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In lhi$ work IwO ahitudinal seqlU.:nces, locatecl in thc nonhern alld
centrallllountnin ch'lin of Tjan-SlIn, Illlve been comparcel. 'l'he describcd
arcas are parli'lll)' in Kaz,lkhsulil amI paniall}' in K}'rg}'zst:ln. Thc mllin
purpose of llle surveys was IO slUd}' ,Ile rclations among soils, geomor­
phology,litllOlogy and vege13tion cover, IO idelllif}' Illodern and pasi soil
formalion processes. Far this reason, 12 soiJ sites among Ille most repre­
sentativc pec!oellvironmellls recognizec! have been described, llllalysoo
anel interpreted.

The surve)' showed that, even al ver)' high clevalions, pcdological
processes, similar to those responsible far the devclopment of steppe
chernozems, proved lO be aCli\'e. Tilis is probably due 'llso to the pres­
ence of at:olian silt covers, depositcd in reccnt and in lIle l'asI.

i\'lorcover, even over Ihe most acidic substrata .md under the conifer­
ous fOfCSt, wc 1l00iced thc wcakness of podzolizalion fe:uures, l'he pro·
cess is relarded by abllndallcc of bases within the parcnt matcrilll, llnd b}'
their "bllndant release from \'cget(Hion,
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Nel presente tlVOro sono esaminale e posle a confronto due pedose­
quenze ahitudinali, situale nella calena dci Tjan-San settentrionale c cen-
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lrale, nei territori del Kazakhstan e dci K}'rg)'zst:m. Oggetto principale
delle indagini è slato lo studio delle relazioni illlercorrenti fm slloli, geo­
morfologi:l, lilologia e coperture vegetali, con lo scopo di identificare i
processi pedogenelid attivi eia passati. Si sono scehi, quindi, 12 profili
pcdologici, rappreselllillivi dei principali pedo:lmbienti ricollos<.:iuli, pre­
senl<tndone le descrizioni,le ,1Tl<llisi e le l'c1alive iliterprct'lzioni.

Le indagini hanno evidenziillo l'esislenza, anche ,I quote piuttoslO
elevale, di processi pcdogcnetici simili a quelli che controllano la fOl'ln:l­
zione dci chernozcms di sleppa. Tali processi appaiono essere verosimil­
menle favorili dalla presenza di coperturc di limi colici e dalle p:lfticolari
condizioni c1imluiche. Le indllgini hanno inoltre evidenziato il basso gra­
do di intensilà dei segni di podzolizzllzionc nei suoli, anche su subslrati
lilologici acidi e SOllO coperture di conifere. Tllie processo pcdogenctico
scmbra ritardato 4a1l11 relativa ricchezza in basi dci matcrialc parcntale e
dalloro cOlllillllO rilascio da parte dclla vegetazione_

TERMINI Ci-lI,\VE: Suoli, Vegetazione, Tjan·Slm (Kazakhstan·K)'r­
gyzstan),

INTRODUCTION

The work c1eals wjth seqLlences oE soils Iying 011 the
northcm and sOllthcm slopcs of thc Hrcbct Zailijskij Ala­
taLI rallge, on the northern slopes of the Hrebet Kjungej
Ala-Too, and on thc northcm slopes of thc I-Ircbct Tcrskej
Alatali (fig. l, fig. 2, and fig. 3). Thc cxamincd area
stretches along a NW-SE direction. It starts from the town
of Alma-Ata, crosscs thc Zailijskij Alarall and thc Kjllngcj
Ala-Too mOllntain rangcs, cxtcnds rhrough thc oricntal
shorc of the Issyk-Kul Lakc and thc ro\Vn of Przcl'al'sk
(no\V called Karakol), and rcaches rhe Tcrskcj Alatau
mOLlntain range.

The soils anel vegetation of these regions hacl been
studicd prcl'iollsly by Mamylol' (1963, 1974), Samllscnko
& Kozhckov (1982), Assing (1986), Nasyrol' & Sokolov
(1988), Nasyrol' & a/ii (1991), and l'l'evirali & a/ii (1997).

These sludies concern the vertical zonality of soils,
their geographical distribution, thc actual existence of
podzols on acidic substrata ancl under spruce forest, the

111



50 W 70 SO

~ RUSSIA

"

KAZAKHSTA,

~0,0

IRAN
o 500, ,

90

1000 Km,
so

FIG. I - Map or lhe Issyk-KIlI
Lakc region in Cenlral Asia.

presence of loessie covers al high altitudes and their possi­
ble correlation wirh the devclopment of chcrnozem-like
soils. In particubr, thc discussion 011 cheluviation has
been, and il is, very controversial. In 1909, Prasolov \Vas
the firsl one who excluded the presenee of podzolje soils
under the Tien-Shan spruee (Zonn, 1962). But laler, other
Authors, also due to the ambiguilY the eoneept of «pod­
zolization» had, believed that, under the same vegetation
cover, \Vas active such a process, responsibIe for the for­
mation or the so-ealled eryo-podzols and erypto-podzols.
But, under Picetl scbrenkù/Iltl FISCJ-1. et MEY., in differenl
periods, Ilumerous aod vcry dashing typologies of soils
have been reportcd: Mountain Forcst-dark humiferous
soilsl Mountain Forest chernozem-like, Brown soils. Kas­
tanozerns, Cinnamonic soils, and Carbonate organic soils.
Ali these soils are compatible with the spruee forest be­
cause of irs drought-resistance and lo\V moisturc content
of soils. The result is the development of ehernozem­
forest and mountain-forest dark-coloured dry-peaty soils,
with properties similar to the chernozcms (Matveev &
Samusenko, I967). In time, Rozanov (1958), Matveev &
Samusenko ([967), Samusenko & Kozhekov ([982), Nasy­
rov & Sokolov ([988), and Previtali & tllii ([997) support­
ed the absence of podzolization processes in soils of Cen­
trai Tjan San.

Some of the above mentioned issues have not as yet
been solved. Therefore, during t\Vo follo\Ving eampaigns,
some soiJs, landforms and vegetation have been investigat~
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ed in the territory betwecl1". Kazakhstan and Kyrgyzstan, in
the centrai ehains of Tjan-San, Northwest and East-South­
East of the lssyk-Kul Lake. The purpose of this study was
to examine the altitudinal zonality of soils and to clarify, as
far as it is possible, the reason for persistence of
chernozem-like soils at high e1evation under coniferolls
foresl. The results of the first campaign \Vere presenred in
a previous \\'ork by Previtali & tllii (1997).

