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INTRODUCTION

These results of investigations concern the quantitative relations
between total silicium, aluminium and iron oxides (Si;, Al;, Fes) and
their free forms (Si;, Al;, Fe,) as well as correlations of these free oxides
with humus content (H;) and with total humidity (W;) in individual
horizons of stadially differing podzolic soils of Ostrzeszéw Hills.

MORE IMPORTANT FACTORS OF THE SOILS FORMING ENVIRONMENT

Ostrzeszéw Hills are situated between 51°25" and 51°30'N latitude and
17°90" and 18°10°E longitude in southeren Wielkopolska. It is a push-end
moraine of the Warta stage (Riss) transformed by the periglacial denuda-
tion and deflation processes in Wiirm period.

Investigations were carried out on a widespread older periglacial
pediment area. The periglacial cover consists mainly of congelifluction
gravely-sands, partly covered with well sized periglacial eolian sands.
The lithological inconstancy of the glacitectonically disturbed substratum
is reflected in the amount of local water-bearing horizons. They form
a mosaic of percolation, percolation-gley, gley and swamp soil-hydrologic
conditions. Fresh pine forests (Peucedano-Pinetum typicum Mat. 1962)
developed on congelifluction sands, pine cup-moss forests poor in vascular
species (Leucobryo-Pinetum cladonietosum Mat. 1962) grew on dry eolian
sands (dunes), while humid pine forests (Leucobryo-Pinetum molinieto-
sum Mat. 1962) are in the sites with shallow ground water level.

¢ Roczniki gleboznawcze
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SOILS

The cryptopodzolic (pits 1, 2), podzolic (pit 3), podzol (pit 4) and
gley-podzolic soils (pits 5, 6) are developed from permeable and poor
mother rocks in conditions of boreal calcium-nitrogen circulation type
of mineral components. These soils have features typical for the boreal
coniferous forests of northern Taiga with traits of turf-podzolic soils of
central and southern Taiga. The general regularity in these soils is,
especially in illuvial horizons, the increase of organic matter accumulat-
ion with the increase of total humidity [3]. The general characteristics
of more important physical and chemical properties is presented in Tab. 1,
and the profile structure is illustrated in Fig. 1.

METHODS

Si;, Al; and Fe; were determined in the Na,CO; alloys, the methods
of Jackson [2] and Foster [1] were used for Si;, Al; and Fe,,
while organic matter content was found according to Tiurin’s method.
The actual soil humidity was determined once (on June 20th, 1965) in
100 ccm soil samples of natural structure. All results were calculated
for this soil volume in natural structure.

RESULTS

The particle distributions of Si;, Al; and Fe; are characteristic for
individual podzolization process stages, as illustrated in Fig. 1. Beside
a general increase of Al; amount in relation to Feg, and with a simultane-
ously increased content of difficultly soluble forms, both components
are subjected to increasing perpendicular dislocation in the following
sequence: cryptopodzolic > podzolic and podzol > gley-podzolic soils.
Biogenic accumulation of Si; and Fe;, with simultaneous decrease in
content of Al; being translocated into B horizon, is marked in FH and
Ah+e horizons of cryptopodzolic soils. In podzolic soils and podzols the
biogenic accumulation of Si;, Al; and Fe; occur only in FH horizons, while
in Bf there is a podzol forming accumulation. The moderately developed
Ah-+e and Ae horizons of these soils are poor in Si;, Al; and Fe; oxides.

