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Pe3ztome: V3yueHO MHUKPOOHOE COOOIIECTBO MAJEBBIX MOYB €CTECTBEHHBIX,
3QJIEKHBIX M CEIbCKOXO3IMCTBEHHBIX JKOCHUCTEM LEHTPAIbHOU SkyTuu.
Hcnonp3oBan METOx BBICOKOTIPON3BOAUTEIEHOTO CEKBEHHUPOBAHHUS
¢parmenta rera 16S pPHK na cekBenatope Illumina MiSeq. B manmeBbix
[0YBAX 3AJIEKHBIX 3€MEJIb IPOUCXOAUT CHUXKEHUE COACPHAHUS MUTATEIbHBIX
BELLECTB 10 OTHOLIEHUIO K 3€MJISIM, BOBJICYEHHBIM B CEJIbCKOXO035UCTBEHHBIN
00opot. B cocraBe MHKpoOHOMa MaJeBBIX [MOYB MPEOONIANAIOT OaKTEepUU W3
¢unymos Acidobacteria, Actinobacteria, Verrucomicrobiota, Pseudomonadota
(Alphaproteobacteria, Gammaproteobacteria), Bacterioidota, Chloroflexi,
Planctomycetota. Brissiena BBICOKAst YHUCIIEHHOCTh TaKCOHOB
mukpoopranmsmoB  Udaeobacter,  Pirullulacea u  Acidobacteriota,
XapaKTePHBIX JUII MUKPOOHMOMAa MEP3JIOTHBIX TOYB. [T0UBHI 3anexei v mamHu
XapaKTepU30BAUCh 0ojlee BBICOKMMH HMHISKCAMH MHKPOOHOTO anbga-
pa3HooOpa3ust MO CPAaBHEHMIO C ITOYBAMH E€CTECTBEHHBIX 3KOCHCTEM. B mouse
3aJIeKM TOBBINIATIACH MPEICTaBIeHHOCTh apxeit u ¢umyma Chloroflexi, mpu
3TOM cHIKanack jgosiss Verrucomicrobiota u Acidobacteriota. Jlo 17.8%
(WIOTHIIOB B TaKCOHOMHYECKOM COCTaBE MHKpPOOHMOMA ITajJeBBIX IIOYB
SIBISIIOTCS.  VHUKAIBHBIMU U 10 25.7% — OOmUMH MEXIY 3aJICKHBIMH U
(OHOBBIMU y4YacTKaMH. AHamu3 Oera-pa3HO0Opasusi MUKPOOHOMa pa3HBIX
TUINOB 3€MeNb CBHUJIETEILCTBYIOT O TOM, YTO TaJIeBble IMOYBBI 3ajiexel
ueHTpanpHOM SAkyTuu 3a mocneanue 30 JIeT TpeTepresd 3HAYUTENbHYIO
TpaHc(hOpPMAIIHIO B CTOPOHY 30HATBHBIX TIOYBCHHBIX PAIOB.

Knrouegote cnosa: 16S-aMIUINKOHBI; OnopasHoobpasue M0YB;
BBICOKOIPOU3BOAUTEIFHOEC CEKBEHUPOBAHKE; KPUOTCHHBIC ITOYBHI.
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Abstract: Soil microbiome makes a significant contribution to the
implementation of ecosystem services, which are necessary for the sustainable
functioning of ecosystems. Soils of central Yakutia develop under dynamic
physical and chemical conditions (long-term freezing/thawing processes,
redistribution of nutrients), which ensures the formation of a specific
microbial community in natural and anthropogenically transformed areas. The
object of the study was the natural, fallow, and agricultural soils of central
Yakutia. The method of high-throughput sequencing of 16S rRNA gene
fragment on Illumina MIiSEQ sequencer was used to analyze the microbial
community. As a result, in fallow lands a decrease in nutrients was revealed if
compared to the lands involved in agricultural turnover. Based on the
composition of the microbiome it was observed that the most common phyla
are Acidobacteria, Actinobacteria, Verrucomicrobiota, Pseudomonadota
(Alphaproteobacteria, Gammaproteobacteria), Bacterioidota, Chloroflexi,
Planctomycetota. The presence of a core set of microorganisms for the studied
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soils was recorded, up to 17.8% of phylotypes are unique and up to 25.7% are
common to fallow lands and background plots. Microbial communities vary
depending on geographical locations and on types of natural resource use. The
most distinct microbial communities are formed in hydromorphic soils with
the development of gley processes, as well as in agricultural soils.

Keywords: 16S amplicons; soil biodiversity; high-throughput sequencing;
permafrost affected soils.

INTRODUCTION

The central part of Yakutia has been a major agricultural center
for a long time, but today, most of the land is fallow and subject to self-
restoration processes. As a result of cryogenic processes, landscape
transformation, degradation of soil cover, removal of nutrients and reg-
ular changes in soil microbiome occur. The soil microbiome plays a
significant role in vegetation development, and soil nutrient redistribu-
tion, and influences the quality of life of the population (Jansson, Hof-
mockel, 2019; Suman et al., 2022). Therefore, the study of soil micro-
biomes is an important step toward sustainable agriculture, especially
in soils affected by permafrost processes (Santos, Olivares, 2021). Soils
of the central part of Yakutia are represented by permafrost Calcic
Cryosols, which are formed under conditions of low temperatures and
short growing seasons (lvanova et al., 2013). The unique geological
and geochemical features of central Yakutia determine the specific
composition of microflora that develops under conditions of dynamic
change of physical and chemical environmental factors in a wide range
of low temperatures (lvanova et al., 2014). However, natural and an-
thropogenically transformed soils are extremely poorly studied and
there is still no complete picture of the quantitative and qualitative
composition of soil microbiota in permafrost landscapes of Yakutia
(Kuzmina et al., 2021). From the previously obtained data, it was re-
vealed that the greatest influence on the composition of soil microbiota
in the soils of central Yakutia is exerted by the presence of moisture in
the soil profile. A characteristic feature of these soils is the content of a
high number of bacteria throughout the entire profile of the studied
soils (Kuzmina et al., 2021). Climatic conditions, the presence of car-
bonates in the parent rocks, and the proximity of a large river lead to
intensive agriculture in the region (Okoneshnikova, 2015). Among oth-
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er regions located in the Arctic sector of the Russian Federation, Yaku-
tia is the least urbanized territory, indicating a relatively high propor-
tion of the rural population engaged in agriculture and animal husband-
ry. In Yakutia, there were 19 446.5 thousand ha of agricultural lands in
2021, but the share is annually decreasing, as far as in 2005 the area of
agricultural lands amounted to 24 632.1 thousand ha. The gradual tran-
sition of lands into fallows negatively affects the state of soil cover,
which leads to soil degradation and loss of fertility (Ahmad et al.,
2022; Mitin et al., 2024). As a result of agro-landscape degradation, the
soil cover is transformed into natural ecosystems (Desyatkin et al.,
2021). Along with the change of leading soil-forming processes, the
soil microbiome is changing as well (Santos, Olivares 2021; Zverev et
al., 2022). The ecosystem services performed by the soil microbiome
are vital for soil carbon sequestration and nutrient supply to plants, so
the importance of the soil microbiome in soil conservation cannot be
overestimated (Jansson, Hofmockel, 2019).

