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N3yueHo BaJIOBOE COMEPIKAaHUE PEIAKO3EMENIbHBIX JIEMEHTOB B MPO(UIIC MOYB KaTeHbI 3aCOJICH-
HBIX arpoianamadpToB bapabuHckoit paBHuHBI B ipenenax HoBocubOupckoit odmactu. OnpeneneHo
BaJIOBOE COZIEpKaHWE IUPKOHWSI, UTTPHS, CKaHIM, TN, B TOM YHCJE JJAHTAHOUIOB — IIepus,
NaHTaHa U UTTepOus. Penko3emenbHbIe dJeMEHTHl KpaifHe ciabo m3ydeHbl. B HacTosiee Bpems
BIUSHYE MX Ha PACTCHUs, OPTaHU3MbI KUBOTHBIX U YEIIOBEKA aKTUBHO HCCICIYIOT, XOTS TPEeiib-
HO JIOITyCTUMBIC U OPUECHTHUPOBOYHO JIOMYCTHMBIC KOHIICHTPALIUHU JUUIsl HUX TIOKa HEe pPa3pa0OoTaHblI.
BanoBoe comeprxanue peaKo3eMeNbHBIX JIEMEHTOB, OMPENCIsIeMOE B ITOUBAX KATCHBI, 3aBUCUT OT
IPaHyJIOMETPUYECKOTO COCTaBa U CTEIEHU I'yMYyCHPOBAHHOCTH ITOYBEHHBIX FOPH30HTOB. BhIsBIle-
HO, 9TO B M3YYCHHBIX ITOYBaX OHW B OCHOBHOM COJIEpKATCS B KOIMYECTBE KIAPKOB 3€MHOW KOPHI,
3a UCKJIIOUEHHEM JIaHTaHa B TYMYCOBBIX TOPH30HTAX, IJIe €ro coiepikaHue moutu B 1,5 pasza (44—
48 mr/Kkr) OoJbIle Ki1apka B 3eMHOH kope (29 mr/kr) u uttepous (B 10 pa3 6omibine kiapka). [To mpo-
(bWITrO TIOYB OTMEYCHO HE3HAUUTEIILHOE TIEPE/IBIDKEHUE PEKO3EMETbHBIX 3JICMEHTOB KaK B BEPTHU-
KaJbHOM, TaK U B TOPU30HTAJILHOM HAIPABJICHUH, YTO CBUACTEIBCTBYET O MaJIOH MOJABMIKHOCTH UX
coenuHeHUN. B mpoduiie m3ydaeMbIX TIOYB U3 TPYIIIBI PEAKO3EMENBHBIX JIEMEHTOB IpeodagacT
nupkoHui. Ero comepxanne B TyMyCOBBIX TOPH30HTAX TIOYB AITIOBHATBHBIX TTO3UIINH HAXOIUTCS B
peJieNnax Kiapka 3eMHOH KOpbl, KojeOaHus 1o MPo(HITI0 HE3HAYUTENBHEIL. B O0IBIINX KOIIMYeCcTBax
conepxutcs urrepouii — ot 1,89 no 4,05 MI/Kr MOYBBI, YTO 3HAYUTEIBHO OOJbIIE KIIApKa 3€MHOM
kopsI (0,3 Mr/kr mo4Bsl). Pojib JIAHTAHOUIOB B CUCTEME 1OYBA — PACTEHUS — KHBOTHOE — YCIIOBEK
TpeOyeT NajabHEHUIIero rIy0OKOro U3yYeHHsI.