MAl'E1UALS AND METHODS

Two main rivers of the region, the Cilik and the Cong­
Kemin, have tbeir SOllrces betwcen the Zailijskij Alatau
and the Kjungej Ala-l'oo ranges and fio\\' respeetivdy 10­

wards East and West (fig. 2).
In this \Vork, we refer to two different geographical dis­

triets. rcspeetively loeated south of the to\Vn of ALna-Ata
and south of PrZeval'sk:
i - the Northern Distriet (North of the Issyk-Kul Lake)

ii - the Eastern Distriet (East of the Lake).
The soil transects stretch between lathudes 42° lO'N

and 43°lO'N, and between longitudes 76°45'E and 78°32'E.
The investigated sites are situated at altitudes ranging be­
tween m 2,000 and m 3,500.

We chose and presented 12 soi! sites out of the many
examined. as wc be1icve they sho\V, at best, the observed
charactcristics.
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GEOLOGICIIL liNO GEOMOIU'llOLOGICIlL OUTLlNES

Thc Tjan-San mountain belt strctchcs out from Wcst
(the Syrdarja River b.sin) to East (the Gobi desert) for
abollt 2,500 km, and from the nonhern Kazakh shield 'o
the sOllthern Tarim b!oek it is abollt 600 km \Vide. This
range is markcd by several paraUel mountain systcn1S,

rollghly E-W oriented. with elcvations frcqllcnt\y exceecling
5,000 m. At 2,000-3,000 m of altitllde, some depressions
separate the ridges (e.g., Alma-Atijnskoe Ozero). Thesc dc·
prcssions are covcrcd by Late Plcisroccnc- Holocenc giacial
and flllvioglaeiai deposilS and by QlIaternary aiJlIvia! beds.

The regiona! deformations of the Tjan-San igneolls and
metamorphic formations datc back mainly to Hercynian
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orogeny (middle Carboniferous-Permian) (Burtman, 1974;
Tibaldi & alii, 1997).

During thc Mesozoic, thc range remaineci somcwhat
structurally stable. Fram the O\igocene 011 to the Quater­
nary, the Alpine orogenic cyclc baci a very strong Illorpho­
tcetonie influence. An intense seismicity allei a strong IIp­
lifting of the range have favoured thc remarkable 1113SS

wasting which charactcrises aU thc slopes. Togethcr with
deep torrential carving, the earthquakes are favouring the
periodica! occurrencc of mures (dcbris flow), earthflo\Vs
and debris avalanches.

During Early Pleistocene, glaciers reached \,500-\ ,600
111 a.s.l. Stili during the last glaciatioll, the Tjan-San platcau
\Vas completely glacier-covered, the thickness of ice reach­
ing 600-700 m (Kuhle, 1992), and the Eqllilibrium Line
Altitude (ELA), today located at abollt 4,000 m a.s.\.,
c1ropped down al 3,000 111 a.s.l. allei cven lowcr (Titkov,
1997). Today, sporadic permafrost has been recorcled
above 2,000 m a.s.\. (Aizen & alii, 1996).

i'J,ort!Jern District

Alma-Ara hilJs, running along the l10rthern fringe of
the high Zailijskij Alatali mOllntains, are ll10uJdeci in Qua­
rernary deposits, mainly loessic anel glaciof1uvial. Thc loess
mantle (fig. 4) has a thickness up to 20-30 m. The \Vincls
transporting the loess \Vere prevalently Ilorrhwcsterly in
the Pleistoccllc, ,mci easterly in the recent Holocene
(Schr6der & Eidam, 200 I). These deposirs covcred several
allei deep reverse faults. The fil'st mOlllltain relieves, sOllth­
crn of the toWIl, are formecl by Devonian gnll1ites allei gl'a­
nodiorites (Ministry of Gcology of SSSR, J983; Abclulin &
alii, 1984).

Further sOllth; around the Alma-Atijnskoe Lake, Ordo­
vician gabbros anel norircs aggregate tu the above men­
tioned granites (Ti baldi & IIlii, 1997).

Crossecl the draillage divide, in the Kyrgyz country, sev­
eral gl'cnr faults mark a sharp ljthological change to mcta­
lllorphic (phyUites, slates, greenschists, amphibolites) and
sedimemary facies (mainly sandstones anel conglomerates).

Eostern District
The town ofPrzeval'sk rests on Miocene-Plioeene sedi­

mcntary roeks, whi1e, a short distanee to the sOllth, the
hills are madc of Oligoecne-Mioeene eleposits. Due to a
great compounel of deep fall1ts, the former formations are
in spatial continuity, to the south, with Precambrian anel
Palaeozoic intrusive ll1asses, represented by granocliorites,
granites, and gabbros, locally with alternating metamor­
phic, extrusive igncous, and carbonate roeks.

CUMATE

Air temperature regime
As the data in tab. l show, in thc Northern District the

avcrage temperatllre gracllellt, between Alma-Ata anel
ALna-Atijnskoe Oz., is OArC \00111-', bllt rises to 0.71"C
100 m-I in thc sUll1ll1er Illonths. tvlore in particular, Aizen
& alii (1996) mcasurcd, eluring summcr, a minimum value
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riG. 4 - Chernozem dcveloped on a locss layer (4 m ,hick) Iying on
glaciofluvial cobbles ancl bOLllde~s ncar Alma-Ala.

of the gradient (O.22"C 100 mO') un del' the sprllce forest
(2,100.,.2,750 111 a.s.\.), and a l11aximum vallie (O.96"C 100
m-l) uneler a mixecl cover (fig. 5) of subalpine meadow and
'prllcc forest (1,500"'2,100 111 a.s.\.).

Aceorcling to the clata in tab. 2, in the Eastern Diso'iet
the avcrage .wmmer temperature gradlellt turns out to be
0.55 °C 100 m-\ on the northern slopes of this mountain
rangc, between Przeval'sk (1,770 m a.s.\.) anel Karakol'skaja
(3,100111 a.s.\.).

PreCl/n'tt/tiol1 regime
On the northern slopes of the Zailijskij Alatau range

(Northern District), near 2,000 111, the annual variation of
long-term mean preeipitations is a function of altitude
(tab. 3). At the upper elevations, an inversion graelient
seel11s to occur.

If we mercly take the sumlllcr months imo considera­
tion, thc preCl/Jitatiol1 gracliel1t turns to be more regular,
with values arounel 8 mm 100 m-I.