The soil microbiome plays an important role in ecosystem func-
tioning and is largely responsible for the balance of carbon and other
nutrients, the microbiome plays a key role in climate regulation, includ-
ing the production or consumption of greenhouse gases (Jansson, Hof-
mockel, 2019). From a fertility perspective, the soil microbiome can
influence plant growth, and be used as part of plant defense against
pests (Dubey et al., 2019). During secondary succession, plant commu-
nities change, and with it the soil microbiome changes (Lin et al.,
2021). Afforestation of the area and formation of phytocenoses on the
site of former pastures and arable land leads to carbon storage in plant
biomass, but the degradation of agricultural soils leads to a decrease in
soil organic carbon that was stored here as a result of anthropogenic
activities (Suman et al., 2022). Under climate change, pastures and fal-
low lands will be increasingly exposed to natural events such as fires,
droughts, and floods (Jansson, Hofmockel, 2019). Over the last few
years, fires have become more frequent in Yakutia, starting in late
spring and lasting until late summer (Polyakov et al., 2022). During the
upper fires, the upper soil cover, which is exposed to the direct impact
of fire, suffers the greatest damage, the litter and the upper humus-
accumulative horizon are burned out, and microorganisms eliminate
(Chebykina et al., 2022; Desyatkin et al., 2024). Fires result in de-
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creased rates of soil carbon sequestration, which is associated with de-
creased biodiversity of the soil microbiome and disruption of the integ-
rity of internal carbon polymer production links that contribute to soil
aggregate formation and carbon sequestration (Jansson, Hofmockel,
2019). The soil microbiome provides key ecosystem services, regula-
tion of water, and nutrients, and is involved in carbon balance, carbon
sequestration energy redistribution, and humification (Jansson, Hof-
mockel, 2019; Suman et al., 2022; Santos, Olivares, 2021). Studying
the soil microbiome of Yakutia is important in terms of climate change
and food security of the largest region in Russia. Under the conditions
of permafrost degradation, natural phenomena, and soil transition to
fallow state, it is necessary to study the soil microbiome and its re-
sponse to landscape transformation, this determines the purpose of this
study.

MATERIALS AND METHODS

Study area. Soil sampling was carried out during fieldwork at
the end of the summer of 2021 in 3 replicates from each spot. Soils
were selected from arable and fallow lands as well as zonal terrestrials.
The area of study is shown in Fig.1.

Yakutsk is located in the Tuimaada valley on the left bank of the
Lena River, in its middle reaches. It is the largest city located in the
permafrost zone. Soil sampling took place on the Prilensky plateau. It
is composed of Cambrian and Ordovician gypsiferous and saline lime-
stones and dolomites (Polyakov et al., 2022; Okoneshnikova, lvanova
2020). The vegetation cover is represented by taiga pine and larch for-
ests. The climate is sharply continental with long frosty, low-snow win-
ters. The temperature drops to -45 °C in winter. Summers are moder-
ately warm (15-17 °C), during which most precipitation falls. Precipi-
tation is about 350-450 mm per year (Polyakov et al., 2022; Okonesh-
nikova, lvanova, 2020).

Soil sampling was conducted in the west of the city. Soil sam-
ples were collected from the fallow land (Y1), hayfield formed on fal-
low land (Y7), land used in modern agriculture (Y13), and zonal soil
formation variants (Y3, Y9, Y11) (Fig. 2).
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62°00°58.4”"N

129°41°37.6"E

Magaras village

Y7
(

]
Y9

Puc.1. OGnacTh uccneoBaHUs B ICHTPATLHON YacTH SIKyTHH.
Fig. 1. The study area of the central part of Yakutia.

The description of soil profiles is presented in Table 1.

Soil samples were frozen at the time of collection and delivered
to the Applied Ecology Laboratory of Saint-Petersburg state Universi-
ty. Samples were stored at +4 °C to analyze the main agrochemical pa-
rameters and pH. For all samples, the main nutrition parameters were
determined: pH, available phosphorus and potassium, ammonium and
nitrate nitrogen. The chemical parameters are presented in Table 2.

Microbiome analysis. For the microbiome analysis upper hori-
zon of each soil was chosen. DNA was isolated from six soil samples
in three replicates using the NucleoSpin Soil Kit (Macherey-Nagel
GmbH & Co. KG, Germany) and a Precellus 24 homogenizer (Bertin,
USA). The quality control of the isolation was carried out by PCR and
agarose gel electrophoresis.
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E F

Puc. 2. I3y4yenHsle moyBeHHbIE MPOGUIH. A — 3asIeKHbIe TOYBHl Y1, B — 30HansHbIe nanessle mouBsl Y3; C — 3anexHbIe

MIOYBBI, UCIIOJIb3yeMbIe MO ceHOKoc Y7; D — 3oHanpHbIe maneBble mouB Y9; E — 3oHanmpHBIC maneBble mouBbl Y11,
F — cenbckoxo3siicTBeHHbIE TOYBHI Y13,

Fig. 2. The studied soil profiles. A — fallow land Y1; B — zonal Calcic Cryoslol Y3; C — hayfield formed on fallow land
Y7; D —zonal Calcic Cryosol Y9; E — zonal Calcic Cryosol Y11; F —arable land Y13.

