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SKETCH OF THE CHEMICAL VARIABILITY OF SOILS IN THE UPPER LIMIT
OF BEECH OCCURRENCE IN THE JIZERSKE HORY MTS.

NASTIN VARIABILITY CHEMISMU PUD PRI HORNI HRANICI ROZSIRENI BUKU
v JIZERSKYCH HORACH

ONDREJ SPULAK

ABSTRACT

In the upper part of the Jizerské hory Mts., beech forests and forests with higher
proportion of beech are preserved in surroundings of Ptaci kupy and Oresnik lo-
calities only. The composition of ground vegetation is limited to three main speci-
es: Calamagrostis villosa, Vaccinium myrtillus and Avenella flexuosa. In autumn
2004, totally 111 soil pits (L, F, H and Ah horizons) were taken to assess variabili-
ty of pedochemical properties and possible differences of site fertility in relation to
predominate forest weed species. Variants of sampling were: “C. villosa — sparse”,
“C. villosa — medium dense”, “C. villosa — dense”, “Avenella flexuosa”, “Vaccini-
um myrtillus” and “litter”. The samples were analysed to gain active and exchan-
geable acidity, characteristics of adsorption complex (next to Kappen: S — content
of extensible bases, T — kation exchangeable capacity, H — hyrolytical acidity and
V — saturation of the adsorption complex with bases), total C and N content (Sprin-
ger-Klee method), accessible nutrient content and total nutrient content in humus
horizons (after mineralization (H,SO, + Se). This paper brings first results of the
evaluation.
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ABSTRAKT

Bukové porosty a porosty s vy$sim zastoupenim buku jsou v hornich partiich Jizer-
skych hor zachovany v okoli lokalit Ptaci kupy a Oresnik. Bylinny podrost zde tvori
prevazné kombinace Calamagrostis villosa, Vaccinium myrtillus a Avenella flexuo-
sa. Cilem prdace bylo posouzeni rozpéti pedochemickych charakteristik zdejsich piid
a zjisténi, zda jsou signifikantni rozdily mezi trofnosti stanovist ve vztahu k prevla-
dajicimu bylinnému pokryvu. Proto bylo na podzim roku 2004 odebrana série vzor-
kit z celkem 111 odbérnych mist pod porostem ve variantach C. villosa — vidka, C.
v. — stredné husta a C. v. — hustd, Avenella flexuosa, Vaccinium myrtillus a hraban-
ka. Byly odebrany humusové horizonty (L, F, H) a prvni mineralni horizont (Ah),
rozbory bylo stanoveno aktivni a vyménné pH, charakteristiky piidniho sorpcniho
komplexu podle Kappena (S — obsah vyménnych bazi, T — kationtova vyménna ka-
pacita, H— hydrolyticka acidita a V — nasyceni sorpcniho komplexu bazemi), dale
obsah celkového uhliku a dusiku metodou Springer—Klee, obsah makroelementu
(P, K, Ca, Mg, Fe) ve vyluhu 1% kyselinou citronovou a obsah celkovych zivin v hu-
musovych horizontech (po mineralizaci H,SO, + Se). Prispévek prindsi prvni vy-
sledky tohoto Setreni.

Klicova slova: pudy, chemicky rozbor, variabilita, bukové porosty

INTRODUCTION

Edaphical factors (parent rock, soil type and soil texture class, depth of soil, its
chemistry, soil water, edaphon, humus etc.) influence presence, character and de-
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velopment of forest ecosystems (Poleno, Vacek 2005). Soil chemistry is one of the
most important parameters affecting plant nutrition and prosperity. The supply of
nutrients and their reciprocal proportion influence tolerance and stability of plants
too. Soil quality is strongly dependent on parent rock and climate. However or-
ganisms — animals and plants — have considerable ability to influence and utilize
physical and chemical processes in soil and so participate on the soil development
(Otto 1994).

In the central Europe, beech is the tree species with wide ecological amplitude.
In the Czech Republic, beech is a natural component of forest ecosystems from
2nd (1st) to 7th (8th) forest vegetation zones (FVZ), with dominance in the 3rd to
6th FVZ. It grows on a wide spectrum of edaphic categories from extreme, aci-
dic, fertile to enriched ones. In the upper localities, number of species of ground
vegetation in these forests is restricted but can influence natural regeneration of
beech (Spulk 2005).