Specially deep is the reach of pedagenic dislocation in gley-podzolic
soil with a biogenic accumulation of Si;, Al; and Fe; in FH and Ah-+e
horizons and illuvial accumulation in Bfh herizons. These components
diminish in the horizons Aeg and in lower parts of illuvial horizons being
periodically directly influenced by soil-ground water. In CG horizons
of these soils there is a characteristic increase of relative Fe, content.
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Table

More important physical and chemical properties of podsolic soils in Ostrzeszéw Hillse

1

— Actual | Organic Free

l};:t Dez:h Horizon 0;“10‘2 delit;il;ty humidity | matter PHgel 5i0, ‘1203 Fey05

* g/100 cem soil g/100 cem soil
1 0-5 Abse 7.2 1,13 7.1 3.97 3.9 0.920 0.436 0.469
30-35 | BC 4.9 1.52 8.3 0.40 4.4 0.400 0.689 | 0.476
100-110 | € 1.5 1.60 5.5 0.22 4.7 0.514 0.221 0.339
2 0-5 Ab+e 8.9 1.36 13.4 5.67 3.8 0.869 0.556 | 0.570
20-25 | ByC 7.4 1.50 6.9 0.73 4.4 0.591 0.870 | 0.55%
80-85 | BC 6.8 1.60 1.2 0.43 4.6 0.982 1.084 | 0.944
110-120 | D 3.2 1.60 5.8 0.22 4.7 0.379 0.296 | 0.400
3 0-2 FH . . . 11.29 2.8 0.165 0.080 | 0.058
2-4 Abse 9.9 1.23 19.2 | 14.52 2.8 0.547 0.199 | o0.230
7-12 Ae 5.7 1.57 1.8 0.99 5.3 0.637 0.119 0.069
12-16 | Bhf 6.7 1.48 8.7 1.49 4.5 0.229 0.823 | 0.531
357-42 | B 5.9 1.55 10.4 0.42 4.6 0.315 0.922 | 0.360
145-150 | C 2.3 1.61 6.7 0.03 4.7 0.243 0.341 | 0.159
4 0-5 FH . 0.20 29.2 | 12.63 3.0 0.152 0.115 | 0.066
5-10 | Ae 6.9 1.55 8.1 1.47 3.2 0.535 0.177 | 0.125
10-15 | Ae 5.3 1.52 3.0 0.65 3.4 0.462 0.085 | 0.044
20-25 | Buf 6.3 1.46 8.3 1.68 4.0 0.267 0.781 | 0.400
35-40 | Bf 6.7 1.60 4.9 0.45 4,6 0.528 1.080 | 0.290
135-140 | C 4.7 1.64 5.2 0.05 4.6 0.460 0.333 | o0.l12
5 0-3 FH . 0.24 42.2 15.72 3.2 0.591 0.168 0.064
13-18 Ahse 7.9 1.07 32.6 4.91 3.0 0.592 0.092 0.052
5-40 | Aeg 3.5 1.75 24.9 0.21 4.1 0.576 0.063 | 0.012
40-45 Bfh 8.3 1.72 25.4 2.41 3.5 0.652 0.719 0.083
65-70 BfG 5.8 1.78 29.9 0.28 4.3 0.87¢ 0.295 0.009
90-85 | CG 2.5 1.84 26.8 0.13 4.8 0.864 0.384 | 0.016
6 0-4 FH . 0.15 36.3 10.08 2.7 0.123 0.055 0.035
5-15 | Ab+e 8.6 1.32 20.0 | 11.75 2.7 1.477 0.177 | 0.091
30-35 | Aeg 5.9 1.59 11.6 0.68 3.1 0.285 0.030 | 0.013
40-45 Bfh 8.7 1.36 41.0 5.98 3.3 0.340 0.791 0.022
50-55 BfG 5.9 1.58 27.4 1.20 3.8 0.650 0.480 0.017
$5-100 | CG 5.3 1.74 26.2 0.16 4.4 0.602 0.461 | 0.014