TAI3LE 1 ~ Mean monthly and annual air temperatures (0C) in the Zailijskij Alatau range (Northern District) (from Nasyrov & alii, 1991;
Schr6der & alii, 1996)

Locality Statioll No. Elevation (m a.s.1.) Jan. Feb. Mar. Apr. May june July Aug. Sept. OCI. Nov. Dcc. Meall annua/

Alma-Ata l 825 ·7.4 -5.5 1.7 10.4 16.6 20.7 23.0 22.3 16.8 9.2 1.4 A.4 87
Talgar 2 1,015 ·7.1 ·5.5 1.4 9.1 15.1 19.8 21.3 20.2 14.9 7.4 1.3 .4.4 7.8
Medea 3 1,713 A.3 ·3.3 0.7 6.4 11.7 15.9 18.0 17.5 12.5 6.5 1.8 ·2.5 67
Alma-Atijnskoe 4 2,511 ·9.7 ·9.5 ·5.1 0.3 5.4 9.1 10.5 10.5 6.5 1.3 -3.2 ·7.7 07
Ozero

Slallom locatioll. I: Obscrvatory. 2: 20 km cast [rom Alma Ala. 3: 5 km south from Alma Ata. 4: 15 km south from Alma-Ata.

Ti\lJLE 2 - Mean monthly and annual air temperaturcs (0C) in the Terskej Alatali range (Southcrn District) (from Mamytov, 19(3)

Loeality Station No. Elevation (m a.s.l.) Jan. Fcb. Mar. Apr. May June July Aug. Sept. Del. Nov. Dcc. Mcall annua/

èolpon-Ata 5 1,640 ·2.8 ·2.0 1.5 7.1 11.5 15.1 16.9 16.7 13.0 7.6 2.6 -1.2 7.2
PrZcval'sk 6 1,774 ·6.1 ·5.2 ·0.2 6.9 11.4 14.8 16.4 16.0 12.0 6.1 ·0.2 A.3 5.6
Karakol'skaja 7 3,100 -19.1 -16.3 ·8.2 -0.6 4.0 7.1 9.3 8.9 4.2 ·2.6 ·9.8 ·17.3 ·3.4
Tjan'~San' 8 3,672 ·21.2 ·19.5 ·13.4 ·7.0 -1.\ 2.3 4.3 3.9 -0.5 -6.8 -14.3 ·19.5 .7.7

Slaliom localioll. 5: Northcrn sidc of rhe lssyk-Kul Lakc. 6: Suburbs of P...;'cval'sk. 7: 35 km south from Przcval'sk. 8: Kyrgyz unidcntified station.

TABLE 3 - Mean monthly and annual precipirations (mm) in thc Zailijskij Alatau rangc (Northern District) (from Nasyrov & alii, 1991;
, Schr6der & alii, 1996)

Locality Station No. Elevation (m a.s.1.) Jan. Feb. Mar. Apr. May June July Aug. Scpt. Oct. No\'. Dec. Mea" mwmt!

Alma-Ata l 825 27 28 59 90 90 59 36 24 27 48 46 31 565
Talgar 2 1,015 20 25 63 90 115 79 41 25 37 35 44 32 606
Mcdco 3 1,713 28 30 79 129 183 116 64 42 51 56 58 36 872
Alma-Atijnskoe 4 2,511 17 20 49 79 142 105 92 63 51 39 36 27 720
Ozero

Statiom loca/ion. l. Obser\'atory. 2: 20 km cast from Alma Ata. 3: 5 km south from Alma Ala. 4: 15 km south [rom Alma-Ala.

In winter, this area is under the strong influence of the
Siberian anticydonic circulation, which decreases precipi~'

tation (Aizen & alii, 1995). After Mareh, weak eyclonie ae·
tivity and moderate1y cold air from the west, northwest
and north, cause precipitations. The ratio, between warm
season (May-September) and the annual precipitations, in~

creascs from the lowest to the highest station, going from
0.42 to 0.49, 0.52 and 0.63. Over about 2,000 m of alti·
tude, the rainiest monrhs are May, June and July. The Wl'

sonai paltern 0/ precipitations is slightly different at differ·
ent altitudes.

In the Terskej Alatau range (Eastern Distriet), the pre·
cipitations are concentrated during the spring-summer
(high.sun) season (tab. 4), under the clear inf]uenee of a
semiarid and steppe cl.imate. Thc precipitations are cvery­
where somewhat 10w, due to the action of the Siberian
anticydone, and seem to be weakly correlated with the al­
titudes, but they decrease over 2,000 m. The seasona! pat·
tern 0/ precipitations is vcry similar at different altitudes,
with a unique maximum in June~July.

Since in both districts the main rain maxima occur in
spring~summer, the temperatures in those seasons are rela­
tively mitigated. Besides, the Eastern District shows a
more marked character of continentality.

SOli temperature and moisture regimes

The soi! temperature regimes (Soi! Survey Staff, 1999),
frigid and ayic, were estimated for soils not saturated with
water during long times and covered, or lacking of, O ho­
rizons (tab. 5). The thermal eonditions responsible for per·
mafrost formation have been found above 4,000 m a.s.1. in
the Northern District, and above 4,250 m in the Eastern
District.

In the Northern Distriet, the soi!·water budget (fig. 6,
a), which was determined using the Thornthwaite's meth­
od, underlines that, for a medium AWC (Avai!able Water
Capaeity) of 75 mm, at the station of Alma·Atijnskoe Oze·
ro (2,511 m a.s.l.), there is only a low·short water deficit.

In the Eastem Distriet (fig. 6, band cl, on the contrary,
the water deficit is very high: at PrZeval'sk (1,774 m a.s.I.)
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1997). On the northern slopes of the Hrebet Terskej
Alatau l sOllth of Przeval'sk, it rises IIp IO 2,900..;-3,000 m
(Aizen & alii, 1996).

At high altitueles, there is a substantial similarity of the
vertical sllccession oE vegetation in the two Districtsl with
some altiwdinal changes due IO c1ifferent slope aspects.
Frolll highest to lowest eievalions, thc glacio-nivaC thc
sllbnival l the high alpine tundra, the alpine, anel thc sllbal­
pine stages follow ane another. At lawer altitlleles, an the
south-facing slopes of both the Districts, olle can observe
an increase of elevatioll of the mOlllltaill steppe stage.

In generaI, there is a strollg develaplllent of cryohygro­
phile specics 011 110rrhern slopes, while the thermaxero­
phile species of the lllountain steppe prevail 011 south

FIG. 5 - Subalpine meado\V anel sprucc forcsl (Picet/ scbrenki(/lra P/seri.
e/ '\l'EY.) in [be Easlcrn Districl.

'''' j-------..,,--------j
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FIG. 6 - Soil-water budget for:
a) Alrna-Alinskoe Ozero (2,511 l1l a.s.I.);
b) Przcv:I['sk (J ,774111 a.s.I.);
cl Karakol'skaja (3,100 rn a.s.I.).
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VEGETATION VERTICAL ZONALlTY

The upper limit oE sparse vegetation and soil cover is
3,300-3,400 m a.s.1. (Mamytov, 1963; Nasyrov & Sokolov,
1988; l'l'evitali & alii, 1997), reaching locally, on driest "nd
warmest slopes, also 3,800 m. Over this altituelel there are
bare rocks l detrital deposits and fans l moraines anel gla­
ciers. The line or the perennial snows is at 4,000..;-5,000 m
a.s.I., dependillg on sJope orientatiolls.

