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[Ipu ocBoeHNM afanTHBHO-TAHAMTA(THBIX CHCTEM 3eMJIEIENHs 0C000e BHUIMAHHE YIeNIsIeTCs U3y-
YEHHUIO KOJIOT0-TOKCHKOJIOIHYECKOTO U CAaHUTAPHO-TUTUEHNYECKOTO COCTOSHUS UCIIONB3yEMOH Tep-
putopun. OcoOOEHHO TO BayKHO AJIs 3aCOJICHHBIX arpoiaHIadToOB, KOTOPBIC ITUPOKO PACTIPOCTPaHE-
HbI B bapabunckoii pasaune (bapate). MccnemoBanust IpoBeIeHBI B CEBEPO-BOCTOTHOM YacTi bapaObl
B nipenenax HoBocubupckoii o0nactu. M3yueHbl OUBBI AII0BHAIBHOHN (JIyrOBO-4EpHO3EMHOM ), TpaH-
3UTHOM (YEPHO3EMHO-ITYTOBOM) U aKKyMY/ISSTUBHOM (COJIOHEI! TITyOOKHit) 30H KaTeHbl. [10uBbI pa3iu-
YaIUCh 10 GPU3UKO-XIMUIECKIM CBOMCTBAM W MUKPOAJIEMEHTHOMY COCTaBy. B mpodwrie mods ot ao-
BHUAJBHOM K aKKYMYJISITUBHOM 30HE YBEINYHBAIACh MEIIOYHOCTh, YMEHBIIIHIIOCH COJIEPKAHUE IyMyca
U U3MCHAJICA I‘paHYHOMCTpI/IHCCKI/Iﬁ COCTaB. DTH IMOKA3aTeNH BIMIIOT Ha MHKpOSJIGMCHTHBIﬁ COCTaB.
OmnpeneneHo conepkanne yMEpEeHHO OITaCHBIX MHKPOIJIEMEHTOB (BTOPOTO KJIacca OMacHOCTH): XPo-
Ma, HUKeJIs, KoOanbTa 1 MoIMnOAeHa. YCTaHOBIICHO, YTO MaKCUMaJIbHOE COZIEpKaHNEe BaJIOBOTO XpoMa
NPUXOIUTCS Ha TIPO(MUITH TYTOBO-4YEPHO3EMHOM MMOYBHI B AITIOBHAIBHON MO3UIMH. B TaxoTHOM ropH-
30HTE TTOABIKHOTO XpoMa MeHee 0,00001 Mr/kT, 9To He TomagacT B TUara3oH onpeaeieHIs mproopa.
OTMeueHO HEeKOTOpOE MEPEeBIKEHUE MOABMKHBIX (DOPM XpOMa C IMIOBUATIBHON MO3UIMN B aKKyMY-
JSITUBHYIO. MaKkcuMalbHOE COJCpKaHHe BaJIOBOTO HUKENS M KoOalikra 0OHapy:KeHo B mpoduiie Jy-
TOBO-YEPHO3EMHOM TIOYBEI, HO OHO HAXOAWUTCS B KojmuecTBe 3HauuTensHO Hike [1/1K. o mpodwmo
II0YB BaJIOBOE COAEPKaHNE HUKEJISl U KOOaJIbTa H3MEHSIETCSl HE3HAYNTEIbHO, YTO CBUAETENLCTBYET 00
ux cnaboif moABMKHOCTH. BanoBoe copeprkanuie Monnb/ieHa B OYBaX HAXOANUTCS B IIpeiesiax KiapKa
Y IPUMEPHO OIMHAKOBO IO BCEH MTyOWHE. YCTAaHOBIIEHO, YTO B TIOYBAX 3aCOJICHHBIX arpoiaHAmapToB
Bapabbl o kareHe copepKaHue yMEPEHHO OMaCHBIX MUKPOAJIEMEHTOB HUKeNs 1 koOasbTa Hike [1/1K
U HE TIPE/ICTaBISET OMACHOCTH C AKOJIOTO-TOKCHUKOIOTHUECKOH ToukH 3peHus. CopeprkaHue BaJIOBOTO
XpoMa U MonmbaeHa HaxonuTces Ha rpanu [1/1K, moaToMy B OnpeaereHHbIX cydasx MOKET BO3HHUK-
HYTb HalPSDKEHHOCTH 9KOJIOTO-TOKCHKOJIOTHYECKOH 00CTaHOBKH TeppuTopur. Ha s1o cnenyer oOpa-
1aTh BHUMaHUE TIPH CEITLCKOXO3HCTBEHHOM HCIIONB30BAaHUH 3aCOJICHHBIX arpojianamadros.

