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forming rock, and to identify the direction of soil formation processes, that is, to establish
the genesis of soils. The study objective supposed both the identification of bulk chemical composition (BCC) specifics peculiar to
cambisols (acc. the WRB) located beneath different virgin forest ecosystems and the change caused by the composition of soil-forming
rock, specifics of mountainous terrain and climatic conditions. The study subject is cambisol of virgin (beech and coniferous) ecosys-
tems formed at the eluvium-deluvium flysch with prevailing sandstones, argillites and siltstones. The study scope is bulk chemical com-
position of beech and coniferous forest cambisols within the Ukrainian Carpathians and its transformation. Comparative-geographical,
comparative-profile, analytical and statistical methods have been used accounting for the above objective. The bulk chemical compo-
sition has been determined under the method devised by E.V. Arinushkina. Recalculations and ratios have been used to analyse data
on the bulk chemical composition of soils. Our article provides the results of the study of bulk chemical composition of cambisols
located beneath beech and the coniferous virgin forests. Changes occurred in this, one of the most conservative, soil substance, under
the influence of phytocenotic diversity of virgin forest ecosystems and soil species, are analysed, the nature and direction of changes as
well as their main regularities are identified. Molecular ratios for the genetic soil horizons are calculated since they testify the removal of
elements outside the soil profile boundaries and are the main factor used to assess the direction of cambisols soil-forming process. The
article considers the content of constitutional water and the ratio of change in the siliceous soil part. Results obtained allow suggesting
intrinsic weathering in the soils under study. Major reasons of changes in the bulk chemical composition of virgin forest cambisols are
caused by the character of vegetation, its aggressiveness with respect to the soil mineral content, by climatic features that affect pro-
cesses of soil formation in mountainous areas depending on the vertical zonality, and by the composition of soil-forming rocks being
the substrate for the studied soils. SiO,, AL,O,, Fe,O, oxides form the predominant bulk chemical composition of virgin forest cambisols
in the Ukrainian Carpathians. Their total content ranges from 65.59 to 87.56 %. The mineral base of virgin forest cambisols is SiO,
and its content in virgin forest cambisols amounts up to 63.46 - 75.03 %, Al,O, sesquioxide content is 13.16 - 17.14 %, Fe,O, content
is 4.25 - 6.83 %. Molecular ratios in cambisols located beneath the beech virgin forests postulate the removal of sesquioxides out from
a soil profile. For instance, the ratios of SiO,/Fe O, in beech virgin forests cambisols are 42.8 - 44.61 and they decrease sharply at the
soil profile bottom to 26.35, i.e. the removal of Fe,O, sesquioxide out from a soil profile is observed. The molar ratio of SiO,/R,0;, in
cambisols located beneath coniferous virgin forests is narrower than in beech virgin forest cambisols and amounts up to 5.64 - 5.81,
which is due to the lower content of SiO, oxide and higher number of Fe,O, and Al,O, sesquioxides. The analysis of leach factor indices
shows that leaching of Calcium and Magnesium oxides is observed in these soils. However, leaching in cambisols located beneath the
beech virgin forests is less intense than in cambisols located beneath the coniferous virgin forests. Leaching of Sodium and Potassium
oxides in cambisols located beneath the beech virgin forests is minor, and in cambisols located beneath the coniferous virgin forests is
weakly expressed.