gx*
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Fig. 1. Profile distribution of free Si-, Al- and Fe-oxides as percentage of their total
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As seen in Fig. 1, in all investigated soils the quantitative relations
of the discussed components correspond to cumulative-eluvial podzolic
type of mineral components circulation. Subsequently there should be
a similarity of the relative quantitative relations in the same horizons
of different podzolic soils. In Figures 2 and 3 confirmation is to be found
in quantitative relations Fe; : Fe, and Al; : Al, differently arranged but
in one common line in each horizon. Attention should be paid to the
traits of straight correlation in quantitative relations Fe; : Fe; in Fig. 2.
The individual horizons are ranged according to diminishing Fe; amo-
unts: FH > Ah+e > B> C, CG > Ae. The horizon FH is relatively the
richest in Fe;, while horizon Ae is distinetly poorer.
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Less distinct correlations are visible in the quantitative relations
Al; : Al in Fig. 3. However, they have signs of directly proportional
dependences, except the horizons C and CG with diminishing Al;, when
Al; increase. According to diminishing Al relative amounts, the indi-
vidual soil horizons range as follows: FH > B> Ah+e > C, CG > Ae.
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Contrary to Fe,, Al content clearly decrease in Ah+e and Ae horizons
and increases in B horizons.

The profile differentiation of Al and Fe relative solubility is reflected
in the relations Al : Fe,, presented in Fig. 4. The general regularity in
the investigated soils is quantitative dominance of Al; over Fe,, incre-
asing sucessively in the horizon: Ah+e << Ae<FH = C, CG<B. It is
a typical configuration for podzolic soils, where the quantitative relations
of both components are approximate to direct proportional only in the
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horizons Ah+e and Ae. In FH horizons the increase of Fe; is not pro-
portional to increasing Al;, while in the horizons B, C and CG the quanti-
tative relations of those components are inversely proportional.

The existing regularities depend on a number of intra-soil factors and
processes, as among others, content of particles << 0.02 mm, the altitude
of organic matter accumulation (H;) and water conditions (W;). The
quantitative profile differentiation of particles << 0.02 mm, characteristic
for the podzolization process, is weak in the tested soils. In the individual
horizons more interesting correlations occur between H; and Si,, Alg, Fe,
or between W; and Si,-, Al;-, Fe,- oxides, as ilustrated in Fig. 5 and 6.

It may be concluded from the shape of curves in Fig. 5, that H, is
the poorest in Si;, Al; and Fe; in FH horizons. The increase of the
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Fig. 5. General tendencies of numerical relations between organic matter
and free Si-, Al- and Fe-oxides in different horizons of podzolized soils

contents of these components, especially of Feg, is not proportional to
H; quantity. A very distinct H; tendency to Si;, Al; and Fe; reduction
appears in Ah+e horizons. This phenomenon is also visible in Ae ho-
rizons in relation to Si;, while Al; and Fey show a tendency directly
proportional to H; content. Humus accumulating in B horizons is very
rich in Si;, Al; and Fe;, but the amounts of these components often
markedly diminish already at a relatively little greater H; accumulation.
In C and CG horizons, poor in H; no correlation was found between
H; and the discussed mineral components occurring from small to com-
paratively large amounts.

One can conclude from Fig. 6 that humidity is a factor causing the
effects similar to those of H; in HF and Ah-+e horizons. It results from
this, that W; and H; are closely connected with each other in the men-
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Fig. 6. General tendencies of numerical relations between water content and free
Si-, Al- and Fe-oxides in different horizons of podzolized soills

tioned horizons and the quantitative Si;, Al; and Fe; relations are the
resultants of these two soil components. In Ae horizons, however, Al
and Fe,, occuring in small amounts, seem to be connected mainly with
H; having a high degree of stabilization. It is indicated by the inverse
relations of these components to W, and directly proportional to H; (Tab.
1, Fig. 5). Only the quantitative relations of dominating Si; indicate
a connection with W; conditions.

A distinct W; influence on quantitative relations of Al; and Fe, is
marked in B horizons, enriched in illuviated humus with a low degree
of stabilization. A decrease in accumulation of both components is not
so sharp as in the case of H; (Fig. 5). Simultaneously Al dominates over
Fe,, this dominance rising with the increase of W;. It is also confirmed
by Si; with tendencies identical to those in Ae horizons. Increasing Al
and Si; contents with simultaneously diminishing Fe, content in C and
CG horizons are the results of the increased humidity in these horizons.

