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Green alder effects on the forest soils in higher elevations
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ABSTRACT: Presented study documents the effects of green alder (Alnus alnobetula [Ehrh.] C. Koch) on the upper-
most forest soil layers in mountain areas, respectively in the top part of the Orlické hory Mts. Three variants effect to
the forest soil have been studied: pure groups of green alder, pure groups of Norway spruce and Norway spruce stand
under-planted by green alder. The effect of alder stands litter influenced some basic soil characteristics: the surface
humus accumulation (low), the bases content and base saturation (decreased). The green alder increased the acidifica-
tion trends in the forest soils of the humus forms on the studied locality and intensified the mineralization and nutrient

losses from the soil profile.
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As a consequence of extend immission calamity,
stands of preparatory broad-leaved (pioneer) spe-
cies were used for forest restoration on large clear-
cuts. They should improve the forest environment
for climax species regeneration and growth as well
as for forest site revitalization (PODRAZSKY 2000,
2001). Their effect is considered to be superior to the
chemical amelioration very often (HruSkaA, CIEN-
CIALA 2001). Among species of interest, green alder
(Alnus alnobetula [Ehrh.] C. Koch — syn. Duschekia
alnobetula Ehrh.) (DosTAL 1989) (or Alnus viridis
Chaix in Vill.), it is considered as potentially impor-
tant species.

There are some objections from the part of nature
conservation (this species is considered as non-in-
digenous in many areas) quite often, but many re-
search plots were established for the growth and site
remediation studies (BALCAR, PODRAZSKY 1994).
Their evaluation is of great importance, because
there is absolute lack of the information concern-
ing the ecological effects of the species of interest.
Only the first results concerning the green alder ef-
fects on the forest soils were published, indicating

acidification effects due to increased nitrogen input
(PopRAZSKY, ULBRICHOVA 2003), in the Jizerské
hory Mts. The presented study presents the results
from another region with green alder plantations,
from the Orlické hory Mts., and compares the ef-
fects of green alder on forest soils (humus forms)
with those ones of Norway spruce (Picea abies [L.]
Karst) as a sample of site corresponding needle tree
species. The main objective was to study nitrogen
and bases dynamics in both forest stands.

MATERIAL AND METHODS

Study was performed on the research plot Mala
Destnd in the Orlické hory Mts., in the stand No.
130A. The research plot is located in the altitude
around 1000 m, mean annual precipitation is be-
tween 1,000-1,200 mm, mean annual temperature
varies about 5°C. Soil type was described as Cryp-
topodzol to Mountain Humic Podzol (HrRASKO et
al. 1987). The bedrock is represented by the micas-
chists, the forest type as 7K1 — acid beech-spruce
site with Calamagrostis villosa.
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The research plot was established in years 1985 to
1986. Three variants are studied: pure groups of
green alder (18 years at sampling), pure groups of
Norway spruce (age 78 years at sampling) and Nor-
way spruce stand under-planted by green alder (78
years and 18 years, respectively). On each partial
plot, sampling was performed on one place from
L+F and H horizons and from uppermost 10 cm
of mineral soil (Ae or Ep character). Samples were
analyzed individually in the laboratory Tomas$
(former Forestry and Game Management Research
Institute, Research Station Opocno) by standard
methods. In the fine earth, following soil chemical
characteristics were determined: pH in water and
1 N KClI, soil adsorption complex characteristics
by Kappen (S — bases content, H — hydrolytical
acidity, T — cation exchange capacity, V — bases
saturation), total carbon and nitrogen (Kjeldahl)
contents, exchangeable acidity characteristics in
the HCI solution, and plant available nutrients
in the 1% citric acid solution. In this case, plant
available P was then determined by the Spekol
210, plant available K by the flame photometry,
plant available Ca and Mg by AAS. Total nutrients
content (mineralization with sulphuric acid and
selene) was determined by the AAS in holorganic
horizons only. Statistically significant differences
were tested by one factor analysis of variance at
95% level.

RESULTS AND DISCUSSION

Results were summarized in the Tables 1-3. It has
to be understood, that different tree species and dif-
ferent stand ages combine in their effects on the soil
state. The mixed stand showed the maximum thick-

ness of the surface humus layers, this amount was
lowered especially by the pure green alder stands, in
which effect the species and age shift play their role.
In the mixed stand were documented also the high-
est values of pH, with exception of the uppermost
horizon, the lowest values were measured in the
green alder stand. On the contrary, the highest con-
tents of exchangeable bases we determined in the
pure Norway spruce stand, statistically significant,
the admixture or dominance of green alder caused
the bases losses. Hydrolytical acidity showed the op-
posite trend, so the cation exchangeable acidity did
not differ significantly among variants. Base satu-
ration was statistically significantly lowered by the
green alder presence (Table 1). Very similar trends
were studied in similar conditions from the Jizerské
hory Mts. (PODRAZSKY, ULBRICHOVA 2003). On the
contrary, the stands of different alder species exhibit
significant amelioration effects on degraded sites
(PODRAZSKY et al. 2003).