Keywords: bulk chemical composition, cambisols, virgin forests, sesquioxides, leach factor, constitutional water, ratio of change in the
siliceous soil part, intra-soil weathering.
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AHoTanisi. PeHOBHHHUIA CKITaJ] € OHIEI 3 HAMBAXKIMBININX CKIAJOBUX aHAI3y IPYHTIB, SKUN TO3BOJIIE BCTAHOBUTHU BaJIOBUI 200
CJIEMEHTHHH CKJIaJ], OTPUMATHU YSBJICHHS PO 3araJbHUN BMICT XIMIYHHX €JIEMEHTIB 10 TeHETHYHUX TOPH30HTaX IPYHTOBOTO IPOMLIIO
TIOPIBHSHO 3 IPYHTOTBIPHOIO TOPOJIOI0, BUSIBUTH HAIPSIMKH MTPOLIECIB IPYHTOTBOPEHHSI, TOOTO, BCTAHOBUTH TCHE3HC IPYHTIB. METOIO 110-
cITiKeHHA OyII0 BUBYEHHS 0COOIMBOCTEN BajoBoro XxiMigHoro ckiany (BXC) Gyposemis (cambisols 3a WRB) miz pisHuME TpazicoBUMHU
EKOCHCTEMaMH Ta iX 3MiHH, CIIPUYMHEHI CKJIQJOM IPYHTOTBIPHHX IOPiJ, 0COOIMBOCTIMH TipChKOro penbedy 1 KIiMaTHYHUX YMOB.
O06’ekTOM JOCIHIKEHHST € Oypo3eMH IMpanicoBux (OyKOBHX I CMEPEKOBHX) EKOCHUCTEM, SIKi C(OopMOBaHi Ha eItoBii-uemtoBil (uinry
3 NepeBaKaHHSAM IICKOBHKIB, apriliTiB Ta aneBpoditiB. [IpexmMerom NoCIiKeHHs € BalOBHI XIMIYHUHA cKiax Oypo3eMiB OYKOBHX
Ta CMepeKoBUX mpaiiciB YkpaiHcekux Kapmar Ta Horo tpancdopmamis. Bukopucrano mopiBHIEHO-reorpadidHui, TOpiBHAIBHO-
MpoQiTbHINA, aHATITHYHAN Ta CTATHCTHYHUNA MeToW. BanmoBuil XiMiYHHX CKiTaj BU3Ha4eHO 3a MeToioM E. B. Apinymkinoi. {ns ana-
T3y TaHUX BaJIOBOTO XiMIYHOTO CKJIQAy IPYHTIB BUKOPHCTOBYIOThH MepepaxyHKu i koedinienTu. HaBeaeHo pe3ynsraru J0CiHKEHHS
BaJIOBOTO XIMIYHOTO CKJI1a/ly Oypo3eMiB ITiJ] cMepekoBuMH i OykoBUMHU mpasticamu. [IpoaHaizoBaHo 3MiHH, sIKi BiOyIMCs B LM, OHIl 3
HalKOHCEPBaTUBHIIINX CyOCTaHIIl IPYHTIB, ITi/l BIVIMBOM (DiTOLIEHOTHYHOT Pi3HOMAHITHOCTI MPaJIiICOBUX €KOCHCTEM Ta I'PYHTOTBIPHUX
TIOPiJ], BCTAHOBJIEHO XapaKTep i HAaIpsIMOK IIMX 3MiH, a TAaKOX IXHi TOJIOBHI 3aKOHOMIpHOCTI. Po3paxoBaHo MOJIEKyIISIpHI BiTHOIICHHS IS
TCHETHYHUX TOPU3OHTIB IPYHTIB, SKi CBII4aTh PO BUHECEHHS EJIEMEHTIB 32 MEXI1 I'PyHTOBOTO MPO(diIf0, 10 € OCHOBHUM JUIS OLIHKA
HanpsMy Oypo3eMHOTO MpoIiecy TPYHTOTBOPEeHHs. [IpoaHanizoBaHO BMICT KOHCTHTYLIHHOT BOAX 1 KOe(iIliEHT 3MIHM CHIIIKATHOI Yac-
THUHHU TPYHTY, SIKi JAIOTh MOXJIUBICTH TOBOPHUTH PO MPOTIKAHHA MPOLECY BHYTPIIIHHOIPYHTOBOTO BUBITPIOBAHHS B AOCIHIKYyBaHUX
rpyHTax. [OJIOBHI NPUYMHK 3MiH BaJOBOIO XiMIYHOTO CKJaay Oypo3eMiB MpajiciB CIPUYMHEHI XapaKTepoM POCIHMHHOIO MOKPHUBY,
HOTO arpecHBHOCTI BiTHOCHO MiHEPaJIbHOI YaCTHHU IPYHTY, KJIIMAaTHYHHUMH OCOOIMBOCTSIMH, SIKi ITO-Pi3HOMY BIUIMBAIOTH BiJTHOCHO
BHCOTHOI IIOSICHOCTI, Ha NPOLECH IPYHTOTBOPEHHS B TiPCHKUX MICIEBOCTSIX Ta CAMHM CKJIaJOM IDYHTOTBIPHHX MOPiT, Ha SIKHX
YTBOPWIIUCS TOCIiKyBaHi IpyHTH. OCHOBY BaJIOBOTO XIMIYHOTO CKJIay Oypo3eMiB mpaiticiB YkpaiHchKkuX KaprmaT cTaHOBIATh OKCHAN
Si0,, ALO,, Fe,0,. CymapHuii iX BMiCT KONMBA€ThCA B MeKax 65,59-87,56%. OcHOBY MiHepanbHOi 4aCTHHE OypO3EMiB Tpaicis cTa-
HOBHUTE Si0,, BMICT SIKOTO cTaHOBUTH 63,46-75,03%, BMmicT niTopaokcuay Al,O, ctanosuts 13,16-17,14%, a Fe O, — 4,25-6,83%.
MonekyssipHi BiHOIIEHHs B Oypo3eMax ImiJ OyKOBUMH IpalicaMi KOHCTATYIOTh BUHECCHHSI MIBTOPAOKCHIIB 3 IPYHTOBOIO MpoQiio.
3okpema, BigHomenHs SiO,/Fe, O, y Gypozemax 6yKOBUX NpasliciB CTaHOBIATH 42,89-44,61, 3 pi3kuM 3MCHIIEHHAM Y HHXHIH qacTHHI
IpyHTOBOTO TIpodimo 10 26,35, TOOTO MPOCTEKYEThCS BUHECEHHs MiBTOpaokcuay Fe,O, 3 rpynToBoro mpodimo. ¥ Oyposzemax miz
CMEpEKOBUMH Tiparticamu Moisipie BigHomenns SiO,/R O, Byxue, Hik y Oyposemax min OykoBumH mpanicamu — 5,64-5,81, mo
TIOB’SI3aHO 3 MEHINOK KiNbKicTi0 okcuy SiO, i Oinbmioro kinbkicTio misropaokcuiis Fe, O, ta Al O,. AHani3 mokasHUKIiB (akTopy
BIJTYTOBYBaHHS 3aCBi/IUY€, 110 B JAHUX IPYHTAX CIIOCTEPIraeThCsl BIIIYTOBYBaHHS OKCHAIB KaNbIIit0 1 MarHio. OqHak B Oypo3eMax mij
OYKOBHM IIPaJIicOM BUIIyTOBYBaHHS BiZOyBa€ThCs MEHII IHTEHCHBHO, HiXK B Oypo3eMax MiJl CMepeKOBHMH IpaiicaMu. BuiyroByBaHHs
OKCHJIIB HATPIitO 1 Kaito B Oypo3emi Mmij OyKOBUM MPalicoM He3HAYHE, Y IPYHTaX il CMEPEKOBUM MPalicOM — CITa00BUPaKEHE.