Ki1roueBble ¢c/10Ba: MUKPOAIIEMEHTHI, XPOM, HUKEb, KOOAIBT, MOIMOIEH, KaTeHa, 3aCOIEHHAs TI0UBa
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When developing adaptive-landscape farming systems, special attention is paid to the study of the
ecological, toxicological and sanitary-hygienic state of the territory used. This is especially important
for saline agro-landscapes, which are widespread in the Barabinskaya plain (Baraba). The studies were
conducted in the northeastern part of the Baraba within the Novosibirsk Region. The soils of the eluvial
(meadow-chernozem), transit (chernozem-meadow), and accumulative (deep solonetz) zones of the
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Moderately hazardous microelements in the soils
of saline agrolandscapes of the Baraba plain

Semendyeva N.V., Morozova A.A., Elizarov N.V.

catena were studied. The soils differed in physicochemical properties and microelement composition.
In the soil profile from the eluvial to accumulative zone, alkalinity increased, humus content decreased,
and the granulometric composition changed. These indicators affect the microelement composition.
The content of moderately hazardous trace elements (hazard class 2): chromium (Cr), nickel (Ni),
cobalt (Co) and molybdenum (Mo) were determined. It was found that the maximum content of total
chromium falls on the profile of meadow-chernozem soil in the eluvial position. In the arable horizon
there is less than 0.00001 mg/kg of mobile chromium, which does not fall within the detection range of
the device. Some movement of mobile forms of chromium from the eluvial to accumulative position
was noted. The maximum content of total nickel and cobalt was found in the profile of meadow-
chernozem soil, but it is in amounts well below the LOC. The total content of nickel and cobalt varies
insignificantly across the soil profile, indicating their low mobility. The total content of Mo in soils is
within the clarke range and is approximately the same over the entire depth. It was found that the content
of moderately hazardous trace elements of nickel and cobalt in the soils of saline agro-landscapes of
Baraba by catena is below the LOC and cannot be a hazard from the ecological-toxicological point
of view. The content of total chromium and molybdenum is on the verge of the LOC and therefore,
in certain cases, tension in the ecological and toxicological situation of the territory may arise. This
should be taken into account in the agricultural use of saline agrolandscapes.
Keywords: microelements, chromium, nickel, cobalt, molybdenum, catena, saline soil.
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INTRODUCTION . .
Currently, agroecological zoning of agro-

The development of adaptive-landscape landscapes has been developed for the forest-

farming systems and precision agriculture re-
quired the development of new, more detailed
approaches to the use of soil cover of territo-
ries. These approaches should include a com-
prehensive study of the soil properties of a par-
ticular agrolandscape. Special attention should
be paid to the microelement composition, as it
determines both the fertility and the ecological
and hygienic conditions of the agrolandscape.

steppe zone using the example of the Novosi-
birsk region'. In particular, it has been found
that the Barabinsk plain (Baraba), which oc-
cupies about 65.5%, or 11.7 million ha of the
Novosibirsk region, is dominated by saline
agrolandscapes, represented by semihydromor-
phic and hydromorphic analogues of zonal soils
(chernozems) — meadow-chernozem, black-
meadow and meadow soils of various degrees

"Dobrotvorskaya N.I., Semendyaeva N.V., Ponko V.A., Ivanova M.I. Methodology and methods for assessing the ecological and
resource potential of agrolandscapes in the Western Siberia: a methodological handbook. Novosibirsk: SFSCA RAS, 2018. 99 p.
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of salinity and alkalinity in complex with saline
soil, alkaline soil and solod soil.

In the study of the properties of saline soils a
special place is given to trace elements - heavy
metals and metalloids. They are extremely nec-
essary in small quantities for plants, living or-
ganisms, as well as humans, because they are
part of enzymes, vitamins, lipids, etc. Increased
and decreased content of trace elements can
cause various diseases.

