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Soil chemistry changes in green alder [4/nus alnobetula (Ehrh.)
C. Koch] stands in mountain areas

V. V. PODRAZSKY, I. ULBRICHOVA

Czech University of Agriculture, Faculty of Forestry, Prague, Czech Republic

ABSTRACT: The present study documents the effects of green alder [4/nus alnobetula (Ehrh.) C. Koch] on the uppermost forest
soil layers in mountain areas, respectively in the summit part of the Jizerské hory Mts. Pedochemical characteristics of holorganic
horizons in stands of this species, established in 1992 on a clear-cut caused by air pollution, were compared to the status of soils
in stands of bog pine (Pinus rotundata Link.). Extreme site conditions and young age of both stand types resulted in low effects on
the humus forms in the first decade. Despite of this, enrichment in total nitrogen content and tendency to acidification due to nitrate

leaching were obvious and statistically significant in green alder stands.
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Biological amelioration is widely discussed due to its
importance for forest soil restoration in air-pollution areas
at present. Pioneer broad-leaved species should improve
the forest environment for climax species regeneration
and growth as well as for forest site revitalisation (POD-
RAZSKY 2000, 2001). Their effect is considered to be
superior very often to chemical amelioration (HRUSKA,
CIENCIALA 2001). Among the species of interest, green
alder [Alnus alnobetula (Ehrh.) C. Koch — syn. Dusche-
kia alnobetula Ehrh. — (DOSTAL 1989) — or Alnus viridis
Chaix in Vill.] is considered as a potentially important
species. There are some objections from the part of nature
conservation (this species is considered as non-indigenous
in many areas), but many research plots were established
for studies of its growth and site remediation. Their evalu-
ation is of great importance because there is an absolute
lack of information concerning the ecological effects of
the species concerned. The present study compares the
effects of green alder on forest soils (humus forms) with
those of bog pine (Pinus rotundata Link.) as a representa-
tive of site corresponding coniferous tree species. The
main objective was to study nitrogen and base dynamics
in both forest stands.

METHODS

The study was performed on Jizerka research plot in
the Jizerské hory Mits., in stand No. 257 B7 (according to

the forest plan valid in the year of plot establishment), in
Nové Mésto pod Smrkem Forest District (BALCAR, POD-
RAZSKY 1994). The altitude of locality is 960 m above
sea level, the plot is located on the summit and SE slope
of the ridge Stiedni Jizersky hfeben. The forest type is
determined as acid Norway spruce stand with Calama-
grostis villosa (8K2), management type as natural Norway
spruce forest of acid sites under air-pollution load (721),
air-pollution zone B. Soil type was described as Ferro-
humic Podzol to Histo-humic podzol (Phf — Pho — FAO)
(HRASKO et al. 1987). The bedrock is built of biotite
granite. Mean annual precipitation is 1,476 mm, mean
annual temperature 4°C, measured directly at Jizerka
meteorological station.

Studied plantations of bog pine and green alder were
established in spring 1992 at spacing 1 x 2mon 10 x 10 m
partial plots (50 plants/plot), in four replications. Soil sam-
ples were taken in autumn 2001. On each partial plot, sam-
ples were collected from L+F and H horizons and from
the uppermost 10 cm of mineral soil (Ae or Ep horizon)
in one replication. Samples were analysed individually in
Tomas laboratory (resident in Forestry and Game Man-
agement Research Institute, Opoc¢no Research Station) by
standard methods. In fine earth, the following chemical
characteristics of soil were determined: pH in water and
1 N KCI, soil adsorption complex characteristics accord-
ing to Kappen (S — base content, H — hydrolytical acidity,
T — cation exchange capacity, V — base saturation), total
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Table 1. Soil reaction and soil adsorption complex characteristics in soils of bog pine and green alder stands at Jizerka locality

Stand Horizon Thickness pHHO pH KC1 i T M
(cm) 2 (mval/100 g) (%)
Bog pine L+F 5.75 5.30 3.45 21.05 54.50 75.6 27.6
H 7.50 5.25 3.28 11.18 48.12 59.2 18.8
Ae - 5.60 3.55 1.52 7.10 8.6 17.9
Green alder L+F 5.50 5.12 3.35 16.88 56.8 73.6 22.8
H 8.00 5.48 3.22 11.30 42.62 61.6 18.2
Ae - 5.62 3.65 1.22 7.42 8.6 14.6

carbon and nitrogen (Kjeldahl) contents, exchangeable
acidity characteristics in HCI solution, and plant avail-
able nutrients in 1% citric acid solution. In this case, plant
available P was determined on Spekol 210 apparatus, plant
available K by flame photometry, plant available Ca and
Mg by AAS. Total nutrient content (mineralization with
sulphuric acid and selenium) was determined by AAS in
holorganic horizons only. Statistically significant differ-
ences were tested by one factor analysis of variance at
95% level.