Kniouogi cnosa: eanosuil ximiunuii cknao, Oypozemu, npanicu, Ni6Mopaokcuou, (Gakmop Guny208Y8anHs, KOHCMUMYYilna 6004,
KoepiyicHm 3MIHU CUNIKAMHOT YaCTUNY [PYHIY, 6HYMPIUHbOIDYHIOGE GUGTIPIOGAHHSL.

Introduction. In a process of soil formation, the soil
undergoes constant changes reflected in changes in its
morphological characteristics, physical and physical-
chemical properties as well as in changes in its bulk
chemical composition. Material composition is one of
the most vital components of soil analysis, which al-
lows to determine the bulk or chemical composition, to
get an insight of the total content of chemical elements
by the genetic horizons of a soil profile against the
soil-forming rock, and to identify the direction of soil
formation processes, that is, to establish the genesis of
soils. In addition, the analysis results allow the estab-
lishment of reserves of certain elements found in the
genetic horizons of a soil profile (Arinushkina, 1970;
Gerasimov, Glazovskaya, 1960).

The study objective was to identify bulk chemi-
cal composition specifics peculiar to cambisols lo-
cated beneath different virgin forest ecosystems as
well as its change caused by various climatic features
affecting the processes of soil formation in mountain-
ous areas depending on the vertical zonality and by
the composition of soil-forming rocks being the sub-
strate for the studied soils. The problem is partially
revealed in the works of American scientists (Glei-
xner et al., 2009; Perry et al., 2012). The study sub-

ject is cambisol of virgin (beech and coniferous) eco-
systems formed at the eluvium-deluvium flysch with
prevailing sandstones, argillites and siltstones. The
study scope is bulk chemical composition of beech
and coniferous forest cambisols within the Ukrainian
Carpathians and its transformation. The results of the
study will contribute to the comparison of cambisols
of virgin forest (undisturbed) phytocenoses with cam-
bisols of anthropogenically disturbed ones. Changes
in the content of chemical elements have been estab-
lished to improve the composition and forest cultiva-
tion properties of disturbed soils.

Material and methods. Data on bulk chemical com-
position of cambisols located beneath the beech (the
Uzhanskyi National Nature Park (NNP)) and conifer-
ous virgin forests (the Carpathian Biosphere Reserve
(CBR)) have been considered (Fig. 1). Comparative-
geographical, comparative-profile, analytical and
statistical methods have been used accounting for
the above objective. The problems of identification
of virgin forests in the Ukrainian Carpathians have
been studied (Volosyanchuk et al., 2018). The actu-
al issue is the mapping of virgin forests (Spracklen,
Spracklen, 2019) and analysis of forest cover changes
using remote methods (Kuemmerle et al., 2009).
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The bulk chemical composition has been deter-
mined under the method devised by E. Arinushkina.
Recalculations and ratios have been used to anal-
yse data on the bulk chemical composition of soils.
They pose the base for assessing processes capable
to trigger changes in chemical composition of soils
mineral part in terms of soils genesis. The underlying
mode used for re-calculating of data of bulk chemical
analysis is recalculation by the dry soil basis. Data are
submitted in percentage form, i.e. relatively to con-
tent of various elements and their compounds. Upon
re-calculating, the obtained data are correlated with
the results of the bulk chemical composition of a soil-
forming rock to determine changes in soils chemical
composition occurred during the soil formation pro-
cess. However, it is possible to do so only if these
soils form on a uniform rock. Some limitations are
present due to the fact that changes in chemical com-
position of the certain horizons should be testified by
a soil-forming process itself rather than attributed to
the rock uniformity (Myakina, Arinushkina, 1979).

the upper soil horizons. According to the research by
1. Gogoleyv, a bulk analysis mostly states the event of
removing of sesquioxides not only from the upper ho-
rizons but also out from the soil profile in general.
The constant down-section decrease in SiO,:R,0, mo-
lecular ratio right to the parent rock stratum testify the
above. Usually, the value of SiO,:R,0, ratio in the up-
per soil horizons is circa 6.0 with occasional increase
up to 10 - 11. According to the data by 1. Gogolev,
this ratio is circa 4.0 in a parent rock. Downwards the
soil profile, the value of SiO,:R,0, and SiO,:Fe O, ra-
tios decreases confirming the removal of Ferrum and
Aluminium during cambisols formation process. The
grade of sesquioxides removal is uneven. Besides,
within the Carpathians it is sometimes possible to lo-
cate cambisols, which bulk analysis does not show the
removal of R,0,. In the coniferous forest cambisols
the molecular ratio of SiO,:R,0,= 11 and in general
it remains constant throughout the entire profile, i.e.
sesquioxides seem to be stable. However, no such
common brown mountain-forest soil sections featur-

0 20 40 60 80 100 km

N Pojaﬂd
h-

Transcarpathia

Ukraine

Primeval forest sites identified
during inventory

Overgrowth forest sites identified
during office studies {potential
primeval forest)

