards, but in regularly managed
swards as well. Biomass production of N. stricta swards by
mowing and without fertilizing was very low and hay-ma-
king reminded farmers more of shaving men’s faces than
harvesting grass (Stursa 1983). For its mowing difficulty,
low yields and biomass quality, N. stricta was nicknamed
“wolf-grass” in the Giant Mts. (Barto$ 1992; Kneifel 2004,
pers. comm.). Mowing of “wolf-grass” was difficult for
two reasons: 1) low sward height and therefore bending of
leaves and stems during mowing; 2) characteristic high
content of crude fibre and silicon compounds in the bio-
mass. According to our unpublished experiences with regu-
lar harvesting of N. stricta sub-alpine swards, scything was
difficult even if the area was cut annually and the propor-
tion of litter was therefore low. Mowing of M. caerulea
was of intermediate difficulty, particularly its relatively so-
ft flexible leaves made it more difficult. We removed al-
most the all biomass above target height, but it consumed
a fairly long time and therefore mowing productivity
expressed in mown area per time was the same as in N.
stricta. Mowing productivity of M. caerulea was interme-
diate and the higher obtained dry matter compared to N.
stricta was caused especially by higher yields and a higher
proportion of biomass removed by scything above the tar-
get stubble height. Differences in mowing productivity
expressed in obtained dry matter are very considerable.
The revealed yields were the lowest in the N. stricta sward.
The yield recorded in our study was 1800 kg*ha'l, but
yields of N. stricta grassland ranged from 200 to 800
kg*ha! above the upper tree limit in the 19th century (Bar-
to§ 1992). Differences in the results are caused predomi-
nantly by previous management before yield estimation. In
our case the sward had not been harvested for at least 60
years, thus the biomass production was high and approxi-
mately 40% of the harvested biomass was litter, while hi-
storical records refer to regular biomass harvesting which
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was carried out as frequent as possible. Harvest was possi-
ble only once per two or three years in the least productive
stands of N. stricta. This indicates a rapid decrease of N.
stricta stand productivity under regular defoliation without
fertilization. The quick decrease in aboveground biomass
production to 1/3 of unmanaged grassland was reported by
Moen et al. (1999) from mountain meadows in Norway.
Recorded yields for M. caerulea and C. villosa with histori-
cal data could not be compared, because we cannot distin-
guish hay from this stands in the old records although
using of these species for livestock feeding is documented
in the literature (Reich 1907). According to historical eco-
nomical records, hay-fields above the upper tree limit were
divided into several quality categories and N. stricta hay
was the worst (Barto§ 2000, pers. comm.). We can suppose
that the other quality categories included M. caerulea and
C. villosa hay. The response of C. villosa to regular defo-
liation was studied by Hejcman et al. (2005). Results sho-
wed a negative reaction of this species to mowing and indi-
cate its probable retreat under long-term management. Ba-
sed on mowing productivity and forage yields, we can
conclude that farmers preferred C. villosa and M. caerulea
swards and neglected N. stricta dominated grassland if they
had the possibility to choose the sward type. This situation
obviously occurred in times of extensive farming above the
upper tree limit in the 16th and 17th centuries.

Biomass quality

According to Barto§ (1992), N. stricta hay was conside-
red the worst of all available forage by farmers in the 19th
century. It is remarkable that farmers’ experiences are in
accordance with modern analytical methods. Testimonies
of old farmers (Kneifel 2004, pers. comm.) document very
low milk production if cows were fed with N. stricta hay.
Differences in forage quality of the three investigated spe-
cies are high and consequently, farmers recorded the lo-
west animal performance if cows were fed with N. stricta.
Biomass quality is affected by growth stage as well (Pavlu,
Velich 1998) and therefore we collected samples under
conditions of traditional hay-making to make our results
best comparable with historical management. Crude prote-
in content was the highest in the M. caerulea biomass. The-
re are two reasons that explain this: 1) the effect of species
as the main factor, because nutritive value is species speci-
fic, and 2) the effect of growth stage. M. caerulea was in
the vegetative stage, stems were poorly developed in com-
parison with N. stricta and C. villosa in our study. It is ge-
nerally known that younger biomass contains more nu-
trients than older in the same species. Nitrate nitrogen con-
tent was the highest in biomass of C. villosa. Although ni-
trates are considered to be antinutritive compounds, they
did not affect fodder quality due to their very low concen-
trations in all investigated species. According to Cermak et
al. (2000) concentrations of nitrate nitrogen up to 0.7 g*kg
in dry matter are considered normal and have no toxic ef-
fect on ruminants. The maximum value recorded in our
experiment reached only 0.14 g*kg'!. All investigated ma-
croelements necessary for animal performance had the lo-
west concentrations in N. stricta biomass in all cases. Fod-
der from Czech upland grasslands contains on average 6-7
g*kg! of Ca and 3-4.5 g*kg'! of P in dry matter (Pavll
1994; Pavli, Velich 1998). In comparison with species in-
vestigated in our study we can conclude that all species ha-



Vol. 75, No. 2: 165-174, 2006

ve a low content of macroelements, but N. stricta biomass
has the lowest. On the other hand, the highest ash content
was found in biomass of N. stricta. The high silicon con-
tent was responsible for that. Silicon compounds are anti-
nutritive because they decrease enzymatic activity and
form a mechanical barrier for digestion and therefore gras-
ses with a high silicon content such as in N. stricta possess
a low biomass utilization by livestock (Kala¢, Mika 1997,
Cermaik et al. 2000). Crude fibre content, similarly as sili-
con content, was also the highest in the biomass of N. stric-
ta. Excessive fibre content is responsible for a decrease of
fodder intake and digestibility (Mika et al. 1997). From
this point of view N. stricta produced the worst fodder, al-
though we analyzed the biomass produced in the year of
investigation, not the accumulated litter.