Above ALna-Ata (Medea), in the Brebet Zailijskij Ala­
tall l the upper limit oE the arborea! vegetation (Picea
scbrel1kial1fl FfSCJ-1. et MEY) is at about 2,700 m a.s.l.
Oocally up to 2,800 and 3,000 m a.s.i.) (l'l'evitali & alii,

it is equal to 28% oE pl'ecipitationsl while at Karakollskaja
0,100 m a.s.l.) il is even 97 % oE precipitations.

'l'he soil moisture regime (Soil Survey Staff, 1999) in
the Northern District was always udic, while in the Eastern
it appeared IO be uslic at Przeval'sk, probably aridic at
K"rakol'skaja.
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T'\BLE 4 - l\olean monthly anel ;mnwl.l pn:cipitations (mm) in thc Tcrskcj Alatali nmgc (Soulbcrn District)

Localit)' Statioll No. Elevation (111 a.s.1.) ./an. Feb. Mar. Apr. May .lune .Iuly Aug . Sept. OeL Nov. Dcc. Meall 1/111/tlai

èolpon-Ata 5 1,640 lO 8 18 14 25 30 45 33 25 24 8 IO 250
PrZcval'sk 6 1,774 18 14 20 40 57 55 58 44 40 )4 22 21 423
Karakol'skaja 7 3,100 3 4 9 15 )1 46 25 29 9 4 6 5 186
Tjan'-San' 8 3,672 5 5 12 2) 40 58 57 49 22 IO 7 7 295

Slllliol1/omlions.5: Northcrn si de of lssyk-Kul L'lkc. 6: Suhurhs or Pr7.cval'sk. 7, 35 km south from Przeval'sk. 8: Kyrgyz unidcntified station.

TALlLE 5 - Estimation of soiltemperaturc rcgimcs, un thc basis of data from Nasyrov & fllii (1991) alld from MamylOv (1963), respcctivc1y fOI" the
Nonhcrn District anel for thc Eastcrn District

Nonbcrn Distritt (111 a.s.i.)
with O horizotl wit1tOllt O horizon

Eastern District (m a.s.1.)
with O horizon withollt O horizon

Frigid
Cryic

< 2,750
2,750-4,000

< 1,800
1,800-4,000

< 2,900
2,900-4,250

< 1,800
1,800·4,250

facing slopes. The northerly and \Vesterly hUlllid air ll1asses
heighten such distriblltion of the vegetation covers.

SOILS

The field description of the soil profilcs and the site
surface featurcs \Vcre ll1ade according to FAO guidelincs
(FAO, 1990). Soil colollrs wcrc notcd according to the
Munsell colour charts. The data frOIll Iaboratory analyses
werc cOll1pared with field observations. The soils \Vcrc
dassified according to the World Rcfercncc Base far Sai I
Resollrces (FAO, ISRIC & ISSS, 1994,1998). In addition,
wc located the taxonoll1ic correspondences \Vith the
Référentiel Pédologiqlle (AFES-INRA, 1998) and thc Leg­
cnd of thc Soil Mal' of the Kazakh SSR (G.UG.K., 1976).

LABORATORI' PROCEDUI<ES

The analyses on soiJs \Verc carriccl out according to the
procedures of Ministero delle Pol.itiche Agricole e Forcsta­
li (2000).

Bulk sail salllpics \Vere air dricd and sicved to relllovc
coarsc fragments (>2 mm). Soil particle-size classcs inc1ud­
ed: coarse sand (2-0.1 mm), fine sand (0.1-0.05 mm),
coarsc silt (0.05-0.02 mm), fine silt (0.02-0.002), ancl day
« 0.002 mm). Distribution was deterlllined by the pipctte
methocl after dispersion with (NaPO,)6 (ISO 11277).

Soil pH \Vas potentiometricaLly l1leasurcd in a 1:2.5
soil-watcr sllspcnsion (ISO 10390).

Organic carbon \Vas determincd, in the Northern Dis­
trict saiI samples, by Springler-KJee method (ISO 14235).
The Walkley-Black procedure was followed far the sam­
ples of the Eastern District. In addition the furnace dry
combustion \Vas used for organic horizons.

Cation exchangc capacity (CEC) and exchangeable
bases \Vere determined by BaClr tricthanolamine pH 8.2
method and atomic absorption spectrometry (ISO 11260).

Carbonates \Vere determined by Dietrich-FrLihIing cal­
cimeter (ISO 10693).

Total iron (Fe,) was determined after I-ICI-HNO, di­
gestion. Dithionite sollibie Fc (Fcd) and Al (Ald) were
extracted by the DCB method (Mehra & Jackson, 1960).
l'he noncrystalline and pOOl·ly crystalllne inorganic anel the
organic complexed iron (Fco.J and aluminium (AloJ wcrc
extracted by acid ammonium oxalatc (Sch\Vcrtmann,
1964). Pyrophosphate-extractable iron (Fe,,) and alumin­
illlll (AJ,,) werc cxtracted by McKeaglie & Sehllppli (1982)
methods. Both e1cments were determined by atomic ah­
sorptiO!l spcctrometry.

RESULTS AND DISCUSSION

The geographical features of thc investigated sites, and
the morphologicaI, chcmical and texturaI propcrties of the
soils are slll1ll1larized in tab. 6. Jn this table is aIso reported
the soil cJassification according to the World Reference
Base far Soil Resollrces (FAO, ISRIC & ISSS, J994,1998).

In table 7 the soils are classificd according to the
IUlàen!ie! Pédo!ogique (AFES-INRA, 1998), and the Leg­
end of thc Sai! Mlip 01 tbe Kazakb SSR (G.U.G.K., 1976).