13



bromnerens [louBenHoro uactutyta uM. B.B. Jlokydaesa. 2024. Brim. 119

Dokuchaev Soil Bulletin, 2024, 119

Ta6auna 1. O6mas nHGOpPMALUSI O CTPOSHUH ITOYBEHHOTO MPO(UIIA
Table 1. The general information of studied soils

SI%II Horizon* Di?r:h’ Description Color Location Coordinates Soil name**
Horizon with ac-
Ah 0-6 cumulation of 7.5YR
. 3/4
organic matter Fallow lands, Plaqaic
Buried ploughing began to over- | N 62°06° 07.6” 99
Y1 . . o1 s ,, | Anthrosol***
horizon with ac- 75YR grow by Betula | E 129°16°39.9 (Loamic)
Abhp 6-30 cumulation of '7/2 platyphylla
organic matter,
inclusion of coal
. . Background ;
va A 415 Hglﬁﬁ?a\tl:/clatnh;c 75YR | forestwith | N 62°05°27.7” CCraIOCSI(():I
. 6/1 | dominationof | E 129°15°19.6” YOSC
organic matter . . (Loamic)
Larix dahurica.
Ploughing horizon Fallow land, onos ’ Plaggic
Y7 Ahp 0-24 | with accumulation 7.5YR today it is used N 62 008 ,1 1.5 . Anthrosol
. 4/1 . E 128°11°41.5 .
of organic matter as a hayfield. (Loamic)
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Ipononxenne Tadauub 1
Table 1 continued

SI%II Horizon* Di?r:h’ Description Color Location Coordinates Soil name**
Horizon with ac-
Ah 5-13 cumulation of 7.5YR Backgrognd , » Calcic
. 6/1 forest with N 62°07°33.2
Y9 organic matter N R Cryosol
Transit ploughing 75YR domination of | E 128°11738.3 (Loamic)
A/Bp 26-55 horizon 72 Larix dahurica.
Background
. . forest with Calcic
Horizon with ac- 7.5YR - N 62°41°06.1”
Yil AR 0-6 cumulation 42 domination of | ', 507546 4 Cryosol
Betula (Loamic)
platyphylla.
Ploughing horizon 75YR
Ahp 0-25 | with accumulation ' 041°04 O Plaggic
Y13 of organic matter 5/3 :\:r?g(\e/\r/?ti??ie é\I 1621931205%99 Anthrosol
Horizon with illu- | 7.5YR ' ' (Loamic)
Bt 25-40 . .
vial concentration 6/4

Note. * Guidelines for soil description (2006); ** WRB (2015); *** Fallow lands.
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Ta6auma 2. PacmpenencHrue BakKHEHIINX arpOXMMHUYECKHAX XapaKTEPUCTHK
ITOYB, MI/KT
Table 2. The main agrochemical parameters of studied soils, mg/kg

Soil ID pH P20s K20 NHa4 NOs
Y1 5.72 40 39 8.07 0.80
Y3 5.3 29 174 18.30 2.74
Y7 5.47 346 43 6.95 273
Y9 5.60 40 53 12.60 2.46
Y13 6.08 210 180 33.10 255
Y11 6.95 313 35 7.78 5.18
Min 5.3 29 35 6.95 0.8
Max 6.95 346 180 33.10 255

Mean 5.84 163 87 14.46 6.56
(fets:‘a‘i?; 0.61 145 69 10.07 9.37
p-value <0.02

Due to the well-developed methods of taxonomical annotation
and relatively representative sequencing, the v4 variable region
(f515/r806) of the 16S rDNA gene was selected for future analysis.
Sequencing of the variable region was performed on the Illumina MiS-
EQ sequencer using primers f515 (GTGCCAGCMGCCGCGGTAA)
and r806 (GGA CTACVSGGGTATCTAAT) (Bates et al., 2010). The
general processing of sequences was carried out on the dada2 (v1.14.1)
package (Callahan, 2016). Reads were filtered by length (240 bp for
forwards and 180 for reverse) and expected error rate (maxEE = 2) no
N was allowed. Reads were paired by the “consensus” method, and
annotated using Bayesian Naive classifier using SILVA 138 database
as the training set (Quast, 2013). The main diversity analysis of the re-
sults was carried out using the phyloseq (v1.30.0) package in R
(v3.6.3) (Mcmurdie, Holmes, 2013). Differential abundance of taxa in
pairwise comparisons was estimated using DESeq2 (v1.26.0) (Love,
Andres, 2017). The Difference in the abundances (marking phylotype
as “variable”) was determined by two thresholds (baseMean >=10 and
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log2FoldChange >=2) and p-adj (Langfelder, Horvath, 2008). The
WGCNA method was used to reveal the main phylotypes, the presence
of which in microbiomes was influenced by the chemical parameters of
the soil.

RESULTS AND DISCUSSION

The distribution of biogenic elements in the studied soils is pre-
sented in Fig. 3.

The highest content of nutrients, as expected, is observed in ag-
ricultural soils, this is due to the systematic application of mineral and
organic fertilizers to the soil. The fallow lands are characterized by a
significant decrease in the content of the main agrochemical indicators,
it is associated with the processes of degradation of soil cover, removal
of nutrients from soils, and transformation of fallow land soils in the
direction of zonal soil formation.

For comparative assessment of the soil microbiome structure,
NMDS analysis of beta diversity (Bray-Curtis) was carried out (Fig. 4).
Samples were not grouped either by type or geographic location. The
greatest differences were observed in the sample Y7 hayfield formed
on fallow land, and in the soil sample Y13 taken from modern arable
land. According to the NMDS diversity, samples of fallow soil Y1 and
zonal soils Y3 and Y9 are in the same cluster, which indicates that the
microbiome of fallow soils currently corresponds to the microbiome of
zonal soils of Central Yakutia. The transition of Y1 to fallow took
place about 30 years ago, since that time, the process of soil cover deg-
radation and soil formation according to zonal type occurred. Signifi-
cant differences in the microbiome of Y7 hayfield formed on fallow
land can be caused by the fact that haying operations have been carried
out on the presented soils for a long time. The investigated soils are
also characterized by signs of staling starting from 24 cm, which may
influence the change in microbiome composition. The microbiome of
soils Y11 and Y13 have significant differences compared to other sam-
ples, which is related to the underlying parent rocks. These soils have
alluvial origin because they are located in the bed of an ancient river.
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Puc. 3. Pacnipenienenre BaXKHEHIINX arpOXUMUUECKHX XapaKTEPUCTHK TI0YB.
Fig. 3. The distribution of main agrochemical parameters of studied soils.