SUMMARY

In the equivalent genetic horizons of stadially different podzolic soils
the quantitative relations of free Si-, Al- and Fe-oxides are subjected
to similar regularities. A distinct eluvial decrease of these components
in comparison to the parent rock appears in Ae horizons, while biogenic
cumulation occurs in FH, Ah+e and B horizons. FH horizon is abso-
lutely the richest in Fe;, and FH and B horizons —in Al,. The more
humid the given soil, the more distinct this phenomenon. A parallel
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influence of organic matter is marked only in FH and Ah+e horizons.
In Ae horizons only the amount of humus seems to be the factor forming
the quantitative relations of Al; and Fe;,. No straight correlation was
found between the degree of humus dislocation and the amount of Al,.
This dependence according to Ponomarieva [4] should occur in the
soils being podzolized.

The general regularity is quantitative predominance of Al,, over Fe,,
increasing successively in the horizons: Ah+e << Ae <<FH < C, CG <B
from the ratios of about 1—2:1 in Ah+e horizons to 1,5—36,5:1 in B
horizons. The ratios Al : Fe; are also being enlarged in the previously
given order of soils.
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A. KOWALKOWSKI

REGULARITES GENERALES DE LA REPARITION EN PROFIL DES OXYDES
LIBRES DE Si, Al ET Fe DANS LES SOLS PODZOLIQUES DES MONTS
DE OSTRZESZOW

Chaire de Culture et de Fumage du sol de la Haute Ecole d'Agriculture, Poznan

Résumé

Les résultats des observations présentés concernent la réparition en profil des
oxvdes libres de Si, Al et Fe (dess. 1), I'interdépendance entre les quantités de Fe
général et libre et du Al général et libre (dess. 2 et 3), l'interdépendance entre les
quantités des oxydes libres du Al et du Fe (dess. 4), les tendances générales dans
les relations quantitatives entre les substances organiques (H;) et les oxydes libres du
Si, Al et Fe ainsi qu’entre la teneur en eau (Wy) et les oxydes libres de Si, Al et Fe
(dess. 5, 6) dans les sols crypto-podzoliques, les soils podzoliques, podzols et les sols
podzoliques a glev des Monts de Ostrzeszéw.

Dans les horizons génétiques de méme dénomination des sols podzoliques de
différents stades, les relations quantitatives des oxydes libres de Si, Al et Fe sont
sujetes aux mémes régularités. Un appauvrissement d’éluvion net se manifeste dans
T'horizon 4e. Cn rencontre une cumulation biogéne dans les horizons FH, Ah--e
et B. L'horizon FH est le plus riche en Fe libre, et les horizons FH et B en Al libre.
Ce phénoméne est d’autant plus net, quand le sol donné est plus humide. Simultané-
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ment l'influence des substances organiques se manifeste seulement dans les horizons
FH et Ah+e. Dans I’horizon Ae seule la quantité d’humus est un facteur décisif dans
la formation des relations quantitatives des oxydes libres de Al et Fe. Comme
régularité générale se manifeste une supériorité numérique des oxydes de Al contre
ceux du Fe, croissante successivement dans les horizons Ah+e < de <FH Z C,
CG < B. Les relations des oxydes libres de Al : Fe augmentent en ordre suivant des
sols: crypto-podzoliques — podzoliques — podzols — podzoliques a gley.

A, KOWALKOWSKI

ALLGEMEINE REGELMABIGKEITEN DER PROFILVERTEILUNG FREIER Si-, Al-
UND Fe-OXYDE IN PODSOLIERTEN SANDBODEN DER OSTRZESZOW
ANHOHEN

Lehrstuhl fur Ackerbau und Dingung, Landwirtschaftliche Hechschule zu Poznan

Zusammenfassung

Profilverteilung freier Si-, Al- und Fe-Oxyde (Abb. 1), Beziehungen zwischen
Gesamtgehalt an Al- und Fe-Oxyden und ihren freien Formen (Abb. 2, 3), Bezie-
hungen zwischen frei Al- und Fe-Oxydgehalt (Abb. 4), allgemeine Beziehungsten-
denzen zwischen dem Gehalt an organischer Substanz (H;) und Bodenwasser (Wy)
und den freien Si-, Al- und Fe-Oxydformen (Abb. 5, 6) wurden in Braunpodsolen,
Podsolen und Gleypodsolen der Ostrzeszéw Anhohen untersucht.