SOlI. TEXTURilL PROPERTIES

NorlfJerll District

l'hc silt loam tcxtllres arc predominant, in agreement
\Vith the hypothesis of a frequent aeolian addition in this
rcgion. l'he argilùjicaliol1 ùulex (day %/silt +sand 0/0) is
higher in the A horizons of No.1 and No.3 profiles, where
it reaches the value of 0.32. Blit in thc first profiJe this
seems to be duc to a former abllndancc of day in thc
loamy diamicton materia!, \Vhile in thc second one it is
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TABLE 6 - Soil prorilcs localion, dassification ami main characlcristics

NORTHERJ"l OISTRlcr

Pmlìle Soil Iype l-IonzOfl DCplh Colour pII Cacoi Org. C Organic CEC Ibsc Spodicity Parlidc-si7.c: dislnbulion
Locatiofl IFAO. ISRIC & ISSS, (cm) (mais!) (1110) (7,,) (70) l\Ialler (cmol" sal. Indcx

(70)
Ele\'alion Aspccl 1994,1998). (70) kg-' soil) (70) ('/lFe...+

Siope Parenl malerial AI•• (?o)) Sand Sih Clay

No. J Cr)"ic /.J!pIOJO/. I\h 0-30 IOYR )/4 '.2 0.0 6.1 44.4 " 0.44 26 'O 2~

Jugo·Zapadnoj Talgar Bouldcry sandy C )0-50 25Y 511
S!ream 42"56'N 77"Os'E IO:lm Illomine over I< 50-80+

l,nO l1l SE '5 '70 cryslalJinc schisls.

No.2 Gl'!i·l]ulric Regosol. Ah O-IO IOYR 212 6..5 0.0 6.6 17.8 78 0.62 28 61 9
Ak-Su S{fcam 42"5}'N Bouldcry, pcbbly :md 103m)' Bi\ 10·40 IOYR 3/3 (,.6 0.0 2.8 ".6 77 0.71 21 6' 14

77"0'5'E 3,140 m E 3-4'70 (liamicton Ol'cr schisl dcbris. CII< 40-50+

No.3 III/plic fJblleozem. ,\ 0·20 IOYR 1/2 6.0 0.0 1.8 47.0 64 0.75 l' J7 24
Cong-Kcmin ri\'cr42"54'N AlIu\'ial deposil, buried AC 20·60 IOYR )/) 6.4 0.0 1.2 39.1 66 0.62 26 ,. l'

77"0)'E 2,980 m Leve! by acolian malcrial. 2C 60-80+

No.4 Eu/rl'c Combiso/. Oc '·0 IOYR2/1
Prnhodnaia strcam l\Iagm:lIic dcbris and I\h 0·10/15 JOYRl/2 '.7 0.0 4.8 27.8 6-l O.H 47 18 l'

4)"03'N 76"55'E 2,160 m diamiclon. BA 10/1.5·25/10 JOYR l/l ,.. 0.0 0.7 '.1 70 021 70 22 8
\'(.'80·10070 C 25/10·50+ 0.0

SOUTHERN DISTRICT

No.5 Skelelù: l'bot'Ozem. Ahi O,, IQYR 2/2 ,.. 05 12.5 61.8 100 0.11 61 li 6
South or Pri~'al'sk, Granile alld marble Ah2 9-15 IQYR 2/2 6.0 0.0 9.2 56.5 100 O.3S JJ '8 9

Karakol slream 1111us deposit. 2.1 15-18 IOVR ll2 5.9 0.2 2.1 10.9 '8 0.35 26 " 19
42"19'N 78"26'E 213w 18·58 IOVR4/1.5 '.8 0.7 0.6 19.6 100 0.20 '9 2. 12
2,755 m SE 8070 2el} 58-75+ JOYR5/3 6.J 0.9 OA 20.8 100 0.17 l' 41 18

No.6 Episkell'lj,Pl/cbic ai 0.)·0
Sourh or Plicval'sk, JlI}/U!ozem (si!tic). O, 0·1 IOYR 312 '5 0.6 (,'5.3 0.27

Kamkol slream Slale dcbris or 0:1 1·6 IOYH 212 'A lA 50.3 0.42
42" 19'N 78"27'E alltlvinl rl111, buricd by Ahi 6·12 IOYR 212 '.7 0.6 13.6 74.0 100 0,42 14 7J Il

l,850m :Icoliall sill. 2;\h2 12·40 IOYR )12 6-' O.• 6.6 50.4 100 0.25 'O 4'
,

N70% 2AC 40·55 10YR )/l 7.2 0.1 2.1 15.7 100
2C 5.5·7.5+ IOYR 4/2

No.7 j\lollihllmic uptOfol. ai 0.5·0
Solllh or Pric\'al'sk, $ilt)'loam colhl\'ial O, 0·2 10VR 2/2 '.8 0.8 51.2 0.27

Kol·Ter strcam mudno\\' o\'er Ah 2-4 10YR l/l ,-' 0.0 8.0 41.1 100 JJ 62 ,
42"J7'N 78"l] 'E solid granite, AB 4-24 IOVR35/1 '.2 0.0 2.6 26.2 " OAI l' 72 •
lA55 m NE 407" buried b)' aeolian SilL 2R 24-45+

No.8 I;ulri-Skeletic RegoJOt ai 05·0
Soudl or Pric\'al'sk, Bouldcry sandy 100m O, O,, IOYR212 6.1 0.6 68.1 0.13

U)'un-Ter slream :lIlciCni diamicloll, Ah '·6 1OYR2.512 '.7 0.0 Il,4 675 100 62 16 2
42"O'N 78"10'E burit'<l by acolian sih. 2,\ 6·. IOYRJI2 '.6 1.1 6.1 48.4 86 0.47 JJ 61 4

1,600 m SSE 10% (Figs.7 and 8) lCB 9-20 IY415 ,.. 0.0 1.0 9.4 7J 0.20 68 28 ~

lC 20·60+ 2.5Y4.5/J 6.6 0.3 05 9.3 100 0.18 70 "
,

No.9 EII/rI~SkelelicRegosol. ai 05·0
Solllh of Prlcval'sk, Hccclll bOlllrlcry Da/Dc 0·2 10Y\{ 2/2 '.7 0.0 47.2

U)'IIIl·Tcr strCllm lliulllicltJJl. ,\ 2·6 10VR 3/3 '.1 0.3 5.6 29.9 8J 0.34 6J 14 ,
42"14'N 78"l l'E (Fig. 9) CA (,·19 2.5V 4/<1 '.6 1.0 1.8 904 6' 0.14 72 " l

),600 m N\XI 15% C 19-45+ 5V 4/1 '.9 0.0 0.4 '.6 100 0.09 76 20 4

N. lO f-II/mi-GI'-'Yic Fluvisol AI' 0·8 IOVR 3/1 7.1 O., 6.1 27.4 100
Solllh or Pric\'al'sk, ml/llo-Skelelic, EI/trie). C 8-45 2.5Y 412 75 1.7 lA 14.0 100 0.13 42 'O 8

K:lrllkol slream 42"19'N t\lIu\'illl deposils. C8 45-55 5V 4/1 7.2 1.2 1.2 10.4 100 0.07 2. 66 ,
78"29'E 2,450 m Lc:\.c1 (Fig. IO) 2Cg2 55-65+ lQYR4/5 7.2 0.1 0.4 7.8 100 0.18 4' 'I 6