The aim of the study was to study the con-
tent of moderately hazardous trace elements -
chromium, nickel, cobalt and molybdenum (the
second class of danger)” - in the soils of the kat-
ena saline agrolandscape of the north-eastern
part of Baraba within the Novosibirsk region.

Research objectives:

— to study the morphological and physico-
chemical properties of soils by catena (eluvial,
transit and accumulative positions);

— to determine the content and character of
movement of moderately dangerous microele-
ments in soils;

— to give an ecological and hygienic assess-
ment of the content of moderately dangerous
trace elements in soils of saline agro-landscapes
of Baraba for animals and humans.

MATERIAL AND METHODS

The studies were carried out on the terri-
tory of JSC “Bolshenikolskoye”, Chulymsky
District, Novosibirsk Region. This territory is
a two-stage lake-alluvial plain. Its northeastern
part, where the research was conducted, belongs
to the high structural-geomorphological surface,
and the southwestern part to the low one.

The relief of the northeastern part of this
area is represented by an alternation of ancient
interfluves and runoff gullies stretching from
northeast to southwest.

The interfluves are flat, elevated above the
gullies by only 5-15 m. In some places, there
are blurred low ridges. Small hollows in gullies
can be occupied by lakes and bogs. The micro-

relief is knob and kettle, which facilitates re-
distribution of moisture and easily soluble salts
from ridges to inter-ridge depressions®.

Annual precipitation varies from 225 to 350-
400 mm. Hydrothermal coefficient varies from
0.6-0.8 to 1.0-1.2. Baraba is characterized by
climate cyclicity, which has a significant im-
pact on soil composition and properties, espe-
cially on redistribution of easily soluble salts.
During humid periods there is some desaliniza-
tion of soil profiles and strengthening of reduc-
tive processes, in droughty periods - opposite
phenomena are observed.

A characteristic feature of the vegetation
cover of Baraba is the change of forest veg-
etation to steppe vegetation. Park-type birch
knolls alternate with steppe meadows. Steppi-
fication of the territory leads to desiccation of
forestland and salinization of the soil cover. Pe-
riodic over-moistening and elevation of saline
groundwater contribute to development of sod
formation process and formation of meadow-
chernozem, chernozem-meadow and meadow
soils of different degrees of gleying, saliniza-
tion, as well as development of soils of halogen
process of soil formation - saline soil, alkaline
soil and solod soil.

In the northeastern part of Baraba in the wide
valley of the Karasuk River, soil sections were
laid along the catena (eluvial, transitional, and
accumulative positions). In them, soil samples
were selected according to genetic horizons, in
which the following types of analyses were per-
formed: granulometric composition according
to Kachinsky, humus according to Tyurin, pH
value according to potentiometric analysis*. De-
termination of gross and mobile forms of trace
elements was carried out by atomic-emission
spectroscopy on DAEP device (double-beam
atomic-emission plasma torch) (see footnote 4).
The mobile forms of chromium, nickel, and co-
balt compounds were extracted from soils with
acetate-ammonium buffer solution with pH 4.8.
Statistical processing of the obtained data was
performed using the Excel software package.

2GOST 17.4.1.02-83. Nature Conservation. Soils. Classification of Chemical Elements for Pollution Control. Moscow, 1983.12 p.
’Semendyaeva N.V., Galeeva L.P., Marmulev A.N. Soils of the Novosibirsk region and their agricultural use: a textbook.

Novosibirsk, 2010. 187 p.

“Practical agrochemistry: textbook; 2nd ed. / Ed. by V.G. Mineev. Moscow: Publishing house of the Moscow State University,

2001. 689 p.
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RESULTS AND DISCUSSION

When studying the ecotoxicity of trace ele-
ments in soil, it is necessary to know the pH
value, humus content, and granulometric com-
position, since these parameters determine the
geochemical properties of elements and their
compounds. The characteristic of these prop-
erties of soils of katena is presented in table 1.

