
29

Introduction

Litter plays a key role in the forest life and forest soil as 
natural fertilizer. In forests, the amount of litter depends 
on the tree species composition, age, canopy and quali-
ty. At the same stand, the biomass of litter can be year to 
year different with even double variations (Šály, 1982). 
For example annual influx of elements with beech lit-
terfall to the soil in Middle Pomerania (Poland) was: 

23.2–61.0 kg ha–1 of nitrogen, 3.6–7.6 kg ha–1 of phos-
phorus, 8.3–26.2 kg ha–1 of potassium and 15.3–22.4 kg 
ha–1 of calcium (Jonczak, 2013).

During decomposition of plant material, part of the 
nutrient elements are liberated in inorganic dissolved 
form, for instance as the ions (Ca2+, Mg2+, K+, NH4

+, 
SO4

2–, H2PO4
–). In soils of humid areas, dissolved nutri-

ents tend to migrate down the soil profile. Under veg-
etation, the larger part of those nutrients is usually taken 
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Litter represents the input-output system of nutrients in forests. Since the aim of study was to extent the 
knowledge of nutrient and risk elements cycling in the Arboretum Mlyňany (Slovak Republic), we in-
vestigated the contents of selected elements in the litter of tree species and grassland, and compared them 
with the contents of elements in the surface soil layers (0–10 cm). Results showed that the richest on N, P, 
K macro-elements were sod of grass, rich was litter of maple, oak and surprisingly also yew. The correlation 
between quantity of exchange calcium, magnesium, total nitrogen, available phosphorus, potassium, copper 
and iron in the surface soil layers and litters was not significant. On the contrary, statistically significant cor-
relations were found in case of zinc and manganese in litter and their available ions in the surface soil layers 
(Zn: r = 0.884, P < 0.001; Mn: r = 0.501, P < 0.05). Limit values   of available cadmium and zinc content were 
exceeded in the soil for yews, Cd for Himalayan pines and lead for spruces. Higher contents of mentioned 
heavy metals in soil were attributed to bioaccumulation, as well as to atmospheric deposition.
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up again by plant roots and assimilated by the vegeta-
tion, and only a small fraction is lost with the drainage 
water. An actively growing, closed vegetation may take 
up several hundreds kg of nutrient elements per ha per 
year from the root zone, which often extends to several 
metres below the soil surface. Most nutrients in plants 
are eventually returned to the soil surface by litter fall. 
So the net effect of uptake by plants is that nutrients 
from deeper soil layers are transported to the soil sur-
face. Part of the nutrients in the surface soils is easily 
available to plants (at the exchange complex or tem-
porarily stored in microbial biomass), but part may be 
locked up in slowly available mineral form (especially 
P). This process of “nutrient pumping”, which counter-
acts the leaching of nutrients, is especially important in 
mature, undisturbed forests (van Breemen and Buur-
man, 2003). 

Up to 70–90% nutrients annually needed for forest 
growth are released by decomposition of organic de-
tritus. During these processes, nutrients are preserved 
through their retranslocation and immobilization in or-
der to maintain the productivity of ecosystem (Vogt 
et al., 1986). The contents of nutrients in soil positive-
ly correlate with litter substrate quality, showing that 
higher contents of soil nutrient are accompanied with 
good quality of litter substrate, and lower soil nutrients 
with poor litter quality (Ge et al., 2013).

In order to better know the cycle of nutrients and 
other risk elements in Arboretum Mlyňany, we investi-
gated the contents of selected elements in litter of tree 
species and grassland and compared them with contents 
of elements in surface soil layers.

Material and methods

Study site

Arboretum Mlyňany (48º19’N and 18º21’E) is located 
in southern Slovakia on the north edge of the Danubian 
Lowland, in the valley of the Žitava river, on slightly 
undulated terrain, at an altitude of 165–217 m above 
sea level. It is situated on a late Tertiary geological 
formation, represented by Neogene clays, sands and 
rubble sands. This substratum is almost all covered by 
wind-deposited loess, mostly without carbonates (Ci-
fra, 1958). Mean temperature in the area is 10.6 °C 

and mean annual total precipitation is 541 mm (Hrubík 
et al., 2011). Arboretum in Mlyňany was established in 
1892. Recent inventory of the gene pool of trees and 
shrubs finished in 2012 showed, that the current number 
of taxa grown in the Arboretum is 1,933 (Hoťka et al., 
2013).

Soil sampling

Elemental composition of litter and the contents of el-
ements in soil depth 0–10 cm were investigated under 

canopy of tree species: natural oak-hornbeam stand 
(Quercus robur, L., Carpinus betulus, L.), spruce (Picea 
abies, (L.) Karsten), sugar maple (Acer saccharinum, 
L.), yew (Taxus baccata, L.), cherry laurel (Prunus 
laurocerasus, L.), Himalayan pine (Pinus wallichi-
ana, Jacks.), Japanese cedar (Cryptomeria japonica, D. 
Don.) and grassland. 

Soil and litter samples were taken in autumn 2005.