No. Il Skeleli-Humic RegOlo/ ai 2·0
South or Pri~'lII'sk. (Eutric). Oc O·, IOYR2!1 '.0 1.4 52.1 0.11

Kllrakol sln~'dm 42"19'N Cf)'Slaltinc schislS md Ah 5-21 10YR l/3 45 0.6 6.4 49.1 69 0.40 40 45 "78"28'E 2,470 m Wl 8O'Ji, scrpeminilcs lalus deposil. CA 21·65+ 2.5Y 4/4 '.8 0.0 15 17.6 78 0.15 62 " Il

No. 12 Elllri-Skt-le(ic CombiJo/. ai 2·0
Soulh or Prk\'al'sk, Cryslallinc rocks Oc 0·2 JOVR 2/1 6.0 0.0 45.0

Karakol Slreatn tlllus dCl>osil. A 2·7 JOYR l/2 '.7 0.0 13.6 72.9 100 0.24 li " 14
42"19'N 78"27'E AB 7-16 IOVR313 5.4 05 2.4 30.5 78 0.30 49 J7 14
2,695 m E 70% Ilw 16·60 IOVR 4/4 '.8 0.2 2.1 JJ.7 100 0.37 45 40 "
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TAIlLE 7 • Soil dllssifìcmion, according to: (a) Rélérellliel Péd%giqfle (AFES-INRA, 1998); (h) Lcgend of the 50i/ Map ollbe Kazakb S5R (G.U.G.K., 1976)

PROFILE No. I
(a) CRYOSOL MINÉlù\L lithic, mcsosaturated, graveUy loam, from rcccm morainc, Wilh discontinuolls dry permafrosl, of subnival-rocky Si age of

alpine prairie.
(b) High l\'lounlain Mcadow Alpinc soil.

PRoALENo.2
(a) CRYOSOL M_INÉRAL rcgosolic, mesos.1turated, gravcJh' silt 103m, from glacial drifl, scasonally froZCIl, of mowuain xcrophilc slcppc-likc Illcadow slagc.
(h) Moulltain Mcadow Alpinc soil.

PROI:ILE No.3
(a) Quasi-PHAÉOSOL I-IAPLIQUE fTlcsosalurated, sill loam, from acolian silt and alluvial pehhlcs over holtom moraine, of alpinc-sublilpinc suhxc-

rophile meadow stagc.
(b) Moulltain Meadow Alpine (Subalpinel soil.

PROFILE No.4
(a) BRUNISOL MÉSOSATURÉ leptic, humiferolls, nu."sosllturatcd, gravelly sih loam, from slopc dehris and morainic drift, of the lIppcr forcst (Picca

scbrellkùl1Ia) stagc.
(b) Mounlain Foresl D:ark Colour<:-d soil.

PROFILE No. :>
(a) COLLUVIOSOL-PHAEOSOL dark, humiferous, saturaled, sandy loam in surface :md gr:.welJy silt loam in dcpth, on lalus midslope, from granite and

marble dehris, of tmnsitional beh bctwccn Ihe uppcr forcsl IPicea scbrcnkùllla) :lIld the lowcr subalpine stage of dense lllesohygrophiIe alpine m~ldow.

(b) Meadow-dlt:rnozcmic soil (?).

PROFILE No.6
(a) COLLUVIOSOL chernic, hllmiferous, satllrilted, gravclly sih loam in surface and stony sandy loam in deplh, on aUlIvial fan midslopc, from acolian

silt over sIate dcbris, of sllbaIpine mcadow stagc.
(h) Meadow·chcl'llo7.emic sail (?).

PROFILE No.7
(a) COLLUVIOSOL humiferous, saturated in surface alld mcsosatunltccl in dCplh, silt loam, stony in depth, from acolian material and coll11vial Illud-

Aow ovcr solicl granite, of alpine mcadow stage.
(h) MOLllltain-rncadow chcl"llozem·like sail (?l.

PI~OFILE No.8
(a) RI~GOSOL clitric, rcsflluratcd ,H Ihc surfacc and sub- and mcsosatllnHed in depth, sand)' ami silt loam, cobbl}' and boulder}' (granite), from aeolian

silt ovcr old llloraine, of alpine Il1cadow (sllbniva\) stage.
(b) The cumulative c:harac:tcr of the soil profile does not cxactly allow Ihc corrc1alion with the maill types of the C.U.C.K. dassificHtion.

PHOFILE No.9
(a) RÉGOSOL cUlric, sub· ,md mcsosatllrated in surfacc :1.11<1 sfllUnucd in dcpth, cobbl}' s,md}' loam in surfacc anel cobbly loamy sand in deplh, from

l'CCCili moraine, of alpine lllcadow (subnival) slage.
(b) Thc major soil grouping of Regosols docs nOi appear in the C.U.G.K. :md Stolbovai's (2000> c1assificuions.

PROFILE No. JO

(a) FLUVIOSOL BRUT humiferous, redoxic, saluralcd, sih loam, cobbl)' in dcpth, from alJllvial deposits, of mOlllllain-paslurcd mcadow in lhe
OOllom of a vll!le}'.

(b) "Uuvial neutral soil.

PROFILE No. Il
(a) COLLUVIOSOL humiferous, fIlesosatllrated, gravell), loam in surfaee and L'obbl), sandy lo:un in deplh, from cryslalline schists and scrpcntinil'cs,

on a foolslope of active talus, of mOllntain forcsl slage (Picctl schrenkim1(l).
(b) MOlllllain For(.'S( soi! (?).

PROFILE No. 12
(a) BRUNISOL SATURÉ collll\'ial, humifcrolls, gravcll}' sih loam in surfacc and sl'Ony loam in depth, on a slable tallls backslopc, from cr)'Slalline rock

debris, of Ihe upper lTlountain forcsl (Picca scbrellkùllla) shlge.
(b) Brownzems weakly ullsaturatcd (with weak day Iranslocation).

probable that the loess-like parent material actually unde!"­
went a higher weathering.

The day illuviation within the profiles seems to be ab­
sent or negligible, except possibly in profile No.2.

The sum of very fine sand plus com'se and fine silt
reaches the highest values in profile No.3 (71.8 % and
75.4%), implying a probable aeolian conlriburion.

