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INTRODUCTION

These resu lts of investigations concern the quan tita tive  relations 
betw een to tal silicium, alum inium  and iron oxides (Sif, A lb Fe,) and 
their free form s (SiSi Als, Fes) as well as correlations of these free oxides 
w ith  hum us content (Hf) and w ith  to ta l hum idity  (Wf) in individual 
horizons of stadially  differing podzolic soils of Ostrzeszów Hills.

MORE IM PORTANT FACTORS OF THE SOILS FORMING ENVIRONMENT

Ostrzeszów Hills are situated  betw een 51°25' and 51°30'N latitude and 
17°90' and 18°10'E longitude in southeren W ielkopolska. It is a push-end 
m oraine of the W arta stage (Riss) transform ed by the periglacial denuda­
tion and deflation processes in W ürm  period.

Investigations w ere carried  out on a w idespread older periglacial 
pedim ent area. The periglacial cover consists m ainly of congelifluction 
gravely-sands, partly  covered w ith well sized periglacial eolian sands. 
The lithological inconstancy of the glacitectonically disturbed substra tum  
is reflected in the am ount of local w ater-bearing  horizons. They form  
a mosaic of percolation, percolation-gley, gley and swam p soil-hydrologic 
conditions. F resh 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 d ry  eolian 
sands (dunes), while hum id pine forests (Leucobryo-Pinetum molinieto- 
sum  Mat. 1962) are in the sites w ith  shallow ground w ater level.

8 R o c z n ik i  g le b o z n a w c z e



114 A. K ow alkow ski

SOILS

The cryptopodzolic (pits 1, 2), podzolic (pit 3), podzol (pit 4) and 
gley-podzolic soils (pits 5, 6) are developed from  perm eable and poor 
m other rocks in conditions of boreal calcium -nitrogen circulation type 
of m ineral components. These soils have features typical for the boreal 
coniferous forests of northern  Taiga w ith  tra its  of turf-podzolic soils of 
cen tral and southern  Taiga. The general regu larity  in these soils is, 
especially in illuvial horizons, the increase of organic m atter accum ulat­
ion w ith  the increase of to tal hum idity  [3]. The general characteristics 
of more im portan t physical and chemical properties is presented in Tab. 1, 
and the profile struc tu re  is illu stra ted  in Fig. 1.

METHODS

Si/, Al, and Fet were determ ined in the N a2C 0 3 alloys, the m ethods 
of J a c k s o n  [2] and F o s t e r  [1] w ere used for Sis, A ls and Fes, 
while organic m atter content was found according to T iu rin ’s method. 
The actual soil hum idity  was determ ined once (on June 20th, 1965) in 
100 ccm soil samples of na tu ra l structure . All resu lts w ere calculated 
for this soil volume in na tu ra l structure.

RESULTS

The particle d istributions of Sis, A ls and Fes are characteristic for 
individual podzolization process stages, as illu stra ted  in Fig. 1. Beside 
a general increase of Als am ount in relation to Fes, and w ith  a sim ultane­
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 accum ulation of Si5 and Fes, w ith  sim ultaneous decrease in 
content of Als being translocated into В horizon, is m arked in FH and 
Ah +  e horizons of cryptopodzolic soils. In podzolic soils and podzols the 
biogenic accum ulation of Sis, A ls and Fes occur only in FH horizons, while 
in Bf there is a podzol form ing accum ulation. The m oderately developed 
Ah +  e and Ae horizons of these soils are poor in Sis, Al* and Fes oxides.

Specially deep is the reach of pedogenic dislocation in gley-podzolic 
soil w ith a biogenic accum ulation of Sis, A ls and Fe? in FH and Ah +  e 
horizons and illuvial accum ulation in Bfh horizons. These components 
dim inish in the horizons Aeg and in lower parts of illuvial horizons being 
periodically directly  influenced by soil-ground w ater. In CG horizons 
of these soils there is a characteristic increase of relative Fes content.
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T a b l e  1
More im portant p h y s ic a l  and ch em ica l p r o p e r t ie s  o f  p o d s o l ic  s o i l s  in  O strzeszów  H i l l s

P it
No

Depth
cm Horizon

0 ,02
mm

%

Balk
d en sity

Actual
humidity

Organic
m atter

Free

PHKC1 S i0 2 А 1 ^ з F e ÿ j

g /100  сcm so i l g /100  сcm s o i l

1 0-5 Ah+e 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 С 1 .5 1.60 5 .5 0 .2 2 4 .7 0 .514 0.221 0.339