Point 1. Uzhanskyi NNP. Landscape

unit Solianske, range Yavornyk

Paoint 2. Carpathian Biosphere
Reserve. Chornohora massif

Fig. 1. Data on bulk chemical composition of cambisols of the Transcarpathian virgin forest

Results and their analysis. The results of bulk chemi-
cal composition of cambisols found within the study
territory do not essentially differ from the results pre-
sented in literature (Gogolev, 1965, 1986; Kanivets,
1991; Pasternak, 1967, 1968). Typically, research-
ers engaged in studying the Carpathian cambisols
believe that in the process of cambisols formation
sesquioxides, including Ferrum, are accumulated in

424

ing sesquioxides accumulation in the upper horizons
have been identified yet (Gogolev, 1986).

The correlation of bulk chemical analysis data to
a morphological description of soil profiles allows for
the conclusion that the more a soil is gradually devel-
oped, less gravelly, and that the thicker a soil profile
is, the more expressed the process of sesquioxides
removal is demonstrated in it. Cambisols character-
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ised by a high gravel contents throughout the entire
profile are young. The bulk analyses justify that dur-
ing cambisols formation process under the Carpathian
conditions sesquioxides do not accumulate, but rather
remove out from a soil profile. Moreover, the removal
grade in most common cobbly gravelly cambisols is
relatively low; it far less than in podzolic soils (Rode,
1937).

The research of bulk chemical composition by
P. Pasternak has not testified significant differences in
the content of Silicium in a soil profile. In soil sections
the varying accumulation of Silicium in the upper ho-
rizons is observed as compared to the parent rock,
which illustrates the presence of phenomena similar
to podzolisation (Pasternak, 1967). The soil beneath
a wet coniferous ramen demonstrates an increased Si-
licium content by 2 - 4 % as compared to schist. Fer-
rum sesquioxide composition can be used to identify
soils, in which a soil profile including an upper part
of the parent rock decreases downwards. In different
downstream profile sections the content of Fe O, sig-
nificantly increases. Certain removal of Al,O, is ob-
served; its highest content is identified in the illuvial
horizon (Pasternak, 1968). P. Pasternak believes that
there is no distinct regularity of CaO distribution in
a soil profile. In general, CaO is accumulated in the
upper horizons while in other horizons it gradually
migrates downwards a soil profile. This applies to the
soils occurred in smooth slopes conditions. Perhaps,
such irrelevant distribution of CaO is explained by a
varied composition of soil-forming rocks. In several
sections the content of MgO decreases in horizon
A (Hp) and increases in the illuvial horizon, which is
typical for podzolic soils. As P. Pasternak affirms, the
content of K O in soil profiles varies insignificantly.

So, if we consider a bulk composition, the pro-
moted distribution of Silicium and sesquioxides by
the type representative of podzolisation process is
observed only in some sections. These sections show
a clear evidence of SiO, accumulation and decrease
in Ferrum and Aluminium contents in the illuvial ho-
rizon (Pasternak, 1968). Upon correlating chemical
composition of soils located beneath different forest
types P. Pasternak states that there are no traces of
redistribution of oxides typical for podzolisation pro-
cesses in soils of pure and beech forests. These soils
are characterised by Fe,O, expressed accumulation in
horizons Al and A2 as compared to horizon B (Pas-
ternak, 1968).

The results of bulk chemical composition analy-
sis conducted for all cambisols located beneath the
beech forests testify that soil horizons, as compared
to soil-forming rock, are enriched with Silicium. In a

humus horizon, the content of Silicium amounts up to
105 - 110% from its content in the parent rock (Paster-
nak, 1968). P. Pasternak explains a possible increase
of SiO, in a humus horizon by its accumulation due
to plant litter decomposition. Several authors point
to the possibility of Silicium biological accumulation
in the upper horizons. B. Polynov conducted a study
to define biological accumulation of Silicium in soils
covered with beeches, hornbeams, chinquapin trees
in the Ajaria region. He showed that plants absorb
alumina somewhat more intensively than it returns
to the soil thus explaining the fact of Silicium rela-
tive accumulation in soil horizons containing plant
roots (Polynov, 1944). Data on bulk chemical analy-
sis received by V. Kanivets justify the uniformity of
mountain-meadow and mountain-forest cambisols.
Despite the fact that these soils are formed on differ-
ent rocks, their chemical composition is almost the
same. Bulk analyses of cambisols conducted for all
climatic zones including mountain-forest ones illus-
trate that humus-accumulative horizon poor on Calci-
um and Magnesium are simultaneously the most elu-
viated in respect of R,0, (Ferrum above all) as well
as Calcium, Sodium and other alkaline earth elements
(Kanivets, 1991).

The results of bulk chemical composition analy-
sis completed for cambisols located beneath the beech
and the coniferous virgin forests are shown in a form
of percentage from the dry soil basis and roasted soil
basis, presented in the Tables 1 and 2.