In quantitativen Verhéltnissen der freien Si-, Al- und Fe-Oxyde der gleich-
namigen genetischen Bodenhorizonte stadial verschiedener Podsolbdden wurden repe-
tierende RegelmiBigkeiten gefunden. Deutliche eluviale Verarmung des Ae-Hori-
zontes und biogene Kumulation in FH, Ah+e und B-Horizonten, korrelativ von der
Bodenfeuchtigkeit abhéngig, wurde festgestellt. Zusammenhange zwischen Humus-
gehalt und dem Gehalt der freien Si-, Al- und Fe-Oxyde konnten auch festgestellt
werden. In Ae-Horizonten ist Humus als Hauptfaktor der freien Al- und Fe-Oxyd-
akkumulierung anzusehen. Freie Al-Oxyde sind mengenmiflig den enisprechenden
Fe-Oxyden allgemein Uberlegen. Diese Uberlegenheit wichst in der Horizontfolge
Ah+te < Ae<FH < C, CG < B an. In der Bodentypenfolge —Braunpodsol — Pod-
sol — Gleypodsol vergroBern sich die Beziehungszahlen freier Al: Fe-Oxyde.

A, KOWALKOWSKI

OGOLNA PRAWIDEOWOSC PROFILOWEGO ROZMIESZCZENIA WOLNYCH
TLENKOW Si, Al I Fe W GLEBACH BIELICOWYCH
WZGORZ OSTRZESZOWSKICH

Katedra Uprawy i Nawozenia Roli WSR, Poznan
Streszczenie

Przedstawione wyniki badan dotyvczg profilowego rozmieszczenia wolnych tlen-
kéw Si, Al i Fe (rys. 1), wspdizaleznos$ci miedzy ilo§ciami Fe ogélnego i wolnego
oraz Al ogdélnego i wolnego (rys. 2 i 3), wspdblzaleznos$ci miedzy ilo§ciami wolnych
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tlenkéw Al i Fe (rys. 4), ogélnych tendencji w iloSciowych stosunkach miedzy sub-
stancjami organicznymi (H;) i wolnymi tlenkami Si, Al i Fe oraz miedzy zawarto$cig
wody (W) i wolnymi tlenkami Si, Al i Fe w glebach skrytobielicowych, glebach
bielicowych, bielicach i glebach glejowo-bielicowych Wzgérz Ostrzeszowskich,

W réwnoimiennych poziomach genetycznych stadialnie réznych gleb bielicowych
stosunki iloSciowe wolnych tlenkéw Si, Al i Fe podlegaja podobnym prawidlowo$-
ciom. Wyrazne zubozenie eluwialne wystepuje w poziomach Ae. Biologiczna kumu-
lacja zaznacza si¢ w poziomach FH, Ah+e i B. Najbogatszy w wolne Fe jest poziom
FH, a w wolny Al — poziomy FH i B. Zjawisko to jest tym wyrazniejsze, im bardziej
wilgotna jest dana gleba. Réwnoczesny wplyw substancji organicznych zaznacza sie
jedynie w poziomach FH i Ah+e. W poziomach Ae czynnikiem ksztaltujacym
iloSciowe stosunki wolnych tlenkéw Al i Fe jest wylgcznie ilo§¢ prochnicy. Ogdlng
prawidlowoscig jest przewaga iloSciowa wolnych tlenkéw Al nad Fe, wzrastajgca
kolejno w poziomach Ah+te < Ae < FH < C, CG < B. Stosunki wolnych tlenkow
Al : Fe wzrastajg w nastepujacym uszeregowaniu gleb: skrytobielicowe -— bielico-
we — bielice — glejowo-bielicowe.