In the eluvial position, zonal meadow-cher-
nozem soil has a neutral pH (6.6-6.7) up to a
depth of 80 cm, and then it is alkaline. In the
transitional position, the meadow-chernozem
soil is alkaline throughout the profile, and al-
kalinity increases with depth. In the accumula-
tive - deep solonetz - soil is strongly alkaline:
in the horizon A (0-20 cm) - 9.8, then the pH
is 10 or more. The content of humus is high
in the A horizons of eluvial and transitional
soils - 9.7 and 10.8%, respectively. In accu-
mulative - deep solonetz - the content of hu-
mus is reduced to 5%, with depth it sharply
decreases. Granulometric composition is dif-
ferent: in meadow-chernozem soil of eluvial
position in A horizon it is medium-loamy, with

depth it is heavy-loamy. In the transitional po-
sition the granulometric composition of the
meadow-chernozem soil is loamy in the A ho-
rizon, then it gets heavier to light loamy and
then it gets further heavier. It should be noted
that such a diverse granulometric composition
is characteristic of soils formed in floodplains.
A similar situation is noted in the accumula-
tive zone, but here the granulometric composi-
tion is heavier, from mid-loamy to light loamy.

The gross content of moderately hazard-
ous chemical trace elements is presented in
Table 2.

Chromium is a biogenic element that is
constantly present in plant and animal cells.
It participates in protein synthesis in plants
and increases chlorophyll content in leaves.
But chromium is a highly toxic trace element:
in small amounts it is a plant stimulant, in
larger amounts it is an inhibitor. In excessive
amounts, chromium inhibits plant develop-
ment; in very high concentrations, it causes
plant death.

The phytotoxicity of chromium depends
on its valence, which determines its toxicity

Ta6a. 1. Ousnko-xMMHYECKHE CBOWCTBA ITOYB KaTeHBI 3aCOJICHHBIX arpoianamadros bapaduackoit

PaBHUHBI

Table. 1. Physical and chemical properties of catena soils in saline agricultural landscapes of the

Baraba plain

. . Horizon, Physical clay,
Gepmorphologlcal position, sampling depth, pH, Humus, % particles Short name by -,
soil crossover number, soil om H)0 <0.01% granulometric composition
. . A 0-18 6,62 9,67 36,5 Middle loamy
?1[1\/131& SOll (}:fossover No. Al 25-35 6,57 7’74 31’1 »
IHSSZ?agV_ZeZm:ﬁZEe- AB 50-60 6,26 1,29 53,5 Heavy loamy
oamy " B, 70-80 6,71 | Notdefined | 53,9 »
B, 110-120 8,40 » » 56,3 »
Aﬂ 0-10 7,90 10,75 14,0 Loamy sand
A 1024 8,20 4,51 8,8 Sandy
. . 1 2 2 b
;?“;“ﬁ;égiffggozem AB 30-40 8,30 1,00 21,4 Light loamy
sali.ne’ loamy sand B, 50-60 8,44 0,55 22,6 »
A,..80-90 8,91 0,88 53,3 Heavy loamy
B, 100-110 9,13 0,59 56,1 »
i i A 0-20 9,8 5,16 60,6 Moderately clayey
?rf)?slf)nfra%e’3soélee B,20-30 10,12 2,58 60,2 »
Y .3, .
solonchak slightly sal?ine B, 30-50 10,16 0,86 41,2 Light clayey
heavy loamy B, 50-60 10,00 Not defined 41,2 »
B, 70-80 10,04 » » 54,6 Moderately clayey
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in the soil and its availability to plants. Cr®" is
most accessible to plants. It is unstable under
normal soil conditions. Cr*" usually prevails
in soils, which compounds are weakly soluble
in an acidic environment [1]. In an alkaline
environment, Cr’** is oxidized to Cr®" to form
soluble chromates. Trivalent chromium is well
absorbed by soil, so it has little toxicity.

In soil, the MAC of Cr* is 100 mg/kg,
Cr® is 0.05 mg/kg [2]. Chromium clark in the
Earth's crust is 200 mg/kg [3], but its gross
content in the soils of the world varies wide-
ly [4]. In the process of detailed study clark
chromium changed mainly in the direction of
reduction [5]. It has been found that the gross
chromium content in soils increases from rural

settlements (50-58 mg/kg) to cities with devel-
oped industrial industry (90-100 mg/kg). Ex-
cess chromium sharply reduces the biological
activity of soils.

