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INTRODUCTION

Compared with the bulk of writing devoted to the role of iron and
aluminium in podzolization, the interest in the role of silicon in this
process is much smaller. This is due partly to the belief, fairly common
until comparatively recently, that silica released in the process of mi-
neral decomposition is immobile in acid reaction. In pedological litera-
ture, especially in Soviet publications, the idea has been expressed
that the decomposition of aluminosilicates is associated with the libera-
tion of so-called “silica powder”.

Some authors, e.g. Polinov, Reifenberg, Mohr, Kubiena, Karpatchev-
ski [cit. 8], as well as Musierowicz [9] have assumed that under
certain conditions silica also becomes mobile, and its basic migratory
form is colloidal solution. More recent investigations [2, 5, 6, 8], how-
ever, have revealed that in soil solution of pH below 9 silica common-
ly occurs in the form of undissociated orthosilicic acid — H,;SiO,. This
acid dis released in the process of silicate mineral weathering. Its con-
centration in soil solutions is generally below saturation condition,
which prevents the formation of colloidal solutions. Schnitzer and
Desjardins [13] and Bietousowa [1] suggest the possibility of
silicoorganic combinations passing into the solution.

McKeague and Cline (7] and Jones and Handreck [4]
have found that soil particles have the capacity of sorbing silicic acid
from the solution, the highest activity being shown by freshly preci-
pitated Fe and Al hydroxides. Sorption of silicic acid by sesquioxides
is regarded as specific sorption [3, 10]. According to McKeague and
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Cline [8], biological sorption also plays an important part in retaining
silica in soil.

Considering the growing interest in silicon among pedologist, studies
have been undertaken on the role of this element in podzolization. The
studies have been based on a detailed examination of the profile distri-
bution of total Si and of amorphous pedogenic silica in podzols derived
from sands. The results obtained have been interpreted on the base of
literature data on geochemical properties of silicon.

MATERIAL AND METHODS

The study has been carried out on seven profiles of ferro-humic
podzols, whose morphology and basic properties have been discussed
in an earlier publication [11].

The ash silica content in raw humus has been determined by the
gravimetric method after mineralizing the organic matter in conc.
H,SO4 with an addition of 30%0 H,0,. Before the samples were minerali-
zed, the humus had been separated from the mineral grains in heavy
liquids (d=2 g/cm®). The precipitate remaining after mineralization was
filtered off, ignited, screened at ) =0.05 mm and weighed. A microscope
-examination of the precipitate showed that the method allowed a fairly
.good separation of ash silica from quartz and other minerals.

The total Si content in the mineral portion of the profile (Si;y) was
determined by the gravimetric method after melting the samples with
Na,CO;. Pedogenic silica was extracted in alkaline extract after Foster
(Si04,). The quantitative determination of Si in the extract was done
by the colorimetric molibdenic blue method, using tartaric acid for
masking phosphorus.

RESULTS AND DISCUSSION

Silica in raw humus. As shown by analyses (Table 1), silica
is the dominant ash constituent in podzol raw humus. In the plant
litter fall accumulated in subhorizon A¢Ly the SiO, content is already
high (0.64%0) and constitutes an average 34%o of the ashes. It is slightly
exceeded only by the CaO content [11]. As mineralization and humifi-
‘cation proceed, the silica content in the humus rapidly increases. In
the most highly humified material of subhorizon AH” SiO, averages
7.7%, which constitutes 80%0 of ashes. It is then the accumulation of
silica that is mainly responsible for the gradual increase in ash content
of organic matter in the successive A, subhorizons, and to a much
lesser extent this is due to sesquioxide accumulation [11].

The high SiO, content in raw humus is the result of the high content
of this compound in the plant litter fall and, on the other hand, of the
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Table 1

Average content of silica and other ash constituents in the particular
raw humus subhorizons of 6 profiles /in % of organic matter mass without mineral grains,

subhorizon % 510, B [Rog0s ¥ Mg0y ¥ 00 + 160 + as+d a .
+ K20 .- P205/ s i 100%
a b
Aolo 0,64 1,25 1,89 34
kol 1,60 1,88 3,48 46
AoF 3,81 1,93 5,74 66
AoH” 4,81 1,72 6,53 T4
AcH”’ 7,69 2,07 9,76 79

comparatively low migratory capacity of SiO, and the low uptake rate
by plants.