Soil and litter analyses

• Ca, Mg, Fe, Zn, Mn, Cu in dry litter was analysed 
by atomic absorption spectrophotometer; 

• Total organic carbon content in soil and dry litter 
– by Tyurin method (Orlov and Grishina, 1981), 
total nitrogen by Kieldahl method (Fecenko, 1991); 

• Soil exchange base cations (Ca2+, Mg2+) by extrac-
tion with ammonium acetate (Hrivňáková et al., 
2011) available phosphorus and potassium in soil 
by method of Mehlich III (Mehlich, 1984), poten-
tially available forms of heavy metals in soil (Cu, 
Zn, Cr, Pb, Cd, Ni, Fe, Mn, Co) (extraction by 2 mol 
dm–3 HNO3) (Hrivňáková et al., 2011).

Each analysis was done in 3 repeats. Results 
shown in Tables 1 and 2 represent the average values 
(mean ± SD). Correlation analysis was used for deter-
mination the relationship between elements in the soil 
and litter. Statistical significance of results was assessed 
on minimum 95% level.

Results and discussion

Litter represents the input-output system of nutrients in 
forests. The rate, at which litter accumulates and de-
composes, regulates the flow of energy, primary prod-
uctivity and nutrient cycling in forest ecosystem. 

Contents of basic macro-elements (carbon, nitro-
gen, phosphorus, potassium, calcium, magnesium) and 
microelements (iron, zinc, manganese, copper) in dry 
litter are shown in Table 1. The results indicate that the 
richest on N, P, K macro-elements was sod of grass, 
whereas other macro- and microelements it contained 
less. Rich on macro-elements was also litter of maple, 
oak and surprisingly also yew. Litter of Japanese cedars 
was characterized by a high content of calcium and that 
of cherry laurels had high content of magnesium. Com-
pared to other tree species and grassland, the highest 
content of microelements as iron, zinc and manganese 
was found in the litter of yew.

Furthermore, in the litter of trees and grasses was 
evaluated also relative proportion of carbon and nitro-
gen (Table 1). Generally, C:N ratio significantly affects 
the rate of organic matter decomposition. The narrower 
the ratio is, the faster the organic matter decomposes, 
because contains more N available to microorgan-
isms (Bottner et al., 2006; Gonet and Markiewicz, 
2007; Gonet et al., 2008; Ondrišík, 2013) and sup-
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ports the microbial activity (Pengthamkeerati et al., 
2011). Faster decomposition of organic matter means 
faster nutrient cycling in the environment (Sariyildiz 
et al., 2005). Among studied stands in Arboretum, the 
narrowest C : N ratio was determined in the sod of 
grassland (22.4 : 1), then in the litter of oak, yew, maple, 
spruce, cherry laurels, Himalayan pine and litter from 
Japanese cedars which overall had the widest C : N ratio 
(102.9 : 1). The reason of the wide C : N ratio was the 
fact that Japanese cedar does not throw down individu-
al needles, but gradually, after drying, breaks off small 
twigs with needles. Therefore, under Japanese cedars 
the litter contained more twigs than other stands.

Moore et al. (2006) stated that C : N ratio, when 
there begins the release of nitrogen from litter usually 
refers to a certain “critical” C : N (25–30), respectively 
to initial concentration of N in litter 20 g kg–1 as thresh-
old for net accumulation or net release of nitrogen. 
Similar results were reached by Vahdat et al. (2011) 
who moreover considered also the quality of C and N 
constituents of litter. They found that the critical levels 
of N concentration, C : N ratio, lignin and lignin:N ratio 
of the plant residues at which neither N mineralization 
nor immobilization would occur were 10.8 g kg–1, 30.7, 
253.5 g kg–1 and 17.0, respectively. In a multiple model, 
lignin concentration of the plant residue was the most 
important factor for predication the net effects of plant 
residue on soil mineral N dynamics. Generally, lignin 
physically protects most of the cellulose and hemicellu-
lose from enzymatic hydrolysis. Also Jonczak (2009) 
confirmed that the different rate of poplar leaves de-
composition depended on different chemical composi-
tion of the initial material, which depended on age of 
poplars. Lignin content correlated with the age of pop-
lars, and its proportion decreased with the age of trees.

According to Vogt et al. (1986) about 70–90% of 
nutrients annually needed for forest growth are provided 
by decomposition of organic detritus. Therefore, we 
wanted to determine whether the concentration of total 
nitrogen, available macro-elements (P, K) and exchange 
cations (Ca2+, Mg2+) in the surface soil layer in Arbore-
tum Mlyňany was influenced by the contents of these 
elements in litter. In the past, the soil in the Arboretum 
was enriched by nutrients released from manure which 
was regularly supplied to the soil. Whereas since 1965 
fertilizers have not been used, it is evident that the ma-
jority of mentioned macro-nutrients (N, P, K, Ca, Mg) 
comes from decomposed litter. Obtained results showed 
that between the content of available macro-nutrients in 
the surface soil layer (0–10 cm) and their content in dry 
litter was not found any statistically significant correla-
tion (N: r = 0.269, P > 0.05; P: r = –0.062, P > 0.05; K: 
r = –0.080, P > 0.05; Ca: r = 0.179, P > 0.05; Mg: r = 
–0.046; P > 0.05). The reason could be different rate of 
nutrients release from the studied litters. For instance, 
Blair (1988) found that the sequence of release five 
examined elements was K > Mg > Ca > P > N, whereas 