The most represented phyla in the microbiomes by relative rep-
resentation (in descending order) are Acidobacteriota, Actinobacteriota,
Verrucomicrobiota, Pseudomonadota (Alphaproteobacteria), Bacteroi-
dota, Planctomycetota (Fig. 5). It is necessary to note that the samples
described above are characterized by changes in relative representation
already at the level of individual phylum. The hayfield formed on fal-
low land Y7 shows the most specific taxonomic profile. The relative
representation of Archaea and Chloroflexi is higher, and the proportion
of Verrucomicrobiota and Acidobacteriota is lower. The high differ-
ence in hayfield formed on fallow land Y7, apparently, is the processes
of gleying, which take place in the underlying horizons, which leads to
the suppression of microorganisms. When comparing fallow soil Y1
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and modern agricultural soil, we can note that in fallow soil there is a
decrease in such major phyla as Actinobateriota, Verrucomicrobiota,
Chloroflexi, Crenarhaeota and Myxococcota. Among the background
soils, the greatest difference is noted in sample Y11. Different types of
land use are characterized by the presence of a core set of microorgan-
isms (Fig. 6). At the same time, background soils do not differ qualita-
tively in contrast to fallow soils. Up to 17.8% of phylotypes are unique
to each soil type. Up to 25.7% of phylotypes are common to fallow
soils and background plots.

stress -- 0.055 o
4 Y 11 Background
Y13 Arable land
Y3 Background » Qe
<]
2 Y1 Fallow land
=
z g
°
y
Y7 hayfield formed on fallow land
(4
Y9 Background %

NMDS1

Puc. 4. NMDS mna Oera-pasHooOpasus (bpei-Keptuc). Ommmncer
OTPaHUYMBAIOT TIOBTOPHI B MIpelieiax OJHOro oOpasma mouskl. [[BeT 00pasinos
cOoTBeTCTBYET MecTy otbopa: cunuii — A (Y11, Y13), kpacusiii — B (Y1, Y3),
sesensiii — C (Y7, Y9).

Fig. 4. NMDS for beta diversity (Bray-Curtis). Ellipses confine replicates
within one soil sample. The color of the samples corresponds with the
sampling site: blue — A (Y11, Y13), red — B (Y1, Y3), green— C (Y7, Y9).
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Fig. 5 Major phyla — relative abundance, from the highest (orange) to the
lowest (blue). Pseudomonadota representatives are shown on the class level.
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Fig. 6. Venn diagram illustrating quantity of the unique and common
phylotypes of soil microbial communities for the sampling sites with different
types of land use.
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Alpha diversity indices show the general pattern except for the
sample Y13 (arable land) — there indices characterizing evenness of
diversity are higher (Fig. 7). Non-reclamated soils are characterized by
relatively low indices of uniformity of diversity, which may be
associated with the lack of organic and mineral fertilizers applied, as
well as degradation of soil cover. However, when comparing fallow
soils with natural soils, it is noted that the alpha diversity of
microorganisms in fallow soils is higher than in natural soils. A
significant decrease in the alpha-diversity index in Y13 can be related
to the pH value close to neutral, while other samples have an acidic and
slightly acidic reaction.

WGCNA analysis was used to identify phylotypes that would be
characteristic of the core, yet dynamically respond in similar ways to
environmental factors (Fig. 8).

alpha-diversity index

Puc. 7. Anbda-unnekcel pasHooOpasmsi, cieBa HampaBo: HaOmonaemsiii,
IlTennoHa 1 UHBEpTUPOBAaHHBIN CUMIICOHA.

Fig. 7. Alpha diversity indices, from left to right: Observed, Shannon and
Inverted Simpson.
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Fig. 8. WGCNA analysis. Top — clustering of jointly changing phylotypes
(undirected graph was used) and selection of significant clusters of
phylotypes. Below — the dynamics of changes in the individual clusters.
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A cluster of 223 phylotypes was identified, which varied in
abundance together and were present in most of the samples. It should
be noted that this cluster is taxonomically uneven. It is characterized by
the presence of groups of microorganisms (Udaeobacter, Pirullulacea,
Acidobacteriota) difficult to cultivate and typical of soils of the far
north and characterized by complex reactions to such soil properties as
pH and complex carbon sources (Fig. 9).

Proteobactens Alphagrotesbacters Xanthobacteraceae
Proteobactens Alphaprotecbacteria Xarthobacteracese

Proteobactens Alphagrotecbacteria Rhizobiales Incertae Sedis

Ackobacteriots Aciobacterise Bryobacteracese. Bryobacter
Aciobacteriots Vichambactera
Acidobacteriota Vicnamibacteria
Methylomirabiota Methybomirabia

Actrodactenots Aertenicrobia
Actrobacternta Acdemicrobia

Actrobacterts Actmobactera Mycobactensceae Mycobscternm
Actrobacternta Actrobactera Mrococcacese Peeudartiobacter
Ackobacterita Blastocatelia Pyrmomonadacese RBAL
Ackdobactenota Blastocatelia Pymomanadaceae RBaL
Acidobacterta Blastocatelia Pyrromonadacese RaaL

Protesbactera Gammaprotecbacteria TRA320
Proteobactens Gammaproteobacteria A2
Protecbactena Gammaproteobactera Unknomn Famiy Ackdbacter

Proteobactera Alphagroteobactera Reyranetacese Reyraneta
Myxococcota Poanga Poyangacese Aethercbacter
Bacteroidota Bacteroidia Chtnophagacese
Bacteroidota Bactaroida Crtmopnagaceae
Bactercidots Bacteroida Chtnophagacese.

Bacteroidota Bacteroidia
Bacteroidota Bacteroidia Bactoroidetes vadeHALT
Bacteroidota Bactaroidia Bacteroidetes vadHALT
Campyobactercta Campylobacteria Sufuovaceae Sufwrorum

Phylum Class Family Genus

Puc. 9. ®unoreHernueckoe MOJOXKEHWE OCHOBHBIX (PHIOTHIIOB B ‘“‘cepom’
KJIaCTepe — KIIACTEPE, COACPIKALICM OCHOBHBIC (1)I/IJ'IOTI/II'[LI.

Fig. 9. Phylogenetic position of major phylotypes in the “gray” cluster, a
cluster containing core phylotypes.

Spearman correlation analysis was used to analyze the statistical
relationship between the main agrochemical indicators and major phyla
(Table 3). From the obtained data we can note that Acidobacteriota and
Actinobacteriota have a strong statistical relationship with pH and NO3
(r=1), Verrucomicrobiota ¢ P.Os (r=0.98), Alphaproteobacteria c
K>O and NH4 (r = 1), etc. However, these levels of the statistical rela-
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tionship differ depending on soil formation conditions, so, for example,
on soils affected by fires according to Mantel's test there was no statis-
tical relationship between pH reaction and agrochemical parameters,
but there was a strong positive correlation between major phyla and
soil substrate-induced respiration. Thus, we can conclude that these
indicators only indirectly indicate that although there is a strong posi-
tive relationship between phyla, but they do not fully determine the
composition of the soil microbiome.