In the soils of the studied catena in the
eluvial position the gross chromium content
in the arable horizon of meadow-cherno-
zem soil was 79.5 mg/kg, mobile - less than
0.00001 mg/kg, which is below the detection
range of the instrument. With depth, the con-
tent of gross chromium increased to 141 mg/
kg. Its noticeable movement along the catena
was not found, in the transit zone the amount
varied with depth from 51 to 92 mg/kg. In the
accumulative zone there is slightly more gross
chromium than in the transit zone, but lower

Taodua. 2. [IpopunsHoe pacnpenesieHre BaJIOBOIO COACP)KaHMsI yMEPEHHO OIIACHBIX MUKPO3JIEMEHTOB B

[I0YBAX 3aCOJCHHBIX arpoianmadToB bapaOsr

Table. 2. Profile distribution of the total content of moderately hazardous microelements in the soils of

saline agricultural landscapes of the Baraba plain

. Trace elements, mg/kg soil
G hological position| | 10nZOm
comorp .O ogieal p . sampling depth, Chromium Nickel Cobalt Molybdenum
of the soil crossover, soil
cm . .
gross mobile gross mobile gross gross
Eluvial, soil crossover A 0-18 79,5 0,0 50,1 0,02 14,6 1,24
I\LO- 1, meadowé | A,25-35 109 «0,1 52,1 0,03 17,6 2,32
chernozem moderately | )b 50 ¢ 107 0,12 66,7 0,04 16,3 2,5
deep middle-loamy
B, 70-80 141 0,12 58,3 0,04 13,4 2,03
B_110-120 102 0,15 51,9 0,04 10,9 2,31
Transit, soil crossover A 0-10 51,0 0,14 50,5 «0.01 15,4 3,85
I\LO- 2, meado‘ly- | A, 10-24 66,0 0,14 58,7 0,01 13,3 2,77
garf;nozem sameloamy | Ap 3040 | 482 0,15 36,4 0,01 7.4 1,83
B, 50-60 50,8 0,18 32,9 0,01 7,0 222
A, 80-90 92,0 0,13 52,1 0,02 15,6 1,84
B, 100-110 | 59.8 0,13 47,1 0,03 11,8 1,88
Accumulative, soil A 0-20 74,4 0,32 442 0,060 9,9 2,25
Cr?SSOEei N19- ﬁ:ldeelf;_ B,20-30 56,7 0,31 47,4 0,040 10,5 1,31
solonchak slightly saline| 35 77,1 0,13 43,6 0,020 10,5 2,79
heavy loamy 2
B, 50-60 83,4 021 444 0,014 10,5 1,85
B, 70-80 87,4 0,17 40,1 0,014 8,5 2,02
Clarke [3] 200 40 10 2,0
MACS 100 50 50 5,0

SThe list of Maximum Permissible Concentrations (MPC) and Approximately Permissible Amounts (APC) of chemical
substances in the soil. Special edition. Moscow: Goskomsanepidnadzor of Russia Publishing House. 1991. 18 p.
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than in the eluvial. There was a tendency of
insignificant movement of mobile chromium
from the eluvial to accumulative zone, which,
in our opinion, is associated with the move-
ment of silty particles and humus with surface
water flows.

The results obtained on the content of gross
chromium in the soils of saline agro-landscapes
of Baraba indicate that its movement along the
catena is insignificant. However, the mobility
of chromium in the upper humus horizons in-
creases from the eluvial position through the
transitional to accumulative position due to an
increase in pH and the movement of silty par-
ticles with surface water. It is cumulated in the
accumulative zone. The content of both gross
and mobile chromium in the soils of the catena
is below the MAC and does not contribute to
environmental pollution.

Nickel in trace amounts is essential for
plants and living organisms. It accelerates
plant emergence from dormancy, promotes ni-
trogen movement and seed germination, and
affects urease activity. Nickel stimulates pho-
tosynthesis, promotes the formation of the spi-
ral structure of nucleic acids, and affects the
absorptive capacity of plant roots. However,
its increased content in soils inhibits plant
growth and reduces the amount of chlorophyll
in the leaves [6].