KuroueBbie cioBa: bapaOuHckas paBHHHA, 3aCOJICHHBIC arpojiaHamadThl, KaTeHa, PeaKo3e-
MEJbHBIE 3JIEMEHTHI, JIJAHTAHOUIBI
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The total content of rare earth elements in the soil profile of saline agricultural landscapes catena
of the Baraba plain within Novosibirsk region was studied. The total content of zirconium, yttrium,
scandium, gallium, including lanthanides — cerium, lanthanum and ytterbium was determined. Rare
earth elements are extremely poorly analyzed. At present, their influence on plants, organisms of
animals and humans is being actively studied, although the maximum permissible and tentatively
permissible concentrations for them have not yet been developed. The total content of rare earth
elements, determined in the soils of the catena, depends on the granulometric composition and
the degree of humus content of the soil horizons. It was revealed that in the studied soils they are
mainly contained in the number of clarkes of the earth's crust, with the exception of lanthanum in
the humus horizons, where its content is almost 1.5 times (44—48 mg/kg) higher than the clarke in
the earth's crust (29 mg/kg), and ytterbium (10 times higher than the clarke). Along the soil profile,
an insignificant movement of rare earth elements in both vertical and horizontal directions was
noted, which indicates a low mobility of their compounds. Zirconium predominates in the profile of
the studied soils from the group of rare earth elements. Its content in the humus horizons of soils of
eluvial positions is within the clarke of the earth's crust; variations along the profile are insignificant.
Ytterbium is contained in large quantities — from 1.89 to 4.05 mg/kg of soil, which is significantly
higher than the clarke of the earth's crust (0.3 mg/kg of soil). The role of lanthanides in the soil —
plant — animal — human system requires further in-depth study.

Keywords: Baraba plain, saline agricultural landscapes, catena, rare earth elements, lanthanides.
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INTRODUCTION for a particular territory, but also more detailed
information for each agricultural landscape.
The data obtained are necessary for the devel-
opment of adaptive landscape farming systems:
scientifically grounded systems of processing,
crop rotations, fertilizers, etc. The main goal
of scientifically grounded farming systems is

At present, due to challenging ecological
conditions both in Russia as a whole and in
Western Siberia, when studying the properties
of agricultural landscapes special attention is
paid to their microelement composition. It is
important to know not only its average content
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to obtain high and stable yields of ecologically
clean and high-quality agricultural crops. This
is possible only with a deep knowledge of the
elemental chemical composition of soils and
parent rocks. The chemical composition of soils
is directly determined by the composition of the
parent rocks, in which, in turn, the composition
of the original rocks is preserved, which is dis-
cussed in detail in the works of V.B. Ilyina, A.I.
Syso [1, 2]. The soil cover of the Novosibirsk
region is characterized by a large variegation of
the total content of trace elements (heavy met-
als), which is inherited from the parent rocks.
In the process of soil formation, they are some-
what redistributed along the soil profile, relief
elements, and biogenic accumulation is mani-
fested in the humus horizons. It has been estab-
lished that the main carriers of heavy metals are
silt particles, humic substances and hydroxides
[2].

According to A.P. Vinogradov, “... all the
chemical elements of the earth's crust, includ-
ing soils, may be necessary or useful for plants
and living organisms. There can be no toxic ele-
ments in nature, there are their toxic concentra-
tions .

At present, a certain part of microelements in
soils has been studied rather thoroughly. Haz-
ard standards for different territories, maximum
permissible concentrations, tentatively permis-
sible concentrations, etc. have been developed.
However, devices have appeared that make it
possible to determine more accurately a large
number of microelements. The significance of
some of them for the life of plants, animals and
humans has not yet been established, but the
very constant presence in plants indicates their
importance.

In the process of studying microelements in
the soils of saline agricultural landscapes of the
Baraba Plain, the content of 37 macro- and mi-
croelements was determined by atomic emis-
sion spectroscopy.

In the present paper the gross content of rare
earth elements (REE), the significance of which

is currently underexplored for plants and living
organisms has been reviewed.

The aim of the study is to investigate the
total content of rare earth elements in the soil
profile of the saline agricultural landscapes cat-
ena of the Baraba Plain within the Novosibirsk
region.

MATERIALS AND METHODS

The studies were carried out in two key ar-
eas of the Baraba Plain: in the wide valley of the
Karasuk River and in the basin of the lake Ch-
any. The first site is located in the Chulym dis-
trict of the Novosibirsk region near the village
Bolshenikolskoe. Three soil sections were laid
in the saline agrolandscape along the catena.
Section No. 1 is located at the eluvial position
of the mesorelief (a gently sloping ridge). The
coordinates are - 54°31'28.9 " N. and 81°29'45.3
" E, the altitude above sea level is 203.3 m. The
soil is meadow-chernozemic ordinary leached
medium-thick medium loamy. Section 2 was
excavated in the transit zone. The coordinates
are - 54 °35'14.5 " N. and 81 °29'45.3 " E. The
soil is chernozem-meadow saline sandy loam,
in which, at a depth of 72 cm, the profile of the
buried soil with horizons A of burials and B of
burials is clearly distinguished. Section No. 3
was laid in the accumulative zone. The coordi-
nates are - 54°35'37.4 " N. and 81°29'11.5 " E,
the altitude above sea level is 229 m. The soil
is a deep solonchak heavy loamy meadow solo-
netz (see the figure).

