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Abstract—The high landscape diversity of the Crimean Peninsula formed by 20 agro-climatic regions and
17 genetic soil groups contributes to the formation of local terroirs for viticulture, which can result m the cre-
ation of a wide range of organoleptically individual wine products. The aim of this study includes a compar-
ative analysis of physicochemical and biogeochemical parameters of regional soils in three historical and five
modern geographical regions of viticulture. The soil-genetic and biogeochemical approach used for the com-
prehensive study of vineyard soils enables us to identify unique combinations of soil parameters for viticulture
areas, which form key components in combination with local ecological conditions for applying the concept
of terroir at the regional level. The pairwise comparison of the total composition of postagrogenic soils from
three regions of ancient viticulture (northwestern, southwestern, and Piedmont Crimea) shows that the dif-
ferences in the content of macroelements CaO, Si0,, Al,O5, MgO, MnO, K,O, and Na,O and of trace ele-
ments Sr, Rb, and As are the greatest. The comparison of soils under vineyards testifies to the leading role of
the geographical factor in their classification according to agrophysical parameters and the content of
18 compared chemical elements. Soils of the Southwestern and Piedmont Crimea are characterized by a
favorable biogeochemical potential, since the content of a number of essential elements (Ca, P, and K) in
them is 1.5—2 times higher than in soils of other regions. The geochemical features of vineyard soils of the
southern coast of Crimea are diagnosed by such elements as Cr, Co, and Ba. Elevated levels of heavy metals—
Cu, Cr, Ni, Pb, and V—have been detected in soils under modern vineyards. The expansion of vineyard areas
stimulates the use of the ampelopedological approach to assess the potential of agro-productive soil groups,
which can provide high-quality distinctive products (bouquet-rich wine), and the formation of a system of
intra-regional terroirs will help to identify the geographical origin of wines.

Keywords: Haplic Chernozems, Cambisols, terroir, soil biogeochemistry, physicochemical soil properties

DOI: 10.1134/51064229322700065

INTRODUCTION

The area of modern fruit-bearing vineyards on the
Crimean Peninsula is 20100 ha (25% of the total area
of vineyards in Russia) [20]. The increase in the pro-
duction (80000 tons of grapes per year) is slowed down
by the age of vineyards, which are over 20 years old on
more than half of the area. Land resources in tradi-
tional viticulture areas should be nsed more efficiently
to increase the competitiveness, which is stimulated by
the law adopted in 2019 by the Government of the
Russian Federation. The law is aimed at increasing the
area of vineyards and improving the quality of prod-
ucts, which will be protected with respect to geograph-
ical location.

The concept of terroir in viticulture includes a com-
bination of the local landscape and environmental con-
ditions typical only for this area, which ensures the dis-
tinctive product evaluated as “bouquet-rich wine” [49].
The geographical factor, which is called the “taste of

the place” [30] or the “geographical fingerprint of
wine” [44], is directly or indirectly determined by the
effect of seven main factors, which include the eco-
geopedological environment, in particular character-
ized by moisture availability and mineral nutrition
[44]. When individualizing a land plot, the chmate,
soil, and grape variety are the main factors in deter-
mining the terroir. The efficiency of viticulture on
slopes significantly depends on the location of the site
above sea level, slope aspect and gradient, and posi-
tion in the macrorehef (frost hazard assessment, etc.)
[9]. Soil scientists mainly adopt the term terroir in the
interpretation of the Bordeaux school (Institut des Sci-
ences de la Vigne et du Vin) as an ecophysiological con-
cept. According to it, the organoleptic characteristics
of wine are related to its geographical origin [48, 49].
Since terroir is a multifactor concept, the distinctive
characteristics of wine from a particular area are
related to a umque combination of soil parameters,



Table 1. Study objects on fallow soils in the ancient vineyards of the Crimea

Ancient Object no.* Altitude above | Inclination, Aspect Main (internal) size Soil, rock**
settlement sea level, m degree of plot

Herakleion ,2 15 3-5 SW 100 <100 S-C, EL

Pantikapaion 3-5 95 3-5 SE 250 %200 S-C, EL

Kitej 8 1215 1-2 E 210 x 210 CHs, CL

Tauric Chersonesos 33 50 1-2 SE 630 x420 B, El.-Del.
(210 x 210)

Ortli 40, 41 5-8 1-2 WSW 210 x 210 CHg, S.

Mamaj-Tyup 42 2-8 0-3 S, SE 220 % 270 S-C, EL
(52.5 % 52.5)

Ojrat 43,44 610 2-3 SE 210 x 210 S-C, EL
(52.5 % 52.5)

Kalos-Limen 45 7-8 1-2 E 52.5x52.5 CHc, Lm.

*The object number corresponds to Fig. 1.

**§-C, El.—rendzina on eluvium of hard calcareous rock; K, El.-Del.—cinnamonic mountain calcareous soils on eluvium and delu-
vium of bedrock; CHc, Lm.—medium loamy calcareous chernozem on loess—like loams; CHc, S.—calcareous stony chernozem on

loam, CHs, Cl.—southern clayey chernozem.

which interact with the local climate, grape variety,
harvest, and winemaking technique and thus form the
terroir of a particular site [50].

Avine plant can grow in one place for a long period
(about 60—80 years) and is characterized by a devel-
oped root system, which penetrates into the soil to a
depth of 6—8 m. Therefore, vine is characterized by a
high ability to extract nutrients from a great depth of
the root layer, but is very sensitive to environmental
factors: its yield and quality significantly differs under
various conditions [15, 33, 35, 36]. The elemental
composition of wine depends on the biogeochemistry
of the soil, on which vine is grown, and is used to
determine the geographical origin of various wines
[45]. Their quality is affected by almost all soil proper-
ties and fertility in general, and this determines the
important role of ampelopedology, which provides
data of the genetic study of soils under vineyards.

The aim of the ampelopedological study of the
Crimean Peninsula is a comparative assessment of
soils in five geographical viticulture areas, in which the
largest enterprises can increase the production by
expansion of the planted area, as well as on promising
lands for vine growing, taking into account the rich
history of the region.