Nickel clark in soils equals 40 mg/kg. TAC
(tentative allowable concentration) of its gross
content in sandy and sandy loam soils is 20
mg/kg, in loamy and clayey (acidic) soils - 40,
loamy and clayey (neutral) soils - 80 mg/kg.
The TAC of the exchangeable form (acetate-
ammonium buffer, pH - 4.8) is 4 mg/kg of soil
[7]. In soils, nickel, as a rule, is concentrated
in the silty fraction which is enriched in mont-
morillonite. Nickel forms soluble chelate com-
pounds with organic matter. It has been estab-
lished that nickel migrates, although weakly,
along the soil profile in cationic form in the
form of true solutions, compounds in colloi-
dal form, and in the form of mechanical sus-
pensions [7]. According to S.V. Lukin [1], the
gross nickel content in the chernozems of the
Belgorod region is about 25 mg/kg and does
not change reliably with depth. In the Novosi-

birsk region, the gross nickel content in zonal
soils is higher, from 32 mg/kg of soil in humus
horizons to 43-45 mg/kg and more in saline
landscapes [7].

In particular, the soil profile of the studied
catena contains the greatest amount of bulk
nickel in the eluvial position: in the humus
layer - 50.1-52.1 mg/kg of soil; in the AB and
B horizons it increases to 66.7-58.3, at a depth
of 110 cm it decreases again to 52 mg/kg (see
Table 2). In the transit zone, its content in the
humus layer of soil is about the same as in the
eluvial zone, and decreases with depth. In the
accumulative zone, the gross nickel content
tends to increase as compared to the transit
zone. The gross nickel content in the saline
agrolandscape soils is slightly higher than the
clark, but significantly lower than the MAC.

The content of mobile forms of nickel is the
highest in the meadow-chernozem soil. It is
approximately the same throughout the entire
profile, only in the A horizon it is slightly low-
er. In the accumulative position, more mobile
nickel was found in the upper humus horizons,
which indicates its movement from the eluvial
zone through the transit zone, as well as some
cumulation in the accumulative zone.

Thus, in the studied saline agro-landscape
of Baraba no deficiency or excess of nickel
was found. However, its accumulation in the
accumulative position is possible due to the
movement of nickel compounds with surface
water, as indicated by the studies of V.B. Ilyin
and A.I. Syso [7]. Nickel is geochemically re-
lated to cobalt, since their atomic masses are
close [1].

Cobalt takes an active part in physiologi-
cal processes of plant and living organisms. It
significantly enhances nitrogen-fixing ability
of microorganisms, synthesis of chlorophyll,
proteins, and carbohydrates. It promotes the
formation of vitamin B ,, extremely necessary
for living organisms® [8]. Clark cobalt is equal
to 10 mg/kg [3, 8, 9]. In the soil cover, its dis-
tribution depends on the composition of the
parent rock, in the soil profile - on the content
of physical clay, silt fraction, iron oxides and
organic matter, as these indicators are able to
fix and accumulate cobalt. It has been estab-
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lished that the proportion of substances capable
of fixing cobalt in soils into immobile and low-
mobile compounds is 95% of its gross content.
In natural environments, cobalt can be in two
oxidation states, Co*" and Co*’, as well as in
the form of the complex compound Co (OH)*-.
Co?" and Co’+ ions are almost completely fixed
by the soil absorbing complex, in the soil pro-
file more mobile are complex compounds Co
(OH)’ (see footnotes 2-6).

The average content of cobalt in plants is
0.01-0.6 mg/kg of dry matter. In leguminous
plants there is more of it than in cereals [10].
When the content of cobalt in soils is less than
5 mg/kg, its deficiency in herbaceous vegeta-
tion is noted. In this case, animals begin to
show signs of avitaminosis, the formation of
hemoglobin, nucleic acids, and proteins slows
down, and endemic goiter appears. The criti-
cal level of cobalt content in plants for nor-
mal animal development is 0.08-0.1 mg/kg
of plant dry weight [3, 11]. External cobalt
deficiency in plants manifests itself similarly
to nitrogen deficiency - leaf chlorosis, slowed
plant growth and short development cycle.

Under natural conditions, an excess of co-
balt in soils is rare. It usually accumulates in the
edges and tips of leaves; they turn white and die
off. Excess cobalt has a negative effect on ani-
mals. Its maximum allowable concentration in
grasses should not exceed 60 mg/kg dry matter.

Cobalt toxicity is manifested by a decrease
in vitamin B , content and lack of fruiting.