2 0-5 Ah+e 8 .9 1 .36 13.4 5 .67 3 .8 0 .869 0 .556 0 .570

20-25 BjC 7.4 1 .50 6 .9 0 .73 4 .4 0 .591 0 .870 0 .550

80-85 b2c 6 .8 1.60 7 .2 0 .4 3 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 Ah+e 9 .9 1.23 19 .2 14.52 2 .8 0 .547 0 .199 0.230

7-12 Ae 5 .7 1 .57 7 .8 0 .99 3 .3 0 .637 0 .119 0.069

12-16 Bhf 6 .7 1 .48 8 .7 1 .49 4 .3 0 .229 0.823 0.531

37-42 Bf 5 .9 1 .55 10 .4 0 .4 2 4 .6 0 .315 0 .922 0.З60

145-150 С 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 0.06Ó

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 Bhf 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 .328 1.080 0.290

135-140 С 4 .7 1.64 5 .2 0 .05 4 .6 0 .460 0.333 0 .112

5 0-3 FH . 0 .24 4 2 .2 15.72 3 .2 0 .391 0.168 О.О64

13-18 Ah+e 7 .9 1.07 3 2 .6 4 .9 1 3 .0 0 .592 0.092 0.052

35-40 Aeg 3 .5 1.75 24 .9 0 .2 1 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 3 .8 1 .78 29 .9 0 .28 4 .3 0.87C 0.295 0 .009
90-95 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 Ah+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 4 1 .0 5 .9 8 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
95-100 CG 5 .3 1.74 26.2 0.16 4.4 0.602 0 .461 0.014

8*
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0 to 2,0 О 1,0 2,0 о 1,0 2,0 3,0 4,0 50 % о/0г

Fig. 1. P rofile d istribution of free S i-, A l- and F e-ox id es as percentage of their total
content

Fig. 2. Correlations betw een  total 
and free F e-ox id es contents in d if­
ferent horizons of podzolized soils

As seen in Fig. 1, in all investigated soils the quan tita tive  relations 
of the discussed components correspond to cum ulative-eluvial podzolic 
type of m ineral components circulation. Subsequently  there should be 
a sim ilarity  of the rela tive quan tita tive  relations in the same horizons 
of d ifferen t podzolic soils. In Figures 2 and 3 confirm ation is to be found 
in quan tita tive  relations Fe, : Fes and A \ t : A ls, d ifferen tly  arranged but 
in one common line in each horizon. A ttention should be paid to the 
tra its  of stra ight correlation in quan tita tive  relations Fe* : Fes in Fig. 2. 
The individual horizons are ranged according to dim inishing Fes am o­
unts: FH >  Ah +  e >  В >  С, CG >  Ae. The horizon FH is rela tively  the 
richest in Fes, while horizon Ae is d istinctly  poorer.
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Less d istinct correlations are visible in the quan tita tive  relations 
Al, : Als in Fig. 3. However, they  have signs of directly  proportional 
dependences, except the horizons С and CG w ith  dim inishing Als, w hen 
Al, increase. According to dim inishing Als relative am ounts, the ind i­
vidual soil horizons range as follows: FH >  B >  Ah +  e >  C, C G > A e .

Fig. 3. C orrelations betw een  total and free  
A l-ox id es contents in d ifferent horizons of 

podzolized soils

Fig. 4. C orrelations b etw een  free  
A l- and F e-ox id es contents in  d if­
ferent horizons of podzolized soils

C ontrary  to Fes, Als content clearly decrease in Ah +  e and Ae horizons 
and increases in В horizons.

The profile d ifferentiation of Al and Fe relative solubility is reflected  
in the relations A ls : Fes, presented in Fig. 4. The general regu larity  in 
the investigated soils is quan tita tive  dom inance of Als over Fes, incre­
asing sucessively in the horizon : Ah +  e <  Ae <  FH <  C, CG <  В. It is 
a typical configuration for podzolic soils, w here the quan tita tive  relations 
of both components are approxim ate to direct proportional only in the
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horizons Ah +  e and Ae. In F H horizons the increase of Fes is not pro­
portional to increasing A ls, while in the horizons В, С and CG the quan ti­
tative  relations of those components are inversely  proportional.

The existing regularities depend on a num ber of in tra-so il factors and 
processes, as among others, content of particles <  0.02 mm, the a ltitude 
of organic m atter accum ulation (Hf) and w ater conditions (Wf). The 
quan tita tive  profile differentiation of particles <  0.02 mm, characteristic 
for the podzolization process, is weak in the tested  soils. In the individual 
horizons more in teresting  correlations occur betw een H, and Sis, Als, Fes 
or betw een W* and Sis-, Als-, Fes- oxides, as ilu stra ted  in Fig. 5 and 6.