Based on the analysis of nutritive value, it is evident that
N. stricta has the worst forage quality, C. villosa has a bet-
ter one, and M. caerulea is the best of three investigated
species. If the farmer had the possibility to choose the
sward type for hay-making, he obviously preferred M. cae-
rulea or C. villosa and neglected N. stricta sward.

Nutrient removal

Nutrient removal was the lowest in the N. stricta domina-
ted sward. N. stricta was evidently the least nutrient de-
manding species there. According to Krahulec et al. (1996)
N. stricta was able to spread into the least productive gras-
slands in the montane zone of the Giant Mts. during the
long-term process of regular mowing without fertilization
and consequently oligotrophisation. N. stricta is also the le-
ast nutrient demanding species above the upper tree limit.
Based on nutrient removal replacement of C. villosa and
M. caerulea stands by N. stricta dominated swards can be
supposed due to harvesting without fertilization in the sub-
alpine vegetation zone. Although higher nitrogen deposi-
tion is generally considered as the main cause of M. caeru-
lea and C. villosa spread in the last few decades, other nu-
trients necessary for plant growth are not taken into acco-
unt by this theory. It is evident that the contents of other
nutrients in the biomass of M. caerulea and C. villosa is hi-
gher than in N. stricta and together with higher yields of
these stands, mowing resulted in an increasing removal of
nutrients and therefore probably in a quick decrease in soil
fertility there. With respect to these facts, the competitive
advantage of N. stricta is obvious under long-term mowing
without fertilization. In consequence, the recent increase of
M. caerulea and C. villosa above the upper timber line can
at least partly be explained as a succession of N. stricta
swards after cessation of defoliation activities. Small pat-
ches of several metres in diameter are characteristic of ear-
ly stages of M. caerulea spread into N. stricta grassland.
These patches are widely dispersed in N. stricta grassland
where we can not suppose different soil conditions.

General synthesis

Analysis and comprehension of farmer decision making
and historical agricultural activities are the crucial factors
in evaluating development or origin of many plant commu-
nities. Farmers seek to increase livestock production by fe-
eding high quality fodder and by harvesting the most pro-
ductive stands if the time for harvesting is limited or by ha-
rvesting all plant communities without respect to fodder
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quality in the case of a limited area available for hay-ma-
king. Harvesting of only C. villosa and M. caerulea stands
of the highest production and quality was probably perfor-
med in the era of extensive agriculture in the 16th and 17th
centuries. All stands were harvested in the 18th, 19th, and
20th centuries. With respect to nutrient removal revealed in
our study, the retreat of C. villosa and M. caerulea domina-
ted stands in favour of N. stricta above the upper tree limit
in the Giant Mts. is obvious. This hypothesis is in accor-
dance with conclusions by Lokvenc (1960) and Hendrych
(2001) about a quick increase of N. stricta in the past due
to agricultural activities. This theory is supported by the
high sensitivity of C. villosa and M. caerulea to defoliation
(Grant et al. 1996; Hejcman et al. 2005; PospiSilova 2005)
and by N. stricta seedling recorded in Calamagrostion vil-
losae grassland mown for several years (Hejcman, unpubli-
shed data). Based on historical records, fertilization was
never practised in the Labskd and Harrachov meadow loca-
lities and the area was divided into regular hay-fields in the
era of intensive agriculture from the 18th century onwards
and rented out for 6 years to farmers in auctions (Lokvenc
2001). Because farmers paid for renting of the area (the
area for harvest was limited at the time), they removed as
much biomass as possible without respect to its quality.
A forestry commission was delegated to control and record
mowing activities and keeping the agreed conditions. High
year-to-year variability in biomass production is visible
from the old economic records. For example 20.1 t of hay
was harvested in the Certova meadow near Luéni bouda
chalet in 1814, but more than twice, 45.08 t of hay in 1819,
five years later. Harvesting these N. stricta stands of low
production and quality for livestock feeding is indisputable
evidence for a maximum pressure on the mountains by li-
vestock and therefore maximum forage demand and very
intensive land use in the 18th and 19th centuries. Fertilized
hay-fields were only present in the eastern sub-alpine pla-
teau of the Giant Mountains in the neighbourhood of
Scharfova, Stara, Pramennd, Gottsteinova, and Lu¢ni bou-
da chalets (Lokvenc 1990, Hartmanova 2002). The border
between mown and manured, most often dominated by De-
schampsia cespitosa or Polygonum bistorta at present, and
only mown, dominated by N. stricta, is still sharp (accurate
to a few metres) and very well recognizable although the
mowing and manuring ceased several decades ago. It is
obvious that all agricultural activities are long-time evident
in subalpine conditions and that they must be taken into ac-
count into analyses of grassland succession there. Conse-
quently, the recent increase of defoliation sensitive species
M. caerulea and C. villosa above the timber line must be
evaluated with respect to both: termination of agricultural
activities and elevated nitrogen deposition.
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