According to V.B. Ilyin and A.I. Syso, the
soils of the Novosibirsk region in Baraba and
Priob'ye are characterized by high gross con-
tent of trace elements, which is associated with
their heavy granulometric composition and
high humus content, especially in meadow-
chernozem soils and in saline (solonets and
solonchaks). In particular, they found that the
soils of Baraba are characterized by increased
and high content of cobalt [7].

In the studied soils of katena the high-
est content of gross cobalt is concentrated in

meadow-chernozem soil of eluvial position.
Its maximum is in the A and AB horizons and
is 17.6-16.3 mg/kg of soil, respectively (see
Table 2). In the A horizon, the content of
gross cobalt is somewhat lower than in the A
horizon, which is probably associated with its
movement to the transit zone with water flows
containing mud particles and humus. Accord-
ing to the regulations (see footnote 5), this
content of cobalt in the soil is high and very
high (10-15 and 15-22 mg/kg). In the lower
horizons it decreases to 13-10 mg/kg. In the
transit zone of chernozem-meadow soil in the
upper humus horizons, the content of cobalt,
despite the light granulometric composition,
is high - 15.4-13.3 mg/kg. This is associat-
ed with its movement from the upper posi-
tions to the lower ones, where a significant
part of cobalt is absorbed, most likely, by soil
organic matter. In the AB and Bq horizons,
the amount of bulk cobalt decreases sharp-
ly to 7 mg/kg of dry soil. In the buried soil,
its content increases again and approaches
the content in the upper horizons. This phe-
nomenon indicates weak movement of cobalt
along the catena. It is practically all fixed in
the upper soil horizons of the transit zone. In
the accumulative zone, the gross content of
cobalt throughout the profile of deep solo-
netz is distributed approximately equally. Its
accumulation at any depth was not detected,
although the gross amount of cobalt accord-
ing to the grading is high. As noted earlier,
in an alkaline environment mobility of cobalt
decreases sharply, as evidenced by our data.
Mobile cobalt in the studied soils is less than
0.00001 mg/kg, except for deep solonetz A
horizon (0.0118 mg/kg).

Thus, all soils of the catenas of saline agro-
landscapes of the Barabinsk plain contain in-
creased and high content of gross cobalt. De-
spite its high content, it is not an environmen-
tal pollutant (MPC = 50 mg/kg) and does not
currently aggravate the sanitary and hygienic
situation in saline agrolandscapes.

*Protopopova L.G. The behavior of cobalt in the soil-plant system and the effectiveness of cobalt fertilizers in the Altai plains

and foothills: Ph. D in Agr. 2002, 232 p.

"Bityutsky N.P. Micronutrients and the Plant: Textbook. St. Petersburg: Publishing house of St. Petersburg State University,

1999. 232 p.
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In soils, the content of gross molybdenum
is in the range 0.013-17 mg/kg, the average
value (clark) is 2 mg/kg [3, 12]. S.F. Spitsina et
al. [13] found that the soils of the Altai region
is characterized by low gross molybdenum
content (0.1-1.2 mg/kg), which is associated
with its low gross content in the soil-forming
rocks (0.2-1.4 mg/kg soil). In the upper hu-
mus horizons gross molybdenum is more due
to biogenic accumulation [13]. According to
V.B. llyin et al. [14], the concentration of mo-
lybdenum in the south of Western Siberia is
much higher and averages about 4.3 mg/kg.
Consequently, the soils here are characterized
by a high content of this element, whereas the
soils of Altai Krai require the application of
molybdenum-containing microfertilizers.

The average content of molybdenum in
plants ranges from 0.0005-0.002%. Molyb-
denum is an important and essential chemical
element for plants and living organisms, it is a
part of enzymes responsible for nitrogen me-
tabolism, it improves phosphorus absorption
by plants, it is a part of nitrogenase, which
ensures growth and development of legumes
and vegetable crops. During vegetation, mo-
lybdenum accumulates in the young organs of
plants, and at the end of the growing season it
is concentrated in the seeds. The availability
of molybdenum to plants depends on pH val-
ue. In acidic soils its compounds are insoluble,
in alkaline soils they are available to plants. It
has been established that a significant part of
molybdenum in soil is associated with organic
matter and aqueous iron oxides [7].