It m ay be concluded from  the shape of curves in Fig. 5, tha t Ht is 
the poorest in Sis, A ls and Fes in FH horizons. The increase of the

Soil orgonic matter (Ht ) G/ÏOO ccm

Fig. 5. G eneral tendencies of num erical relations betw een  organic m atter 
and free S i-, A l- and F e-oxides in d ifferent horizons of podzolized soils

contents of these components, especially of Fes, is not proportional to 
H, quantity . A very  distinct H f tendency to Sis, A ls and Fes reduction 
appears in Ah +  e horizons. This phenom enon is also visible in Ae ho­
rizons in relation to Sis, while Als and Fe* show a tendency directly  
proportional to H, content. Hum us accum ulating in В horizons is very 
rich in Sis, A ls and Fes, but the am ounts of these components often 
m arkedly dim inish already at a rela tively  little  greater Hf accum ulation. 
In С and CG horizons, poor in Hf no correlation was found betw een 
H, and the discussed m ineral components occurring from  sm all to com­
paratively  large amounts.

One can conclude from  Fig. 6 th a t hum idity  is a factor causing the 
effects sim ilar to those of Н/ in HF and Ah~te  horizons. It results from  
this, tha t W t and H< are closely connected w ith  each other in the m en­
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Fig. 6. G eneral tendencies of num erical relations betw een  w ater content and free  
Si-, A l- and F e-oxid es in different horizons of podzolized soills

tioned horizons and the quan tita tive  Sis, A ls and Fes relations are the 
resu ltan ts of these two soil components. In Ae horizons, however, Als 
and Fes, occuring in sm all am ounts, seem to be connected m ainly  w ith 
H t having a high degree of stabilization. It is indicated by the inverse 
relations of these components to W t and directly  proportional to H, (Tab. 
1, Fig. 5). Only the quan tita tive  relations of dom inating Si5 indicate 
a connection w ith  W f conditions.

A distinct W t influence on quan tita tive  relations of Als and Fes is 
m arked in В horizons, enriched in illuviated  hum us w ith  a low degree 
of stabilization. A decrease in accum ulation of both components is not 
so sharp as in the case of H, (Fig. 5). S im ultaneously Al dom inates over 
Fe5, this dom inance rising w ith the increase of W t. It is also confirm ed 
by Sis w ith  tendencies identical to those in Ae horizons. Increasing Als 
and Sis contents w ith sim ultaneously dim inishing Fes content in С and 
CG horizons are the results of the increased hum idity  in these horizons.

SUMMARY

In the equivalent genetic horizons of stadially  different podzolic soils 
the quan tita tive  relations of free Si-, Al- and Fe-oxides are subjected 
to sim ilar regularities. A distinct eluvial decrease of these components 
in comparison to the parent rock appears in Ae horizons, while biogenic 
cum ulation occurs in FH, Ah +  e and В horizons. FH horizon is abso­
lu tely  the richest in Fes, and FH and В horizons — in Als. The more 
hum id the given soil, the more distinct this phenomenon. A parallel
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influence of organie m atte r is m arked only in FH and Ah +  e horizons. 
In Ae horizons only the am ount of hum us seems to be the factor form ing 
the quan tita tive  relations of Als and Fes. No stra igh t correlation was 
found betw een the degree of hum us dislocation and the am ount of Als. 
This dependence according to P o n o m a r i e v a  [4] should occur in the 
soils being podzolized.

The general regu larity  is quantita tive  predom inance of A ls, over Fes, 
increasing successively in the horizons: Ah +  e <  Ae <C FH <  C, CG <  В 
from  the ratios of about 1—2 : 1 in Ah +  e horizons to 1,5— 36,5 : 1 in В 
horizons. The ratios A ls : Fes are also being enlarged in the previously 
given order of soils.
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A . K O W A L K O W S K I

RÉGULARITÉS GÉNÉRALES DE LA RÉPARITION EN PROFIL DES OXYDES  
LIBRES DE Si, A l ET Fe D ANS LES SOLS PODZOLIQUES DES MONTS

DE OSTRZESZÓW

C h a ir e  d e  C u ltu r e  e t  d e  F u m a g e  du  s o l  d e  la  H a u te  É c o le  d ’A g r ic u l tu r e ,  P o z n a ń

R é s u m é
Les résultats des observations présentés concernent la réparition en profil des 

oxydes libres de Si, Al et Fe (dess. 1), l ’interdépendance entre les quantités de Fe 
général et libre et du A l général et libre (dess. 2 et 3), l ’interdépendance entre les 
quantités des oxydes libres du A l et du Fe (dess. 4), les tendances générales dans 
les relations quantitatives entre les substances organiques (Ht) et les oxydes libres du 
Si, Al et Fe ainsi qu’entre la teneur en eau (W*) et les oxydes libres de Si, A l et Fe 
(dess. 5, 6) dans les sols crypto-podzoliques, les soils podzoliques, podzols et les sols 
podzoliques à gley  des M onts de O strzeszów.