The second site is located on the drying Yu-
dinsky reach of Lake Chany. Two cuts were laid
along the catena. In the eluvial position, section
no. 40 was dug at the summit of the ridge at an
altitude of 120 m above sea level. The coordi-
nates are - 54°74'58.98 " N and 76°06'94.00 "
E. Soil - meadow-chernozem ordinary, slightly
salted, medium-thick sandy loam. In the accu-
mulative zone in geochemical subordination,
section No. 20 was laid. The coordinates are -
54°78'11.33 " N. and 76°83'95.28 " E, absolute
elevation above sea level 103m. The ridge, with

Vinogradov A.P. The main regularities in the distribution of trace elements between plants and the environment // Micro-
elements in the life of plants and animals. Moscow: Publishing House of the Academy of Sciences of the USSR, 1952.
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a sharp ledge, is transformed into a gently slop-
ing surface of the dried bottom of the Yudinsky
reach. Ground water was found at a depth of 60
cm. The soil is meadow-boggy, saline, heavy
loamy (see the figure).

The morphological description of the soil
profiles was carried out and soil samples were
taken from the genetic horizons. Analyzes were
carried out in them according to generally ac-
cepted methods: granulometric composition ac-
cording to Kachinsky, absorbed bases - accord-
ing to Schollerberger, humus - according to Ty-
urin, pH - potentiometrically®. Trace elements
were determined on a two-jet atomic emission
plasmatron (DAEP) by atomic spectroscopy in
the laboratory of soil biogeochemistry of the
Institute of Soil Science and Agrochemistry of
the Siberian Branch of the Russian Academy of
Sciences.

RESULTS AND DISCUSSION

The total content of seven rarely detected
trace elements - zirconium (Zr), yttrium (Y),
scandium (Sc) and gallium (Ga), including lan-
thanides - cerium (Ce), lanthanum (La) and yt-
terbium (YD) has been studied in the soils of
saline agricultural catena landscapes. Since
they exhibit similar properties, they have been

combined into one group of rare earth elements.
This name is due to the fact that these elements
are believed to be rare and their concentrations
are widely scattered both inside the earth's crust
and in soils. However, in-depth studies of re-
cent years have shown that REEs are not rare.
In terms of total prevalence, they exceed lead
by 10 times, molybdenum by 50 times [5].

In the last decade, rare earth elements have
begun to be used in various industries, and their
release into the environment has increased ac-
cordingly. The effect of REEs on plants and
organisms of animals and humans is currently
being actively studied.

As our studies have shown, zirconium pre-
dominates in the soils of both catenas from the
REE group (see Tables 1, 2). Its content in the
humus horizons of soils in the eluvial positions
of catena 1s 179-200 mg / kg of dry soil. Down
the profile, the fluctuations are insignificant, but
its amount is somewhat less - about 170 mg / kg
of soil, which corresponds to the clarke of this
element in the earth's crust’.

In the transit position of the first catena
in the profile of chernozem-meadow soil at a
depth of 72-90 cm, horizon A of the buried soil
is clearly distinguished, in which the zirconium

*Workshop on agrochemistry / ed. by V.G. Mineev. M.: Publishing house of Moscow State University. 2001. 687 p.
3Alekseenko V.A. Environmental geochemistry: textbook. M.: Logos, 2000. 627 p.
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Taoua. 1. Coz[epn(aHI/Ie PEAKO3EMCIIbHBIX MUKPOS3JIECMEHTOB B ITIOYBAX 3dCOJICHHBIX al"pOJ'IaHIHHa(i)TOB

MEPBOIl KaTeHbI

Table 1. The content of rare earth trace elements in the soils of saline agricultural landscapes of the

first catena

Geomorphological position,
section No., soil

Horizon, cm

Trace element (heavy metal), mg / kg dry soil

Zr Y Sc Ga Ce La Yb

Eluvial, R, No. 1, A_0-18 200 | 299 | 149 | 106 | 687 | 314 | 3,01

meadow chernozem medium | A “g 45 270 | 41,6 | 184 | 103 | 925 | 449 | 4,05

thick medium loamy !