As evidenced by our data (see Table 2),
the content of molybdenum in the soils of the
studied catenary in all geomorphological posi-
tions is within the clark - about 2 mg/kg of dry
soil. Only a small accumulation of it in the up-
per humus layer due to the increased content
of organic matter in it was noted [13]. Our data
slightly differ from those of V.B. Ilyin et al.
[14, 15], which is explained by the high alka-
linity of soils in saline agricultural landscapes
(up to 10 and more), in which molybdenum
compounds become mobile.

A. Azarenko [16] in the study of mobile
forms of trace elements in the soils of the

Omsk Irtysh Land region found that the larg-
est amount of mobile molybdenum is in alka-
line soils. Then come chernozems, the small-
est amount of this element is in sod-podzolic
soils. As noted by the author, in the profile
of chernozems and meadow-chernozem soils
there is an accumulation of this element in the
upper humus horizons, a decrease in the hori-
zons B and Bk, then its content increases again
due to the solubility of this element in an alka-
line environment.

Thus, the gross content of molybdenum
in the soils of saline agro-landscapes of the
northeastern part of the Baraba within the
Novosibirsk region is within the Earth clark.
Its greatest amount is in the humus layer, in
which molybdenum is fixed by soil organic
matter. According to the approved sanitary
and hygienic standards, its content in soils of
the katena is not dangerous for animal and hu-
man health.

Statistical processing of the material.

Using the correlation analysis of microele-
ment composition and physicochemical prop-
erties of soils a direct relationship between the
concentration of humus and the gross content
of cobalt has been revealed. In the eluvial and
transitional positions the correlation coefficient
was 0.55, in the accumulative position the cor-
relation relation is weaker (r = 0.18). Inverse
correlation between the concentration of humus
and gross chromium content was recorded on
the catena. In the eluvial zone, the correlation
coefficient is 0.65, in the transit zone - 0.25, and
in the accumulative zone - 0.53. In addition, a
close correlation between the content of physi-
cal clay (particles < 0.01%) and mobile nickel
was detected in all positions. The correlation
coefficient varied from 0.83 in the eluvial zone
to 0.92 in the transitional zone and 0.74 in the
accumulative zone.

CONCLUSIONS

1. The studied area of the northeastern part
of the Barabinsk plain within the Novosibirsk
region is typical for this geomorphological
position, which allows the obtained results of
research to be transferred with high probabil-
ity to the adjacent territories. The character-
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istic feature of the territory under study is the
presence of meadow-chernozem soils in the
eluvial zone of the catena, and of chernozem-
meadow soils of various degrees of alkalinity
and salinity in the transitional zone. In accu-
mulative zone, alkaline, meadow-marsh and
even marsh soils of different degree of alkalin-
ity and salinity can be formed.

2. The physicochemical properties of soils
of the catena change from the eluvial to accu-
mulative zone as follows: pH in the soil profile
increases from the eluvial position to the accu-
mulative position. Whereas in meadow-cher-
nozem soil it is neutral (alkaline in the parent
rock), in deep solonetz it is strongly alkaline
(pH 10 and more). The humus content in the
A horizons is high, while in the B horizons it
decreases sharply.

3. The granulometric composition of soils
by genetic horizons changes significantly,
which is typical for soils formed on alluvial
deposits. It largely determines the elemental
composition of soils.

4. In the eluvial position of the catena in
the profile of meadow-chernozem soils, the
minimum content of gross chromium falls on
the A horizon - 79.5 mg/kg dry soil. Deep-
er in the profile it increases to 102-141 mg/
kg and is within the limits above the MAC.
Some movement of chromium along the pro-
file takes place.

5. The maximum amount of gross nickel
and cobalt also falls on the profile of mead-
ow-chernozem soil, but it is within the limits
well below the MAC. From the eluvial to ac-
cumulative position, the gross content of these
elements decreases. Their quantity along the
profile of soils varies weakly, indicating their
weak mobility. The total content of molybde-
num in the studied soils is within the clark and
approximately the same throughout the depth.

6. In the studied saline agrolandscapes, the
content of nickel and cobalt in the soils by
catena is below the MAC and poses no dan-
ger from the ecological-toxicological point of
view. The gross contents of chromium and mo-
lybdenum are within the MAC and in certain
cases can cause tension of the ecological-toxi-
cological situation of the territory. This should

be taken into account in the agricultural use of
saline agrolandscapes.
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