Ta6auna 3. Kosddumment panroBort koppemsnuun CrnupMeHa OCHOBHBIX
ArpOXUMHUYCCKHUX IMapaMETPOB U MAKOPHBIX q)HJIOFGHeTI/I‘IeCKI/IX rpynnm
Table 3. Spearmen correlation of main agrochemical parameters and major

phyla

Major phyla pH P20s K20 NH4 NOs

Acidobacteriota 1 0.19 0.65 0.65 1
Actinobacteriota 1 0.60 0.29 0.65 1
Verrucomicrobiota 0.10 0.98 0.56 0.71 0.56
Alphaproteobacteria 0.13 0.11 1 1 0.13
Bacteroidota 0.54 0.78 0.93 0.54 0.12
Gammaproteobacteria 0.10 0.88 0.93 0.43 0.20
Chloroflexi 0.72 0.07 0.93 0.50 0.55
Planctomycetota 0.51 0.50 0.46 0.97 0.77
Patescibacteria 0.10 0.07 0.56 0.56 0.17
Firmicutes 0.13 0.01 0.24 0.17 0.41
Crenarchaeota 0.45 0.09 0.73 1 0.16
Desulfobacterota 0.56 0.51 0.17 0.03 0.10
Myxococcota 0.41 0.83 0.41 0.41 1
RCP2-54 0.67 0.26 0.77 0.37 0.43

The obtained data show the specificity of the microbiome of
soils of the far north. One of the characteristic features of these soils is
the growth of microbiome diversity in agrocenoses with changes in the
representation of specific groups of microorganisms between samples.
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The studied soils are characterized by non-significant differences
between fallow, natural and agricultural soils. However, according to
the beta diversity index (Fig. 4), fallow soils that are subject to natural
self-restoration are in the same cluster as background soils. This indi-
cates a gradual degradation of fallow soils and their transformation to-
wards zonal Calcic Cryosol. Such dynamics were noted by us during
the micromorphological analysis of soils, fallow soils subjected to self-
restoration have less developed soil structure, which indicates the pro-
cess of land degradation (Polyakov et al., 2022). Up to 25.7% of phylo-
types are common to fallow soils and background plots, this indicates
the fact that fallow soils have been undergoing a significant transfor-
mation towards the zonal soil series over the last 30 years, which is
confirmed by the beta diversity. Among the background soils, the
greatest difference is noted in sample Y11, this is due to the neutral
reaction of pH, as well as the formation of soils in the bed of an ancient
river. The difference between Y11 and Y13 could be due to the fact
that Y13 is annually planted with crops (potatoes) and fertilizers are
applied.

The city of Yakutsk and its surroundings are located in the per-
mafrost zone, which affects the composition of the soil microbiome
(Ivanova et al., 2014). Thus, three groups of microorganism’s charac-
teristics of the northern soil microbiome (Udaeobacter, Pirullulacea,
and Acidobacteriota) were found. A similar picture is characteristic of
the agrosoils of Yamal, here the predominance of these phyla is also
noted (Abakumov et al., 2021a). The relatively high proportion of
Chloroflexi indicates the process of water-logging of soils since this
phylum is an autotrophic anaerobic component of the microbiome
(Abakumov et al., 2021a; Abakumov et al., 2021b). Field and back-
ground soils are characterized by an increased proportion of nitrogen-
fixing microorganisms (Alphaproteobacteria), while in agricultural
soils their proportion decreases, indicating that there is a deficit of
available nitrogen in agroecosystems (Abakumov et al., 2021b). The
dominance of Acidobacteriota indicates arid conditions, which is con-
firmed by our study, and the significant reduction of this component in
Y7 tand he predominance of Chloroflexi is a consequence of excessive
moistening conditions (lvanova et al., 2021). Presence of Crenarchaeo-
ta may accompany soil-forming processes in the fallow sites of the
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sharply continental climate (Nicol et al., 2005). Unusual is the fact that
the alpha diversity index revealed the highest number of detected phyla
in fallow soil (Y1) and hayfield, formed on fallow land Y7, in typical
conditions, however, the highest alpha diversity is supposed to be
found in natural (background) soils (Abakumov et al., 2021a). The sim-
ilar conclusion was reached by researchers in Yamal; apparently, some
components of the microbiome, associated with arable soil, remain to
some extent in fallow soils, but zonal components of the microbiome
are also acquired.