Ground plant vegetation can characterise microsite conditions of the forest locati-
ons. From the occurrence of specific species we can speculate light, soil moisture
and maybe rough soil nutrient content. The swards of grasses (Calamagrostis sp.)
were demonstrated to mitigate the acidification of soil solution and the leaching of
basic cations (Ca?*, Mg?") from soil (Fiala et al. 2005).

The question is, whether there are real significant differences of chemical chara-
cters of the soils covered with various main species of forest weed in the forests
of the upper limit of the occurrence of beech. This paper brings partial solution
only.

EXPERIMENT LAYOUT AND METHODS

Beech stands and stands with higher proportion of beech in the upper part of the
Jizerské hory Mts. are nowadays situated in a few localities only. The localities of
Ptaci kupy and Ofesnik, which are the highest ones, were in 2004 chosen for re-
search of regeneration of beech in these conditions.

The beech stands and spruce with beech stands on the locality of Ptaci kupy (880
— 1013 m above sea level) are maintained in three fragments. Research object Pta-
¢i kupy L. (880 — 930m a. s. 1.) was established in the northern one. It lays on the
upper edge of the 6th FVZ, NE exposition, slope ca 18°. Stand is about 25m high
beech forest with medium to heavily broken canopy.

Research object Ptaci kupy II. is localised to the highest elevation of the locality
(950 — 970 m above sea level. Parent stand is about 20 m high slightly canopy ope-
ned beech with spruce forest, 10° slope is oriented to SW. The object Ptaci kupy
III. (880m a. s. 1.) is localized in the third, southern part of the locality, SW orien-
ted slope ca 5°, parent stand is about 25 m high slightly opened beech stand. Re-
search object Ofesnik occupies locality (780 - 840m a. s. 1.) of beech stand frag-
ments on the plateau or moderate NW slope (0° - 15°) of the identically called
ridge. Mean height of the medium opened parent stand is about 20 to 25 m.

For the research of natural regeneration, stabilized little plots (square 2 x 2m) on
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the research objects were set. They were situated in six variants of main plant co-
ver (PCV): “Calamagrostis villosa” with three various densities (Ca — sparse, Cb
— middle density, Cc —dense), “Vaccinium myrtillus” (V), “Avenella flexuosa” (A)
and “litter” (h). Positions with initial stadium of regeneration were preferred.

In autumn 2004, pedological investigation was made. Humus horizons (L, F, H)
and first mineral horizon (Ah) were sampled in the neighborhood of every little
plot (444 samples totally — tab. 1). The samples were analysed in the Tomas che-
mical laboratory in Opoc¢no. The parameters checked were: active and exchan-
geable acidity, characteristics of adsorption complex (by Kappen: S — content of
exchangeable bases, T — cation exchangeable capacity, H — hydrolytical acidity
and V — saturation of the adsorption complex with bases), total C and N content
(Springer-Klee method), accessible nutrient content (in citric acid) and total nutri-
ent content (N, P, K, Ca, Mg) in humus horizons (after mineralization in sulphuric
acid and selenium).

Tab. 1: Number of soil pits (L, F, H and A horizon) in accordance with localities and variants.
Pocet odebranych pudnich sond (L, F, H a Ah horizonty) podle lokalit a variant.

ilaar’l‘;fl‘t’:evre;tr;ﬁho v | P1AET kDY 1 Ptaci kupy 2 Ptaci kupy 3 Oresnik CZ‘Z’;ilm
Llitter — opad (h) 7 3 4 6 20
Avenella flexuosa® (A) 5 1 5 17
»Calamagrostis villosa*

sparse — Fidkd (Ca) 6 4 3 4 17

rednc ity | 6 4 6 7=

dense — husta (Cc) 4 4 17
WVaccinium myrtillus® (V) 3 4 4 17
Total - Celkem 35 23 21 32 111

The dataset of chemical properties of collected and analyzed material was compu-
ted to gain basic characteristic (average and standard deviations) for every chemi-
cal character, horizon, variant and object. Afterwards preliminary statistical ana-
lysis by paired T-test was done, variants as common were tested and objects were
compared reciprocally as well.

