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Abstract

Fiala K., Tůma I., Holub P., Záhora J.: Ecological analysis of herbage layer of disturbed spruce stands 

in the National Nature Reserve Kněhyně-Čertův mlýn in the Beskydy Mts. Ekológia (Bratislava), 

Vol. 30, No. 3, p. 381–395, 2011.

A comparative floristic and ecological analysis of herbage layers of spruce forests and clear-cut vegeta-

tion was performed in the National Nature Reserve Kněhyně-Čertův mlýn in the Moravian-Silesian 

Beskydy Mts affected by air pollution. Understory vegetation was studied in the following forests: in 

a spruce stand with partly opened canopy (Site 1), in a less damaged spruce monoculture, with more 

opened canopy (Site 2), in a thin, dying back forest on the top plateau of the Kněhyně hill (Site 4) and 

in clear cut area covered by grass vegetation (Site 3). The obtained data demonstrate that favourable 

light conditions support the spreading of ferns and grasses, particularly. The aboveground dry mass 

of the whole herbage layer ranged from 580 kg ha-1 (Site 2), over 2510 kg ha-1 (Site 4), and to 5711 kg 

ha-1 in the Site 3. Both greater concentration and accumulation of nutrients in plant biomass of herb 

layer were found in the Site 4 and in the Site 1. The highest values of amount of nutrients accumulated 

in aboveground biomass (e.g., 83.9 kg N ha-1, 6.9 kg P ha-1) were calculated for Calamagrostis villosa 

stands on the clearing (Site 3). The decomposition of C. villosa litter was substantially greater than was 

recorded for Athyrium distentifolium litter. In the course of the first year, 35.6% of leaf dry mass and 

23.3% of culm dry mass of C. vilosa was decomposed. In the same period, 19.1% leaflets and 19.5% 

stalks dry mass was decomposed in the A. distentifolium stand in the Site 4. Average amount of dry 

mass of aboveground plant parts entering soil of C. villosa stand reached 170 g m-2, while in the A. 

distentifolium stand it was substantially lower (37 to 42 g m-2 per year). The release of Ca and Mg was 

slower from fern litter (24.6 and 69.4% respectively) than from C. villosa litter (42.5 and 76.8%). In 

comparison with the soil of spruce forests, the soil pH values and as well as the concentration of Ca2+ 

and Mg2+ ions were higher only under the influence of clear-cut grass vegetation.
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Introduction

Dying of spruce forests caused by pollution, destruction of forest canopy after cyclones and 

forest clear cutting result in intensive spreading of herbaceous vegetation on deforested areas. 

Hence improved light conditions, after the destruction of tree canopy, soil acidification and 

increased N availability were reflected in extensive spreading plants of forest understory, 

mainly acidophilous perennial grasses Calamagrostis arundinacea and C. villosa (e.g., Fiala et 

al., 1989; Pyšek, 1990; Koppisch, 1994; Viewegh, 1994). The expansion of tall fern (Athyrium 

distentifolium) was also observed on some sites. Similarly as grasses, ferns also show a large 

positive response to thinning of stands and canopy openings. Thus extensive fern stands were 

found spreading and covering large areas in mountainous regions of Central Europe (Thomas 

et al., 1999; Vacek et al., 1999; Holeksa, 2003; Tůma et al., 2006). In comparison with perennial 

grasses (see above), there exists a serious gap in understanding the role of fern vegetation on 

deforested sites (see Odland et al., 1990, 1995). There is no doubt that the fern understory 

influences conspicuously the emergence of tree-seedlings; this species may also arrest forest 

succession (George, Bazzaz, 1999; Hill, Silander, 2001; de la Cretaz, Kelty, 2002). Therefore the 

role and importance of fern stands after deforestation can not be neglected.