CONCLUSIONS

The soil microbiome is represented by the dominant major phyla
Acidobacteriota, Actinobacteriota, Verrucomicrobiota, Alphaproteo-
bacteria, Bacterioidota, Gammaproteobacteria, Chloroflexi, and Planc-
tomycetota. A cluster of 223 phylotypes was identified which co-vary
in abundance and yet were present in the majority of the samples. The
studied cluster is characterized by the presence of groups of microor-
ganisms (Udaeobacter, Pirullulacea, Acidobacteriota), which are char-
acteristic groups of microorganisms for the far north. Up to 25.7% of
amplicon sequence variants are common to fallow soils and back-
ground plots, this may indicate the fact that fallow soils have under-
gone significant transformation towards zonal soil series over the last
30 years, which is confirmed by the beta diversity analysis. Degrada-
tion of fallow land soil cover leads to the reduction of the alpha diversi-
ty index, however, when comparing fallow soils with natural soils, it is
noted that the alpha diversity of microorganisms in fallow soils is high-
er than in natural soils.
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Pe3ztome: B 1101eBOM 3KCIEPUMEHTE M3YyYaId MHTEHCUBHOCTBH PA3JIOKEHHS U
BI)ICBO60)K)I€HI/I$[ MMUTATCIIBHBIX JJIEMCHTOB Ui IECTH BUIO0B PACTHUTCIIbLHBIX
OCTaTKOB — JIMCThEB, METENOK M COJIOMBI oBca (Avena sativa), a Takke Ienbix
pactenuii monmHa y3komuctHoro (Lupinus  angustifolius), danenun
mmkmosuctor (Phacelia tanacetifolia) u Buku mocesnoii (Vicia sativa) B
MaXO0THOM TOpU30HTE arponojsosia Ha Kosbckom momyoctpose. OOpasiibl B
CeTYAThIX KalpOHOBBIX MENIOYKaxX H3BJIEKANUCH MO HcTedeHnn 8, 12 m 24
MECSLICB AKCIO3MLMK B IOYBE. B pacTHTENBHBIX OCTaTKax OIpPEACIsIIN
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noTepro Beca, comepikanne Copr U Nopr, @ TaKKE 30JIBHBIX 31eMeHTOB — Si, Al,
Fe, K, Ca, Mg, P, S u Mn. Kak noka3anu pe3ynbTaTbl, H.CMOTPSI Ha HU3KHUE
TEMIIEPaTyphl, Pa3JIOKEHNUE CUAEPATOB B arpornoi30Jie MPOTEKaIo ¢ BBICOKOM
MHTEHCUBHOCTBIO, COIIOCTaBMMOM C TAKOBOW B IOJKHOM YEPHO3EMHOM 30HE!
Mocyie rofa 3KCIO3WIUHM B IOYBE PACTHTENbHBIE OCTATKU Tepsuin oT 47
(comoma oBca) 10 75% (JrornmH) cBOEro McxoaHoro 6e33onpHOro Beca. [locne
IBYX JIET — MOTepH Beca JocTuriam 68% y comomsl oca U 90% y mromnumHa.
Pacnpenenernne noteps Copr, Nopr 1 P MKy BUIaMHI paCcTUTENFHBIX OCTATKOB
nu mo cpokam otbopa gocrosepHo (mpu P<0.01) koppemmpoBaigo c
pacipeseneHreM NOoTepb Beca. M3MeHeHns comepkaHus IPYTHX 30JBHBIX
3JIEMEHTOB HE 3aBHCEJIN OT ITOTEPH BECA: B 3aBUCHMOCTH OT BHJa MaTepHaNa 1
CTaJMH{ PA3JI0KEHHS 00pa3Ibl MOTJIM HE TOJIBKO TepsATh ux (K — Bce Buas; Mn
— mronme; S, Ca u Mg — Bce, KpoMe COJOMBI M METEIOK OBCa), HO U
HaKaIUIMBaTh C MpeBBIIEHHEM HcxoaHoro yposHs (Fe — Bce Buapl, MNn — Bce
Buzbl, kpome smonuHa; Ca u Mg — conoma m merenku osca). Hakomnenue
9JIEMEHOB BBIIIE KCXOJHOTO YPOBHSI O3HA4aeT, 4YTo TpaH(pOpMHUpPOBaHHBIC
pacTUTeNbHBIE OCTaTKM MOT'YT YJEp)KUBATh JIONOJHUTEIbHBIE KOJIMYECTBa
9JIEMEHTOB M3 MOYBEHHOT'O PAaCTBOPA, a HEPEryJSIPHbIE CMEHbBI YBEJIHMUYCHUS U
cHmkeHus coaepxkanus Ca, Mg, S, Fe u Mn cBuzeTenscTByOT 00 00paTMOM
XapakTepe 3Toro mpolecca. brmaromapst 3HAUNTENBHBIM PA3IHUIMAM MEXKIY
BU/IaMH CHIEPATOB 10 XWMHYECKOMY COCTaBY, CKOPOCTH M JHHAaMHKE
Pa3JIOKEHUS] W BBICBOOOXKICHUS ITUTATEIBHBIX 3JIEMEHTOB MX IPHMEHEHHE
IIPeoCTaBIIsIeT OOJIBIINE BO3MOXKHOCTH JUIS YIIPABJICHHS IUIOJJOPOIHUEM TI0YB
1 MHTEHCHBHOCTBIO KPYTrOBOPOTa 3JIEMEHTOB B arpolieHO03ax 3a c4eT noadopa
KYJIBTYD.

Kniouegvle cnoga: cunepartsl, YrIepoi; a3oT, 30JbHBIE 3JIEMEHTHI,
PpasJIoKEHUE PACTHTENBHBIX OCTATKOB; arporno 130i; Konbckuii nmomyocTpos.
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Abstract: In the field experiment, the intensity of decomposition and release of
nutrients was studied for six types of plant residues — leaves, panicles and
straw of oats (Avena sativa), as well as whole plants of lupine (Lupinus
angustifolius), phacelia (Phacelia tanacetifolia) and vetch (Vicia sativa) in the
arable horizon of Anthrosols on the Kola Peninsula. Samples in mesh nylon
bags were sampled after 8, 12 and 24 months of exposure in soil. The loss of
weight, the content of Corg and Norg, as well as ash elements — Si, Al, Fe, K,
Ca, Mg, P, S and Mn were determined in all plant residue samples. As the
results showed, despite the low temperatures, the decomposition of green
manure in soil occurred with a high intensity, comparable to the southern
chernozem zone: after a year of exposure in the soil, plant residues lost from
47% (oat straw) to 75% (lupine) of their initial ash-free weight. After 2 years,
weight loss reached 68% in oat straw and 90% in lupine. The distribution of
losses of Corg, Norg, and P between the types of plant residues and
decomposition periods correlated significantly (at p<0.01) with the
distribution of weight losses. Changes in the content of other ash elements did
not depend on weight loss: depending on the type of material and the stage of
decomposition, the samples could not only lose them (K — by all plant
residues; Mn — by lupine; S, Ca and Mg — by all plant residues, except straw
and oat panicles), but also accumulate them in quantities exceeding the initial
ones (Fe — by all species, Mn — by all species except lupine; Ca and Mg — by
straw and oat panicles) at certain periods. The accumulation of elements above
initial level means that the transformed plant residues can accumulate
additional amounts of elements from the soil solution, while the irregular
alternation of increases and decreases in Ca, Mg, S, Fe and Mn indicates the
reversible nature of the process. Due to the significant differences between the
types of green manure in terms of chemical composition, rate and dynamics of
decomposition and release of nutrients, their use provides great opportunities
for managing soil fertility and the intensity of elements cycling in agrocenoses
through the species selection.

Keywords: green manure; carbon; nitrogen; ash elements; decomposition of
plant residues; Anthrosols; Kola Peninsula.