AB 45-65 198 | 324 | 178 | 157 | 947 | 414 | 338

B 65-85 254 | 429 | 208 | 124 | 875 | 486 | 429

B 85-135 | 215 | 36,1 | 180 | 105 | 777 | 424 | 352

Transit, R, No.2, A,0-10 208 | 20,7 | 103 | 11,7 | 438 | 282 | 194

g;lﬁ;“ gg;“y?;g‘;;f;’w Sightly 1 ) tooa | 120 | 150 | 108 | 875 | 804 | 335 | 208

AB 2443 | 174 | 135 | 909 | 7.25 | 140 | 226 | 159

B, 43-72 13 | 155 | 938 | 567 | 542 | 247 | 1,83

A 72290 | 222 | 286 | 146 | 11,1 | 61,0 | 375 | 298

B 90-130 | 135 | 152 | 112 | 885 | 663 | 325 | 191

Accumulative, R, No. 3, A 020 276 | 194 | 122 | 839 | 693 | 297 | 2,18
deep meadow saline -

solonchak heavy loamy B, 25-35 126 | 193 | 106 | 911 | 51,3 | 228 | 1,89

B,, 35-50 149 | 246 | 11,7 | 98 | 608 | 267 | 236

B,, 50-68 168 | 312 | 132 | 100 | 847 | 356 | 325

B,, 68-80 195 | 289 | 149 | 817 | 71,0 | 323 | 2.8

Clarke element in the earth's 170 20 10 19 70 29 0.3

crust [5]

Taoa. 2. ConepkaHue peko onpeaesieMbIX MUKPOJIEMEHTOB B TIOUBaX 3aCOJICHHBIX arpoianimad-

TOB BTOPOW KaTe€Hbl

Table 2. The content of rarely detected trace elements in the soils of saline agricultural landscapes of

the second catena

Geomorphological position,
section No., soil

Horizon, cm

Trace element (heavy metal), mg / kg dry soil

Zr Y Sc Ga Ce La Yb
Eluvial, P, 40, A 3-18 193,0 26,2 12,1 8,87 50,2 30,4 2,62
meadow chernozem
solodized A 18-30 2240 26,9 11,4 9,93 39,7 24,8 2,72
sandy loam
AB 35-45 177,0 19,1 8,4 8,41 38,7 23,3 1,86
B, 61-93 178,0 24,5 16,9 8,65 58,2 34,1 2,28
C., 90-100 178,0 25,5 |[11,9 8,62 52,5 29,5 2,41
Accumulative, R, No. 20 A 0-7 179,0 | 21,3 | 241 | 149 | 696 | 49,0 | 3,57
meadow-swamp q
saline A, 10-20 171,0 30,7 21,0 13,0 59,4 39,3 3,37
heavy loamy 4
B, 40-50 136,0 24,9 17,4 12,3 46,6 25,5 2,68
G 65-75 174,0 31,5 (228 12,0 55,6 (394 3,34
Clarke element in the earth's 170 20 10 19 70 29 03

crust [5]

3emiieiene U XUMH3AIHs

CuOupcKHil BECTHHK CEJIbCKOXO3SIHCTBEHHOM Haykh © 2021 « 51 3

9



Rare earth elements in soils of saline agrolandscapes
of the Baraba plain

Semendyaeva N.V., Morozova A.A.,
Dobrotvorskaya N.I., Elizarov N.V.

content is high - 222 mg / kg. In the accumula-
tive position, the largest amount of zirconium
was found in the humus horizon of the deep
solonetz - 276 mg / kg; it decreases down the
profile. It is known that zirconium belongs to
low-mobile elements, does not form water-
soluble compounds within the landscape, and
weakly migrates with organic complexes [3,
4]. In our opinion, some of its accumulation in
the humus horizon of soils in the accumulative
zone is associated with the erosional processes
of the movement of clay fractions from the up-
per positions of the catena to the lower water

flows. In the second catena, approximately the
same zirconium content was found in the pro-
files of the studied soils.