 Atmospheric input may substantially affect biogeochemical cycling, especially in areas 

subjected to high concentrations of air pollutants. One of the major threats to the structure 

and functioning of ecosystems is high levels of air-borne nitrogen (N) pollution (Kennedy, 

1992; Bobbink, Roelofs, 1995; Bobbink et al., 1998). Although some improvements have been 

made with respect to the reduction of the amount of pollutants in Central Europe (Květ, 

1993; Fanta, 1997), acid deposition still occurs and current N loads can exceed the critical 

loads of plant nutrition in some regions (Hůnová et al., 2004). Acidification by N inputs can 

be accompanied by unfavourable chemical reactions taking place in the soil, especially after 

nitrification of ammonium in weakly buffered environment. These processes are associated 

with subsequent leaching of basic cations (e.g., Nihlgard, 1985; Schulze et al., 1989; Bob-

bink, 1998). Up to 30−40% of the total leaching of N from forest soils, can originated from 

clear-cuts (Dahlgren, Driscoll, 1995). 

 A rapid regeneration of vegetation cover following disturbance tends to minimize losses of 

nutrients from the ecosystem and to promote a return to steady-state cycling (e.g., Marks, Bor-

man, 1972; Vitousek, Stanford, 1986). In addition, both the concentration of nutrients and soil pH 

increase in upper soil layers with age of secondary succession (Donaldson, Henderson, 1990). 

 The aim of this study was to obtain data on the effect of forest disturbance on the expan-

sion, growth and formation of various herbage vegetation in different stages of forest decline 

and on the clear cutting after felling damaged spruce forest in the National Nature Reserve 

Kněhyně-Čertův mlýn in the Moravian-Silesian Beskydy Mts. The study was also concerned 

on estimation of nutrient pool in expanding vegetation, release of nutrients during plant 

matter decomposition and on the soil chemistry of their habitats.

 Problems were studied in cooperation with the Mendel University Brno in the framework 

of the project “Effect of anthropogenic immissions on forest and forestry of the Beskydy 

Mts.” and supported by the Ministry of Agriculture of the Czech Republic.
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Material and methods

The study sites were located in spruce forests in the National Nature Reserve (NNR) Kněhyně-Čertův mlýn in 

the Moravian-Silesian Beskydy Mts in the Czech Republic. The annual mean air temperature of the Kněhyně hill 

(49o29´44´´ N, 18o18´46´´ E, altitude 1257 m) is 3.7 oC while annual precipitation averages 1102 mm (see Fiala et 

al.,1998). Wet bulk deposits recorded near the top of the Kněhyně hill during the growing season 1995 showed 

25.3 kg SO
4

2- ha-1 and 22.8 kg ha-1 of nitrogen input at the rain water pH of 4.02. The substrate of the studied sites 

is Spodo-Dystric Cambisol, sandy loam. Rocks are represented by Flysh Godulian sandstone. In the studied areas 

mostly Norway spruce (Picea abies) forests dominated and two grasses, Calamagrostis villosa and C. arundinacea 

often occurred in the understory. Fern stands of Athyrium distentifolium were found in patches through the spruce 

forests. A comparative floristic and ecological analysis was curried out in four sites in different stages of forest 

damage (later referred to as Site 1 to Site 4, Fig. 1). In the Site 1, a spruce stand was developed with partly opened 

canopy and with fern stands on the bottom (altitude about 1175 m, SE exposure). The second site (Site 2) was located 

at an altitude of about 1170 m with a SW exposure. Fern stands occurred on the floor of a less damaged spruce 

forest with more opened canopy, hence the light intensity was reduced to 17% of full sun. The third site (Site 3) 

was clearing, at least five years old, fully expose to sun. Stands of Calamagrostis villosa were located at an altitude 

of about 1240 m with SW exposure. The fourth site was a plateau on the top of Kněhyně hill (altitude1250 m) (Site 

4). The light level was reduced to 70% of full sun. The plateau was covered by dying damaged spruce forest mostly 

with patches of young sparse C. villosa stands (Site 4 A), with stands dominated by Athyrium distentifolium fern 

(Site 4 B) and partly without cover of herb layer on forest floor (Site 4C). This site was exposed to a stronger impact 

of acid deposition as demonstrated by a large number of dead spruce. 