In spite of its limited mobility, silica gradually passes into the soil
solutions. According to Bielousowa [1], the silica content in the
solutions flowing from under horizon A, exceeds that of any other
mineral components.

Silica in mineral profile. The results of the amalyses
(Table 2) contradict the thesis of the immobility of silicon in podzols.
The belief of some authors that, unlike the sesquioxides, the immobile
silica becomes accumulated in the eluvial horizon is possibly due to
misinterpretation of the results of total analysis. Such results (Table 2)
in fact demonstrate a marked increase in SiO, content in the eluvial
horizon. The total analysis, however, does not reflect the profile distri-
bution of pedogenic silica; it only points out the change in proportion
between SiO, and the other mineral components. The change results
from the displacement of the majority of silicate decomposition products,
while quartz remains comparatively inert. Quartz grains in the eluvial
horizon are devoid of ferruginous envelopes and often dull, so that they
assume a whitish colour. It is not unlikely that owing to their colour
they have often been regarded as secondary silica (“silica powder”),
which has been believed to be an immobile product of mineral decom-
position.

The pedogenic silica (SiO,,) content in the podzol profiles studied
shows characteristic differentiation (Fig. 1). The highest concentration
of this constituent occurs at the border between raw humus and the
eluvial horizon, then the SiO,, content decreases rapidly to a certain
minimum in the lower portion of the eluvial horizon. Beneath, there
is generally a strongly marked illuvial accumulation of pedogenic silica,
its maximum occurring in subhorizon Bhs.

10 — Roczniki gleboznawcze
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Table 2

Total S10, and NaOH-extractable Si()2 content in podzols under study

I;I?.; Horizon Depth $1%s $1%s, f‘:{g; Horizon Depth 51054 5405,
Fo. cm % % No. cm % %
1 Ao/Ae 1-0-1 87,26 0,67 4 Bhs2 13-20 90,82 0,32
Ae 12-28 96,67 0,16 Bs 20-40 92,98 0,20
Eh 33-35 90,25 0,11 c 120-140 94,76 0,16
Bhs 35-45 93,34 0,24
Bs 60~75 95,18 0,09 5 Ro/Ae | 0,5-0-1 90,45 0,76
[ 110-145 95,18 0,12 Ae 10-20 98,23 0,25
Bh 28.5-33. 89,37 0,29
2 Ao/Ae 1-0-0,5 | 83,51 0,32 Bhs 30-38 92,78 0,69
Ae 16-23,5 | 95,73 0,16 Bs 38-55 96,63 0,20
Bh 23,5-26 92,19 0,13 c 110-130 97,19 0,25
Bhs 26-38 93,12 0,11
Bs 60-85 94,78 0,1 6 Ae 20-~-28 98,15 0,31
[+ 115-145 96,03 0,10 Bh 28-29 89,28 0,45
Bhs, 29-32 91,26 0,57
3 Ao/Ae 0,5-0~0,5 | 85,62 0,71 Bhs, 32-38 93,11 0,46
Ae 4=12 55,50 0,26 Bs 38-50 95,45 0,33
Bh 16-18 91,21 0,15 Cc 110-130 96,82 0,35
Bhs 18-23 93,08 0,12
Bs 40-50 95,09 0,12 7 Ao/Ae | 0,2-0-0,5 89,49 0,49
c 110-130 93.41 0,11 As 0,5-14 97,37 0,49
Bh 28-29,5 91,77 0,32
4 Ao/Ae 0,3-0-0,5 | 88,77 0,36 Bhs 29,5-40 94,03 0,48
Ae 0,5-10 95,03 0,31 Bs, 40-50 95,46 0,37
Bh 10-11,5 | 84,55 0,25 Bs2 60-80 95,89 0,32
Bhs, 11,5-13 87,46 0,45 c 100-120 97,46 0,27

The high silica content in the upper part of the eluvial horizon
constitutes a prolongation of its biclogical accumulation in horizon A,.
It has been found that there is a definite correlation between the SiO,,
content and the organic carbon content in this portion of the profile.
It seems possible that silico-organic combinations washed down from
raw humus are precipitated there together with the washed in humus.
The presence of such combinations in natural soil leachate from podzols
has been found by Schnitzer and Desjardins [13]and Bietlo-
usowa [1]. The nature of the silico-organic combinations has not been
sufficiently studied yet. It is not unlikely that they may be low mobility
combinations formed as a result of surface sorption.