The gross content of yttrium in the soil pro-
files of the studied catenas is also close to the
clarke of this chemical element in the earth's
crust. In the first catena at the eluvial position
in the meadow chernozem soil, the amount of
yttrium is somewhat higher than in the second,
due to the heavier granulometric composition
(see Table 3). V.V. Ivanov noted that there are no
reliable soil clarkes of yttrium, since "soils are
rarely analyzed for yttrium." He believes that

Taoa. 3. U3UKO-XUMHUUYECKHUE CBOICTBA IIOYB KATEHBI

Table 3. Physical and chemical properties of catena soils

. .. Physical and chemical properties
Geomorphological position, . .
section No., soil Horizon, cm H H % Physical clay,
B P umus, 7o particles <0.01 mm,%
Eluvial, R, No. 1, A 0-18 6,6 9,7 36,5
meadow chernozem e
medium-power A, 1845 6,6 7,7 31,1
medium loamy AB 45-65 6.3 1.3 53,5
B 65-85 6,7 Not ident. 53,9
B, 85-135 8,4 » » 56,3
Transit, R, No. 2, A,0-10 7,9 10,8 14,0
chernozem-meadow
slightly salty A 10-24 8,2 4,5 8,8
heavy loamy AB_24-43 8,3 1,0 21,4
B, 43-72 8.4 0,6 22,6
A 72-90 8,9 0,9 53,3
B_90-130 9,1 0,6 56,1
Accumulative, A 0-20 9,8 5,2 60,6
R, no. 3, e
deep meadow saline solonchak heavy B,25-35 10,1 2,6 60,2
loamy B, 35-50 10,2 0,9 41,2
B, 50-68 10,0 Not ident. 41,2
B4q 68-80 10,0 » » 54,6
Eluvial, A 3-18 6,8 5,7 14,8
R, NC?. 40,h A, 18-30 7,1 4,5 14,1
meadow chernozem
solodized AB 35-45 7,3 1,1 36,1
sandy loam B, 61-93 8,9 0,5 294
C., 90-100 9,0 0,2 26,9
Accumulative, A, 0-7 8,9 5,9 72,2
R, no. 20,
meadow-swamp A, 10-20 9,0 2,8 88,1
saline Bq 40-50 8,6 2.8 66,1
heavy loamy G 65-75 8,9 2,5 51,1
10 Siberian Herald of Agricultural Science » 2021 « 51 « 3 Agriculture and chemicalization
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yttrium is in the clay fraction of soils, where
its average content is 33 mg / kg, in sandy and
calcareous soils - 18 and 8 mg / kg of dry soil,
respectively [5]. This conclusion is consistent
with the conclusions of other researchers [1, 2],
including ours.

Scandium is a typical scattered lithophilic el-
ement. Due to its very low concentration in the
earth's crust, its geochemistry is poorly studied,
although it has a rather high clarke - 10 mg / kg.
This is higher than tin and almost the same as
lead. In the last decade, it was established that
the content of scandium in soils depends on its
content in the parent rock. Its lowest concentra-
tion is typical for sandstones and light soils; in
heavy and clayey soils, the scandium content is
much higher [6].

It should be noted that the scandium con-
tent in the soils of both catenas is equal to the
clarke or is slightly higher. In the first catena, it
is more abundant in the profile of the meadow-
chernozemic medium loamy soil of the eluvial
position, in the second, in the meadow-boggy
saline heavy loamy accumulative position.
Along the profile, fluctuations in the content of
scandium are not so significant, which indicates
a weak movement of its compounds.

The average content of this element in land
plants is 0.008 mg / kg dry weight*, in vege-
tables - 0.005 mg / kg, in grass - 0.07, while
in barley roots - 0.63 mg / kg. The content of
scandium in old leaves is higher than in young
ones [7]. The biological role of scandium and
its migration along biological chains is very
poorly studied. It has now been established that
scandium, like other REEs, is not a necessary
chemical element for the life of plants, animals
and humans, especially since it is not a “min-
eral of death” - a potent poison [8, 9].