Eastem District

Here, the soil textural dasses are mainly sandy loam, as
repeatedly reported in the \Varici soils of the high-energy

mountain environments. Such a datul11, combined both to
the 10\V values of the argitlijiCllliol/ il/dex and to the borizo­
l1ation degree, confirms the low chemical weathering and
the 10\V il1lensity of the pedogenic processes. The high e1e­
valions, the cumulative characters allei the relative young
ages of the parent materials do not favour soi.! fonnation
and evolution. The sill loam textures, prevaiJing in the
present A horizons, as \Veli as in the buried ones, suggest a
frcqucnt aeolian addition, except for profile No. LO, lhal
has E1uvial cumulative characters. Profile No.7, apparently
covered by loess-Iike cover, shows a lo\V index of argillifi-
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FIG. 7 . Eutri~Skdclic Regosol, dcvclopcd from acolian silt covcring old
diamiclon, below alpine meadow or subnival slagc (Profile No.8; 3,600
m a.lI.!., U}'un~Tcr slre<lll1 calchmcnt, sOlllh or PrlCVfll'sk). Marks al

IO-cm illlcrvHls.

cation, inclicating thar the deposition of aeolian material
has bccn a rccenl cvcnt (Schriidcr & Eidam, 2001).

The sum of vel')' Fine sand plus coal'se anel fine silt is
more dHIIl 70% of the fine earth in surficial or burieci ho~

rizons of profiles No.6, No.7, and No.8. This index also
seems lO confirn1 some probable aeolian additions, which
occurrcd in recent times. Regarding the aeolian additions,
it is signilìcant to compare rhe horizon tcxrures, thar ~Irc

considercd to show an acoljan silr input, to those of a typi.
cal carbonatc loess (CaCO, Il.0%), locatcd al 2000 m
<l.S.1., near the Karakol stl'ea1l1 bridge. This loess is COIll·

posed of 17.5% sand, 63.9% silt, anel L8.6% ciay, point­
ing out a Slrong rexlUral simihil'ily with the profilcs thar
unclerwcnt .1 likcly aeolian siJt deposition.

In both Disrricls, it seems Ilor possible ro elelcrllline
a correlation bet",een the elay conrent anel the e1evation,
as somelillles it has bcen founcl in si1l1ilar enviroll1l1CnlS
(Biiumlcr & Zech, 1994).

SOIL CiIE~IICi\LPROPElrrlES

NorlfJerll District

The soil reactions range between strongly acid, with
pH(H,O) 5.2 (profile No.1), and neutral, with 1'1-1(1-1,0)
6.6, in the deepest horizon of profile No.2.

Ali the soils sho", a high CEe, with averagc values
around 34 cmol' kg-', exccpt for thc BA of profile No.4.
Such valucs are mainly rdared to <l high content of organic
matter. Exchangeable Cal> ranges bet",ecn a 1l1aXilllUm of
28 cmol' kg·l, ill Ah horizoll of profile No.2, allei a Illini~

mum of 5 cmol' kg- I in BA horizon or profile No.4. Mg"
varies belween 3 emol' kg- l in A horizon of profilc No.3.
and 0.8 cmol' kg-' in BA horizon of profile No.4.

The soils appeal' lo be constantly 11lesosaturatcel, re~

Oecting rhe innuenccs of limitedleaching, due to rclatively
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Ihc Rcgosol or Pmfile No.8.



FIG.9 - Regosol on recelll di'llllicton (Profilc No.9; 3,600 1ll a.s.i., UYUll­
Tcr strcam calchmenl, SOLllb or Przeval'sk). ìvlal'ks al 10-clll inlcrvals.

10\V rainfall (l'ab. 3), and lithology, also pointing our the
role of vegeUltion in recycling the bases.

Etutertl District

The soil pI-I ranges between very strongly acid, \Vith
pH(H,O) 45 (profile No. 11), and neutral, with pH(H,O)
7.2 (profile No.6). The profile No. lO, which developed
011 alluvial materials, is a particuJar case, it shows values
ranging from neutral to slightJy alkal.ine in ali the horizons.
lt has also thc highest carbonate content, namely 1.7%.
The total carbonates, everywhere ver)' scarce, are, howev­
er, present, elenoting a probable aeolian contribution anel
a certain release coming from some substrata.

The cation cxchange capacit)' is rather high, with an
average of about 32 emol' kg- I

, it correlates with thc high
contents in organic carbono Ca1

+ in the exchange complex
ranges between a maximuJl1 of 114 cmol' kg-' (exchangea­
ble and soluble) in A horizon of profile No. 12, and a min­
imul1l of 13 cmol' kg-' in AB horizon of profiJe No.7.

MgH varics between 5 cmor kg- l in A horizon of profilc
No. 12 and l cmol· kg-' in A horizon of profile No. lO.
Thc average base saturations are about 92 % (subsaturated
soils), with an intense base rccharge eluc to the vegetation,
anel the low precipitations in this District (tab. 4).

On thc whole, in both thc two Districts, it C:1Il be no­
ticeel that the mean values of p,H(H20), in thc examined
horizons, range arounel 5.8-6.0 (moclerately acid), exclud­
ing profiles No.3 anel No. lO, where thc alluvial origin of
the parent material tends to influence the other soil form­
ing factors. Such soil reanions cio not favour the release of
free Al ions. Exehangeable Ca is particularly abunclant in
soils of thc Eastern District, elue to a Jesser c1imatic leach­
ing in this area. The recharge of soil bases is ensured by
the aeolian anel plant i..llputs. It can be noticeel, however,
thc particular tenclenc)' for desaturation in A horizons of
Northern District soils, while Eastern District soils sho\V
constanti)' higher values of base saturation.

FIG. IO . I-Iumi-Glcyic Fluvisol on i1lluvinl dcposits nlong the Karnkol
strcam (Pl'ofilc No. IO; 2,450 !TI a.s.i.; south or Przc"al'sk). Marks a!

IO-cm il1tcrvals.
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SOIL ORGANIC MATrEH

In the A horizons of the invcstigatcd areas the organic
mancr content ranges from moderate (2.4 %) to very
abundant (23.4 %). Morcover, the content of organic car­
bon (weighted average over the uppet 20 cm of the soil
profile, excluded the organic O horizons) shows a fairly
gand correlation with the climatic paramcters, mainly the
Illcan annual and SUll1mcr air tcmperaturcs (fig. Il).