RESULTS AND DISCUSSION

Results are summarised in Tables 1 to 3. The thickness
of holorganic layer is comparable in both variants (stands)
and corresponds with site conditions (Table 1). Soil reac-
tion (in H,O) is insignificantly lower in the L + F horizon
of green alder stand, an opposite trend is evident in the H
layer, the values are comparably lower (Ae horizon). Soil
reaction in KCl is very similar, nevertheless the values are
lower in holorganic horizons of alder stand, an opposite
was observed in mineral soil. Cation exchange capacity
is practically the same in both cases, the same is true of
hydrolytical acidity. Slightly lower base content and base
saturation in the green alder stand are far from being sig-
nificant — but this tendency is very interesting. Similar
trends were observed when the situation in rowan tree
and Norway spruce stands in the Krusné hory Mts. was
compared (PODRAZSKY 2001).

Exchangeable acidity was (insignificantly) higher in
the soil of green alder stand, this trend was detected espe-
cially from the exchangeable aluminum contents (Table 2).

Total nitrogen (Kjeldahl) content was higher too, just
below the significance limits, total carbon content was
almost identical. It is in accordance with a large number of
other authors (BINKLEY 1986) and it can be considered as
a general trend of the effects of nitrogen fixing plants.
Small differences reflect the site extremity and high buff-
ering capacity of the studied holorganic layers. The func-
tion potential of relatively young stands is also still low.

Total nitrogen content determined as a part of analy-
ses of total nutrient content was significantly higher in
the green alder stand (Table 3), but in the uppermost
layer only. Content of this macroelement was equal in
lower horizons of both stands. Similar, but not statisti-
cally significant trends were shown by contents of total
phosphorus and potassium. On the contrary, contents of
bivalent cations were lower in the humus form of green
alder stand. Content of plant available phosphorus was
higher in the uppermost horizon of green alder stand, the
situation was opposite in deeper horizons, all differences
were not significant. Content of plant available potassium
was practically the same in both stands. Losses of plant
available calcium and magnesium are insignificant, but
obvious in the alder stand. This tendency can be caused
both by higher uptake by vegetation and by nutrient (base)
losses due to excessive nitrification and leaching of ni-
trates (BINKLEY 1986).

The results obtained in the first decade reveal a con-
siderable nitrogen fixing potential of green alder. Sig-
nificant enrichment of humus forms with nitrogen was
documented also in unfavourable site conditions. On the
contrary, a slight tendency of soil acidification and base
content was obvious as well. It can lead to soil depletion

Table 2. Exchangeable acidity, total humus and nitrogen content in soil of pine and green alder stands at Jizerka locality

. Ex. acidity Ex. H Ex. Al N K. Humus
Stand Horizon
(mval/1,000 g) (%) (%)
Bog pine L+F 72.3 3.5 68.8 1.46 53.8
H 65.2 1.8 63.4 1.40 38.3
Ae 40.5 0.1 40.4 0.13 34
Green alder L+F 83.3 2.3 81.0 1.83 49.1
H 78.9 2.4 76.5 1.51 40.2
Ae 41.4 0.1 41.4 0.12 3.5
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Table 3. Content of total and plant available nutrients in the soil of bog pine and green alder stands at Jizerka locality

. Total N Total P Total K  Total Ca Total Mg | Avail. P Avail. K Avail. Ca Avail. Mg
Stand Horizon
(%) (mg/1,000 g)

Bog pine L+F 145a 0.11 0.15 0.18 0.01 166 242 2,640 960

H 1.51 0.14 0.24 0.10 0.06 151 117 1,317 428

Ae - - - - - 57.8 222 178.5 46.2
Green L+F 1.95b 0.13 0.21 0.14 0.009 222 244 2,007 595
alder H 1.50 0.14 0.21 0.11 0.050 138 108 1,143 333

Ae - - - - - 472 20.0 190.0 50.2

Different indexes indicate statistically significant differences
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Zmény pidniho chemismu v porostech olSe zelené [Alnus alnobetula (Ehrh.) C. Koch]
v horskych oblastech
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ABSTRAKT: Studie doklada vliv porostii olse zelené [A/nus alnobetula (Ehrh.) C. Koch] na nejsvrchnéjsi vrstvy pidy v hor-
skych oblastech, resp. ve vrcholové ¢asti Jizerskych hor. Byly srovnavany pedochemické vlastnosti holorganickych horizontt

v porostu olSe a v porostu borovice blatky (Pinus rotundata Link.). Porosty byly zalozeny v r. 1992 na imisni holiné. Extrémni
stanovistni podminky a nizky veék porostd se odrazily v nizkych rozdilech mezi ptidami obou porostt, piesto byly dolozeny
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statisticky prukazné rozdily v obsahu celkového dusiku a tendence k acidifikaci pud — ptfedevsim v disledku vyplavovani nitrata

— v porostu olse.