BBEJIEHUE

Paznoxenue PACTUTCIBHBIX OCTATKOB ABJISACTCA BaYKHEUIITUM
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9KOCHCTEMHBIM MPOILIECCOM, KOTOPBI, B TOM YHCJE, PETYIUPYET Kpy-
TOBOPOT MHUTATENHHBIX JIEMEHTOB H IUTOI0poane TouB (AlekcaHIpo-
Ba, 1980; I'pummna, 1986). JlecHbie mouBsl Ha KombCKOM mOTyoCcTpOBe
— TOA30JbI — XapaKTEPU3YIOTCS OYCHb HU3KUM €CTECTBEHHBIM ILIO/I0-
ponuem (IlepeBepzes, 2004) u make mocie OKyJIbTYPHUBAHHS IS O~
JIepKaHWs WX TUIOIOPOMNS HEOOXOIMMO €XEroJHOe BHECEHHE OYEHb
Oonpmmx 103 opraHuyeckux (mopsaka 40-90 1/ra) mu MHHEpaJIbHBIX
(N120Pg0Kso) ymobpenuit (ITepeepses, 1993; EncakoB u ap., 2001 u
Ip.). 3eneHsie yAoOpeHUsl CUUTAIOTC HanOoJiee SKOJIOTHYHBIM BHIOM
opraHuueckux ynoOpenuii (Hampumep, JloeGan, 2009; Green
manure..., 2011; Jlomakos, 2018). OgHako ucciea0BaHul 10 3P dek-
TUBHOCTH WX TpHMeHeHUs Ha KoJbCKOM MOIyoCTpoBE HE TPOBOJIH-
nock. OgHuM U3 (PaKTOPOB, JIUMUTHPYIOMINX BO3MOKHOCTH TIPUMEHE-
HUS CHIEPATOB B arporo3oiax, MOryT ObITh CypOBBIE KJIMMAaTHUECKHE
yCIIoBHUs. XapaKTepHbIE ISl PETHOHA HU3KHE TeMITepaTyphl U HeJOCTa-
TOK BIIaru B otTHenbHble nepuonbl (Cemko, 1982) moryT 3amemisTb
pasiokeHue, MOCKOJIbKY TeMIlepaTypa M BIaXXHOCTD SIBIISTFOTCSI OCHOB-
HBIMU BHEITHUMHU (DaKTOpaMu, OMpPeelIONIMMH HHTEHCUBHOCTh Pa3-
JIOKEHHsI PaCTUTEIbHBIX OCTaTKOB B mouse (Zhang et al., 2008; Pres-
cott, 2010; Jlapuonosa u ap., 2017; Cemenos u ap., 2022). U3ydenue
MPOIIECCOB TpaHCHOPMAIIUU PACTHTENBHBIX OCTATKOB B OKYJBTYpEH-
HBIX To/30ax Ha KOIbCKOM IMOyOoCTpOBE MPENCTABISET HE TOJIBKO
MPAKTUYECKUH, HO W OOJBIION TEOPEeTUYEeCKHid MHTEpEC, MOCKOJIBKY
JUIsSL TaHHBIX [OYB XapaKTepHO crienuduyeckoe coueTaHue BHEIIHUX
MPUPOAHBIX (HaKTOPOB, KOTOPHIE KOHTPOIUPYIOT HHTEHCUBHOCTH Pa3-
JIO’)KEHUS: XOJOJIHBIA TYMUIHBIH KIIMMAT, a3pOOHBIE YCIIOBUS, KUCTAS
cpena, JIETKUI IpaHyJIOMETPUUYECKUM COCTaB U KUCIBIM COCTAaB MOYBO-
oOpa3yromux TopoJ. B maHHOW craThe TpeACTaBiIEHBI PE3yJIbTaThI
W3YYCHUST MHTEHCUBHOCTH PA3JIOKECHUS M JTUHAMHUKH BBICBOOOXKICHHUS
MUTATEJIbHBIX 3JIEMEHTOB B Mpolecce TpaHc(opMalyuyu HECKOJIBKUX
BUJIOB CHJIEPATOB B CYOapKTHUECKOM arporoj30iie Mpyu TaKOM CIICIH-
(pUIECcOKOM COUeTaHUH MPUPOAHBIX (PAKTOPOB.

OBBEKTHI U METO/IbI

OKCIEPUMEHT IO PA3NOKCHUIO PAcTHTEIbHBIX OCTaTkoB (PO)
CHUJIEpaTOB MPOBOJMJIICS B MAXOTHOM FOPHU30HTE arporoa30J1a Ha OITbIT-
HOM y4vacTke [loNsipHO-anbIuiickoro 0OTaHHYECKOTO CaJia-MHCTUTYTA
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(ITABCH) KHL PAH B oxpectHOCTsIX T. Amatutel (67°34'46.0" N,
33°18'01.2" E). [lnst pernoHa XapakTepeH apKTHYECKH-yMEPEHHBIH
KJIMMaT, CMATYCHHBIH TemubiM CeBepo-ATIaHTHYECKHM TEeUCHHUEM
Tonbderpum. [TosToMy Ha Gonbliel 4acTH TEPPUTOPUN BEUHAS Mep3-
JOTa OTCYTCTBYET, M TIOYBBI SIBISIOTCS  JUIUTEIHHO-CE30HHO-
npomMep3aromumu. 1Ipeodianaronme mo9Boo0pa3yOIUMH TOPOIaAMH
311ECh SIBIISIIOTCSI JIEIIHUKOBBIEC MEcUaHble OTIOKEHHs KHCIIOro COCTaBa
(ITepesep3en, 2004). Arporoa3oa chOpMUPOBaH HA PHIXJIBIX 03CPHO-
JICTHUKOBBIX OTJIOKEHHSX.

[lo manHBIM mpenuiecTByIOMIEro obcienoBaHus 44 MIIOMIAIO0K
(Kamynmuua u gp., 2021; Yyesa u ap., 2021), maxoTHbI TOPHU3OHT
OKYJIBTYPEHHOI'0 MOJ30Ja Ha 3KcnepuMeHTadpHOM ydacTtke [TABCU
XapaKTepU30BAJICSI HU3KHM COJEp)KaHHEM OPraHWYeCKOTo YTiepoia
(3mecw U ganee — cpenHee = cTaHgapTHOe OTKIoHeHue: 2.2 + 0.7%) u
azota (0.14+0.03%), cnabokucnoii peakuueii cpexst (pHKCI =
5.6+ 0.2), Hu3kUM  coxepkaHueM  oOMeHHbIXx ¢opm  Ca
(5.6 = 1.7 cmoas(3kB)/xr) 1 Mg (0.39 + 0.33 cMoB(3KB)/KT), a TaKXKe
nuskoit EKO (8.1 2.3 cMonb(9kB)/kr). [1aXOTHBIH TOPU3OHT TaKXke
XapaKTepu3yeTcsl JETKUM I'PaHyJIOMETPHYECKUM COCTaBOM (1ot (u-
3UYECKOH TIIMHBI B MeKko3eme cocTtaBisia 10 + 2.4%), BeICOKOI kKame-
HUCTOCTBIO (HONSI KamMHeW W rpaBusi coctaBuia 18+ 3%), pBIXIIBIM
cnoxenueM (V = 0.92 + 0.13 r/cm®) (Kamynuna u ap., 2021; Yyesa u
ap., 2021), auskoit Biaroemroctsio (IIB = 58.5%, HB = 24%) (Cemxko,
1982) u npomMbIBHBIM BOAHBIM peskxuMoM (Cemko, 1982; Ilepesepses,
1987; Ilepesepser, 1993). Koadduument ypnaxuneHus 3a 9 jer (c
1971-1979 rr.) cocraBui 1.6 £ 0.33 (Cemxo, 1982). ITorognsie ycio-
BHUSI BO BpeMs TIPOBEJICHUSI IKCIIEPHMEHTA, IO JIAHHBIM METEOCTAHIH
ATIaTHUTHI, PACIONOKEHHOW B 4 KM OT MeCTa IIPOBEACHUS HCCIIEI0Ba-
uuit (http://www.rp5.ru/), npeacraBieHsl Ha pucyHke 1.