 The main part of studies was conducted on August 12, 1993. Plant litter decomposition was recorded in winter 

period (November 3, 1993–May 12, 1994) and in 1-year period (November 3, 1993–October 12, 1994). Presence 

of individual plant species and their percentage cover were recorded in selected large plots (200 m2 − Site 1, 2, or 

300 m2 − Site 4 in forests and 25 m2 on the clearing). Aboveground biomass of prevailing plant species was taken 

randomly from five areas 0.2x0.5 m, biomass of tall fern A. distentifolium from five areas 0.5x1.0 m. Twenty soil 

cores (5 cm in diameter, 10 and 20 cm in length − according to soil depth) were used to assessed belowground 

plant biomass of Calamagrostis villosa and Athyrium distentifolium stands. The roots were washed free of soil over 

a 0.5 mm mesh sieves. Plant samples were dried and weighed. The litter-bag method was also used in order to 

assess decomposability and nutrient release from plant litter. Nylon mesh-bags 15x10 cm in size (1.5 mm of mesh 

size) were used. After the exposure of 10 samples, the decrease in dry mass of original plant litter was determined 

and decomposition rates calculated. The chemical analyses of plant biomass and soils were made at the chemical 

laboratory of the AGROLAB company in Troubsko, CZ. Standard international analytical methods applied in ag-

riculture were used. Accumulation of nutrients was calculated by multiplying the dry mass of biomass by nutrient 

concentrations. Obtained data were evaluated using the statistical package STATISTICA 6.0. 

Fig. 1. Schema showing the location of studied sites in the NNR Kněhyně-Čertův mlýn.
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Results and discussion 

In the NNR Kněhyně-Čertův mlýn, opening the canopy of spruce forests resulted in an 

increase of dominance of ferns in understory vegetation, above all stands of Athyrium dis-

tentifolium and Calamagrostis villosa on clear cut sites near the top of the Kněhyně hill (Fig. 

2). The percentage cover of ferns reached 67 to 83%, in areas of Sites 1 and 2, respectively. 

Percentage cover of Vaccinium myrtilus attained up to 40% on the surface of the top plato 

(Site 4). Favourable light conditions in damaged spruce stands can resulted in significantly 
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Fig. 2. Percentage cover of Vaccinium myrtilus (VM), Calamagrostis villosa (CV), Calamagrostis arundinacea (CA), 

Athyrium distentifolium (AD), Driopteris dilatata (DD), Avenella flexuosa (AF), Oxalis acetosella (OA), Rubus 

idaeus (RI) and bare forest soil (BS) in studied different spruce stands and on clearing in the NNR Kněhyně-Čertův 

mlýn. Amounts of accumulated nutrients in herbage layers of different spruce stands and on clearing in the NNR 

Kněhyně-Čertův mlýn are also given.
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higher mean length and weight of bilberry twinges (on the average by 33%) (Kukla, Kuklová, 

2008). Extensive stands of Athyrium distentifolium were found in other mountainous regions 

of Central Europe (Thomas et al., 1999; Vacek et al., 1999; Holeksa, 2003). A. distentifolium 

covers clearings mostly at an elevation above 1100 m, specially in cleared mountainous 

Norway spruce forests. This fern may be dominant in edaphically rich areas (Odland, 

1991). Generally, species richness and plant biomass herbaceous forest species increased 

with light availability (e.g., Elemans, 2004; Hofmeister et al., 2009). The advance growth of 

Sorbus aucuparia L. originated spontaneously under disintegrating Norway spruce stands 

was recorded in the Beskydy Mts (Tesař et al., 1994). Thank to further thin out of spruce 

stands, mountain ash also responded very sensitively to external grow conditions in our 

studied sites during last fifteens years. In sites 2 and 3 and in their surroundings, percentage 

cover of young ash trees ranged between 5 to 10% in spruce stands and their heights reach 

mostly 2 to 4 m. During last two decades, the top plateau of the Kněhyně hill was completely 

covered by compact and dense stands of Calamagrostis villosa. According to Tesař et al. 

(1994) mountain ash stands originated spontaneously by natural regeneration should be 

supported as stands with a climate-protection role. They can be used to mitigate the effect 

of air pollution synergetically enhanced by mountain to climate. 