The bulk chemical composition of the beech virgin
forests soils in the Ukrainian Carpathians shown in a
form of percentage from the dry soil basis is as follows:
oxides of Silicium (Si0,), Aluminum (AL,O,), Ferrum
(Fe,0,) (Table 1). Their content ranges from 77.23
to 87.56% in cambisols of the beech virgin forests
within the Uzhanskyi NNP. In the coniferous virgin
forests cambisols within the Chornohora massif their
content ranges from 65.59 to 84.98%. Silicium oxide
prevails in all studied cambisols. In the beech virgin
forests cambisols its content is 62.05 - 72.30% while
in the coniferous virgin forests cambisols it amounts
up to 49.76 - 63.69%, which is associated with the
increased content of “aggressive” fractions of fulvic
acids in the cambisols under coniferous virgin forests
as opposed to beech virgin forests.

However, BCC data shown in a form of percentage
from the dry soil basis do not completely reflect
changes in chemical composition of soils occurred
subsequently to the formation of the last one. In order
to make more detailed reflection of changes in both
chemical composition and profile differentiation of
elements constituting mineral part of studied soils,

425



Journ. Geol. Geograph. Geoecology, 29(2), 422-430.

Petro S. Voitkiv, Yevhen A. Ivanov

6C°0 €10 ¥6°0 €6'C 80°0 00 LT0 0¥°0 1% S991 ¥$°0 11°89 99 - 9% AW
60°0 €10 9L°0 ' 60°0 60°0 61°0 70 ¥S°9 YT 91 €90 ¥EL9 9 - £¢ d .

- . . . . - . . - . . . - Jissew erogowtoy) ‘(4€d)
LT°0 S1°0 10°1 06C 60°0 00 110 LY'0 06°S <91 $9°0 0¥'89 €€- 1T 1dH aalesay araydsorg ueryyedre)
44 91°0 €01 LS'T 80°0 60°0 0C°0 €670 09 9691 09°0 0€°89 17-8 (dH
0C°0 81°0 SI'1 ¥9°C ¥0°0 S0°0 81°0 88°0 0S'v 69°C1 650 9Y'€9 8-¢ (WH

((sreak 007 - 0S1 :93®) $1S910J SNOIOJIUOD) SAUOIS)[IS pue soYI[[131e Jur[readld yim YosAQ WNIAN[OP-WNIAN[D ) J& A[[OABIS-PIW ‘AWRO[-PIW ‘MO[[BYS :S[OSIqUIB))
91°0 L00 4N 14K €90 70°0 0C°0 €0 €89 14%A! 98°0 €0'89 801 - 88 WWd yAuI0ARL dSuer
S1°0 110 ye'l 8¥'C 80°0 S0°0 170 09°0 STy 452! 980 €0'CL 88 - 1S d
LT°0 cro L6°0 IL'1 01°0 60°0 ST0 LEO 'y 69°¢l 18°0 €0'SL I6-1¢ 1dH ‘oysuer]og Jiun odeospuer]
61°0 v1°0 STl (434 S0°0 S0°0 91°0 S¥'0 Sty 144! 060 86'CL 1€-¢6I (0)dH . .
€10 | €co [ el LTT [ 900 s00 | zco | @90 vy orer | Lo | neL S1-¢ OH dNN FBsTEqEr
((sreak (ST - 00T) 3S910J UISIA [o92q) duojspues urfreaard yJm YosA wnianjop-wniAangd oy} 3e A[[oAei3-1ysi| ‘Aweo[-piey ‘doop-pru :sjosiquie))
wo ‘ydo
‘'0S | ‘0d | O®N | OM | OuN | OSW | O®D | 0 ‘0% | OV | fow | fo1s | godect | suozuop uoneo0
fdueg
(6007 Yeruzod ‘AIIOA ) SISBQq [10S AIp 94} WOIJ 9, ‘(sueryiedre)) uerureny)) s[oSIquIed 1S310J UISIIA JO uonisoduiod [earwayd yng *g qeL
0001 | LTO <o 88°0 VLT L00 00 ST0 LEO LS LSST 050 69°¢€9 67’9 €e¢ 99-9¢ | WWd
9566 | 800 | ¢I'0 | 1,0 | 0€T | 800 | 800 | 810 | 8€0 | 119 | 8IS | 650 | v69 | ¥S9 | LTk | Op-gc | ud | S0 HOUOW0MD
LL'66 910 10 ¥6°0 69'C 80°0 00 01°0 144" LY'S Y0°S1 09°0 ¥ €9 STL (U3 €€ - 1¢C 1dH “0A1050Y 210yds
<001 | 0T0 S1'0 ¥6°0 SeT L00 80°0 81°0 S0 S¢S 152! $S0 LETY 898 8L'¢ 1C-8 ()dH -o1g ueryredie))
€L°66 91°0 y1°0 60 LOC €0°0 ¥0°0 1450 69°0 €5'¢ €T 97°0 9L 6v 6S°1¢ 'L 8-¢ WH
((s1eak (07 - 0ST :95€) 1S9I0J SNOIDJIUOD) SAUOISIIS pue sdI[[1SIe Surjreadrd yyrm yosAQ WNIAN[OP-WNIAN]D Y] Je A[[OABIS-PIW ‘AWEO[-PIW ‘MO[[BYS :S[OSIqUIB))
301 yAuzoae) o3uel
£€9°66 S1°0 L0°0 801 I¥'C 09°0 ¥0°0 61°0 170 87’9 LT91 80 85179 LO'S 00C - 88 AWd S—
65°66 y1°0 01°0 8C'1 9¢'C 80°0 S0°0 00 LSO SOy 444! 80 6589 8LV SI'C 88 - 1S d ’
7001 | 91°0 110 160 191 60°0 80°0 €00 S€0 9l'v L8'CI 9L°0 €5°0L 009 8S°C 1S-1¢ dH un odeospuer
89°66 81°0 €10 o'l SI'C S0°0 S0°0 S1°0 (440 (484 ! €8°0 ¥9°L9 L [{%3 1€-61 | WdH
0¥°00T | T1°0 0C°0 olI'l S6'1 S0°0 ¥0°0 610 €50 98°¢ 431 99°0 S0'C9 S6'¢l €y SI-¢ WH ‘dNN 1&ysueyzn
((sT89K (ST - 00T) 1S910F UISIIA [[999q) duojspues Sul[readrd [Irm WNIANIP-WNIANL YosA a3 Je Awreo[-prua ‘doop-pru :sjosiquie))
—
- . ol 2Z| zw z| 5z g
z @ N Z 7 < < o = & 2 =) @ S| ZZ| 2B 2. S £
g §e §e S o 2 ) o) & ie I O §e = S| £z £z 8 g B¢
w w DY) - Q = =] =} a2
=] e 2. B G @ Q@
T 6