Exchangeable acidity was highly and significantly
increased by the green alder presence, only the
exchangeable hydrogen, connected with the humus
transformation intensity, did show the opposite
tendency. Total nitrogen content was surprisingly
the highest in the mixed stand and the lowest in
the pure green alder one. This can be connected
with the large nitrogen losses from the intensively
mineralized holorganic horizons under alder stands
after clear-cut of the original spruce stand, reaching
up to 50 kg of N losses per year and ha (BINKLEY
1986) and nitrogen immobilization from the alder
litter in the mixed stand (WESEMAEL 1992). Also
the total humus content indicated higher activity
in holorganic horizons in broad-leaved and mixed
stands (Table 2).

Table 1. Soil reaction and soil adsorption complex characteristics in soils of stands of the Mald Destna locality

Stand Horizon Thickness pHHO pH KC1 i ! V (%)
(cm) 2 (mval/100 g)
L+F 4.8 ab 4.8 4.2 45.0a 355a 80.5 55.0a
Norway sp. H 6.5 4.2 3.5 264 a 44.4 70.8 36.0a
Ae 10 4.0a 3.3 3.1 9.5a 12.6 24.5
L+F 4.0a 4.6 4.1 41.8 ab 383a 80.2 53.6a
Green alder H 6.2 4.2 3.4 12.8b 371 50.0 28.4 ab
Ae 10 4.0 ab 3.2 2.5 104 a 12.9 19.7
L+F 52b 4.8 3.8 22.5b 59.4b 81.9 27.8b
Mixed H 8.8 4.6 3.6 12.0b 50.4 62.5 19.4b
Ae 10 44Db 3.5 2.7 154b 18.0 14.6
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Table 2. Exchangeable acidity, total humus and nitrogen content in soil of stands of the Mald Des$tn4 locality

Acidity ex. H ex. Al ex.
Stand Horizon N Kj. (%) Humus (%)
(mval/1,000 g)
L+F 27 a 8.0a 194 a 2.13 50.7
Norway sp. H 56 5.8 50.2 1.48 ab 43.7
Ae 52a 1.4 50.6 a 0.23 13.6
L+F 53 ab 54b 47.7 ab 1.75 47.2
Green alder H 88 4.4 83.4 1.09 a 30.4
Ae 71 ab 1.5 69.3 ab 0.21 5.6
L+F 121b 55b 115.7b 2.21 59.3
Mixed H 129 3.3 126.0 191b 45.6
Ae 99 b 1.6 97.1b 0.37 10.6

Table 3. Total and plant available nutrients content in soil of stands of spruce and green alder of the Mala Destnd locality

Stand  Hoton g gl ol toul  tol el adl aail ael ol
L+F 2.14 0.15 0.25 0.22 0.29 325 602 5626 2,340 50la
Norway sp. H 166ab 0.12a 0.46 0.02 0.12 200 227 a 1,983 840 704 a
Ae 80a 49 243 110 367 a
L+F 1.79 0.13 0.48 0.08 0.31 264 250 5946 2,630 854a
Green alder H 115a 0.10a 0.54 0.01 0.05 174 99b 976 537 640 a
Ae 92a 36 201 118 430 a
L+F 2.38 0.18 0.22 0.05 0.17 590 427 3,180 1,382 1,573b
Mixed H 1.84b 0.24b 0.94 0.01 0.05 656 162 ab 403 172 1,918b
Ae 391b 37 148 48 820b

Different indexes indicate statistically significant differences

The total phosphorus trend was similar to the
nitrogen dynamics, indicating the general quality
of the organic matter in particular stands. The total
potassium contents were increased in the stands
with green alder, reflecting so the presence of grass
layer here too. Grass contents in K are substantially
higher comparing to the tree species. On the con-
trary, total Ca as well as Mg contents were lowered
by the alder presence.

Plant available phosphorus content was the highest
in the mixed stand and the lowest in the pure green
alder stand again, indicating positive effects of the
alder on the organic matter in the case of under-plant-
ings. Alder presence significantly lowered the plant
available potassium contents both in pure or mixed
stands and the same was detected for the available
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forms of calcium as well as magnesium. Plant available
(soluble) iron content was on the contrary significantly
increased, especially in the mixed stand (Table 3).

Similar effects of green alder were documented in
the Jizerské hory Mts., as mentioned above (Pop-
RAZSKY, ULBRICHOVA 2003). The increased input
of nitrogen led to increase of its contents, con-
nected with accelerated mineralization and losses
of nitrates connected with bases. Alder species in
the case of intact surface humus layer cause the
losses of bases and acidification of the soil surface
(BINKLEY 1986), on the contrary, on the scarified
soils and on the reforested agricultural lands, they
can substantially improve and accelerate the favor-
able holorganic layers formation (PODRAZSKY et al.
2003; REMES, PODRAZSKY 2002).
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CONCLUSIONS

Results of the presented study confirmed the po-
tential for both positive as well as negative conse-
quences of the green alder plantations in the higher
mountain localities.