Dans les horizons génétiques de m êm e dénom ination des sols podzoliques de 
différents stades, les relations quantitatives des oxydes libres de Si, A l et Fe sont 
sujetes aux m êm es régularités. Un appauvrissem ent d’éluvion  net se m anifeste dans 
l ’horizon Ae.  On rencontre une cum ulation biogène dans les horizons FH, A h î e  
et B. L ’horizon FH est le plus riche en Fe libre, et les horizons FH et B en A l libre. 
Ce phénom ène est d’autant plus net, quand le sol donné est plus humide. S im ultané­
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m ent l ’in fluence des substances organiques se m an ifeste  seu lem ent dans les horizons 
FH et Ah +  e. Dans l ’horizon Ae  seule la quantité d’hum us est un facteur décisif dans 
la form ation des relations quantitatives des oxydes libres de A l et Fe. Comme 
régularité générale se m anifeste une supériorité num érique des oxydes de A l contre 
ceux du Fe, croissante successivem ent dans les horizons Ah +  e <  Ae < F H  <  C, 
CG <  B. Les relations des oxydes libres de A l : Fe augm entent en ordre su ivant des 
sols: crypto-podzoliques podzoliques podzols podzoliques à gley.

A . K O W A L K O W S K I

ALLGEMEINE REGELM ÄßIGKEITEN DER PROFILVERTEILUNG FREIER S i-, A l-
UND Fe-O X Y DE IN  PODSOLIERTEN SANDBÖDEN DER OSTRZESZÓW

ANHÖHEN

L e h r s tu h l  f ü r  A c k e r b a u  u n d  D ü n g u n g , L a n d w ir t s c h a f t l i c h e  H o c h s c h u le  z u  P o z n a ń

Z u s a m m e n f a s s u n g

P rofilverteilung freier S i-, A l- und F e-O xyd e (Abb. 1), B eziehungen zw ischen  
G esam tgehalt an A l- und F e-O xyden  und ihren freien  Form en (Abb. 2, 3), B ezie­
hungen zw ischen frei A l- und F e-O xydgehalt (Abb. 4), allgem eine Beziehung'sten- 
denzen zw ischen dem Gehalt an organischer Substanz (H/) und B odenw asser (Wt) 
und den freien  S i-, A l- und F e-O xydform en (Abb. 5, 6) w urden in Braunpodsolen, 
Podsolen und G leypodsolen der O strzeszów A nhöhen untersucht.

In quantitativen  V erhältn issen  der freien  Si-, A l- und F e-O xyd e der g leich ­
nam igen genetischen Bodenhorizonte stadial verschiedener Podsolboden w urden repe­
tierende R egelm äßigkeiten  gefunden. D eutliche e luvia le  Verarm ung des A e-H ori- 
zontes und biogene K um ulation in FH, Ah +  e und B -H orizonten, korrelativ  von der 
B odenfeuchtigkeit abhängig, w urde festgestellt. Z usam m enhänge zw ischen H um us­
gehalt und dem G ehalt der freien  S i-, A l- und F e-O xyde konnten auch festgeste llt  
w erden. In A e-H orizonten ist H um us als H auptfaktor der freien  A l- und F e-O xyd -  
akkum ulierung’ anzusehen. Freie A l-O xyd e sind m engenm äßig den entsprechenden  
F e-O xyden  allgem ein  Ü berlegen. D iese Ü berlegenheit w ächst in der H orizontfolge  
Ah +  e <  Ae < F H  <  C, CG  <  В an. In der B od en typ en fo lge— Braunpodsol —* Pod­
sol -> G leypodsol vergrößern sich die B eziehungszahlen freier A l : Fe-O xyde.