OBJECTS AND METHODS

Objects of research. The empirical basis includes
recent soils under vineyards (32 objects), postagro-
genic soils on measured land plots and terraces
(13 objects), and references (virgin soils) in each of the
five viticulture areas (Fig. 1). Soils under vineyards are
a generalized term: under conditions of a complicated
soil cover pattern, it signifies agrotechnical soil trans-
formation (trench plowing, regular cultivation of areas

between rows, significant agrochemical load, etc.) and
does not replace the genetic and classification simllar-
ity of soils. Terrain researches in historical areas of viti-
culture were performed on fallow land with evidences
of parceling and deep plowing in the ancient time [5,
21]. Such objects were studied in the Southwestern
(Herakleian Peninsula), Northwestern (Cape Ojrat,
lands near ancient centers and estates: Kalos-Limen,
Orth, and Mamaj-Tyup), and Eastern Crimea (vine ter-
races on the Kazantip Peninsula and to the west of
Kerch (Pantikapaion) near the village of Oktyabr’skoe)
(Table 1).

The historical centers of viticulture in Taurida in the
ancient time occupied significant areas in the South-
western and Eastern Crimea and isolated land massifs
in the Northwestern Crimea and the foothills. How-
ever, agriculture of the Greeks did not extend to the
areas inhabited by the Tauri and, in particular, to the
southern coast of the Crimea from Balaklava to Theo-
dosia with favorable soil and climatic conditions for
vine cultivation. Bosporan vine growers in the Eastern
Crimea began to introduce vine plant in the 6th—
Sth centuries BC, and two centuries later, perennial
plantations appeared in the Southwestern Crimea.
Viticulture as a branch of agriculture dominated in the
rural district of the Chersonese state in the pre-Scyth-
ian period: the coastal zone of the Herakleian Penin-
sula was occupied by vineyards in the 4th and early
3rd centuries BC [5]. Horticulture and viticulture
began to develop in the Northwestern Crimea since
the first quarter of the 4th century BC, which is evi-
denced by traces of the ancient land demarcation near
eight settlements and estates [46]. Ancient Greek
farmers considered vine cultivation in various regions
of the Crimea to be very important, and wine-making
technology was paid a great attention in the economy
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detailed soil survey with the use of a geodesic-class
satellite navigation system. Soil samples on the Herak-
leian Peninsula were taken on 69 best preserved land
plots of the rural district of Tauric Chersonese.

Two similar objects—ancient land plots for vine-
yards on the southern slopes with stony rendzinas on
the eluvium of hard carbonate rocks—were studied in
the Eastern Crimea: at the settlement of Kazantip I
(the 2nd century BC—the 3rd century AD) and at an
ancient farmstead (the 4th—3rd centuries BC) near the
village of Oktyabr’skoe (9 km to the west of Kerch
(ancient Panticapaion)). In 2019—2020, we also
repeatedly studied land plots 15—16 m wide with
fences 520 m long to the west of the settlement of Kitej
(the 5th century BC—the 5th century AD) in the south
of the Kerch Peninsula, where chernozems on com-
pact gray-green (2.5Y 6/4 (Munsell, dry)) clays are
formed in the littoral zone. The earlier soil survey
showed that the turbated horizon (70-cm-thick) was
formed 2400 years ago [26]. Soils of the Eastern
Crimea on eluvium of hard rocks and clays signifi-
cantly differ in the content of calcium carbonate
(CaCO,): 38 and 16% on average, respectively. There-
fore, these groups of objects are individually analyzed.

Terrain studies in modern areas of viticulture were
performed in the Southwestern (Balaklavskii and
Nakhimovskii districts), Northwestern (Sakskii dis-
trict), and Eastern (Leninskii district) Crimea, in the
foothills (Belogorskii district), and on the southern
coast of the Crimea (SCC) (city districts of Yalta,
Alushta, Sudak, and Theodosia) (Table 2). The most
promising for viticulture sub-Mediterranean land-
scapes of the SCC occupy the lowest belt of the Main
ridge of the Crimean Mountains 1—15 km wide on the
total area of 1255 km? [39]. Cinnamonic soils (accord-
ing to the nomenclature of soils of the Crimea) or
Cambisols [34] are mainly formed in this belt and in
the foothills to the west and east of the Main Ridge.

Soil samples were taken in modern vineyards from
the A, AB, and B horizons (from 0- to 120-cm layer)
in the area between rows, as well as from the A and AB
horizons both in the row of vine and in the area
between rows to compare agrophysical parameters. In
addition, 41 samples were taken from the B horizon
(>80 cm) and along the vertical profile in two pits on
soil-loess deposits 2.5 and 6.5 m deep (near a modern
vineyard and on virgin land) to construct geochemical
diagrams. A horizon with regenerated natural proper-
ties 21—25-cm-thick was identified under the sod layer
3—6-cm-thick on post-antique fallow land. This was
the study object.

Research methods. The scientific approach based
on the integration of soil science, archeology, land-
scape geomorphology, remote sensing data, and GIS
technologies, which enables the detection of evidences
of ancient land management and agriculture [37], has
already proved its efficiency. It was supplemented by
the results of remote sensing and geomagnetic survey

data processing for the historical areas of viticulture
[23, 46]. Data of the integrated soil-genetic and bio-
geochemical study of vineyard soils are a key compo-
nent for the practical use of the concept of terroir.

The comphcated geological structure of the
Crimean Peninsula is manifested in a great variety of
soil-forming rocks. Their spatial distribution was ana-
lyzed by cartographic methods in a local GIS on the
multifunctional platform ArcGIS 10.5 from ESRI.
The cartographic material was compiled and digitized
in the geographical coordinate system WGS-1984.
Sheets of a topographic map at a scale of 1 : 200000
were converted and referred to the mapping grid to
provide a basis in GIS for the entire peninsula (Soil
map of the Crimean Peninsula. Ukrzemproekt, 1972).
Modern (2017—2020) detailed sateilite images pro-
vided by cartographic web services of Google and
Yandex were also used.

The agrophysical soil status was determined in the A
and the AB (0—35 cm) horizons of recent soils at
45 sites under vineyards (in the row and the space
between rows) and for post-antique failow land by
fractionation of air-dry soil and assessment of the
water stability of mesoaggregates. A set of eight Fritch
GmbH sieves with square cells (diameter <0.25, 0.25—
1,1-2,2-3.15, 3.15-5, 5-7, 7-10, and >10 mm) was
used for dry sieving to analyze structural units accord-
ing to the method by N.I. Savvinov. The Ferret trian-
gle was used for visuahzation of the structural compo-
sition of soils [27]. The soil structure coefficient (C;.)
was calculated as the ratio of the mass of structural
units from 1 to 7 mm to the mass of structural units <1
and >7 mm [18]. The deflation hazard coefficient was
determined by the portion of macroaggregates >1 mm.
The water stability of mesoaggregates by gradations of
1-2, 2-3.15, and 3.15—5 mm in diameter was ana-
lyzed by the disintegration rate of aggregates (n = 50)
determined on moistened filter paper in a Petri dish
over the time period recommended in [3]. The water
stability criterion (4) was calculated by the ratio of the
percentage of water stable aggregates to the portion of
structural units of 3.15—5 mm in diameter.