 Average values of dry mass of aboveground biomass of stands of main, prevailing plant 

species in understory of spruce forests and in the clearing in NNR Kněhyně-Čertův mlýn 

are summarized in Table 1. Athyrium distentifolium formed only 79 g m-2 in slightly opened 

canopy (Site 1). However, in the area in the less damaged spruce stand (Site 2), the aboveground 

biomass formed by A. distentifolium attained 194 g m-2. The average value of its total (living + 

dead) belowground dry mass was 2412 g m-2. The Vaccinium myrtilus and grasses represented 

only relatively lower amount of aboveground dry mass. In the dying and felling spruce stand 

in the upper part of the Kněhyně hill (Site 4), 194 g m-2 of dry mass of aboveground parts of 

fern was recorded. Nevertheless, a higher aboveground biomass of Athyrium distentifolium 

was also recorded in the same region (355 g m-2, Fiala, Jakrlová, 1997). In the Site 4, the above-

T a b l e  1. Average values (± standard error) of dry mass (in g m-2) of stands of prevailing plant species in herbage 

layer of spruce forests and in the clearing in the NNR Kněhyně-Čertův mlýn.

Site 1 Site 2 Site 3 Site 4

Aboveground biomass

Athyrium distentifolium 79±16.5 194±21.8 - 194±43.9

Vaccinium myrtilus - 39±6.3 - 210±22.3

Calamagrostis villosa - - 572±91.0 122±17.8

Calamagrostis arundinacea -  36±19.7 - -

Avenella flexuosa - 14±5.7 - -

Oxalis acetosella 7.0±2.4 - - -

Total 86 283 572 526

Belowground biomass 

Athyrium distentifolium - 2412±326 - -

Calamagrostis villosa - - 2900±361 -
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ground biomass of Vaccinium myrtilus reached higher values (210 g m-2) than was recorded in 

other studied sites. Dry mass of aboveground parts of young Calamagrostis villosa stands was 

only 122 g m-2. However, the old C. villosa stand attained 572 g m-2 of aboveground biomass 

and 2900 g m-2 of the total belowground dry mass (Site 3). In the Beskydy Mts, aboveground 

biomass recorded in various stands of C. villosa attained 471 g m-2 on the average (Fiala et al., 

1998). Thus the aboveground biomass of these grass species reached values which were often 

twice as high as the biomass of fern stands in the Beskydy Mts and as well as in other similar 

regions of the Central Europe (e.g., Pyšek, 1993; Koppisch, 1998; Fiala et al., 1994).

 Assessed values of aboveground biomass of the most of presented plant populations (see 

text above) and their participation in percentage cover of studied plots (200 and 300 m2) of 

different forests enable us to roughly estimate species participation and the amount of total 

aboveground biomass of herbage layer in individual of studied sites. In the spruce stands, 

the dry mass of total aboveground biomass, involving biomass of all present plant popula-

tions occurring in analyzed plots, ranged from 580 kg ha-1 in Site 2 (the less damaged spruce 

stand), over 2510 kg ha-1 in the damaged spruce stand on the top of the hill, up to 5711 kg 

ha-1 in the C. villosa stand on old clearing. There were mostly ferns which participated greatly 

on total aboveground biomass of herbage layer in studied spruce stands. In the Site 2 and 

on the top plateau of the Kněhyně hill, ferns comprised about 50% of aboveground biomass 

of whole herbage layer and in the thinning stand (Site 1) they even attained up to 90% of 

whole biomass (17 kg ha-1). Lower values of aboveground biomass of herbage layer (240 to 

600 kg ha-1) were reported by Kubíček et al. (1989) mostly in spruce forest communities in 

the Beskydy Mts (Kysuce region) and estimated using the methods of indirect sampling. 

Similarly only 0.51 to 231 kg ha-1 of aboveground biomass of herbage layer was assessed in 

broad-leaves forests and variations in aboveground biomass values depended on floristic 

structure of studied communities (Kollár et al., 2010). 

