JOURNAL OF FOREST SCIENCE, 52, 2006 (Special Issue): 87-92

Factors influencing distribution of different Al forms
in forest soils of the Jizerské hory Mts.
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ABSTRACT: Soil acidification processes are the main factor influencing the distribution of different Al forms in forest
soils. The intensity of these processes is given by different stand conditions and anthropic activity. This paper describes
the influence of four selected stand factors on the distribution of basic soil characteristics and two Al forms in forest
soils of the Jizerské hory Mts. Altitude, liming, soil type and forest cover type are studied as selected factors. Distribu-
tion of most soil characteristics in the organic horizon, including organically bound Al, is influenced by the altitude.
Distribution of mobile Al form is mainly influenced by liming. In the mineral horizon, no decisive factor affecting the
distribution of variables was found. Cartograms of spatial distribution of pH, mobile Al form and total Ca content

documenting their spatial relationships are shown.
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About 1,000 km? of spruce stands died during the
last three decades in the Czech Republic. Deforesta-
tion is ascribed to direct effects of SO, on spruce
canopy, to cultivation of spruce in a clear-cutting
system, and also to soil acidification including an in-
crease in mobile Al concentration in soils (PIERZYN-
sKI et al. 2000). The Jizerské hory Mts. are one of
the most affected areas in the Czech Republic. High
concentrations of acidificants in the atmosphere
have led to damage of forest and soils. At present,
concentrations of acidificants in the atmosphere are
below immission limits. However, forests are still
threatened by long-term changes in soil conditions
(HruSkA, CIENCIALA 2001).

The aluminium concentration in soil solution de-
pends mainly on soil pH as it has been observed and
proved by many researches. However, the influence
of soil pH on Al behaviour is strongly modified by
the presence of complexing fractions of soil organic
matter (BERGGREN, MULDER 1995; WESSELINK et al.

1996; VAN HEES et al. 2000; LoFTs et al. 2001). The
complexation of Al by natural organic substances is
of considerable significance in regulating concentra-
tions of the highly toxic AI** ion in acid soils and
natural waters (SPosSITO 1996).

Forest litter is the main source of organic matter in
forest soils. Different forest types, that means differ-
ent mixtures of tree species or their monoculture,
produce organic matter of variable composition.
These variants implicate differences in pedogenetic
processes. The rate and quality of mineralization
and humification are determined by the litter type.
Final products of these processes influence alumin-
ium distribution in the soil profile due to different
hydrophobicity, mobility and affinity to Al (HRUSKA,
CI1ENCIALA 2001; MISSON et al. 2001).

The form of Al plays a decisive role in its poten-
tial bioavailability and toxicity. Toxicity to plants
qualitatively decreases in the order: Al , (not in the
form of phosphates or silicates), AI**, Al(OH)?*,
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Al(OH),". Aluminium bound in fluoride or organic
complexes and Al(OH), are supposed to be non-
toxic (SPOSITO 1996; BouDOT et al. 1994).

This study is focused on differences in the distribu-
tion of potentially dangerous organic and inorganic
Al forms and other indicators of soil acidification
between beech forest and spruce forest in the Jizerské
hory Mts. area. Beech forest is natural in this area ex-
cept the summit parts and spruce monocultures are a
product of anthropic activity there. This substitution
of natural forest is supposed to lead to an increase in
acidification processes and to mobilization of toxic Al
forms. The effects of other factors are also assessed.
The results of the study of these problems should be
used for new forest management below the boundary
of natural occurrence of spruce.