Liao et al. (2006) found the sequence: C > Ca > N > 
K > Mg > Na > P, and stated, that the above sequence 
of nutrients returned from leaf litter differed from the 
quantity sequence of these nutrients in the soils indicat-
ing that the nutrient status of the forest floor was also 
impacted by atmospheric deposition, throughfall, stem-
flow, microbial activities, runoff, erosion, leaching pro-
cesses and other edaphic factors in the study area. On 
the base of this statement we conclude that the macro-
elements content in the 0–10 cm soil layer of Arboretum 
Mlyňany in addition to chemical composition of litter 
was also influenced by other biotic and abiotic condi-
tions, therefore the correlation between macro-elements 
in the litter and in 0–10 cm soil layer was not found. 

Higher quality of grass litter was evident not only 
from their narrowest C : N ratio, but also from the nar-
rowest ratio of total carbon (CT) and nitrogen (NT) in 
the surface soil layer (0–10 cm) as compared with soil 
under canopy of tree species (Tables 1–2). Obtained 
results showed, that differences in CT : NT ratios in the 
soils between studied stands were not so marked as 
differences in C : N ratios between investigated litters. 
The same was confirmed by Šimková et al. (2014) who 
studied the accumulation of CT and NT in surface humus 
and mineral soil layers after the change of tree species 
composition in nudal beech forests.

Since, in addition to macro-elements, from the 
decomposed litter are released to the soil also micro-
elements we examined, whether the amount of avail-
able micro-elements copper, zinc, manganese and iron 
in the surface soil layer in Arboretum was influenced 
by the contents of these elements in litter (Tables 1–2). 
From the results it follows, that statistically significant 
correlations were found between the amount of zinc, 
manganese in litter and their available ions in the soil 
(Zn: r = 0.884; P < 0.001; Mn: r = 0.501, P < 0.05), 
while for copper and iron such correlation was not 
found (Cu: r = 0.030; Fe: r = 0.160, P > 0.05).

Under studied canopy of tree species and grass-
land, in the upper soil layer (0–10 cm) was also investi-
gated the content of available heavy metals (Table 2). It 
was found that the limit values according to Decree of 
MA SR 531/1994/540 (1994) for cadmium (0.3 mg kg–1) 
and zinc (40 mg kg–1) have been exceeded for yews, Cd 
for Himalayan pines and lead (30 mg kg–1) for spruces. 
In other stands, the limit values were not exceeded de-
spite the fact that in the soil prevailed acidic pH when 
heavy metals are mostly in available forms (Kabata-
Pendias and Pendias, 1984; Čurlík, 2011).

Actually, the limit values for Cd were exceeded 
in two stands (Table 2). Forest soils well accumulate 
cadmium, which in turn negatively affects the growth 
of trees and reduces their dry matter weight (Tomáš et 
al., 2007). Cadmium belongs to the most toxic heavy 
metals and has a high mobility in the soil-plant system 
(Čurlík, 2011). Zinc is an important microelement for 
plant physiology and its deficiency causes growth prob-
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lems. On the other hand, in acidic soils Zn can mani-
fest increased availability and even toxicity (Alloway 
and Ayres, 1997). 

Considering available lead, Novák et al. (2010) 
stated that the heartwood of spruce had a high perme-
ability, moisture contents and number of rings in sap-
wood, which could be subjected as geochemical archive 
of pollution. Also, results of our research in Arboretum 
confirmed that spruces considerably absorb Pb. The 
content of available Pb was in 0–10 cm soil layer under 
spruces on average up to three times higher compared 
with other tree species (Table 2).

Higher contents of available Cd, Zn and Pb in soil 
under certain trees in Arboretum Mlyňany were attri-
buted to bioaccumulation (uptake by root system from 
deeper soil layers and their accumulation from decom-
posed litter), as well as by atmospheric deposition. It is 
known that crowns of trees have great filtration capac-
ity and large surface area of their vegetation bodies (10 
or more ha per 1 ha of forest area) through which they 
capture and eliminate considerable quantities of air pol-
lutants (Bublinec, 2000). Thus the trees substantially 
contribute to air cleaning and recovery, therefore, it is 
necessary to protect and thoroughly take care of them.

Conclusions

The correlation between the content of macro-elements 
(N, P, K, Ca, Mg) in the litter and in 0–10 cm soil lay-
er of Arboretum Mlyňany was not found, because the 
macro-elements content in soil is generally influenced 
not only by chemical composition of litter but also by 
other biotic and abiotic conditions. 

Contrariwise, the correlations of microelements 
(Zn, Mn) contents in litter and their available ions in 
soil were statistically significant.

In the soil under yews, Himalayan pines, and 
spruces there were exceeded limit contents of Cd, Zn 
and Pb, which indicates higher bioaccumulation ability 
as well as filtration of atmospheric deposition by men-
tioned trees compared to other studied tree species. 
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