The color of dry soil samples was determined by
the Munsell color charts [42]. The method by
I.V. Tyurin (modified by TSINAQO) was used to assess
the organic matter content. We also determined CO,
of carbonates by the acidometric method, pH of
water extract by the potentiometric method, total nitro-
gen by the titrimetric method (GOST R 58596-19),
available phosphorus and exchangeable potassium by
Machigin’s method (GOST 26205-91), mobile cop-
per compounds by the method of Krupskii and Ale-
ksandrova (GOST R 50683-94), and available boron
compounds according to the approach by Berger and
Truog (GOST R 50688-94).

The bulk analysis in powder samples of soils and
rocks was performed according to the method of mea-
suring the mass fraction of chemical elements on a



Table 2. Study objects on soils of modern vineyards in the Crimean Peninsula

Settlement Object no.* Altitude above | Inchnation, Aspect Soils Part1'c'1e—s1ze .
sea level, m degree composition of soil
Ostanino 6,7 30 1-2 S Low-humus southern chernozem on | Light clay
loess-like clays and loams
Chelyadinovo 9, 10 64 2-3 SW Low-humus high-carbonate mycelary | Medium and heavy
southern chernozem on loess-like clay
clays and loams
Yalta 11, 12 20 2-3 S Noncalcareous cinnamonic mountain | Heavy loamy with
soils on eluvium and colluvium of rock fragments
hard rocks
1315 260 3-5 S Calcareous cinnamonic mountain Light clay with rock
soils on eluvium and colluvium of fragments
hard rocks
Hurzuf 16 155 2-3 SE Noncalcareous cinnamonic mountain | Heavy loamy with
soils on eluvium and colluvium of rock fragments
17, 18 75 57 SE hard rocks
Alushta 19,20 65 2-3 S Noncalcareous cinnamonic mountain | Heavy loamy with
soils on eluvium and colluvium of rock fragments
hard rocks
Sudak 21, 22 67 1-2 SE Noncalcareous cinnamonic mountain | Heavy loamy with
soils on eluvium and colluvium of rock fragments
hard rocks
Novyi Svet 23,24 140 2-3 E Solonetzic cinnamonic mountain Light clay with rock
soils on colluvium of hard rocks fragments
Theodosia 25, 26 93 1-2 SE Solonetzic chernozem on compact Light clay with rock
clays fragments
Krinichnoe 27,28 270 3-5 SE, E | Rendzina on eluvium of hard calcare- | Light clay
ous rock
Sevastopol 29, 30 115 1-2 S, SE | Calcareous cinnamonic mountain Heavy loamy with
soils on eluvium and colluvium of rock fragments
34,35 180 1-2 SE hard rocks
Solnechnyi 31, 32 102 2-3 S Calcareous cinnamonic mountain Heavy loamy with
soils on eluvium and colluvium of rock fragments
hard rocks
Romashkino 36, 37 35 1-2 S, SE | High-carbonate low-humus southern | Light clay
chernozem on loess-like clays and
loams
Skvortsovo 38, 39 43 1-2 SE Mainly calcareous stony and pebbly [ Light clay

chernozem on eluvium of hard rock
and pebble, calcareous and carbon-
ate-enriched

* Object number corresponds to Fig. 1.



Spectroscan Maks-GV vacuum wave-dispersive X-ray
fluorescence spectrometer. A set of state standard
samples of soil composition was used for the quantita-
tive cahbration. The most informative geochemical
coefficients for the diagnostic of agrogenic transfor-
mation of soils are substantiated in a number of special
works [10, 13]. We used formulas for calculating the
eluviation coefficient: C, = Al,O;/(MnO + CaO +
K,0 + MgO + Na,0) [4]] and the mobility coefficient
of chemical elements: C,, = }(Na, K, Mg, Zn)/SiO,
[12], as well as the index of potential soil fertility: £1=
(CaO + MgO + 10P,0;)/Si0, [47] and the formula
for calculating the soil quality coefficient [12], which
was adapted according to [15] for vine plant: SQ =
(P,0;K,0Ca0ZnEe,0;Mg0)/5,

The sample of organic material of a vine bush to
determine the chemical composition of ash was pre-
pared by ignition in porcelain crucibles in a muffle
furnace at 450°C.

The data were statistically processed by standard
methods in Excel and STATISTICA 10.0 programs.
The variation coefficient (¥, %) was used for the most
informative geochemical parameters. The classifica-
tion similarity of objects (soils and rocks) was deter-
mined by interpreting the results of cluster analysis in
the STATISTICA 10.0 software product, using the
method of multidimensional cluster analysis (the
‘Ward hierarchical clustering algorithm in the squared
Euclidean distance by normalized values).

RESULTS AND DISCUSSION

Agrophysical status of soils. Vine plant is relatively
tolerant to growing conditions on skeletal soils. A clas-
sification of soils with coarse skeletal material by the
stone content has been elaborated in relation to vine
culture. It shows that vine plantations on shghtly and
medium skeletal soils (the content of particles >3 mm
ranges from 1 to 30%) are long-hving, and their yield
is high and of good quality [15]. It has been shown [38]
that, contrary to natural soil formation, which results
in the divergence of soil properties, agropedogenesis
causes their convergence. It should be mentioned that
the technology of ancient viticulture included deep
plowing; therefore, all soils under vineyards in the his-
torical areas of viticulture in the Crimea at the initial
stage of agropedogenesis were characterized by the
homogeneous upper root layer. Ancient winegrowers
stored large stones at the border of the land plot of
perennial plantations, as it is seen at Cape Ojrat [21],
or laid in walls of 1 m high and wide [25]. The study of
ancient vineyards of the 3rd—2nd centuries BC in the
rural district of Chersonese show that a trench 0.70—
0.80 m deep was laid during plowing, and the pre-
served depth of the ancient plowing is 0.50—0.80 m
[25], which penetrates into the turbated horizon with
particular agrotechnological characteristics. Eor exam-
ple, carbonate eluvium in virgin soil contains 34% of

particles >3 mm (strongly skeletal soil), while the
plowed horizon of the similar depth under an ancient
vineyard in Kalos—Limen is medium skeletal (the por-
tion of stone fragments >3 mm ranges from 18% (0—
63 cm) to 23% (63—84 cm) as a result of removing
stones from the soil.