MATERIAL AND METHODS

The Jizerské hory Mts. area is located in the
north of Bohemia. A set of 98 sampling sites was
studied. Altitudes of these sites ranged from 400 m
to 1,000 m above sea level. Beech (Fagus sylvatica),
spruce (Picea abies or Picea pungens) and mixed
forests are the prevailing vegetation cover. The
highest parts of the mountains are covered by reed
bentgrass (Calamagrostis villosa) to a large extent
because of damage to spruce forest, but new young
trees, mainly spruces, have been planted there re-
cently. Soils were identified as Podzols, Cambisols,
Gleysols, and Leptosols, all on the granite bedrock.
Soil samples from all sufficiently thick horizons
were collected in these localities. In all cases, one
sample was taken from the surface organic O (F + H)
horizon and at least one sample from the min-
eral horizon, usually spodic or cambic B horizon.
Samples were air dried and passed through 2-mm
sieves. Basic soil characteristics were determined
by commonly used methods: pHH20 and pH, ., po-
tentiometrically; humus quality was assessed by the
ratio of absorbances of pyrophosphate soil extract
at the wavelengths of 400 and 600 nm (A, /A,,)-
Total contents of C and N were measured with an
automated analyzer LECO CNS-2000 (MI USA) and
C/N ratio was calculated. Effective cation exchange

capacity (CEC) of mineral horizons was determined
by Mehlich method with unbuffered 0.1M BaCl,
extraction solution. This analysis provided also the
concentrations of exchangeable Al form (Al__,).
Total content of Ca (Ca, ) was measured after soil
digestion with aqua regia. Contents of two different
Al forms were determined according to DRABEK
et al. (2003): mobile Al forms were extracted with
0.5M KClI solution (AIKCI)’ the assessment of “total
organically bound” Al forms (Alorg) was based on Al
amounts extracted with 0.05M Na,P, O, solution,

Al amount as the inorganic form4wzas7deducted.
Aluminium concentrations in both extracts were
determined by means of ICP-OES (VARIAN Vista
Pro, VARIAN, Australia). Statgraphics Plus for Win-
dows 4.0 (MANUGISTICS 1997) was used to perform

multifactor ANOVA.

RESULTS AND DISCUSSION

Table 1 shows mean values of the studied soil
properties. Most variables had normal distribution.
Logarithmic transformation was used for normali-
zation of Al, ., in the B horizon.

Four factors that influence the distribution of
soil characteristics were selected. The first one
was the effect of liming. Sampling sites were di-
vided into four classes according to Ca_ content
in the O horizon. Most sampling sites (68) were
included in the first class with Ca_, content be-
low 500 mg/kg. 16 sites belonged to the second
class (500-1,000 mg/kg), 9 sites to the third class
(1,000-1,500 mg/kg), and 2 sites to the fourth class
(1,500-2,000 mg/kg). Content of Ca,__ is influenced
almost entirely by the intensity of liming. Another
selected factor was the effect of altitude. Three
altitude classes were suggested: class below 800 m
above the sea level (41 sites), 800-900 m (27 sites),
and more than 900 m (30 sites). Type of forest cover
was the third factor. Sampling sites were covered by
spruce forest (74 sites), mixed forest (6 sites) and
beech forest (18 sites). The last factor was the effect
of soil classification unit. Cambisols were identified
at 34 sites, Podzols at 50 sites, Leptosols at 12 sites
and Gleysols at 2 sites.

Table 1. Mean values of the studied variables in O and B horizons

Al Al Al

. KCl1 exch org Ca CEC
Horizon H H tot A, /A C/N
(mg/ke) PPh0 PHya (mg/kg) 400" “*600 (mmol/100 g)
1,236 nd 3,812 3.9 3.2 503 7.4 19.6 nd
B 832 1,956 7,555 4.0 3.6 221 9.1 21.7 7.8

nd — not determined
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Table 2. O horizon: p-values of the significance of the factor effect computed by multifactor ANOVA

Main effects Al Al Al pHHZO PHyq Agoo/Ae0o C/N CEC
Liming 0.020 nd 0.054 0.053 0.122 0.115 0.728 nd
Altitude 0.155 nd < 0.001 0.001 <0.001 0.010 0.010 nd
Forest 0.210 nd 0.054 0.027 < 0.001 0.410 0.316 nd
Soil 0.470 nd 0.691 0.777 0.177 0.207 0.951 nd
nd - not determined

Table 3. B horizon: p-values of the significance of the factor effect computed by multifactor ANOVA

Main effects Al (log) Al Alorg pHH2O PHy Agoo/ Aeoo C/N CEC
Liming 0.191 0.894 0.609 0.625 0.289 0.407 0.023 0.630
Altitude 0.099 0.184 0.666 0.132 0.526 0.054 0.631 0.672
Forest 0.071 0.170 0.630 0.040 0.121 0.830 0.914 0.337
Soil 0.017 0.011 0.413 0.950 0.407 0.361 0.020 0.029

Multifactor ANOVA was used to determine which
factor had the main effect on the distribution of soil
characteristics. Tables 2 and 3 show p-values of the sig-
nificance of differences between the classes computed
for variables separately in O horizon and B horizon.