 Higher concentrations of mineral nutrients (above all N, P, Ca and K) were assessed 

in herbage biomass of both damaged spruce stand on the top plateau (Site 4) and in the 

T a b l e  2. Percentage concentration of nutrients bounded in aboveground biomass of stands of prevailing plant 

species in spruce forests and in the clearing in NNR Kněhyně-Čertův mlýn).

Aboveground biomass N P Ca Mg K Na

Site 1

Athyrium distentifolium 2.25 0.22 0.59 0.41 2.94 0.005

Oxalis acetosella 3.38 0.42 1.06 0.88 2.68 0.007

Site 2

Athyrium distentifolium 2.1 0.17 0.36 0.66 1.56 0.005

Vaccinium myrtilus 1.25 0.14 0.50 0.17 0.48 0.006

Site 3

Calamagrostis villosa 1.47 0.12 0.10 0.11 1.62 0.006

Site 4

Athyrium distentifolium 3.03 0.25 0.78 0.63 2.31 0.008

Vaccinium myrtilus 1.43 0.14 0.54 0.20 0.63 0.005

Calamagrostis villosa 1.75 0.15 0.10 0.11 1.86 0.005
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Site 1, characterized by thinning forest canopy (Table 2). On the contrary, lower content 

of nutrients was found in fern of the less damaged spruce stand (Site 2). The highest con-

centrations of nitrogen and phosphorus were mostly recorded in live aboveground parts of 

Athyrium distentifolium (3.03−2.1% N, 0.17-0.25% P) and Calamagrostis villosa (1.47−1.75% 

N, 0.12−0.15% P). Both these plant species were also characterized by higher concentration 

of potassium (1.56−2.94% Athyrium distentifolium, 1.62−1.86% − Calamagrostis villosa). 

Similarly, Wardle et al. (2002) assessed the highest initial concentrations of N (1.36%) and 

P (0.13%) in fresh fern litter in comparison with monocots. Kuklová and Kukla (2008) 

found that nitrogen content in herbs varied in spruce stands between 1.41−3.01% (control 

stand) and 1.22−3.15% (damaged stand) - maximum values were also assessed in fern − 

Dryopteris dilatata.

 In spite of a lower amount of frond biomass, relatively high amount of nitrogen was ac-

cumulated in it (5.86 g m-2 – Site 4, Table 3). However, the largest amount of nitrogen was 

accumulated in aboveground biomass of Calamagrostis villosa (8.41 g m-2 − Site 3). Holub 

(1999, 2003) reported that the aboveground biomass of C. villosa stands accumulated on the 

average 7.6 g N m-2, whereas that of C. arundinacea only 2.6 g N m-2 on deforested areas of the 

Beskydy Mts. He found a negative correlation between altitude and nitrogen use efficiency 

in C. villosa stands. Athyrium distentifolium accumulated more Ca and Mg in aboveground 

biomass (e.g., Ca − 0.36−0.78% and 0.47−1.51 g m-2) than was found in Calamagrostis villosa 

(Ca − 0.10%, 0.12−0.57 g m-2). 

In spruce ecosystems, Kuklová and Kukla (2008) found that the most abundant nutri-

ents in all herb species were nitrogen and potassium. Nitrogen content varied between 

1.41−3.01% (control stand) and 1.22−3.15%, (damaged stand) - maximum was assessed 

in the Dryopteris dilatata fern and Rubus idaeus) Mean contents of nutrients in dry matter 

(in %) in herbs sampled in spruce stands decreased as follows: N (1.97−2.19) > K (1,3−1,6) 

> Ca (0.34– 0.41) > Mg (0.27−0.28) > P (0.10–0.12).

T a b l e  3. Amount of nutrients accumulated in aboveground biomass (g m-2) of stands of prevailing plant species 

in spruce forests and in the clearing in the NNR Kněhyně-Čertův mlýn).