The gross gallium content in the catena soil
profile is almost 2.0-2.5 times lower than its
clarke value in the earth's crust - 19 mg / kg. Its
fluctuations along the profile are insignificant.

In the soils of the first catena, the amount of
gallium is greater in the meadow chernozemic
medium loamy soil of the eluvial position than
in the meadow chernozem solodized sandy
loamy soil of the second catena (see Table 1).
In the accumulative position, an inverse depen-
dence of the gallium content in soils was found,
which is associated with both the granulomet-
ric composition and the location of the sections
along the relief. The gallium content probably
depends on the humus content: with a decrease
in humus in the A horizons of the soils, its
amount decreases. In the buried horizon A of
the soil, it is approximately the same as in the
upper horizon A (see Table 1).

The gross content of cerium, the clarke of
which is 70 mg / kg (see footnote 3), in the
soil profile of the second catena is significantly
lower than in the soil profile of the first catena,
which is probably due to their lighter granulo-
metric composition along the genetic horizons
and the content of cerium in parent rock.

In the humus horizon of the chernozem-
meadow soil of the transit zone, it is somewhat
less than in the eluvial and accumulative ones.
There is little data on the role of cerium in the
life of plants, animals and humans, but recently
there have been studies to study its effect on
the elemental composition and development of
plants °.

The gross content of lanthanum is approxi-
mately the same in the soils of both catenas, and
it is within the clarke of the earth's crust - 29 mg
/ kg of soil (see Tables 1, 2). Only the profile of
the meadow chernozem soil of the eluvial posi-
tion in the first catena is distinguished, where
the total content of lanthanum along the profile
is in an amount higher than the clarke - from
41.4 to 48.6 mg / kg, while in the profile of the
soils of the transit and accumulative position
it is slightly less - from 22.6 to 37.5 mg / kg.
Much attention has been paid to this element by
Yu.N. Vodyanitsky [10]. It has been established

*Scandium. it’s Occurrence, Chemistry, Physics, Metallurgy and Technology. London, New York, Krancisco: Acad. Press,

1975. 598 p.

SKotelnikova A.D., Volkov D.S., Fastovets I.A., Rogova O.B. The influence of cerium on the elemental composition of barley
plants when introduced into sod-podzolic soil. Soil Science: Horizons of the Future: Proceedings of the III Intern. conf. (Soil

Institute named after Dokuchaev). M., 2019.
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that lanthanum in micro doses has a stimulating
effect on plants, in high doses it has a depres-
sive effect [11, 12].

It was found that the total content of ytter-
bium in the soil profile of catena in saline agri-
cultural landscapes of Baraba significantly ex-
ceeds the clarke in the earth's crust. Clarke of
ytterbium - 0.3 mg / kg, and in soils of catena
it contains from 1.6 to 4.3 mg / kg of soil. Its
greatest amount is in the meadow chernozem
soil of the first catena, the smallest is here in
the transit zone, which is directly related to the
granulometric composition. It should be noted
that plants are able to resist the accumulation of
REE. They block their transfer into the human
body and do not accumulate in it.

Statistical processing of the material.

To perform statistical processing, consider
the physicochemical properties of catena soils,
presented in table 3. The granulometric com-
position of soils in the first catena varies along
the profile in the eluvial position from medium

loamy to heavy loamy, in the transit one - from
sandy loam in horizon A to heavy loamy in the
lower horizons. The humus content in the stud-
ied soils is rather high in the upper horizons
(9.7-10.8%). It falls sharply down the profile.
The pH value in soils increases from the eluvial
position to the accumulative one.

In the soils of the second catena in the elu-
vial position, the granulometric composition of
soils in horizon A is sandy loamy, and becomes
heavier downward to light loamy. In the accu-
mulative position, it becomes heavily heavier
to heavy clay. The soils of the second catena are
less humus-rich than the first. The pH value in
the soils of the eluvial position in the upper ho-
rizons is neutral, becoming alkaline with depth.
In the accumulative one, an alkaline medium is
preserved throughout the profile.