The results of the O horizon show that altitude
has the strongest influence on the distribution of
most variables. Soil conditions are more favour-
able at higher altitudes. Both types of pH increase
with the increasing altitude. Both soil humus qual-
ity indicators (A, /A,,, and C/N) show the worst
quality at the altitudes below 800 m. Whereas Al ,
content is similar at all altitudes, content of Alo]rg is
higher at altitudes above 900 m. Content of poten-

Forest type
B Beech forest
2 Mixes forest
@ Spruce forest
B P

4000 8000 m
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tially toxic Al form (Al ) is influenced mainly by
liming. Increasing Ca_, content leads to decreasing
concentrations of Al . Forest cover influences
significantly only soil pH. The pH values in beech
forest are higher than those in spruce forest. It con-
firms findings published in HRuSkA and CIENCIALA
(2001). Distribution of Al ., is not influenced by
forest cover. However, a difference was found in the
case of AlOrg between beech forest and spruce forest.
Al_ content is higher in the beech forest.

In the B horizon, no decisive factor affecting the
distribution of variables was found. The main effect
is ascribed to soil in the case of AIKCI, Alexch, C/Nand
CEC. Since Gleysols are present only at two sam-

PHyq

[ 1285-29
2.9-2.95
[ 1295-3.05
[ 1805-31
[ ]31-315
[_]315-325
[ ]325-33
[ 33-34
] 34-3.45
I 345-3.55

distribution

Fig. 1. Cartogram of pH,

in O horizon
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Forest type

B Beech forest
 Mixes forest
@ Spruce forest

G000 m

4000

pling sites, differences between them and other soil
types are not so important. Significant differences
between Cambisols and Podzols are shown only
in the case of AleXCh and CEC. In both cases, lower
values of these two characteristics are measured in
Cambisols. The effect of forest cover was found sig-
nificant in the B horizon only in the case of pHHZO.
The value of pH,,  is higher in beech forest than’in
spruce forest. In three cases (Alorg, pH
no main effect was found.

On the basis of geostatistical analysis, a series of
cartograms was created. Details of analysis are pub-
lished separately. Selected results are considered in this
contribution, namely evaluation of spatial variability of
pH, . Al -, and Ca,_ in the O horizons (Figs. 1 to 3)

Kcr “YKe
and B horizons (cartograms not shown).

KCr A4OO/A600)

Forest type
BBeech forest
T Mixes forest
@ Spruce forest

4000 ] 4000 000 m
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Fig. 2. Cartogram of Al ., distribution

in O horizon

In both horizons, distribution of the lowest values
of pH, ., in the studied area is similar to distribution
of the highest Al , contents. Ca,  cartogram shows
one area with very high content of Ca _, (above
500 mg/kg) in O horizon, where liming was almost
surely applied. This area is characterized by high
pH,, and low Al content. There probably exist
relationships between Ca, content, Al, ., content
and pH,, in all partial areas. Increasing Ca _, con-
tent leads to an increase in pH, ., and a decrease in
Al content. However, because of the existence of
areas with high pH, ., and low Al ., content, but
also with low Ca_ content, it is possible to reject
the hypothesis that liming as a source of Ca_, can
be the only dominant factor influencing distribu-

tion of pH, ., and Al . The situation is different
total Ca (mg/kg)
250
[ |251-300
[ 1301-350
[ 1351450
[ ]451-500
[ 1501550

[ 1551-600
[ 601-650

[2] 651-700
[ 751-850

Fig. 3. Cartogram of Ca,_, distribution

in O horizon
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in B horizon where the concentrations of Ca,  are
low in the whole studied area. They range between
120 and 330 mg/kg.