Aboveground biomass N P Ca Mg K Na

Site 1

Athyrium distentifolium 1.78 0.17 0.47 0.32 2.32 0.004

Oxalis acetosella 2.37 0.29 0.74 0.62 1.88 0.005

Site 2

Athyrium distentifolium 4.07 0.33 0.70 1.28 3.03 0.01

Vaccinium myrtilus 0.49 0.05 0.20 0.07 0.19 0.002

Site 3

Calamagrostis villosa 8.41 0.69 0.57 0.63 9.27 0.03

Site 4

Athyrium distentifolium 5.86 0.49 1.51 1.22 4.48 0.02

Vaccinium myrtilus 3.00 0.29 1.13 0.42 1.32 0.01

Calamagrostis villosa 2.14 0.18 0.12 0.13 2.27 0.006
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 Data on aboveground biomass of different plant stands and nutrient accumulation in 

it and their percentage stand cover in studied plots, was used to calculate an approximate 

amount of nutrients accumulated in whole aboveground plant biomass of herb layers. Natu-

rally, an accumulation of nutrients in herbage layers increased concurrently with increasing 

thinning, damage, dying and felling of spruce stands. A substantial amount of nutrients (in 

kg per ha) was accumulated in the aboveground biomass of the herbage layer in the dam-

aged forest on the top plateau of the Kněhyně hill (Site 4), due to the vigorous development 

of herbage layer (Fig. 2). 57.9 kg N, 5.0 kg P and 15.1 kg Ca per ha was estimated for this 

site. The amount of nutrients accumulated here in aboveground biomass represented values 

mostly four to seven times higher than values recorded in the less damaged spruce forest, 

where accumulation of nutrients were the lowest (Site 2). Nevertheless, the highest values 

of amount of nutrients accumulated in aboveground biomass (i.e., 83.9 kg N ha-1, 6.9 kg P 

ha-1) were calculated for Calamagrostis villosa stands on the clearing (Site 3). 

 Main herbaceous species dominating in the understory of studied forests (Athyrium 

distentifolium and Calamagrostis villosa), were also examined to know their feedback effect 

on habitats. Therefore decomposition rates of their litter and release of nutrients during 

decomposition, and variability of soil features were also examined.

 Recorded relative losses of dry mass of decomposing plant litter are summarized in 

Table 4. 19.1 to 24.6% of dry mass of leaflets (small fern leaves) and 18.2 to 19.5% of frond 

stalks (spindles) were decomposed after one year in fern stands. The decomposition of C. 

villosa litter was substantially greater than was recorded for Athyrium distentifolium litter in 

T a b l e  4. Mean values of relative decreases in dry mass (%) and in decomposition rate (g g-1day-1) of plant litter 

recorded in winter period and in 1-year period in Athyrium distentifolium and Calamagrostis villosa stands in 

spruce forests and in the clearing in the NNR Kněhyně-Čertův mlýn. Estimated total amounts of decomposed 

plant matter (gm-2 year-1) are also given.

Site 2 Site 3 Site 4

Athyrium distentifolium leaflets stalks leaves stalks leaflets stalks

Decomposed dry mass

Winter period 11.0 6.8 - - 11.2 8.1

1-year period 24.6 18.2 - - 19.1 19.5

Decomposition rate

Winter period 0.61 0.37 - - 0.62 0.45

1-year period 0.82 0.59 - - 0.62 0.63

Calamagrostis villosa

Winter period - - 17.9 12.3 - -

1-year period - - 35.6 23.3 - -

Decomposition rate

Winter period - - 1.04 1.28 - -

1-year period - - 1.28 0.77 - -

Amount of decomposed 

plant matter 42 170 37
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habitats of studied forest sites. After one year, 35.6% of dry mass of leaves of Calamagrostis 

villosa was decomposed. These data corresponded to decomposition rates of 1.28 mg g-1 d-1. 

Obtained data also demonstrated faster decomposition rates of litter of both plant species 

during growing season (Table 4). The most slower decomposition of Athyrium distentifolium 

leaflets was recorded on the top plateau (Site 4), where 19.1% of original dry mass was de-

composed. Obtained data and data on the net annual production of aboveground biomass 

(Jakrlová et al., 1994) enable to estimate approximate amount of yearly decomposed dry mass. 