Statistical processing of the research results
was carried out in the applied statistics pack-
age of standard Excel programs. In particular,
a correlation analysis was carried out between

Taoa. 4 KoaduueHTsl Koppemnsiiuy MexIy pacipe/elicHHEM PeIKO3eMeNIbHBIX AIEMEHTOB
110 TIPOHUITI0 ¥ PU3UKO-XUMHYESCKUMHU CBOMCTBAMH TIOYB

Table 4. Coefficients of correlation between distribution of rare earth elements along the profile

and the physical and chemical properties of soils

Geomorphological position, P}%S;gig{ld Trace element
section No., soil properties Zr Y Sc Ga Ce La Yb
Eluvial, R, No. 1, .
meadow chernozem Physical clay | —0,34 0,01 0,45 0,51 0,12 0,37 0,08
medium-power Humus 0,32 0,10 -0,55 | =096 | -0,73 | —0,47 | —0,06
medium loamy
pH -0,10 0,05 0,05 -0,48 | —0,42 0,08 -0,06
Transit, R, No. 2,
c%;elk*lrﬁ)zenﬁn(lleadow Physical clay 0,20 0,43 0,66 0,20 0,18 0,52 0,51
slightly salte _ | _ _
heavy loamy Humus 0,37 0,14 0,15 0,61 0,01 0,03 0,10
pH -0,09 0,22 0,56 -0,05 0,32 0,50 0,41
Accumulative,
dR’ No. 3,d lonchak Physical clay 0,39 -0,70 | -0,17 | -0,81 | —0,46 | —042 | —0,64
eep meadow soloncha N _ N
heavy loamy Humus 0,85 0,79 0,41 0,99 0,57 0,53 0,27
pH -0,93 0,19 -0,22 0,46 -0,46 | —0,42 | —0,06
Eluvial,
R, No. 40, Physical clay | -0,78 | -0,85 | 0,11 | —0,78 0,05 -0,06 | —0,95
meadow chernozem
solodized Humus 0,68 0,49 -0,17 0,57 -0,32 | -0,17 0,68
sandy loam
pH -0,49 0,04 0,58 -0,34 0,70 0,58 -0,21
Accumulative,
R, no. 20, Physical clay 0,09 -0,10 0,32 0,43 0,32 0,16 -0,09
;gfﬁiow'swamp Humus 043 | —0,82 | 081 096 | 081 | 0,70 | 0,58
heavy loamy pH 061 | 082 | 022 | 021 | 022 | 034 | 037
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Penro3eMenbHbIC 2JIEMEHTBI B II0YBAX 3aCOJICHHBIX arposianamadTon
BapabuHckoli paBHUHBL

Cemenpsena H.B., Mopososa A A.,
Jobporeopckas H.W., Enmuzapos H.B.

the content of rare earth elements in soils with
particle size distribution, humus and pH (see
Table 4).

Certain regularities between the content of
rare earth elements, granulometric composi-
tion, humus and pH are weakly manifested,
although it can be noted that this relationship
is absent in soils of eluvial positions. Only be-
tween zirconium and ytterbium, granulometric
composition and humus is a close inverse rela-
tionship established. In the accumulative posi-
tion, a close inverse relationship was also es-
tablished between cerium, lanthanum, yttrium,
ytterbium, scandium, and humus.

CONCLUSIONS

1. Rare earth elements zirconium, yttrium,
scandium, gallium, including lanthanides - ce-
rium, lanthanum, ytterbium are currently poorly
studied, their significance in the life of plants,
animals and humans has not been established.
However, the constant presence of rare earth
elements in the chemical composition of plants
indicates their need.

2. Rare earth elements were found in all
soils of the studied saline agrolandscapes. Their
content is determined by the content in the par-
ent rock, depends on the granulometric compo-
sition and the amount of organic matter in the
humus horizon.

3. In the soils of saline agricultural land-
scapes of the Baraba Plain, rare earth elements,
including lanthanides, are mainly found in the
amounts of clarkes of the earth's crust, with the
exception of lanthanum in the humus horizon
(1.5 times the clarke value) and ytterbium (up
to 10 times higher than the clarke value). Some
changes in the content of rare earth elements
are observed along the soil profile. However,
these changes are insignificant, which indicates
a weak movement of REE compounds both in
the vertical and horizontal directions.
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