Apart from a narrow zone just beneath the surface, no pedogeric
silica accumulation is observed in the eluvial horizon. On the contrary,
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Diagrams of profile distribution of pedogenic silica in podzols under study

it is there that the eluvial SiO,, content minimum is found. This
indicates that the silica released in decomposition of silicates in horizon
A, [11] is taken down the profile. Tamm [14] has already reported
large amount of silica being washed dowm of the eluvial horizon of
podzols. More recent works [2, 5, 6, 8] suggest that this constituent
migrates with soil solutions chiefly in the form of orthosilicic acid
(H4SiOy).

In the illuvial horizon there is another increase in SiO,, content.
The question arises what causes the immobilization of silica in that
horizon. Earlier results [11] have revealed that in the illuvial horizon
of the podzols studied there is a considerable accumulation of amorphous
sesquioxides. It ds also known from other reports [4, 7] that it is
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precisely these soil components that are very active in sorbing silicic
acid. The illuvial horizon constitutes then a kind of geochemical barrier
picking silicic acid out of the percolating solutioms. Since the maximum
of illuvial SiO,, accumulation always occurs in horizon Bhs, generally
coinciding with the maximum of free aluminium oxides, it seems that
Al,O; plays a greater part in binding silica than does Fe,O;.

It is mot quite clear 'why in two of the profiles (No. 2 and 3) no
illuvial SiO,, accumulation has been found. One of the possible reasons
may be that the illuvial horizons of these profiles, compared with those
of the others, are poorer in free aluminium (Prof. 3) and less well
cemented (Prof. 4), and do not therefore constitute an effective barrier
for the solutions containing silicic acid.

As a result of the illuvial SiO,, accumulation being rather small
compared with that of R;0; the majority of pedogenic silica migrates
beyond the soil profile. Were it not for the loss of silica by this way,
the fact that it is taken in large amounts by plants and continuously
released both from raw humus and in the process of silicate decom-
position would have to result in a much greater accumulation in the
illuvial horizon. The belief that soil profiles in which there is a prepon-
derance of the descending movement of soil solutions are subject to
progressing desilification is shared by other authors [1, 8, 12].

CONCLUSIONS

1. The results of the analysis of the profile distribution of pedogenic
silica in podzols point out its active participation in podzolization.

2. A considerable biological accumulation of silica takes place in raw
humus. The percentage of SiO, in the ash content of organic remains
accumulated in horizon A, increases with the progress of humification.

3. The silica released in the eluvial horizon passes into the soil solu-
tion and migrates down the profile.

4. Part of the silica is retained in the illuvial horlzo:n as a result
of sorption by amorphous sesquioxides. A greater part in silica binding
is probably played by free Al than by free Fe.

5. The bulk of soluble silica migrates beyond the podzol profile.
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. IIOKOMCKA

TEOXMMUYECKUE MCCJIEIJOBAHUSA TIOA30JOOBPA30OBATEJBHOTO
IIPOLIECCA

YACTH 2-f. KPEMHUJ B [NIPOLECCE OIIOA30JIMUBAHUA

JlaGopaTopusa mousoBeneHusa, MHCTUTYT Ouonoruu YHuBepcutera uM. Mr KonepHuka
B Topyuu

Pe3woMe

B cBA3M ¢ BO3pacTamwllleil B IIOYBOBEAEHMM 3aMHTEPECOBAHHOCTBIO Treoxumuernt
KpeMHMA ObIIM TIPEeANPUHATHI UCCIEAOBAHUA TIO Yy4YaCTUMM 3TOTO 3JIEMEHTAa B Ipolecce
nog30J006pa3oBanua. Mecaeqopanus 6a3mMpoBaiy HA JETAIBHOM aHam3e IPOdMIb-
HOTO pacIIpefielIeHMA BaJIOBOTO COJePXKaHUA KPEMHUA (Sit) u aMopdHOro KpeMmHese-
Ma, OMPeeIAeMOro B INEJOYHO BHITAXKKe mo PDocTepy (SiOZa) B Iog3oviax obpazo-
BaHHBIX #3 ITeCKOB.