Estimated values indicate that the amount of decomposed biomass production were four 

times greater in the Calamagrostis villosa stand on the clearing (Site 3, 170 g m-2 y-1) than in 

studied Athyrium distentifolium stands (37 and 42 g m-2 y-1, Site 4, 2). Thus the Calamagrostis 

villosa stand contributed much higher amounts of organic matter to the detritus food chain. 

Since values of decomposition rate of plant litter can be underestimated in comparison with 

reality due to the apply methods (Tesařová, 1976), differences in amount of decomposed lit-

ter in studied stands may be probably even greater. Data on decomposition rate of C. villosa 

leaves corresponded with results obtained at other localities in the Beskydy Mts (decomposed 

36% leaves and 25% of stalks, Tůma, 2002). The rates of litter decomposition found for ferns 

were also lower than those determined for most of other plant species (Wardle et al., 2002). 

The comparison of several groups of plants has shown that ferns contain greater amounts 

of lignin and phenols than monocots, whereas monocots had more cellulose (Wardle et al., 

2002). In the Beskydy Mts, altitude correlated negatively and mean annual air temperature 

positively with the disappearance of leaf matter of C. arundinacea (Tůma, 2002). These 

facts seam to be also associated with slower decomposition of dead matter of fern leaflets 

recorded at studied locality situated at a higher altitude.

 Data obtained in fern and C. villosa stands shown on a similar mobility series of 

Mg>K>Ca>P>N. At the end of the first year, 24.6−33.9% of Ca and 69.4−70.0% of Mg con-

T a b l e  5. Release and accumulation of nutrients in decomposing plant litter of Athyrium distentifolium and 

Calamagrostis villosa in spruce forests and in the clearing in the NNR Kněhyně-Čertův mlýn. Quantity of accu-

mulated (+) or released (-) nutrients from their original amount in litter. Percentage nutrient release (in %) and 

the amount of released nutrients (in v kg ha-1 yr-1) are given. 

Nutrients

Site 2 N P K Ca Mg

Athyrium distentifolium 

Percentage values +0.09 -1.7 -56.6 -33.9 -70.0

Amount of nutrients +0.03 -0.45 -5.99 -5.11 -4.92

Site 3

Calamagrostis villosa

Percentage values -2.8 -42.1 -55.1 -42.5 -76.8

Amount of nutrients -0.09 -0.16 -1.13 -0.40 -0.53

Site 4

Athyrium distentifolium N P K Ca Mg

Percentage values +11.9 -9.5 -17.8 -24.6 -69.4

Amount of nutrients +3.48 -0.16 -0.99 -3.11 -5.03
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Fig. 3. Amount of nutrients (in kg ha-1) in aboveground biomass, in fresh litter, undecomposed 1-year old litter and 

calculated release and accumulation of nutrients in decomposing plant litter in the NNR Kněhyně-Čertův mlýn. 



391

tained in plant matter at the beginning of exposition were released from fern litter (Table 

5, Fig. 3). The release of Ca and Mg was slower from fern litter than from C. villosa litter. 

Nevertheless, their released absolute amounts are comparable (Fig. 3). Thus studied fern 

stands can also return rapidly basic cations to the upper soil layer of the plant-soil system, 

retaining them within the ecosystem. Therefore we assumed that this fact can be reflected 

in soil features of the habitat of deforested areas. Greater accumulation of N in fern litter, 

exceeding the initial value, was recorded in the top-site. P and K were released faster from C. 

villosa stand. Emmer (1999) concluded that greater amounts of acidifying compounds may 

cause a higher release of Ca and Mg from plant litter. His data indicated the release 40−50% 

of Ca from C. villosa litter. Comparison of the decomposition of litter of different clearcut 

grasses in the Beskydy Mts suggest, that Ca and Mg were released faster in C. villosa stands, 

while a more rapid turnover of N, P and K was in C. arundinacea stands (Tůma, 2002). 

 In the studied sites of the NNR Kněhyně-Čertův mlýn, average soil pH (H
2
O) values 

fluctuated in range of 3.53 to 3.97 in the 0−10 cm soil layer soil, which classified these soils 

as very acid (see Ježíková, Tůma, 1995). The highest values of pH were measured in old C. 

villosa stand on clearing (Site 3) (Fig. 4). Increased acidity of forest soils, typical for regions 

affected by pollution loads, was also approved in the Beskydy Mts (Klimo, Vavříček, 1991). 