The structure and water resistance of soil are of
great importance for its agronomic assessment. Aggre-
gates from 0.25 to 7 mm in diameter are the most agro-
nomically valuable [18]. Structureless loose aggregates
(<0.25 mm) and lumpy aggregates (>7 mm [18]) are
characterized by poor water and air permeability and
are compacted [27].

The analysis of the data (Eig. 2) shows that without
taking into account modern fallow land with strongly
fluctuating data, soils sampled in the rows of modern
vineyards are usually characterized by better structure
as compared to the space between them, which under-
goes regular mechanical processing. The significant
difference test with respect to the content of agronom-
ically valuable aggregates (0.25—7 mm) in two sam-
plings (soil in a row and in the area between rows of the
vineyard) shows that 7., > 7,s < 7,,, that is, the differ-
ence is significant at the 5% significance level. At the
1% significance level, soil samples are assigned to one
population. Turbations during the period, corre-
sponding to the age of the vineyard, are absent in vine
rows after the initial trench plowing of soils. The
decrease in the portion of agronomically valuable
aggregates in areas between vine rows is related to the
high content of blocks (>7 mm) due to trench plow-
ing and subsequent soil cultivation of these areas (4—
6 times per year to a depth of 10—12 cm) in case of tra-
ditional agrotechnology.

The values of the water resistance coefficient are
significantly higher in post-antique and recent fallow
land (>85%) unlike vineyards (40—60%) with more
strongly plowed-out soils (Table S1). The weighted
mean for three gradations of the dy parameter (water
resistance of aggregates of 1 to 5 mm in diameter)
under modern vineyards is different for soils in the row
and space between rows. The mean dy,is 46.9% in soils
of the row and twice as low (20.8%) between rows due
to regular turbations, which determines the soil struc-
ture as unsatisfactory.

The fallow regime enables the restoration of soil
structural status in the range of units of 0.25—7 mm,
and residual features of mechanical tillage are pre-
served in the silt fraction (<0.25 mm). This is revealed
in post-antique fallow soils (objects 1—5) and in post-
agrogenic soils of the modern development stage of
the Kerch Peninsula (objects 34—35).

The cluster analysis was performed, using normal-
ized values of parameters by standard deviation, for
groups of the studied objects by the portion of meso-
and microaggregates and by values of agrophysical soil
properties (Table S1). The analysis of Eig. 3 shows that
soils under vineyards may be specified by their agro-
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\yeslern (ob)ecl8 38 ani 39) Cwnea. The aeereeare
3laluz 080/ oleromps 1anii 2 yanes \yWbln 0.6—1.2,
\yblcb corresponin3 1o 8al18laclory 8lruclure. Oroup 1
18 cbaracknrei by 1be lareesl Tean colllen! o! aero-
noTioally yaluable a88reS8ale8 T coTpawon \y/b
o'ber eromps: 82.8%. Tbe \yaler 8labllby coeAMelll3
are 3HTLU canity bl§ber T posr-aniigue anii recen! lal-
lolylani (>85%) lbanT ToWern yTeyaris (40—60%),
\yblcb cbaracknreslbe plo\yT8-oul rale o! 1ben 8o/8.
There 18 an Tcrease w lbe lrackon <0.25 717 T

eromp 2 lo 30—40%. TblI8 Titoak3 lba! 8ltclural
nnWs \yere 1lran8l'onneii & oT aerononncally yaluable
orne3 bbo 8/lyTalenal aBaresul o!aeroeetc bnpac!,
1bal 18, re81IT1 (aiier a 1on§ laloly re§bne) eylllences
ob8oW plo\yT§-oun! are reyealeii.

Crounp 3, \yblcb 18 reberreii 10 a bl§b leyel o! 1be
blerarcblcal cla88LLcal'ton, Tclmiie8 Tonern yTeyaris
oblbe 8CC (ob)ec!8 13—24) anii Toern laloly lanin T
1be pleliTon! Cwnea (ob)ec!8 27, 28). Al a bl8ber
leyel,80M181roT 1beyTeyarii o! 1be Mararacb 1n8llnle
(ob)ec!8 11, 12) anii lbe abanitoneit yTeyarin on lbe
Kercb Pennwia (ob)ecis 9, 10) are a880claleii \ybb
Mn8 eronp.

Croup 3 iibler3 1roT eroup3 1 anii 2 by a 818nLL-
caniy blI§b 81tclural coelikaell, \yblcb enable3 1be
eyalmalton o!3 8lwclure a3 eooii (C8r> 1.5). No1 all
ob)ec!3 are cbaracknreii by 3ublMen! atoun! o!
aeronotucaHy yalmnable aeereeares: blocky aeereeares
(>7 17T1) preiionunale T 1be bellyeen-roly areas o!
ToleT yTeyariiaT Ounrrnl{29.8%), Almsbla (37.5%),
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Lra! 8LLILLIB (E 18 e cklMance o?as3ocnallon).

anl 8uckk (53.3%). Tbe paraTtekr3s ol\yaler slabMby
ako cbHer. Tbe coelllckn! kK aTon§ Lle 1o\ye81—37%
on ayera8e uncler roY8o! Toclern ynreyarc! anc! k 1\yke
a8 1lo\y—19% T LlLle area bekyeen ro\Y8 clve 1o re§ular
LLrbalon3. Tke 30M 8lrucllre Here Kk wnn3salisbackry.
Thbe Tean \yaler 8lablllly coelllckn! T Toclern lalloly
lancl k, on Lle conrrary, bl8b: aboul” 93%. Tbhe re8ulk
0! Llle a88e88Tenl o! Lle aeropbyska! 8ralll o! 3013
uncler yteyarck confinn Lle leaclrte role o! Lle §eo-
erapkucallaclor T LUen lypolo8y, eyen T case o! cbl-
leret bkiory anc! Lle nrkn3y o! a§ro§eTc rranskr-
Talhons.