AHaanabl mokas3aau (Tabia. 1), 4TO KPeMHMII ABJIAETCA AOMMHUPYIOIIMM 30JbHBIM
3JIEMEHTOM B CBIPOM TIeperHoe Ion30JoB. Jlonsa SiO, B 30e OPraHMYECKUX OCTATKOB
fI0BbIIAETCA 110 Mepe MX Da3jioXeHua u B noxropusonute A H” moxomaur no 80%.
Y3 ropu3oHTa OMOJIOTUMYECKO) AaKKyMyJAAUMM KDPEMHMUII [EPEXOAUT IIOCTEIIEHHO B II0-
4yBeHHbIe pacTBOpPbl. CoriacHo BenoycoBoit [1] B pacTBOpax CTEKAOIUUX U3-IION
ropu3oHTa A, cogepxkauue SiO, mpesBbIIAET COZEPKAHUE OCTAJBHBIX MMHEPAJIbHBIX
3JIEMEHTOB.
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Onpefenenyss BaJIOBOIO KpDeMMUs B MMHEPaJbHOM 4acTM NPOuIs NOA30JO0B
(Tabis. 2) BBIABMIM, YTO CaMOE BBICOKOE COAepIKaHMNe SiO2t HAXOAMTCA B 3JIOBUAJNbL-
HBIX TOPU30HTAX. DTOT (paKT HE COCTABJIfAET AOKA3aTEJbCTBA AKKYMYJIALUM aMopdHO-
ro KpemMHe3eMa, KaK MHOTZAa OblBaeT MHTEPIPETMPOBAHO, HO ABJAETCA IIOCJEICTBUEM
ynaneuus OGOJBIIMHCTBA IPOAYKTOB Pa3iOXeHMUA CUIMKATOB IIPUM OTHOCUTEJIBHO
MHEePTHOM IIOBEJEeHMM KBapla.

IIpodbunwuoe pacupenenenme aMcOPHOro XKpemHe3eMa (Si0,,) MOKA3BIBAIOT IAH-
Hble aHajam3a mo <Pocrepy (puc. 1). Camas BbICOKAs KOHIIEHTPAIMA 9TOTO KOMIIO-
HeHTa OOHApyXMBaeTCA B BEPXHEN YacTy 3JIIOBMAJILHOTO TOPU30HTA M TIPeACTaBJAET
coboit mpoxnjeHue 6uosormyeckoit akkymynsuuyu SiO, B ropm3onre A, Bxe BecbMa
TOHKOJ IOAMOBEPXHOCTHOM IOJOCHI B TOPM30HTe A, BBICTYNAET IJIOBMAJIBHBIA Mu-
HMMYM COZEDPKaHILA SiOZa. VI3 ¥3I0KEeHHOTO CJEegyeT, 4To \mpeMHeaaM ocBoboxmae-
MBI BO BpeMs Pa3/IOXKEHUS CUIMKATOB OTBOIUTCA B raybuny mpodunsa. Ilo HoBeir-
muM uccienoBaumam [2, 5, 6, 8] Ha3BaHHBIA KOMIIOHEHT MUTPMUDYET C IIOYBEHHLIMMK
vpa-c'raopaw’m IPEVMYINECTBeHHO B BuAe OpTOKpemuesoit kuciaorbl (H,SiO,). ITousem-
HbI€ DPAaCTBODPbI HATAJKMBAIOTCA B JMJIJIIOBMAJBHOM TOPU30HTE HA 30HY aKKyMYyJIaLuu
MOJIYTOPHBIX OKMCJOB, TIPUMHANIEXKAINMX K COCTABHBIM YaCTAM IIOYBBI OCOOEHHO aK-
TMBHBIM B COPOMpPOBaHMM KPEMHEBOJ KUCJIOTHI [4, 7]. SIBneHue crenqudMUYHOTO IIOTJIO-
wenusa H,SiO, MOoJyTOPHBIMM OKMCJIAMM 9TO HECOMHEHHO TJIaBHAf IIPUYMHA aKKY-
MyJIALUMM KpeMHe3eMa B ropu3onte B GOnbIIMHCTBA aHANUM3MPOBAHHBLIX TIpoduiest.
TTockonbky WIOBMANbHAA aKKyMyssuyus SiO,, no cpaBHeHMYU C aKKyMyTIAnueit xe-
Je3a ¥ aJIoMUHMA OYeHb HeBeJIbKa, TO caMO coboi1 pazymeercs, 4TO 6OoJbLIas 4acTh
aMOpHOTO KpeMHe3eMa MMTPMDYeT BHe IIDeJesiOB IIOYBEHHOTO mpoduusa. Ecau-6u
He yTeyKa KpeMHe3eMa Ha 9TOM IIyTH, TO IIOCTOSHHOE €ro OCBOJOXKAEHME U3 CBhIPOTO
MeperHoss ¥ BO BPEMs DPa3OXKEHMUA CUIMKATOB JOJXKHO ObLI0-ObI mIPMBOAMTB K 3HA-
YUTEJNBbHO OONBIIEN ero akKKyMyJsal¥uM B MJIIJIIOBMAJIBHOM TOPU3OHTE.
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GEOCHEMICZNE BADANIA NAD PROCESEM BIELICOWANIA
CZESC II. KRZEM W PROCESIE BIELICOWANIA