(6007 SYeruzod ‘AIIIOA ) SIseq [10S AIp ) WoIj o, ‘(sueryjedie) uerurenyn) s[oSIquIed 3S10J UISIIA Jo uonisodwod [edrwayd yng *J dqeL

426



Petro S. Voitkiv, Yevhen A. Ivanov

Journ. Geol. Geograph. Geoecology, 29(2), 422-430.

the BCC results have been re-calculated basing on
roasted soil (Table 2).

Si0, is considered to be the base of mineral part
of virgin forest cambisols. For instance, in the beech
virgin forests cambisols within the Uzhanskyi NNP
at the depths of 51 - 88 ¢cm the content of SiO, ranges
from 72.03 to 75.03%. Downwards a profile the
relative content of Silicium decreases up to 68.03%.
The decrease of SiO, relative content towards a soil-
forming rock is caused by the concurrent increase
in the relative content of sesquioxides, Aluminium
sesquioxide (AL,0,) in particular.

As data in Table 2 suggest, the bulk content of
Al O, in the upper horizons is 13.16 - 13.69% and
reaches its maximum at 31 - 51 cm depth, where it
ranges from 15.14 to 17.14%. The content of Fe,O,
sesquioxide in this soil is somewhat low. It ranges
from 4.25 to 6.83% and increases towards a soil-
forming rock. The distribution of sesquioxides in
the coniferous virgin forest cambisols is marginally
different. In the upper humus horizon the content of
SiO, amounts up to 63.46%, it slightly increases up
to 67.34 - 68.40% with depth. The content of AL O,
sesquioxide is 15.69 - 16.65%, the content of Fe,O,
is 4.50 - 6.54%. The volume of FeO in these soils is
almost the same. The results of the data see, its highest
content, i.e. 0.40 - 0.88%, is detected in cambisols
located beneath the coniferous virgin forests; in beech
virgin forest cambisols it is lower and ranges from
0.43 to 0.46%.

The content of Calcium and Magnesium in most
studied soils can be characterized as low with some
exceptions. In cambisols of beech and coniferous
virgin forests the content of MgO is 0.02 - 0.09%,
which is rather low. The content of Calcium contained
in beech virgin forest cambisols, namely in the up-
per profile part, is 0.22% (low) and it increases up to
0.25% with depth. In coniferous virgin forest cambi-
sols the content of Calcium oxide in the upper humus
horizons ranges from 0.18 to 0.20% whilst in the mid-
dle profile part it decreases up to 0.11%. At the depth
of 33 - 46 cm a moderate increase in CaO content up
to 0.19 - 0.27% is observed.

The content of MnO is very low. In cambisols be-
neath the beech and coniferous virgin forests it ranges
from 0.04 to 0.10 (except horizon P(h)t - 0.63%). The
content of TiO, in these soils is almost the same; val-
ues vary from 0.52 to 0.90%. The content of K,O in
beech virgin forests cambisols ranges from 1.71 to
2.54%. In the upper horizons of beech virgin forests
cambisols values are 2.27 - 2.32%. At the depth of 31 -
51 cm they decrease up to 1.71% with the subsequent
increase up to 2.54% with depth. The bulk content of

Sodium oxide (Na,O) in beech virgin forests cambi-
sols is 0.97 - 1.35% with minimal values in the middle
soil profile part. In coniferous virgin forest cambisols
the bulk content of K O is 2.46-2.93%, the content
of Na,O is 0.76 - 1.15%. The profile distribution of
K,O is uneven. In the upper horizons the bulk content
is 2.57 - 2.64%; at the depth of 21 - 33 cm it increas-
es up to 2.90%. Downwards a profile the content of
Potassium oxide decreases and sharply increases up
to 2.93%. The distribution of Na O is characterised
by a gradual decrease of the bulk content with depth.
The content of POy in beech virgin forest cambisols
is 0.07 - 0.23%. In coniferous virgin forest cambisols
the content of P,O;is rather low and ranges from 0.13
to 0.27%. In these profiles the distribution is charac-
terised by a gradual decrease in the content towards a
soil-forming rock. The bulk content of SO, in studied
soils is uneven and in beech virgin forest cambisols
it ranges from 0.13 to 0.32 while in coniferous vir-
gin forest cambisols it varies from 0.09 to 0.29%. The
profile distribution of Sulphur oxide is uneven (Table
2). In beech virgin forest cambisols within the Uzhan-
skyi NNP the content of SO, decreases gradually but
in coniferous virgin forest cambisols it reaches 0.20
- 0.22% in the upper humus horizons with stepwise
decrease with depth. Starting from the depth of 46 -
66 cm an increase in SO, content up to 0.29% is ob-
served (Voitkiv, Pozniak, 2009).