A lower soil acidity recorded in the Site 3 was associated with the highest concentrations of 

Ca2+ and Mg2+ and lowest amount of Al3+ ions. Differences between soil features in the grass 

stand on clearing and forest habitats are obvious. The spruce litter can slowdown decompo-

sition and increase C-substances in the H-horizont and also decrease C-substances in the 

organic mineral horizons (Vavříček et al., 2008). Content of soil organic matter recorded 

in the 0-10 cm soil layer ranged from 37.8 to 57.7% in the spruce forest (Site 4C) and in the 

fern stand growing on the top plateau of the Kněhyně hill (Site 4B), respectively. Ježíková 

(1996) summarized data recoded in several forest and clearings in the Beskydy Mts and 

reported that soil pH values in the forest stands were probably controlled by acidity of or-

ganic compounds evolving from soil organic matter (OM), since negative correlation was 

found between OM and pH. The contents of OM were generally lower on clearings than in 

forest stands. The increase in pH and in Ca2+ and Mg2+ concentrations was very conspicu-

ous in clearings in comparison to control forest sites. Ježíková (1996) also recorded, that 

proportion of basic cations substantially increased together with a decrease of Al3+ and H+ 

contents. Thus this features can be exhibited importantly in restriction of the effect of acid 

rain, because these soils react sensitively on the proton imputes. 

 The stands of grasses were demonstrated to mitigate the acidification of soil solution and 

leaching of calcium and magnesium from soil (Takamatsu et al., 1997; Fiala et al., 2005). 

Both species of Calamagrostis (C. arundinacea and C. villosa) act as a sink of N as they take 

up and immobilize these elements in plant biomass and undecomposed litter (Fiala et al., 

2005). Thus grass stand formation has a positive effect on the soil environment. Similarly, 

the first obtained data indicate that Athyrium distentifolium ferns growing in lysimeters may 

bound a great part of added N in their biomass and partly eliminate soil acidification and 

leaching of N and basic cations, similar to that in percolates collected from lysimeters with 

growing grasses (Tůma et al., 2008). A rapid regeneration of vegetation cover following dis-
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Fig. 4. Soil features (0–10 cm) recorded in studied sites in the NNR Kněhyně-Čertův mlýn.
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turbance tends to minimize losses of nutrients from the ecosystem and to promote a return 

to steady-state cycling (e.g., Marks, Borman, 1972; Vitousek, Stanford, 1986). A removal 

of grass cover on clearings in the Beskydy Mts was followed by a decrease in the contents 

of Ca2+, Mg2+ and pH values in soil (Sedláková et al., 1999). The soil under Calamagrostis 

villosa grass cover exhibited also higher pH values in the Jizera Mts affected by strong acid 

deposition and the content of basic cations was also slightly higher here (Drábek et al., 

2007). Higher pH values, content of calcium and magnesium in soil were also found in grass 

stands developed in thinned areas compared to closed spruce stands (Peřina, Květ, 1975). 

This implies that plant stand formation, and grass stands particularly, can have a positive 

effect on the soil environment of deforested areas. 

Conclusion

Obtained data shown on the conspicuous role of forest herb layers, represented particularly 

by Athyrium distentifolium and Calamagrostis villosa stands. Naturally, the role of herb 

layers increased markedly with increasing forest disturbance (opening the spruce canopy, 

dying and felling of trees), due to the increasing production of plant biomass, accumulation 

and turnover of nutrients. A rapid cycling of nutrients leads to retaining them within the 

ecosystem. Both grass and fern stands can effect positively of soil environment (reduction 

of losses of nitrogen and basic cations from soil, Fiala et al., 2005; Tůma et al., 2008), nev-

ertheless soil data obtained in fern stands did not indicate such pronounced effect as it was 

found in the soil of C. villosa stands. 

        Translated by the authors

English corrected by R. Marshall
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