RESULTS AND DISCUSSION

Mean active acidity (pH H,O) of horizons (computed from whole dataset) in ac-
cordance to vegetation variants varied between 3.6 and 5.0 pH, the highest values
are in L horizon (4.7 - 5.0 pH). Towards lower horizons the values mostly decrea-
sed, in variants h and V occur little higher values in horizon Ah then in H (fig. 1a).
Horizons in variants tested by paired T-test show significant differences at p< 0.05
in three combinations in F only (A/Cc, Ca/Cc, h/Cc). Exchangeable acidity ran-
ged from 3.1 to 4.2 pH, its manner was comparable with pH H,O (fig. 1b). It co-
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Fig. 1: Average active acidity (a) and exchangeable acidity (b) lished by Slodi¢ak et al.
of all samples according to plant cover variants with (2005) for humus layer

standard deviations. of soil samples taken
Priimérnd aktivni (a) a vyménna acidita (b) podle va- in 2000 — 2004 ranged
riant vegetacniho krytu z celého souboru vzorkii se from 3.5 to 5.0 pH and

srodatnymi odchylkami.
smerodatnymt odchyiamt for the depth to 10 cm

range from 3.6 to 4.9 pH. Our values are separated for every horizon but included
in this ranges. Vacek et al. (2005) show mean active acidity 4.0 pH in measured
beech forests in the Krkonose Mts. in 2003 and mean exchangeable acidity 3.17
pH for upper part of soil profile (L, F, H, Ah).

Average reserve of accessible phosphorus in P,O, (computed from the data of all
pits) is in every horizon in the level of high supply (criteria by Lesprojekt 1983).
Mean reserve of accessible potassium and magnesium is high except horizon Ah
and amount of calcium declined from the high to sufficient level already in hori-
zon H (tab. 2). Comparisons of the averages of accessible nutrients on the research
objects show significant differences in CaO and MgO between almost all objects
(except P3/0), significant differences in phosphorus occurred in lower horizons
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(H and Ah) only. Vacek et al. (2005) showed mean values of upper soil horizons
(to Ah) in 2003 in beech research forests of the Krkonose Mts. 523.3 mg.kg' of
PO, ,67.2 mgkg" of K,0,497.7 mg.kg" of CaO and 1543.0 mg.kg" of MgO. In our
material the average amount of potassium and calcium is significantly higher, but

amount of magnesium is lower.

Average content of nitrogen (plant cover variants from the whole dataset) after
mineralization (H,SO, + Se) was the highest of all variants in horizons F and
did not exceed 2% (fig. 2a). High significant differences (p<0.01) were in L hori-
zon between variants Cb/V and Cc/V, significant (p<0.05) in Ca/Cc, Cb/Cc, Cb/h
and Cc/h. Values of other horizons were without sufficient difference. The mean
amount of potassium (fig. 2b) commonly reached the highest proportion in H ho-
rizon. Significance of the differences of values in L horizon is similar to nitrogen,
in this nutrient, significance of horizon F (p<0.05 — A/Ca and Ca/Cc) and horizon
H (p<0.01 — A/V and p<0.05 — A/Ca, Cb/V and V/h) occurred too.

Tab. 2: Mean content of accessible nutrients in horizons (mg.kg™'). All data included.
Primérny obsah pristupnych Zivin podle horizontii (mg.kg™') vypocitana z celého
souboru vzorkii.

PO K,0 CaO MgO Fe O,
Mean St.dev. Mean  St.dev.  Mean  St.dev. Mean St.dev. Mean  St.dev.
Prii- Sm. Prii- Sm. Prii- Sm. Pri Sm. Prii- Sm.

mer odch. meér odch. mér odch. mér odch. mer odch.

L 562.3 3434 18723 813.3 64437 14816  1093.1 397.9 127.9 94.7

3317 183.0  540.5 2557 30340 24023 7839 1001.6 862.4 691.9
H 376.5 1747 2222 68.6 557.5 885.2 275.8 48171 2070.2 9224
Ah | 3128 1416  139.0 65.1 216.2 154.8 108.6 74.8 1974.5 10669

There were proportionally higher amounts of calcium in horizons L computed for
every plant cover variant than in other horizons (fig. 2c). The differences between
variants except Cc/V in L horizon (p<0.05) were not significant. To consider dif-
ferences between plant cover variants in research objects, for example variation
of calcium is shown (tab. 3). Mean values in L horizon varied from 0.31% (variant
“Vaccinium” in Ptaci kupy II.) to the highest amount of 0.82% reached in “4ve-
nella flexuosa” in Ptaci kupy III. (but one pit only). Values in horizon F ranged
from 0.00% (no detected for 1/100%) to 0.28% and in H varied between 0.00%
and 0.22%. Proportions in the same plant cover variant varied between research
objects strongly.