Molecular ratios calculated for genetic soil ho-
rizons suggest the removal and accumulation of el-
ements, which is essential to assess the direction of
soil-forming processes (Boul, Whole, McCracken,
1977). We have calculated molecular ratios for SiO,/
R,0,, SiO,/AL 0,1 SiO,/Fe,0, and they testify un-
evenness of chemical composition of the soil mineral
part (Table 3).

As for cambisols located beneath the beech
virgin forests within the Uzhanskyi NNP the bulk
analyses state that sesquioxides are removed from
a soil profile. In the upper soil horizons the ratio of
Si0,:R,0, is 7.59 - 7.71, in the lower part it decreases
to 5.37 - 6.81. The ratio of SiO,/Fe,O, in beech virgin
forest cambisols is almost equal, i.e. 42.89 - 44.61,
and it sharply increases in the lower horizon P(h)
t up to 26.35, which means that Ferrum sesquioxide
is removed from a soil profile. The molecular ratio
of ALO,/Fe O, testifies that Aluminium sesquiox-
ide prevails in the soil and it is regularly distributed
throughout a profile. In cambisols located beneath
the coniferous virgin forests within the Chornohora
massif the molar ratio of SiO,/R,0, is narrower than
in beech virgin forest cambisols and it ranges from
5.64 to 5.81. This is mainly due to the lower amount
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Table 3. Profile differentiation indicators of virgin forest cambisols (Ukrainian Carpathians)
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Cambisols: mid-deep, hard-loamy, light-gravelly at the eluvium-deluvium flysch
with prevailing sandstone (beech virgin forest (age: 200 - 250 years))
Uzhanskyi NNP, H(t) 5-15 7.65 9.31 42.89 4.61 0.30 0.27 1.28 0.02 1.44
Lagdls_capiumt Hp(t) | 15-31| 7.59 920 | 4339 | 4.71 0.28 0.27 1.28 0.02 1.41
olianske,
HPt |31-51| 7.71 9.32 44.61 4.79 0.22 0.20 0.95 0.02 1.71
range Yavornyk Pht 51-88 | 6.81 8.05 44.41 5.52 0.27 0.25 1.19 0.02 1.23
P(h)t 88 - 5.37 6.74 26.35 3.91 0.23 0.21 1.00 0.01 1.00
108
Cambisols: shallow, mid-loamy, mid-gravelly at the eluvium-deluvium flysch
with prevailing argillites and siltstones (coniferous forest (age: 150 - 200 years))
Carpathian Bio- H(t) 3-8 5.81 6.86 37.75 5.50 0.26 0.24 1.04 0.01 0.84
sphere Reserve, Hp(t) | 8-21 | 5.69 7.02 | 2992 | 426 0.23 0.22 0.95 0.02 0.99
Chornohora massif HPt |21-33| 581 7.16 30.78 4.30 0.25 0.24 1.04 0.01 0.46
Pht 33-46 | 5.61 7.05 27.34 3.88 0.22 0.20 0.87 0.02 0.99
P(h)t | 46-66 | 5.64 6.96 29.84 4.29 0.25 0.23 1.00 0.02 1.00

of Silicium oxide and greater amount of Ferrum and
Aluminum sesquioxides (Table 3).

Except for the molar sesquioxides ratio, we have
calculated molar ratios for the alkaline earth metals
in soils: Na,O+K O/AlO,, CaO+MgO/Al O,. Their
values served the base to calculate a “leach factor”
proposed by H. Jenny (1931). The received indices
testify on Calcium and Magnesium leach in relation
to Al O, found in beech virgin forest cambisols within
the Uzhanskyi NNP (Voitkiv, Pozniak, 2009). Leach
factor values indicate an insignificant increase in the
middle profile part, i.e. leaching occurs starting from
the upper horizons. Leach factor values of Calcium
and Magnesium in coniferous virgin forest cambi-
sols within the Chornohora massif indicate the fact
of leaching from the middle soil part, which is caused
by intensive processes of intra-soil weathering. Leach
factor values for Na" and K" in relation to AL,O, found
in beech virgin forest cambisols testify insignificant
leaching, in coniferous virgin forest cambisols leach-
ing is expressed weakly (Table 3).

An analysis of the scientific literature on the bulk
chemical composition of cambisols indicates that in
most cases authors do not provide data on the con-
tent of constitutional water in soils (Andrushchenko,
1970; Pasternak, 1967). According to O. Rode (1984),
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it is obligatory to determine chemically bound water
parameters in the course of a bulk chemical analysis
of soils. The content of constitutional water has been
calculated by the difference between the amount of
loss as a result of ignition and humus percentage com-
position. The received constitutional water content
has been converted into a molecular amount (Table
4). Table 4 shows the change indicator in respect of a
soil siliceous part, obtained by dividing the molecular
amount of constitutional water in one or another soil
horizon by its content in the rock. As it is seen, the
content of constitutional water in the most upper hu-
mus horizon of studied cambisols located beneath the
beech and coniferous virgin forests are characterised
by a high content, in particular its values range from
6.82 to 8.50%. The change ratio of siliceous part is
1.73 - 2.01% (Voitkiv, Pozniak, 2009).