8oW §eocbeTk!ry w bbloncal areas o! ylliculure.
Thbe 8lalklcal proces3te o! LLle enllle array o! eeocbeT-
Kal c)aka (n = 153) lor Llle 3urllecl ob]eck (Table 83)
sWo\ys a 3Hnblkan! yanabWy o!-allcbenuncal eleTtenk
concetrabons (yanalon coelllcknk are 1roT 19 lo
120%). Thberekre, Lley are bISbly Tl nnalle lor
clelert7T§ LWe burareetona! (1roT clklncllo clklncl)
cLUrerences. Ho\yeyer, Llle approacb basecl on coTpar-
T8 Lle 8lanclarcl ckylalion anc! Lle yanallon coell-
ckn! lor clUTeren! yanank o!-Llle cb3pewon o!-yalnes
Wl an tcrease 7 Le Teans [32] enables 13 1o cleler-
nune a 3bon 1kl o!- cMa™no3sc paratelers aton§
22 Tacro- anc! nucroekrtenk, \yblcb can be3! Tank
le3! 30 clUlerences bekyeen Lle Wnee bklorkal
re§ion8 o!-yllicubure T Lle Cwnea. Pour clMaenosHc
Tacroeletenk (oxble3) wll yanallon coellcknk
Tore Lan 28% are Mkiwuwkbell aton§ len Tacro -
eletenk wll relalllely 8lable 8lanclarcl ckykiion T
LLle 3aTpMne: CaO, Pe20 3 Al120 3 anc! 802 (Pk. 4).

Pour ektenk (Pb, A3, Pb, anc! 2n) Tay be recos-
TeclaTone 121raceekTenk a3 llle To3r niiorTaiye
1o LLlenLlly 3013 o!-8eo8rapblcal areas (Pk. 5).

\Yben cotpann§ Lle con'en! o!-22 Tacro- anc!
nucroekTenk T 30l13 o!-Mnee bl8loncal areas o!-ybl-
culure, no one ekTen! ccas excluckel by Lle cbosen
crilenon: Lle raiio bekyeen TLLUyLLIT1 pans o! 0™eck
o! Tore or les33 Wan 20%. Tbe coTparkon o! Llree
anckn! yllicubure re§won8 (Table 83) 3bocy3 Lkl Ll
cbWerences bekyeen Lle pan3s are Llle 8reak8! ur Llle
colllen! o! 3ucb oxbles a3 CaO, 802, A120 3, M §0,
MnO, K20, acl Ne 20 1T Lle A bornon ancl T Ll
colllen! o!1race ekTenk 8r, Pb, arcl A3. Tbe 8realesl
cblerences atone Le bklorkal cbarnck (\yVb respec!
1o LLle colllen! o! 19 cbeTkal ekTenk) are lypkallor
3oz o0lone area, nately, LLle Kercb PeTn3nk, Kntem
on cbWeret paren! rock3: carbonak ebuwwn arcl
beayy kaT. 80lk o! Le rural cbarnc! o! Cbersonese
(on Lle Heraklelan PeTn3uk) are yery 3pecllc T
coTparkon \ylb cakareouns 3ol3 o!LLle s orib\yesiern
Cuwnea (by a bl8ber conlenl (atone 17 ekTenk) o!-
non, leacl, wblcbwn, ancl akTnruT ancl by a lo\yer
conlenl o! 3ocHuT ancl sbollinnmn) ancl o! Le anckn!
Bo3pow3s (bya blebercotert (atone 16 ekTenk) o!
Pe, Pb, Pb, 81, Al, arcl V arcl a lo\yer colllen! o! 8r,
Ma, ancl P). 8ob3 unckr cnneyarck on laloly lancl o!Llle
blorLLxye3skrn Cunea arcl Bo3pow3s lortecl on cal-
careoms3 rocks arcl unckrcxet 1remcb pkccune T
anckn! llTe3 \yere LLe 103! 3unbar \ylb respec! 1o
Len8eocbeTkal coTposllon. These 1\yo re§ion8 clll-
Kr only T nte Tacro- anc! Tkroektelll3 atone
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22 ones; the difference in the content of Mg and Sr is
the most significant.

Soils of vineyards near ancient estates of the North-
western Crimea are characterized by high carbonate
content, which makes them very close to soils on the
eluvium of limestone of the Eastern Crimea. They are
better than soils on clays in the same area (Kitej dis-
trict) only due to Ca content. Viticulture in the south
of the Kerch Peninsula during the existence of ancient
Kitej (5th century BC—5th century AD) was success-
ful [26] obviously due to the features of local soils,
which differed from their calcareous analogues under
vineyards on slopes of the Kazantip Peninsula and of
the Oktyabr’skii estate by a higher content (1.3—
2.1 times) of elements useful for vine plants: Si, Fe, K,
Rb, Mg, and Mn.

The combination of priority elements, affecting the
taste qualities of wine materials (Fe, 05, Ni, Cu, Zn,
Co, and Rb) is substantiated from the ampelopedo-
logical point of view [2, 11, 15]. Soils of the Herakleian
Peninsula (the rural area of Chersonese) are in advan-
tage of other areas of ancient viticulture owing to a
higher content of Fe, Si, Mg, K, and Rb. Pedogenesis
on the SCC differed slightly from the current one since
the Phocene due to stable climatic conditions for soil
formation [1]. The Herakleian Peninsula is assigned to
the southern-coast moderately hot arid agroclimatic
region with very mild winters and the sum of tempera-
ture >10°C of 3400—3800°C for the period [39]. It sig-
nificantly differs from other historical viticulture areas
by the continuity and intensity of soil-forming pro-
cesses diagnosed by the Rb/Sr weathering index. It
reflects the difference in the stability of micas and
potassium feldspar in relation to carbonates, with
which Sr is associated [10]. Calcareous soils of the
Northwestern and Eastern Crimea are characterized
by 3 to 17 times lower Rb/Sr index as compared to soils
of the Southwestern Crimea.

After the creation of the agricultural zone for viti-
culture and wine export in the 4th—3rd centuries BC,
the Chersonese state began to develop grain farming in
the remote district (in the Northwestern Crimea) with
the subordinate role of viticulture. Biogeochemical
differences in soils and parent rocks along with chmate
could be a significant factor of variations in the quality
of wines in two regions of the Western Crimea. This is
related to the present-day differences in viticulture of
these areas, if the concept of terroir is used [40]. These
conclusions correspond to the different role of wine-
making in the Southwestern and Northwestern Crimea
(export and local consumption, respectively) in the
ancient period [5].