CONCLUSIONS

It was shown that altitude was a decisive factor
influencing a majority of the studied soil properties
in O horizon. Effect of liming was dominant only
in the case of Al distribution in O horizon. The
type of forest cover influenced significantly only
soil pH in this horizon. The pH values in beech
forest were higher than those in spruce forest. No
factor appeared dominant in describing acidifica-
tion mechanisms in B horizon. Cartograms showed
spatial relationships among Ca_, Al ., and pH,
in O horizon in the limed parts of the mountains.
Increasing Ca,, led to an increase of pH, . and a
decrease of Al . Ca,_ content is markedly lower in
remaining part of studied region in this horizon and
there was found a spatial relationship only between
Al and pH, ., but not with Ca,_  content. There
is a place for another factor influencing distribution
of pH,, and Al ., probably type of forest cover.
This hypothesis was supported by results of a small
area in the North East region part covered by beech
forest where soils had relatively high pH. . and low

KCl
AlKCI content.
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Faktory ovlivinujici rozlozeni raznych forem Al v piadach Jizerskych hor

L. MLADKOVA, L. BORUVKA, O. DRABEK, R. VASAT

Fakulta agrobiologie, potravinovych a prirodnich zdrojii, Ceskd zemédélskd univerzita v Praze,
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ABSTRAKT: Hlavnim faktorem ovliviiujicim zastoupeni jednotlivych forem Al v lesnich ptidach jsou acidifika¢ni proce-
sy. Jejich intenzita je ddna rdznymi stanovistnimi podminkami a lidskou ¢innosti. Pfispévek popisuje vliv ¢tyf vybranych
stanovistnich faktort na rozlozeni zékladnich padnich charakteristik véetné dvou forem Al v lesnich ptidach Jizerskych
hor. Vybranymi faktory jsou nadmortska vyska, vapnéni, ptdni typ a typ dievinného krytu. Rozlozeni vétsiny ptdnich
charakteristik v organickém horizontu véetné organicky poutané formy Al je nejvice ovlivnéno nadmofskou vyskou. Roz-
lozeni mobilni formy Al je pfedev$im ovlivnéno vapnénim. V mineralnim horizontu nebyl zjistén zadny prevazujici vliv.
Kartogramy dokumentuji prostorové rozlozeni pH, mobilni formy Al a celkového obsahu Ca. Prostorové zavislosti téchto
pudnich charakteristik jsou z nich zfejmé.

Klic¢ova slova: formy hliniku; lesni ptdy; acidifikace
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Prispévek se zabyva rozlozenim rtznych forem
Al, ale i dalsich padnich charakteristik v padach
Jizerskych hor. Oddélené jsou hodnoceny nadlozni
horizonty (O) a vniténi spodické ¢i kambické hori-
zonty (B).

V odebranych vzorcich byla métena ptdni reakce
(pHHZO, pH), kvalita humusu v podobé barevné-
ho kvocientu (Q, = A, /A a v podobé poméru
C/N, efektivni kationtovd vyménna kapacita pod-
le Mehlicha (KVK = CEC), celkovy obsah vipniku
(Ca, ) a obsahy tii forem Al Jednd se o formy ex-
trahovatelné 0,5M KCl (A11<c1)’ 0,1M BaCl, (Al__,)
a0,06M Na,P,O.. Z posledni jmenované formy byl

odectenim Al ., vypocten obsah organicky pouta-

ného Al (Alorg).

Jako faktory ovliviiujici rozlozeni studovanych
ptdnich charakteristik byly zvoleny nasledujici sta-
novistni podminky. Jako prvni byl hodnocen vliv
povrchového vapnéni. Odbérové lokality byly roz-
déleny podle celkového obsahu Ca, v horizontu O
do ¢ty kategorii. Jednalo se o kategorie s obsahem
Ca,, do 500 mg/kg, dale pak 500-1 000, 1 000 az
1 500 a 1 500-2 000 mg/kg. Druhym studovanym
stanovistnim faktorem byla nadmotskd vyska. Byly
vytvoreny tfi kategorie odbérovych lokalit: do 800
m n. m., 800-900 m n. m. a nad 900 m n. m. Tre-
tim tridicim kritériem byl zvolen typ porostu, tedy
porost smrkovy, bukovy ¢i smi$eny. Poslednim tfi-
dicim kritériem byl pidni typ. Na odbérovych lo-
kalitach byly urc¢eny pidni typy kambizem, podzol,
ranker a glej.