In the presence of intact surface humus (holor-
ganic) layers, the green alder, similarly to other
alder species:

— produces the litter of more favorable composi-
tion,

— recycles more rapidly some nutrients,

— provides nitrogen fixing into the forest ecosys-
tem.

On the contrary, on localities with naturally slower
nutrient cycling this means:

— increased mineralization of the surface organic
matter on localities without tree shelter, or with
forest stands of reduced vitality,

— increased nutrient, especially bases losses from
the soil compartments of forest ecosystems,

— accelerated forest soil acidification due to nitrate
leaching.

The cultivation of alder species, including the
green alder, can be useful tool in the forest soil res-
toration in convenient conditions and on suitable
localities. They can be generally indicated as: locali-
ties without effective holorganic layers, degraded of
reforested after other use. On intact localities with
high holorganic horizons amount, it on the contrary
can increase the ecological risks.
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Vliv olse zelené na lesni pidy ve vyssich nadmorskych vyskach

V. PODRAZSKY, I. ULBRICHOVA, 1. KUNES, J. FOLK

Fakulta lesnickd a environmentdlni, Ceskd zemédélskd univerzita v Praze, Praha, Ceskd republika

ABSTRAKT: Prispévek dokumentuje vliv ol$e zelené (Alnus alnobetula [Ehrh.] C. Koch) na nejsvrchnéjsi vrstvy lesnich
pud v horskych oblastech, resp. ve vrcholové ¢asti Orlickych hor. Studovaly se tfi varianty: Cisty porost olse zelené, Cista

dospéld smrcina a smréina stejného véku s podsadbou ol$e. Porost olse mél vliv na zdkladn{ pidni charakteristiky, jako

snizeni. OlSe zelend déle zvySovala podle vSech charakteristik ptadni aciditu, zvy$ovala mineralizaci humusu a zvysovala
ztraty baz{ z ptidniho profilu.

Klicova slova: imisni oblasti; humusové formy; biologickd meliorace; olse zelend
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Studie doklada vliv olse zelené (Alnus alnobetula
[Ehrh.] C. Koch) na nejsvrchnéjsi vrstvy lesnich
pad v horskych oblastech, resp. ve vrcholové césti
Orlickych hor. Vyzkumné plochy jsou v nadmotské
vysce kolem 1 000 m, primérnd roc¢ni teplota je zde
4-5°C, primérné ro¢ni srazky 1 000-1 200 mm.
Pudni typ je charakterizovan jako kryptopodzol az
horsky humusovy podzol, lesni typ jako 7K1 — kyseld
bukova smréina se tftinou chloupkatou. Geologicky
podklad tvori svor. Vyzkumné plochy byly zalozeny
v letech 1985-1986, studovaly se tfi varianty: Cisty
porost ol$e zelené (vek 18 let v dobé odbéru vzork),
Cistd dospéld smréina (78 let) a smrcina stejného
véku s podsadbou olse. Sledovali jsme mocnost
horizontt nadlozniho humusu a zakladni pedoche-
mické charakteristiky humusovych forem.

V porostu ol$e byla dolozena nejniz$i akumulace
pH (tab. 1). Sklddal se v tom vék porostu zaloze-
ného na holiné a vliv opadu s rychlych rozkladem.

Ptimés nebo dominance ol$e vede k poklesu ob-
sahu vyménnych bazi, ke statisticky vyznamnému
poklesu nasyceni sorp¢niho komplexu, na druhé
strané byla zvy$ena hydrolytickd a vyménna aci-
dita (tab. 1 a 2). Obsah humusu byl rovnéz nizsi
v porostu ol$e, coz indikuje intenzivnéj$i dekom-
pozi¢ni procesy. Totéz plati pro obsah celkového
dusiku, ten byl naopak nejvyssi ve smiseném po-
rostu. Pritomnost olSe tak zvySovala ztraty bazi
z pudniho profilu, zvy$ovala acidifika¢ni trendy
a ztraty zivin (tab. 3). Zvyseno bylo vyplavovani
a ztraty drasliku (to bylo z¢dsti kompenzovino
jeho zvySenou fixaci travni vegetaci), ale pre-
dev$im vapniku a horciku. Kultivace raznych
druh ol$e v¢etné olse zelené se jevi jako vhodné
opatreni biologické meliorace pid na degradova-
nych nebo zalesnovanych lokalitich, na mistech
s intaktnimi holorganickymi horizonty ve vyssich
nadmofskych vyskach viak predstavuje urcité eko-
logické riziko.
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