Amount of magnesium had high variation of values especially in horizon F, in
most cases was lower than 0.1% (fig. 2d).

When we compared average values of accessible nutrients of horizons between
research objects, significant differences occurred more frequently (no showed
data). Significant differences mostly appeared in litter, from nutrients the most
frequent significant differences were in phosphorus (which though had no signi-
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ficance when we compared va-
lues for horizons of all dataset)
and nitrogen contents.

Fiala et al. (2005) found out, that
higher accumulation of nitrogen
in Calamagrostis grass biomass
coincides with lower contents of
leached nitrogen in lysimetric
water. Outcomes in our study
show no significant differences
between plant cover variants in
amount of nitrogen in litter (ho-
rizon F), so the accumulation
seems to be comparable.

From our study we can conclu-
de, there is high variability of
the soil conditions in beech
stands of summit localities of
the Jizerské hory Mts. The-
ir chemical variability indica-
tes low influence of forest weed
cover to be proved explicitly by
comparison by comparison of
single soil characteristics. Sig-
nificant differences computed
by paired T-test varied between
variants considerably. Differen-
ces can be influenced by local
conditions more than by diffe-
rent ground plant species. Ap-

Fig. 2: Mean amount of total nu-
trients after mineralization
(computed from whole data-
set): nitrogen (a), potassium
(b), calcium (c) and magnesi-
um (d) according to plant co-
ver variants with standard de-
viations.

Primérny obsah celkovych Zi-
vin po mineralizaci (vypocita-
ny z celého souboru vzorkii):
obsah dusiku (a), drasliku (b),
vapniku (c) a horciku (d) pod-
le variant vegetacniho krytu
se smérodatnymi odchylkami.
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plication of paired T-test for the evaluation of such large amount of composed data
is very limited.

Tab. 3: Mean proportion of total calcium (%) with standard deviations in research objects
due to variants and horizons as an example of variability.
Priimérny obsah celkového vapniku (%) se standardnimi odchylkami na vyzkum-
nych objektech podle variant vegetacniho krytu a horizontii.

Research object: Ptaci kupy 1. Ptaci kupy II. Ptaci kupy III. Ofesnik

Horizon  Variant  Mean St. dev. Mean St. dev. Mean St. dev. Mean St. dev.
Horizont Varianta Prumér Sm.odch. Pramér Sm.odch. Prumér Sm.odch. Primér Sm. odch.

L Ca 0.57 0.27 0.41 0.19 0.43 0.12 0.64 0.12
Cb 0.69 0.30 0.36 0.10 0.49 0.13 0.55 0.20
Cc 0.58 0.21 0.38 0.04 0.41 0.05 0.46 0.09
A 0.49 0.35 0.35 0.17 0.82 0.00 0.67 0.34
\% 0.89 0.45 0.31 0.07 0.65 0.05 0.79 0.11
h 0.49 0.38 0.41 0.18 0.54 0.25 0.63 0.21
F Ca 0.24 0.44 0.01 0.01 0.04 0.04 0.07 0.06
Cb 0.07 0.10 0.01 0.01 0.02 0.01 0.12 0.10
Cc 0.07 0.08 0.01 0.01 0.03 0.02 0.24 0.36
A 0.12 0.22 0.00 0.00 0.02 0.00 0.02 0.01
\% 0.28 0.39 0.00 0.00 0.03 0.03 0.06 0.07
h 0.03 0.03 0.00 0.00 0.09 0.10 0.10 0.07
H Ca 0.02 0.04 0.00 0.00 0.01 0.00 0.00 0.00
Cb 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00
Cc 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.00
A 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
\ 0.22 0.41 0.00 0.00 0.01 0.00 0.00 0.00
h 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.00
CONCLUSIONS

In our study we compared chemical properties of soil samples taken in 2004 in 4
research objects in beech forests in the upper part of the Jizerské hory Mts. Data
show high differences of values, explanation only by main plant cover of the soil
surface is not possible with the method of paired T-test variance only. Multicrite-
rial analysis would bring more sufficient outcomes. More sophisticated processing
will be subject of the next work.
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SOUHRN

Pidni chemismus je jednim z faktort, ktery vyrazné ovliviiuje vyskyt, charakter
a vyvoj lesnich spolecenstev. Kvalita pid je siln¢ zavisla na mate¢né hornin¢ a kli-
matu, je vSak zaroven ovliviiovana Zivymi organismy.