Kli¢ova slova: imisni oblasti; humusové formy; biologicka meliorace; olSe zelena

Biologicka meliorace lesnich pid se v souc¢asné dobé
dostava opét do popiedi zdjmu odborné vetejnosti. Vliv
zejména listnatych lesnich dfevin na ostatni slozky
prirodniho prostiedi ma zlepsit podminky pro obnovu
klimaxovych, resp. hospodafskych lest v blizsi ¢i
vzdalengjsi budoucnosti. Jednim z Siroce diskutovanych
druhti je i olSe (olSicka) zelena. Prispévek se zabyva
vyhodnocenim stavu pud s vysadbou ole zelené ve
srovnani s pudou v porostu borovice blatky (Pinus
rotundata Link.). Pfes extrémni charakter lokality véetné
pudniho prostfedi a nizky vék vysadeb lze ocekavat
vysledky vyznamné pro dalsi vyuziti biologické
meliorace vibec a dané dfeviny zvlasté. Pokusna
plocha Jizerka se sledovanymi vysadbami byla zalozena
v porostu 257 B7 na uzemi LS Nové Mésto pod Smrkem.
Nadmoftska vyska lokality je kolem 960 m, lesnim typem
je zde kyselda smrcina titinova (8K2), hospodaisky
soubor piirozené smrkové hospodarstvi kyselych
stanovist’ pod vlivem imisi (721), pasmo ohrozeni
imisemi B. Padni typ byl uren jako horsky humusovy
podzol az raselinny podzol podle klasifikace UHUL,
v klasifikaci FAO Ferro-humic podzol a Histo-humic
podzol (Phf — Pho). Pady vznikly na zvétraling biotitické
zuly. Dlouhodoby srazkovy normal na stanici Jizerka (asi
1 300 m od vyzkumné plochy) ptfedstavuje 1 476 mm
ro¢n¢, prumérna ro¢ni teplota je 4 °C.

Kultury studovanych lesnich dfevin, borovice blatky
a olse zelené, byly vysazeny na jafe 1992 ve sponu 2 X 1 m
na holinu, na ¢étvercové parcely o strané 10 m (tj. po
50 ks) v poctu opakovani 4. Pidni vzorky pro srovnani

stavu pud byly odebrany na podzim roku 2001. Na kazdé
parcele byly odebrany v jednom opakovani z vrstev L +
F, H a z vrchnich 10 cm mineralni pudy (horizont E, resp.
Ae). Vzorky byly analyzovany jednotlive. Byly stanoveny
nasledujici pedochemické charakteristiky: pH H,Oa I N
KCl, charakteristiky pidniho sorpéniho komplexu (S,
H, T, V) podle Kappena, obsah oxidovatelného kysliku
a celkového dusiku (metoda Kjeldahla), charakteristiky
vyménné acidity ve vyluhu HCl a obsah Zivin ve vyluhu
kyselinou citronovou (AAS). Pouze v organickych
horizontech bylo provedeno stanoveni obsahu celkovych
zivin (AAS) po Gplné mineralizaci vzorku smési kyseliny
sirové a selenu. Statisticka prukaznost rozdili byla
testovana metodou jednofaktorové analyzy rozptylu na
95% stupni vyznamnosti.

Vysledky jsou shrnuty v tab. 1-3. V prvnim decenniu
ukazuji na potencial fixace dusiku v porostech olse
zelené. 1 v nepfiznivych stanovistnich podminkach
dochazi k poutani této ziviny a k obohaceni pud. Na
druhé strané je zde zvySena tendence vyplavovani
nitrath v ptipad¢, Ze vyssi nabidky dusiku neni vegetace
schopna vyuzit. To mize vést k acidifikaci, k dalsim
ztratdm bazi a k ochuzeni stanovisté, zanedbatelna neni
ani moznost urychlené mineralizace nadlozniho humusu,
coz je v danych podminkach nezadouci jev. Na imisnich
holinach s intaktni humusovou vrstvou Ize proto vysadbu
dusik fixujicich dfevin doporuéit pouze v pfipadé, Ze
zde jsou zaroven pfitomny dieviny s vy$simi pozadavky
na tuto zivinu, vykazujici jeji deficit. PIn¢ opravnéna
je vysadba na lokalitach s degradovanou vrstvou
nadlozniho humusu.
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