Geochemistry of soils in modern areas of viticulture.
The role of microelements in soil is no less important
for high-quality grape production than of the main
elements of mineral nutrition: N, P, K, Ca, S, and Mg
[11, 29, 43]. Variation coefficient (V) was used to
determine the most informative macro- and microele-

ments in soils under vineyards of the Crimean Penin-
sula (Table S2). Four chemical elements, which may
be assigned to background ones by V< 25% (K, 0, Cr,
MnO, and Ba), were excluded from further analysis.
Soils under vineyards were classified according to data
on the content of I8 chemical elements, using the
method of multidimensional cluster analysis (Fig. 6).

The results of the hierarchical classification show
that soils under vineyards may be specified into five
main groups according to their biogeochemical fea-
tures. The objects in groups 1 and 5 are the most con-
trasting at a high level of the threshold distance. Fal-
low soils from ancient vineyards of the Kerch Penin-
sula and the Northwestern Crimea (group 5) are
characterized by the most significant differences in the
geochemical composition as compared to other
objects on the peninsula. Old fallow soils, which are
more often formed on limestone eluvium and under-
went trench plowing in antiquity, are characterized by
a high content of CaO (25.1%), MgO (2.5%), and P
(0.36%) and by smaller (almost two times) amount of
Al, TiO,, Fe,0,, V, Cu, and Pb. Group 1 includes the
objects of the SCC on cinnamonic mountain mainly
non-calcareous soils. The relatively high concentration
of Fe,05 (6.01%) and AL, O; (19.85%) in soils of this
group is confirmed by their color: brown (10YR 5/3)
and yellowish-brown (10YR 5/4). The main difference
from the other groups consists in a low CaO content
(from 0.6 to 1.8% in the upper horizon) and in a higher
content of Al,O;, V, Cr, Co, Ni, Zn, Rb, and Pb.
Groups 2—4 include recent soils under vineyards of
the Southwestern, Piedmont, Northwestern, and
Eastern Crimea, which form one cluster, though are
significantly different. Groups 2 and 4 differ, first of
all, by the content of Co, Sr, Cu, As, Cr, Mn, and Ni,
which is 1.5—2 times higher in group 4 (these are mainly
loamy soils of vineyards on the Kerch Peninsula).
Groups 2 and 3 are the closest to each other: they differ
only in the content of Cu, Ni, and Co among 18 chosen
chemical elements, which is directly related to various
agricultural chemicals used by enterprises.

Geochemical ratios and coefficients may reflect
the results of processes related to weathering of parent
rocks and to pedogenesis. The coefficient of potential
soil fertility (F7) [47] and the eluviation coefficient
(C.) [41] are the most informative for differences
between post-antique fallow land and modern vine-
yards in this study (Table 3).

Soils in areas between rows of modern vineyards
differ from fallow soils of ancient vineyards by 2.5—3-
time higher Ce (due to the loss of alkahne compounds)
and leaching coefficient (Ba/Sr). The weathering
coefficient (Al,0,;/(Ca0O + Na,O + MgO + K,0)) is
also significantly higher: it varies for soils of modern
vineyards from 0.97 to 2.39 and does not exceed 0.69 for
soils of ancient vineyards. This testifies to stronger
weathering and removal of mobile elements, which is
related to longer farming period and greater intensity of
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represenrecl by Mee raiio ol The 3nT ol Tolal pbospboras 8b8bler leachbIn$ of Ne. K, M8, anc! 2n T Ibet a3
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Table 3. Oeocberwca! raitos anc! coesiMenii (X 3X) For Mye a§ro-cW Taiic re§iow of{be CnTean PeTwunla

1 2 3 4 5
Kalio§ anpg coeiiknen!»* V, %
p! Ty p! Ty Ty Ty p! Ty

H 12 + 0.1 0.2 +0.02 04+003 02+002 02+001 014+0.02 14%0.3 0.14+002 87
(Ca0 +M§0)/A1203 4.0 +0.2 0.7 +0.1 1.2 +0.1 08+ 004 0.6+003 0.4=%0.1 29105 0.5+0.01 77
A1203/(Ca0+Ne 20+ M E0+K20) 0.23 + 0.01 12 £0.1 0.7 0.1 0.9 +0.04 118+ 0.04 2.4 %0.2 0.5 0.1 1.4+ 002 63
CatMe+K 30.7 + 0.9 9.1 £0.6 170+ 0.8 104 + 0.8 9.7 £0.5 75£0.7 220+ 28 6.1 £0.1 59
c 0.8 0.1 5.7 0.4 2.3 0.1 4.7 £0.4 4.8 0.2 7.2+0.5 2.0 £0.4 5.6 +0.1 53
Mno/8r 31+0.2 9.7 £0.4 6.9+ 11 8.8 0.9 72+0.2 9.1 20.7 2.0 0.5 116 + 0.4 45
Ba/sr 12 +0.1 3.8 +0.1 3.9 £0.2 41 0.1 3.5+0.04 3.6 +0.2 11+0.2 45 +0.1 40
(K20 + Na20)/A1203 05+0.03 0.2+001 03+0004 03+00l 02+001 02+001 05+0.04 0.2+001 37
cT 2.6 +0.1 1.6 £0.1 2.9 £0.4 1.6 £0.1 1.8 0.1 2.3 0.2 33+0.5 1.6 £0.1 29
THO22r 240+ 0.8 281 0.8 394+ 19 375+24 367+ 12 407+ 15 277+ 12 258+ 0.8 21
80 3.6 +0.1 3.2 +0.1 3.8 £0.2 2.6 £0.1 3.9 +0.1 3.2 £0.1 41 +0.1 2.2 +£0.1 w
(@ c)( IMnO)N1L-0; 03+001 04+001L 04+001 04+002 04+001 03+001 04+002 03+0003 14

7—1Yorb\ye8{ern Cntea, 2—8§on{b\ye8{ern Cntea, 3—Pleciton{ Cntea, 4—Sou{berncoas{ o!Cntea, 5—Easf{ern Cnrea, sAr—po3{-
anMpawve blloly lancl, Ty—Ttoiiern yteyarcb. *E713{be coeiiknen! o!’po{en{lal 30U lerlliby [47], Ce18{be ebwabon coeliknen! [41], CT 18
{be coelllcrelll olcberweca! eleten{3 TobWity [12], r3{be coeiiknen! o!soanab{y [12]. bl3{beyanabon coellicrelll.