Ve stiedni Evropé je buk lesni dfevina s Sirokou ekologickou amplitudou. Dosa-
huji az do 7. (8.) lesniho vegetac¢niho stupné na Siroké Skale edafickych kategorii.
V hornich partiich Jizerskych hor se bukové porosty dochovaly pouze v okoli lo-
kality Ptaci kupy a Ofesnik. Ve fragmentech téchto porostti byly v roce 2004 za-
lozeny tii vyzkumné objekty zaméiené na sledovani piirozené obnovy buku. Pro
posouzeni vlivu prevladajici vegetace byla na kazdém objektu stabilizovana sé-
rie plosek 2 x 2m ve variantach Calamagrostis villosa — tidka (Ca), C. v. — stfed-
n¢ husta (Cb) a C. v. —husta (Cc), Avenella flexuosa (A), Vaccinium myrtillus (V)
a hrabanka (h). Na podzim 2004 byly v okoli kazdé plosky odebrany humusové
horizonty (L, F, H) a prvni mineralni horizont (Ah), rozbory bylo stanoveno ak-
tivni a vyménné pH, charakteristiky pidniho sorpéniho komplexu podle Kappena
(S — obsah vyménnych bazi, T — kationtova vyménna kapacita, H — hydrolyticka
acidita a V — nasyceni sorpcniho komplexu bazemi), dale obsah celkového uhli-
ku a dusiku metodou Springer—Klee , obsah makroelementt (P, K, Ca, Mg, Fe) ve
vyluhu 1% kyselinou citronovou a obsah celkovych Zivin v humusovych horizon-
tech (po mineralizaci H,SO, + Se). Ze ziskanych dat byly vypocCitany primérné
hodnoty a standardni odchylky podle horizontt, variant vegetacniho krytu a vy-
zkumnych objektt. K predbézné statistické analyze byl pouzit parovy T-test. Pii-
speévek piinasi vybrané vysledky.

Pramérné aktivni pH horizontll vypoctené ze vSech vzorkl se pohybuje v inter-
valu 3,6 — 5,0 pH, vyménna reakce pak mé hodnoty mezi 3,1 — 4,2 pH (obr. la,
1b). Jedn4 se tedy o pldy siln€ az stfedn¢ kyselé. Srovnani variant ukazalo vyskyt
prukaznych rozdilu v nékolika ptipadech u horizontu opadu. Zasoba piistupnych
zivin ve vyluhu 1% kyseliny citronové je ve vétsin€ pripadi vysoka az dobra (tab.
2). Srovnani pramért piistupnych zivin mezi vyzkumnymi objekty ukéazalo pri-
kazné rozdily mezi témef vSemi objekty (kromé kombinace P3/0) u oxida vapni-
ku a hot¢iku.
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Nejvy38i primérnd zasoba celkového dusiku po mineralizaci (H,SO,+Se) byla
v horizontu F a neptesahla 2% (obr. 2a). Primérny obsah celkového drasliku (obr. 2b)
dosahoval nejvyssich hodnot u horizontu H (do 0,3 %), obsah celkového vapni-
ku v horizontu opadu byl nékolikanasobné vyssi nez v hlubsich horizontech (obr.
2¢). Variabilitu podminek podle variant vegetacniho krytu na jednotlivych vy-
zkumnych objektech demonstruje obsah celkového vapniku v tabulce 3. Primér-
né hodnoty v horizontu L kolisaji od 0,31 % (varianta V na Ptacich kupach I1.) po
0,82 % (varianta A na Ptacich kupach II1., reprezentovana vsak pouze jednim od-
bérem). Pomér obsahu CaO u stejnych variant mezi vyzkumnymi objekty silné
kolisa. Také obsah oxidu hoi¢iku kolisal silné€, nejvétsi variabilita byla zazname-
nana u horizontu F (obr. 2d).

Z naseho Setfeni je patrnd zna¢na variabilita chemickych vlastnosti ptd sledova-
nych bukovych porostli na hornich partiich Jizerskych hor. Zda se, ze variabilitu
podminek nelze vztahovat pouze na vyskyt prevladajiciho druhu pfizemni vege-
tace, at’ jiz jako jejiho indikatoru ¢i ovliviiujiciho Cinitele. Pro toto tvrzeni vSak
bude tfeba dikladnéjsi vyhodnoceni dat za prispéni metod multikriterialni analyzy.
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