Pro zhodnoceni vlivu jednotlivych stanovistnich
faktort na rozlozeni ptidnich charakteristik byla
vyuzita vicecestnd analyza rozptylu. Podminku
normadlniho rozdéleni splnovaly v§echny charakte-
ristiky kromé Al ., v horizontu B, kde byla nutnéa
logaritmicka transformace.

Na rozlozeni vétsiny padnich charakteristik v ho-
rizontu O se podilel vliv rozdilné nadmoftské vysky.
Oba typy ptidni reakce dosahovaly vyssich hodnot
ve vy$sich nadmotskych vyskach a zaroven rostla
kvalita humusu podle obou studovanych ukazate-
14 s nadmoftskou vyskou. Rovnéz byly zjistény vys-
§i obsahy AlOrg ve vys$ich nadmofiskych vyskach.
V horizontu O se projevil vliv vipnéni pouze na

rozlozeni obsahu AIKCI. Jeho obsah klesal s rostou-

cim obsahem Ca, . Typ porostu ovlivnil rozlozeni
hodnot ptdni reakce. Pod bukovymi porosty byly
hodnoty obou typt pH vyssi nez pod smrkovymi.
V horizontu O se nijak neprojevil vliv pidniho
typu.

V horizontu B nelze oznacit zddny stanovistni
faktor za prevazujici. Pidni typ sice ovlivnil rozlo-
Zeni Ctyft (AIKCI’ Alexch, C/N a KVK) z osmi studo-
vanych padnich charakteristik, ale u Al , a C/N se
lisil pouze glej od ostatnich padnich typa. Vzhle-
dem k tomu, Ze glej byl zastoupen jenom na dvou
odbérovych lokalitich, neni vhodné tento zavér zo-
becnovat. U kambizemi byly zjistény niz$i hodnoty
KVK a niz§i obsahy Al_ , nez u podzold. Dile byl
v horizontu B prokdzan vliv typu porostu na rozlo-
zen{ hodnot pH,, . Stejné jako v horizontu O byly
i zde hodnoty vyé%i v bukovych porostech nez v po-
rostech smrkovych. U fady padnich charakteristik
horizontu B se zddny z hodnocenych stanovistnich
faktort neprojevil jako rozhodujici.

Dal$i moznosti hodnoceni vlivu stanovistnich
faktort na rozlozeni ptidnich charakteristik je geo-
jsou publikovany oddélené. V prispévku je na tfech
kartogramech dokumentovana prostorova zavislost
pHp Al aCa  vhorizontu O. Oblasti nejvyssich

KCI’ “ *'KCl1
obsahti Al

Na I<artog1;§lrnu obsahu Ca,_ je zfetelnd oblast s 5;1-
sokymi obsahy vapniku, tedy oblast pravdépodobné
v minulosti vapnénd. V této oblasti je zaroven vyssi
pH,, a niz8i obsah potencidlné toxického Al . Je
zde tedy mozné pripustit pozitivni vliv vipnéni. Na
distribuci pH i Al ., se vS8ak mohou podilet i jiné
faktory, jak dokumentuji lokdlni maxima i minima
téchto charakteristik ve zbytku studované oblasti
s nizkymi obsahy Ca,_ .

Obecné lze tedy fici, Ze v horizontu O se na roz-
lozeni vét$iny plidnich charakteristik podili nad-
morskd vyska, v niz je zahrnuta fada dalsich dil¢ich
stanovi$tnich faktord. Obsah potencidlné nebezpec-
né formy Al v tomto horizontu souvisi s obsahem
Ca,, tedy pravdépodobné s povrchovym védpnénim.
Hodnoty pH jsou vyssi v bukovych porostech nez ve
smrkovych porostech. V horizontu B nebyl zjistén
7z4dny dominantni faktor. Byla zjisténa prostorova

zdvislost pH, ., Al a Ca_, v horizontu O.

evyvs
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