The relation is dcnncd by the equation:

Org. C = 2.386 -3.l99 Lan -1.647 T_cst -0.376
T_an"2 +0.19 T_est"2 (R'=0.7 l)

where DI'g. C is the organic cachon (%), T_an the mean
annual aie temperature in °C. T_est the mcan summer aie
temperature in °C (mean of]une,]uly, and August).
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JHON IIND ALUMINIUM

The FAO, ISlUC & ISSS (1994, j 998), Soil Survey
Staff (1999), and AFES-INRA (1998), although with slight

FIG. 12 - ~lleasured and estimatccl CEe as fUllction of organie malter,
day a.llel silt for minerai horizons (l=O.88).

differences, founel the diagnostic criteria for ielentification
of the podlOliclspodic features and horilOns, on different
chemical and morphological characters, among which are
fUlldamental the cOlltents in N ox and Feox (Spodicity [Ildex).
Only in the horizons of soi! profiles No.2 and 3 in the
Northern District the Spodicity lnclex turned out te ex­
ceed the 0.50 %, diagnosti c threshold fnr the spodic hori­
zon or materials (Soi1 Survey Staff, 1999). In this District,
the rainfaU, the annual temperatures, the acidic mineralog­
ical composition of most parent rocks. anel the altitudes.
seem to be environmental factors favourable for the clevel­
opment of the poclzolization processo Therefore in alI saiI
samples were measured also FeJ' Ald • Fe,. and Alp . Sut the
ratios Fe,,+AJ/FeJ+AlJ and Fep+AJ,/clay (Soi! Survey Staff,
1990) resulted to be lower by 0.50 and 0.20, respectively.
Neverthcless, to better checking the existence of any pael­
zolization processo firstly the temperarures and the precipi­
tations were estimateci for each illvestigateel site. on the
basis of the regression equations between the cJimatic pa­
rameters fmd the eJcvation. Then the Spodicity Inclex \Vas
calculared on the basis of summer temperalUrcs anel pre­
cipitatiolls. This index has showll a positive corre1alion
wirh the temperatures allei the precipitations (fig. l3).

The obtaincd equatioll \Vas:

Spodicity Index ; -1.593 +0.0129 P_est -0.0000245
P_est"2 +0.179 T_est -0.0126 T3stA 2 (R'=0.84)
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In addition. it can be norice thar in similar soils it has
been ascertained a strong prevalence of the humic acids on
fulvic acids (Previtali & olii, 1997), as expected for the me­
lanization processo The multiple linear regression (fig. 12)
among CEe, OM and textures makes it possible lo esti­
mate thar the CEe valuc of organic matrers is on the aver~

age (about 234 cmol' kg-'), while the average of the days is
high (98 cmol' kg-') and the one of silt is moderate (20
emol' kg- l

). It may henee be inferred that the c1ays are ae­
tive, presumably of smectitic type (Baize, 1988).

1.0

0.0 .jL.-~_~~-~-~-~-~-~----1

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

Organlc Carbon % (actuall

FIG. Il - Organìc C'drbon lllcasurcd (actua!) allcl cSlimateci (predìctcd) 011

thc basis of lhc annua! alld sumlllcr temperature.

where P_est = average summer precipitations in mm (the
sum of June, July, alld AlIgllsr); T_est = average summer
temperatures in °C (mean of June, July, allei AuguSl).

In generaI. soils beJonging to Eastern District show val­
ues of the Spodicity Indcx even 10we1' than prcvious ones
ancl only in prefile No. 12. under spruce. we can fincl in
the B horizon the eviclence of a weak illuvial processo
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pecial1y in the Eastern District, appeared to be the main
inhibitor-factors far the podzolization processo Such ele­
ments are mainly of aeolian contribution, deposited during
tbe Holocene and Pleistocene time, as evidenced by the fre­
quent 10ess-1ike covers that have been found up to ahitudes
of 3,600 m a.s.\. Moreover, both the spruce and thc steppe
vegetation favolll" an accumulation of bases within the soil
profile, so that the vallles of pH, especiaily in the Eastern
District, are frequently neutra!. The sporadic presences of
crystaJline limestones do not explain, in fact, the wide dis­
tribution of Ci' within the exchange complex of soiJs.

Besides} the percentage base satllration is everywhere
high and the soils, mesosatllrated in the Northern District,
become sllbsaturated and even satllrated in the Eastern
District, where the c1imatic leaching notably decreases.

Thc presence of phaeozems and chernozem-like soils
(me1anization process) \Vas} then, confirmed at very high al­
titudes. This js due both to the existence of steppe condj­
tions and to the presence of loess cover5 up to 3,600 m a.5.1.
Thc me1anization is favoured both by the abllndancc of al-

0,70 0,800,60
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•

...
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PIC. 13 - 'l'hl: Spodici/)' ll/dex mcasurcd (actual) linci estìmated (predicl­
ed) on thc basis o[ summer lemperaturcs and prccipitlllions, in the two
Districts. The reported values are thc highcsl mC;lsul'cd in the whole

sai! profi1e.

Checking the existence Df any podzolization process, in
both soil Districts, led us to conclude that the deep hori­
zons do not meet the diagnostic requirements of the differ­
cnt taxonomic systems for a typical spodic (poclzolic) B
horizon. Moreover, in none of tbe examined sites \Vas no­
ricce! thc presence of albie E horizons. In conclusion, the
presence of typical spodic horizons can be excluded, bllt
not the occllrrence of the segregation of AI and Fe and
their mobilization in amorphous organic complexes, tbat is
the so-cailed cryptopodzoljzation (Blaser & alii, 1997).
Moreover, althougb a fair accumulation of Fe20; in the
litters has been found, tbc abundance in alkaline earths
seems to obstrllct the podzolization. Zonn (962), in par-'
ticular, underlined how the great quantity of ci' in spruce
plant tissues, and the consequent abundance in topsoil
(even stronger than in more humid areas of the me1aniza­
tion), hinders the podzolization processo Moreover, the
same Author has noticed how, even in Bulgaria and East­
em Tibet lInder Picea forests soils do not sho\V podzoliza­
tion features.

CONCLUSIONS

Thc research carried out has confinned, first of all, the
absence of the diagnosti c horizons characteristic of a com­
plete podzolizatioll process, although the composition of
parent materials and the climate conditions could have led
to postulate the opposi te. The considerable abundance in
Ca and, subordinately, in Mg in the exchange complex,
and, even ii modest, the presence of CaCO;, in the soils, es-

FIG. 14 - Steep slopes and stoniness C:lLlse thc n:juvcnation (haploidiza­
fion) of soil profiles.
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kaline eanhs anel organie matter, anel by the existenee of a
loeal steppe-like vegetation. Some of these soils, especially
at the lowest e1evations, have relict characters that seem to
be inherited by elominant steppe palaeoclimates (Holocene
warmer phases and pre-Holocene interglacial periods),
which favourcd the formation of chernozemic humus.

Moreover, it is qllite difficult to recognize a reglilar
vertieal zonality of soils, sinee a eonsiclerable variety of gc­
omorphic processes have conlriblltcd in addition te the
soil forming processes, such as climatc, vegetation, parent
material ancl time. The relief faetor (fig. 14) tencls to cause
rhe rcjuvenarion of soil profiles, which results into the so­
eallecl haploiclization (Buoi & alii, 1973), while the poclzol­
ization anel the me1anization contenei far the control of the
peciogenie processes.
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