Table 4. Agrochemical properties of soils in abandoned and modern vineyards

Laycr Color ) Corg Ntot Pavail Kavail Bavail Cuavail
No. > | ofdrysoil |CO,, % |pH H,0 C/N
I (Munsell) % mg/kg
Eastern Crimea
6 |mv 2—13 [10YR 4/3 0.47 8.11 1.8 0.16 11.25 16 367 1.59 0.139
1324 [10YR 4/3 0.55 8.16 1.76 0.18 9.78 7 307 1.25 0.093
Southern Coast of Crimea
19 |mv 0—14 |10YR 6/2 0.23 8.08 1.50 0.54 4.63 35 240 1.03 0.188
14-25 | 10YR 6/2 0.15 8.14 1.26 0.44 5.15 17 129 1.00 0.212
21 |mv 0—17 |10YR 6/1.5 0.85 8.00 1.53 — — 16 224 2.13 0.079
1728 |10YR 6/1.5 0.93 8.06 1.17 — — 23 222 2.44 0.085
Piedmont Crimea
28 |mf 0—-13 |10YR5/2.5 3.29 7.99 1.54 0.4 3.85 18 491 1.98 0.421
13-26 |10YR 5/2.5 2.97 7.83 1.86 0.26 7.14 8 339 2.15 0.243
Southwestern Crimea
29 |mv 0—18 [10YR 6/3.5 429 8.13 1.99 — — 33 447 1.67 0.440
18—32 [10YR 5/4 4.51 8.06 1.69 — — 8 252 1.14 0.410
31 [mv 0—14 |10YR 4/4 4.47 8.05 1.53 0.26 13.56 32 510 1.96 0.382
14-26 |10YR 4/4.5 5.11 8.01 1.28 0.20 16.42 29 546 1.94 0.465
Northwestern Crimea

36 |my 0—-16 |7.5YR 5/4 3.85 8.04 1.85 0.24 11.89 10 520 2.33 0.084
1634 |7.5YR 4/4 4.07 8.10 1.16 0.20 15.82 8 352 2.14 0.050

39 |mf 0—-16 |7.5YR 5/4 5.83 8.12 1.32 — — 29 542 — —

0-21 [10YR 5/3 19.48 8.06 1.53 — — 9 221 — —

Dash signifies the absence of data; mf—modern fallow land, mv—modern vineyards.

sary forits growth and development [ 15]. The compar-
ison of SQ calculated as the geometric mean of the
content of these elements shows that fallow soils are
the most fertile: the content of useful chemical ele-
ments in them is significantly higher (1.2—1.5 times)
than in modern soils under vineyards. The piedmont
Crimea has SQ (3.87) close to the parameters of fallow
lands, which may prove the high soil-genetic prospects
for viticulture development in this area. The biological
activity coefficient (MnQO/Sr) is elevated in the areas
of modern viticulture, which is related to the involve-
ment of MnO in biogenic accumulation and migra-
tion. The TiO,/Zr ratio is specific for each of five geo-
graphical regions of the Crimean Peninsula, which
indicates the lithological and geochemical heteroge-
neity of soils.

The increased content of Cu, Cr, Ni, Pb, and Vis
revealed in soils under modern vineyards of the
Crimean Peninsula. These heavy metal contents tes-
tify to the geochemical specifics of the region and to
contamination of the studied area. The total accumu-
lation of heavy metals and metalloids in soil relative to
the background concentrations (index Z, [6]) calcu-
lated for five geographical regions of viticulture of
Crimea is the strongest for eight chemical elements

(Ni, Cr, Cu, Pb, Zn, V, Co, and As) in the A soil hori-
zon on the SCC (10.7) and in the Southwestern
Crimea (10.0). The SCC is an important recreational
area, where 35% of the agricultural land area is occu-
pied by vineyards, so the main task there consists in
the development of orgamic viticulture to avoid the use
of pesticides and mineral fertilizers [24].

Agrochemical properties of soils under vineyards.
The key agrochemical properties of soils of abandoned
and modern vineyards were analyzed in detail to deter-
mine their agrogemic transformation (Table 4). The
comparison of soils of five geographical regions shows
that the content of necessary nutrients (N, P, and K)
is higher on the SCC (N = 0.49%, P = 34.8 mg/kg,
and K = 286 mg/kg) and in the Southwestern Crimea
(N =0.23%, P = 25.5 mg/kg, and K = 438 mg/kg),
that is, in traditional viticulture and winemaking areas.
The C,,, content in postagrogenic soil horizons shows
that the dehumification level in cultivated soils under
vineyards is two times higher. The C/N ratio reflects
the humus enrichment with nitrogen and thus charac-
terizes its quality [17]. Soils of the piedmont Crimea
(5.5) and the South Caucasus (4.9) are the most rich
in humus as compared to other geographical areas.



Table 5. Concentration of chemical elements im ash of grapes and soil (B horizon) of modern vineyards of the Crimean

Penimsula
In ash of grapes In B soil horizon (>70 cm)
ChE* Measur‘cmcnt study region**
units

1 2 3 4 5 1 2 3 4 5
CaO 3.1 2.9 8.7 3.1 2.3 7.9 14.0 14.3 6.5 3.6
P,0s 2.2 2.1 3.5 2.5 2.7 0.1 0.3 0.3 0.2 0.1
Na,O 0.7 1.5 1.4 — 2.0 0.9 1.3 1.1 2.1 0.9
K,0 10.5 8.3 11.1 8.7 3.7 1.7 1.8 1.5 2.9 1.3
Al,O4 % 0.2 0.2 0.3 0.1 0.2 11.4 10.2 9.2 18.4 9.8
MgO 0.5 0.4 1.3 0.3 0.8 1.7 1.3 L1 1.9 1.1
Ti0, 0.02 0.01 0.01 0.04 0.01 0.78 0.62 0.52 0.47 0.84
Fe,0;4 0.4 0.2 0.2 0.6 0.01 5.0 3.9 3.8 5.3 3.2
Si0, 3.1 2.8 3.3 2.8 2.2 51.6 442 41.6 47.3 40.5
Co 39.3 413 2.9 73.5 27.3 9.0 1.8 0.7 13.5 14.6
Rb 64.0 51.2 66.9 38.1 39.5 88.3 64.8 57.4 140 68.9
Ni 8.2 8.3 8.3 7.4 8.4 53.3 42.5 34.5 77.6 53.0
Cu — — — — — 27.7 521 56.2 45.6 31.1
Vs — — — — — 276 199 151 209 320
MnO 0.01 0.01 0.01 0.02 — 0.12 0.12 0.06 0.13 0.13
7n mg/kg 81.0 | 121.0 68.0 | 108.0 79.0 81.2 87.1 103 120 62.5
Sr 157 112 350 102 121 182 179 157 136 108
As — — — — — 9.1 10.9 9.1 12.3 7.4
Ba 23.5 34.0 10.0 35.0 28.0 | 543 393 332 432 490
Pb 10.9 9.7 9.5 9.9 10.1 21.8 17.0 17.0 25.1 21.6
Cr — — — 20.6 — 93.1 91.7 67.7 109 103
v — — 0.34 — — 100 80 66 96 89

* ChE—chemical elements.