Zaktad Gleboznawstwa Instytutu Biologii Uniwersytetu Mikolaja Kopernika
w Toruniu

Streszczenie

Nawigzujgc do wzrastajagcego w gleboznawstwie zainteresowania geochemia
krzemu podjeto badania nad udziatem tego pierwiastka w procesie bielicowania.
Badania te oparto na szczegblowej analizie profilowego rozmieszczenia krzemu
ogbtem (Si,) oraz amorficznej krzemionki oznaczonej w wyciggu alkalicznym wediug
Fostera (SiO,,) w bielicach wytworzonych z piaskéw.

Analizy wykazaly (tab. 1), ze krzemionka jest dominujgcym sktadnikiem po-
pielnym w prochnicy nadkladowej bielic. Udzial SiO, w popielnosci szczatkow
organicznych wzrasta w miare ich postepujacego rozkiladu i w podpoziomie AoH"
osiaga az 80%. Z poziomu biologicznej akumulacji krzemionka przechodzi stop-
niowo do roztwordéw glebowych. Wedlug Bietousowej {1] w roztworach
splywajacych spod poziomu A, zawartos¢ SiO, przewyzsza zawarto$é pozostalych
skladnikéw mineralnych.

Oznaczenia krzemu og6lem wykonane w mineralnej czesci profili bielic (tab. 2)
wykazaly, ze najwyzsza zawarto$é SiOzt wystepuje w poziomach eluwialnych.
Nie $wiadczy to'o akumulacji amorficznej krzemionki w tych poziomach, jak to
bywa niekiedy interpretowane, lecz jest skutkiem usuniecia wiekszo$ci produktéw
rozkladu krzemianéw przy wzglednie inercyjnym zachowaniu sie kwarcu.

Profilowe rozmieszczenie krzemionki amorficznej (SiO,,) przedstawiajg wy-
niki analizy wedlug Fostera (rys. 1). Najwyzsza konceniracja tego skladnika wy-
stepuje w goérnej cze$ci poziomu eluwialnego, co stanowi przedluzenie biologicznej
akumulacji SiO2 w poziomie Atr Poza wasky strefg przypowierzchniowa w po-
ziomie Ae wystepuje eluwialne minimum zawartosci SiO,,. Wynika stad, Zze
krzemionka uwalniana podczas rozkladu krzemiandéw jest odprowadzana w glab
profilu. Z nowszych badan [2, 5, 6, 8] wynika, 2z skladnik ten migruje z roztwo-
rami glebowymi giéwnie w postaci kwasu “rtokrzemowego (H4Si04). Roztwory
glebowe natrafiaja w poziomie iluwialnynr na strefe akumulacji pé6itoratlenkéw,
ktére naleza do skladnikéw glebowych szczegblnie aktywnych w sorbowaniu kwasu
krzemowego [4, 7). Zjawisko sorpcji specyficznej H,SiO, przez R203 jest nie-
watpliwie gidwng przyczyng akumulacji krzemionki w poziomie B wiekszoéci
analizowanych profildbw. Poniewaz iluwialna akumulacja Si0,, jest w poréw-
naniu z akumulacja zelaza i glinu niewielka, wynika stad, ze wieksza cze$é¢
amorficznej krzemionki wymywana jest poza profil glebowy. Gdyby nie straty
krzemionki na tej drodze, jej pobieranie w duzych ilosciach przez roéliny i stalte
uwalnianie z préchnicy nadkladowej oraz podczas rozkladu krzemianéw musialoby
doprowadzi¢ do znacznie wiekszej akumulacji w poziomie iluwialnym,
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