It worth to note that the content of constitutional
water downstream a cambisols profile in the conifer-
ous virgin forests is somewhat higher and thus the
change ratio for a soil siliceous part is greater than
1, which testify the escalation of intra-soil weather-
ing processes throughout the whole profile. In beech
virgin forest cambisols the content of constitutional
water reaches its height in humus horizon H(t). The
change ratio value for a soil siliceous part is 1.73,
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Table 4. Content of constitutional water in cambisols of virgin forests (Ukrainian Carpathians) (Voitkiv, Pozniak, 2009)
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Cambisols: mid-deep mid-loamy at the eluvium-deluvium flysch with prevailing sandstone
(beech virgin forest (age: 200 - 250 years))
Uzhanskyi NNP, Land- H(t) 5-15 433 13.95 7.13 6.82 379 1.73
scape unit Solianske, Hp(0) 15-31 3.02 732 4.00 332 184 0.84
range Yavornyk
HPt 31-51 2.58 6.00 2.61 3.39 188 0.86
Pht 51-88 2.15 4.78 1.35 3.43 191 0.87
P(ht 88-108 2.00 5.07 1.12 3.95 219 1.00
Cambisols: shallow, mid-loamy, mid-gravelly at the eluvium-deluvium flysch
with prevailing argillites and siltstones (coniferous forests (age: 150 - 200 years))
Carpathian Biosphere H(t) 3-8 7.92 21.59 13.09 8.50 472 2.01
Reserve, H(t) 8-21 3.78 8.68 3.90 478 266 1.13
Chornohora massif Hpt 21-33 3.40 7.25 2.89 4.36 242 1.03
Pht 33-45 4.27 6.54 2.38 4.28 238 1.01
P(h)t 45 - 66 3.33 6.49 2.26 423 235 1.00

which testify the escalation of intra-soil weathering
processes; downstream a profile the content of con-
stitutional water is almost constant, the coefficient is
less than one.

Conclusions. The analysis of study results of bulk
chemical composition of beech and coniferous
virgin forests cambisols located within the Ukrainian
Carpathians allows to make conclusions as follows:

1. Bulk chemical composition reflects the
conditions of soil formation within the study territory
and manifestation of both past and present soil-
forming processes.

2. Silicium oxide (SiO,), Aluminium oxide
(ALO,) and Ferrum oxide (Fe,O,) are the base for
bulk chemical composition of virgin forest cambisols
within the Ukrainian Carpathians. Their total content
ranges from 77.23 to 87.56% in beech virgin forest
cambisols and from 65.59 to 84.98% in coniferous
virgin forest cambisols. The base for the mineral part
of virgin forest cambisols is SiO,, which content in
beech virgin forest cambisols is 68.03 - 75.03%; the
bulk content of ALO, sesquioxide is 13.16 - 17.14%
and for Ferrum (Fe O,) - 4.25-6.83%. In coniferous
virgin forest cambisols the content of SiO, is 63.46 -
68.40%, for Al O, sesquioxide is 15.69 - 16.65% and
for Fe,0, is 4.50 - 6.54%.

3. The calculated molecular ratios in cambisols
located beneath the beech virgin forests confirm
the removal of sesquioxide out from a soil profile.
The ratio of SiO,/Fe,O, in the beech virgin forests

is 42.89 - 44.61 and it sharply increases in the
lower part of a soil profile up to 26.35 testifying the
removal of Ferrum sesquioxide out from a soil profile.
The molecular ratio of AlO,/Fe O, indicates the
prevalence of Aluminium sesquioxide over Ferrum in
soil and its even distribution throughout a profile.

4. Leach factor indicators testify that Calcium
and Magnesium oxides leaching is observed in study
soils. However, in beech virgin forest cambisols leach-
ing is less intensive than in coniferous virgin forests
cambisols. Leaching of Sodium and Potassium oxides
in cambisols located beneath the beech virgin forests
is insignificant, and in cambisols located beneath the
coniferous virgin forests is expressed weakly.

5. The escalation of intra-soil weathering pro-
cesses is observed in the upper part of a humus hori-
zon of beech virgin forest cambisols and throughout
the whole profile of coniferous virgin forest cam-
bisols, which is testified by an increased content of
constitutional water and change ratio of siliceous soil
part. In particular, the content of constitutional water
in the most upper humus horizon of studied cambi-
sols located beneath the beech and coniferous virgin
forests is characterized by a high content, i.e. 6.82
- 8.50%. The change ratio of siliceous part is 1.73 -
2.01%. Downstream a profile the content of consti-
tutional water in cambisols beneath the beech virgin
forests is somewhat higher and thus the change ra-
tio for a soil siliceous part is greater than 1. In beech
virgin forests cambisols the content of constitutional
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water reaches its height in a humus horizon where the
change ratio of a siliceous part is 1.73. The purpose
of the study was achieved. The results of the study
will contribute to the comparison of cambisols of vir-
gin forest phytocenoses with cambisols of anthropo-
genically disturbed ones. Changes in the content of
chemical elements have been established to improve
the composition and forest cultivation properties of
disturbed soils.
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