A . K O W A L K O W S K I

OGÓLNA PRAWIDŁOWOŚĆ PROFILOWEGO ROZMIESZCZENIA WOLNYCH  
TLENKÓW Si, Al I Fe W GLEBACH BIELICOWYCH  

WZGÓRZ OSTRZESZOW SKICH

K a te d r a  U p r a w y  i N a w o ż e n ia  R o li  W SP., P o z n a ń

S t r e s z c z e n i e

Przedstaw ione w yn ik i badań dotyczą profilow ego rozm ieszczenia w olnych  tlen ­
ków  Si, A l i Fe (rys. 1), w spółzależności m iędzy ilościam i Fe ogólnego i w olnego  
oraz Al ogólnego i w olnego (rys. 2 i 3), w spółzależności m iędzy ilościam i w olnych
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tlenków  A l i Fe (rys. 4), ogólnych tendencji w  ilościow ych  stosunkach m iędzy sub­
stancjam i organicznym i (Hf) i w olnym i tlenkam i Si, A l i Fe oraz m iędzy zaw artością  
w ody (W/) i w olnym i tlenkam i Si, A l i Fe w  glebach skrytobielicow ych, glebach  
bielicow ych, b ielicach  i glebach g lejow o-b ielicow ych  W zgórz O strzeszow skich.

W rów noim iennych poziom ach genetycznych stadialn ie różnych gleb b ielicow ych  
stosunki ilościow e w olnych  tlenków  Si, A l i Fe podlegają podobnym  praw id łow oś­
ciom. W yraźne zubożenie elu w ia ln e w ystępuje w  poziom ach Ae.  B iologiczna kum u­
lacja zaznacza się w  poziom ach FH, Ah  +  e i B. N ajbogatszy w  w olne Fe jest poziom  
FH,  a w  w olny A l — poziom y FH i B. Z jaw isko to jest tym  w yraźniejsze, im bardziej 
w ilgotna jest dana g'leba. R ów noczesny w p ływ  substancji organicznych zaznacza się 
jedynie w  poziom ach FH i Ah +  e. W poziom ach Ae  czynnikiem  kształtującym  
ilościow e stosunki w olnych  tlenków  A l i Fe jest w yłączn ie  ilość próchnicy. Ogólną  
praw idłow ością jest przew aga ilościow a w olnych  tlenków  A l nad Fe, w zrastająca  
kolejno w  poziom ach Ah +  e <  Ae  <  FH ^  C, CG <  B. Stosunki w olnych tlenków  
A l : Fe w zrastają w  następującym  uszeregow aniu gleb: skrytobielicow e ^  b ielico- 
w e -> b ielice g lejow o-b ielicow e.

А . К О В А Л Ь К О В С К И

ОБЩ ИЕ ЗАКОНОМ ЕРНОСТИ ПРОФИЛЬНОГО РАСПРЕДЕЛЕНИЯ  
СВОБОДНЫ Х ОКИСЛОВ Si, A l И 'Fe В ПОДЗОЛИСТЫ Х ПОЧВАХ  

ОСТРЖ ЕШ ОВСКИХ ХОЛМОВ

К а ф е д р а  А г р о т е х н и к и  и  У д о б р е н и я , П ы с ш а я  С е л ь с к о х о з я й с т в е н н а я  Ш к о л а , П о з н а н ь

Р е з ю м е

Приводятся результаты  исследований по распределению свободных окислов 
Si, A l и Fe в проф иле (рис. 1), взаимозависимости м еж ду количеством валового 
F e и А1 а .содержанием свободного А1 и Fe (рис. 2 и 3), взаимозависимости м еж ду  
количествами свободных окислов А1 и Fe (рис. 4), общей тенденции в количе­
ственных соотнош ениях м еж ду органическим веществом (Н/) и свободными  
окислами Si, A l и Fe, а такж е м еж ду содерж анием  воды (W/) и свободными 
окислами Si, A l и Fe в скры топодзолисты х почвах, подзолисты х почвах, под­
зол ах и глеево-подзолисты х почвах О стржеш овских Холмов.

В одноименных генетических горизонтах, различны х по стадии развития  
подзолисты х почв, количественные соотношения свободных окислов Si, A l и Fe 
подлеж ат подобным закономерностям. Отчетливое элювиальное обеднение про­
является в горизонтах Ае.  Биогенная кумуляция отмечается в горизонтах FH,  
Ah +  e и В. Наиболее богат свободным Fe горизонт FH а свободным А1 — гори­
зонты FH и В. Это явление обнаруж ивается тем отчетливее, чем выше вл аж ­
ность данной почвы. Одновременное влияние органического вещ ества отме­
чается единственно в горизонтах FH и Ah +  e. В горизонтах Ае  фактором ф орм и­
рующим количественные соотношения свободных окислов А1 и Fe является  
исключительно количество перегноя. Общая закономерность это количествен­
ное преобладание свободных окислов А1 над Fe, увеличиваю щ ееся последова­
тельно в горизонтах: Ah +  e <  Ае  <  FH С, CG <  Б.

Соотношение в почвах свободных окислов A l : Fe увеличивается в сле­
дующ ем порядке: скрытоподзолистые подзолистые ->■ подзолы глеево-подзо- 
листые.