** J—Northwestern Crimea, 2—Southwestern Crimea, 3—Piedmont Crimea, 4—Southern coast of Crimea, 5—FEastern Crimea. The
results are obtained in replications, which provide an acceptable error. Dash signifies values below the detection limit.

Neutral or shghtly alkahne soils are the best ones
for vineyards. Soils of the piedmont Crimea corre-
spond to this criterion: their pH averages 7.9 (weakly
alkaline soils). All other studied objects are character-
ized by pH > 8, which corresponds to medium (8—8.5)
and highly alkahne (>8.5) conditions. Plants may not
receive the necessary nutrients from the soil. Such
inverse relationship is the case for mobile boron: its
content is increasing at pH < 8 (objects 21, 28, 36).

It is shown [14] that there is most significant excess
of copper in vine leaves on the SCC due to intensive and
long-term processing of vineyards by copper-contain-
ing preparations. The regression analysis of the rela-
tionship between the content of Cu,,, and Cu,,; in soils
of five geographical regions of the Crimean Peninsula
shows that parallel to two-time increase in Cu,, in the
soil, the content of its mobile form rises 3.3 times.

Results of translocation in the soil—plant system.
Test plots in land use areas within large modern win-
eries in four districts of the Crimean Peninsula were
studied for the interrelated geochemical characteris-
tics of soil and vine plant. The fifth district includes
lands in the piedmont Crimea, which can be regarded
among the priorities for the redevelopment of the wine
industry due to the reserve of suitable lands and the
agro-climatic potential. In this regard, we studied the
vineyard of state farm-plant “Predgor’e”, which has
not been cultivated since 2010. The comparison of the
geochemical compositions of berry ash from aged
vineyards characterized by a developed root system
and of the B horizon of soils (Table 5) shows the selec-
tive absorption of chemical elements by the vine plant.
The acropetal distribution of elements is typical for the
five studied areas of the Crimean Peninsula: the con-



centration of chemical elements is the greatest in roots
of vine plant [14]. Grape berries mainly accumulate
useful elements: P,O;, K,0, and CaO. Elevated con-
centrations of heavy metals, such as Co and Sr, are
revealed in all studied regions, and Zn is detected in
the Southwestern and Eastern Crimea. This is related
to the anthropogenic impact on soil and vineyards (the
application of herbicides and fungicides). On the con-
trary, the concentration of other heavy metals (Cr, V,
Cu, and Zr) and As is low in grape produced on soils
with high heavy metals content.

The assessment of the ampelopedological condi-
tions of the Crimean Peninsula shows that the South-
western and Piedmont Crimea are characterized by a
favorable biogeochemical potential: the content of
plant nutrients (CaO, P,0,, and K,0) is 1.5—2 times
higher than in other areas. Lands of the Massandra
enterprise (the SCC) are the most polluted: the con-
centrations of heavy metals Co, Ni, Zn, Pb, V, and Cr
in the upper soil horizon under vine are exceeded. The
results of the study enable us to substantiate the criteria
for the identification of geographical areas of viticul-
ture of the Crimean Peninsula. In particular, there is
an increased content of Zn in grape ash in the South-
western Crimea and of Ni in the Eastern Crimea.
Grapes from the Piedmont Crimea are characterized
by higher concentration of MgO, Al,O;, SiO,, P,0s,
Ca0, Sr, and K,0, as well as Rb (more than two
times). The accumulation of Fe and Pb is more inten-
sive in soil and ash of berries in the Northwestern
Crimea. Such chemical elements as Cr, Co, and Ba are
responsible for geochemical features of grape on the
SCC. The criteria obtained can help the identification
of the geographical location of wine products from the
Crimea to protect them from falsification.

CONCLUSIONS

Initial trench plowing results in different structural
status and water stability of aggregates in vine rows and
in areas between rows over several ten-year periods of
vineyard growth due to regular cultivation (four—six
times a year). This is reflected in the decrease in the
portion of agronomically valuable aggregates (0.25—
7 mm) by 16% and in the water stability index of
aggregates of 1-5 mm in diameter by 26% in soils
between rows as compared to soils under vine. It is
argued that the geographical factor plays the leading
role in the classification of soils of vineyards by a com-
blnation of agrophysical parameters despite the differ-
ent development history and the intensity of agrogenic
transformations of soils. This is especially obvious in
the specific properties of soils of the sub-Mediterra-
nean region on the SCC in comparison with four other
areas of modern viticulture.

The comparison of geochemical features of soils
from the three main regions of ancient viticulture of
the Crimea (in the northwest and southwest of the
peninsula and on the Kerch Peninsula) shows that the

greatest differences in the postagrogenic horizon are
determined by the content of macroelements Ca, Al, Si,
Mg, and K and of microelements Sr, Rb, As, and Pb.

The comparison of soils under modern vineyards by
a combination of 18 diagnostic elements and their oxides
shows a fundamental difference in geochemical condi-
tions in five geographical regions of the Crimea. This is
related to differences in the genesis and parameters of
soils, which can potentially affect the quality of wine
materials in these regions. Soils of the Southwestern and
Piedmont Crimea are characterized by the most favor-
able biogeochemical potential: the content of a number
of plant nutrients (Ca, P, K) in them is 1.5—2 times
higher as compared to that in other areas. The analysis of
the factors of geochemical differences in soils from
many viticulture regions, which are differentiated in the
hierarchical classification of the study objects, shows
that specific features of soils under vineyards of the SCC
are determined by concentrations of Cr, Co, and Ba.

The potential of the soil and climatic diversity of
the Crimean Peninsula (51 soil types of 17 genetic
groups according to [19] and 20 agro-climatic regions)
makes promising further research: the use of an
ampelopedological approach to substantiate agro-
production groups of soils, which can provide high-
quality products, and to form a wide range of terroirs
in the entire region.
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