A. KOBAITIBKOBCKMA

OBIIME 3AKOHOMEPHOCTI ITPO®VJIBHOIO PACIIPEAEJEHUSA
CBOBOOHBIX OKMCIJIOB Si, Al ¥ Fe B IIOA30JIMCTBIX IIOYBAX
OCTPXKEINIOBCKUX XOJMOB

Kadenpa ATpoTexXHUKM U YpoOpeHis, IIbiciiasa CenbCKOXO03AlicTBeHHaA llIkona, ITo3HaHb

Pe3mwowMme

ITpuBO#ATCA pe3ysbTaThbl MCCJIeAOBAHMII II0 PACIpPeReeHNI0 CBCOOAHBIX OKMCJIOB
Si, Al u Fe B npodonie (puc. 1), B3auM03aBUCUMOCTM MEXKAY KOJMYECTBOM BaJIOBOTO
Fe u Al a comepzxkaunnueMm cBo6oguoro Al u Fe (puc. 2 u 3), B3auMMC3aBUCHMOCTI MEXKIAY
KOoJIu4yecTBaMM CBOOOAHBIX OKMciIOB Al um Fe (puc. 4), obieir TeHAeHLMM B KOJauye-
CTBEHHBIX COOTHOLIEHMAX MeXAYy opraHnyeckum BelectBcM (H;) u cBOOOZHBIMU
okucaamu Si, Al n Fe, a Takike MezKAy comepzkaumeM Bombl (W;) M CBOGOZHBIMMI
okmcnamu Si, Al u Fe B CKDPBITOMNOA30JMCTBIX IIOYBaX, IMOA30JMCTLIX II0YBaX, IIOA-
30J1aX ¥ TJIE€BO-IOA30JMCTBIX IM0YBAX OCTPIKEILIOBCKUX XOJMOB.

B OZHOMMEHHBIX TE€HETHMYEeCKMX TOPM30HTaX, Pa3JM4HBIX II0 CTAguM pPa3BUTUA
TMOA30JMCTBIX I[I0YB, KOJIMYECTBEHHBbIE COOTHOLIEHMA CBOOOAHBIX OKMCIOB Si, Al u Fe
IIOAJIeXX AT MOAOOHBIM 3aKOHOMepHOCTAM. OTUeTNMBOE 3JIOEKaJbHOe O0ejHeHHe IIPOo-
ABNAETCA B ropm3oHTax Ae. BuoreHHad KyMyJasalUusA OoTMedaeTca B ropmsonrax FH,
Ah+e n B. Haubosee G6orat cBodogubiM Fe ropmsoutr FH a cBcbGomubim Al — ropmu-
30HTBI FH m B. 3To ABJIeHMe OOHApPY:KMBAETCA TeM OTUeTJ/IVBEe, HeM BbIlle BJIaxK-
HOCTb [aHHO mouBbl. OJHOBPEMEHHOE BJIMAHME OPraHMYEecKOro BellecTBa OTMEe-
YyaeTcss eAMHCTEBEHHO B ropms3oHtrax FH u Ah+e. B ropusonrax Ae daxrtopom GopmMu-
PYIOLIMM KOJIMYECTBEHHbIE COOTHOLIEHMA CBOOOAHBIX OKucaIOB Al u Fe saBadgerca
MCKJIOUUTEJIbBHO KOJNYECTBO IeperHos. OO1ag 3aKOHOMEPHOCTbL 9TO KOJMYCCTBEH-
HOoe mpeobjamaHue CBOOOAHBIX OKitcioB Al uHan Fe, yBemiuuBalolleecs IOCJELOBa-
TenbHO B ropmsoHrax: Ah+e< Ae<{FH < C, CG<B.

CoorHoOlLIeHMe B II0YBAX CBODOAHBIX OKMCIOB Al : I'e yBeamunsaercsa B CJe-
OYIOLIEM TIOPAAKE: CKPLITOMOA30MMCTbIe — I1030JMCTbIe — I10A30JbI — IJIEeBO-I10/130-
JIMCTRIE.