VY4acTok, I7ie¢ HEMOCPEICTBEHHO INPOBOIMIN SKCHEPHUMEHT, 2
MPE/IIECTBYIOMNX T'Ofla HE HMCIONB30BaJCs IMOJ Mocaaku. Bo Bpems
SKCHEPUMEHTA COPHSIKU PEryJIIpHO yAaisuin. [[axoTHBIA TOPU30HT Ha
9TOM y4YacTKe XapaKTepU30BaJICsl HU3KHM COACP)KaHHEM OpraHUYecKO-
ro BemecTBa (moteps npu npokaauBanuu npu t 600 °C = 6.4 £ 0.3%
(N = 6) npubau3uTenpao cooTBeTCTBYET 1% Copr), CTAOOKHCIION peak-
et cpensl (pHKCI = 5.5+ 0.04, pHuo = 6.4 + 0.08), oueHp BbIcO-
KHM CoJepKaHhueM MoaBmkHOro (ocdopa mo KupcanoBy (P20s =
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62.3+14.1 wmr/100 1), cpeagaum — mnoaswxkHoro kamus (KoO
10+ 3 mr/100 r), oueHp HH3KUM — ammuadHoro asora (N-NHs
0.24 + 0.08 mr/100 T, HUTpPATHBIN a30T OTCYTCTBOBAI.
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[C—Jocaku —A—t, °C
Puc. 1. KonmuuecTBO 0CazkoB W CpemHss 3a MECSAI] TeMIepaTypa BO3ayXa BO
BpEMsI IPOBEJICHHUS SKCIIEPUMEHTA 10 Pa3JIOKEHMUIO.
Fig. 1. The amount of precipitation and the average air temperature for the
month during the decomposition experiment.

BrnaxxHOCTh MAXOTHOTO TOPU3OHTA arporo30Jia nepe HauyaioMm
sKcnepuMeHTa coctaBuia 18.5 + 1.2 BecoBbix %. OaHako B mpoiiecce
tpanchopmannu PO mopnepkuBaiv 3HAYUTENHFHO Oo0liee BBICOKYIO
BIIQYKHOCTH 110 CPABHEHHIO C OKPY>KAIOIIECH X TTOYBOH (puc. 2).

BoznymHo-cyxue obpasist nuctee (OBJI), merenok (OBM) u
conomel oBca (OBC) (Avena sativa, copr XuOMHCKHIA) Ha CTaJAUU MO-
JIOYHOM CIIENIOCTH, & TAaKXKe IENbIX PACTEHUH JIIONMMWHA Y3KOJIUCTHOTO
(Lupinus angustifolius, copt bemnosepusiii 110) — JIn, dauenuun mmx-
mosuctHoi (Phacelia tanacetifolia, copt Ps3zanckas) — ®u 1 BUKM 110-
cesnoii (Vicia sativa, copt JIerosckas-2) — Bk Ha cTajgun Havaja IBe-
TEHUsI pa3pe3al Ha KyCOUKH 1O 5 CM M MOMEIIAN B sIEHCThIE Karpo-
HOBbIE MEUIOYKH pa3zMepoM 15 X 15 cM. Memouku ¢ pacTUTEIbHBIMU
ocTaTKaMy OBUTH 3aJI0’KeHBI TOPU30HTAIRHO Ha riryomHe 10 cM maxor-
HOTO Topm30HTA 23 ceHTs0ps 2018 r. U U3BIEKAIHCH Yepe3 § MecsIeB
(14 mas 2019 r., I cpoxk), uepes rox (18 cenrsdps 2019 r., Il cpok) u
yepes 2 rona (23 centsiOpst 2020 r., Il cpok) B 3—10-kpaTHO# TOBTOP-
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Puc. 2. BnaxxHOCTh 3KCIIOHUPOBABIIMXCS B MOYBE O0OPA3LOB PACTUTEIBHBIX
OCTaTKOB.
Fig. 2. Moisture level of plant residue exposed in the soil.

Tloozomoska u xumuueckuil aHaIU3 pacmumenrbHblX OCIMAmKOS.
Jisi XUMUUYECKOTO aHalu3a WHIUMBUIyaJbHBIE 00pa3llbl OJHOTO BHUjIA
PO u oxnoOro cpoka or6opa 0ObEAMHSIIMCH B OJJMH CMEIIaHHBIH 00pa-
3e1l. B HCXOTHOM ¥ B SKCTIOHMPOBABIINXCS CMEIIaHHBIX 00pasiax pac-
TEHUI ONpeessuid 30JbHOCTh (030iieHUe mpu Temmeparype 450 °C),
sonbHble anementsl (Si, Al, Fe, Ca, Mg, K, P, Mn u S) mo mpormucu
[TonoBuesoit (IlomosueBa, 1974), a takxke Copr IO MeTORy THOpHHA H
Nopr 0 Knenbaanro. Konrenrpanust Si B UCMOJIB30BAHHOW METOJTUKE
MpeAcTaBisiiia CyMMy CBOOOAHBIX (0Opaborka 30ibl 5%-moit HCI) u
amop¢HbIx (00padoTka octarka 5%-HbiM pactBopoM KOH) dopm.

VYTrneBoAHBI COCTaB JMCTHEB W cTeOJei, OblT ompesaesieH Ha
HayqHOM oOopynoBanuu llenTpa KoyuiekTHBHOTO mMosb3oBaHus DUIL]
“Kapenbcknii Hayunslid eHTp PAH”. JIuTHUH ¥ 1e/uIrono3y ompee-
JISUTH TPAaBUMETPUYECKHM METOJIOM TIOCI€ BBIJICICHUS JIMTHUHA 72%-
HOW CepHOM KHCIIOTOM, IeIUTF0II03kI — 10 MeToay Kroprraepa-Xoddepa
CMECHIO KOHIICHTPHUPOBAHHOMN a30THOM KUCIIOTHI ¥ ATHJIOBOTO CIIUPTA B
cootHomeHuu | : 4 (o o0bemMy). I'roK03y onpeaensiii TIroK0300KCH-
Ja3HBIM METO/IOM CO CIIEKTPO(POTOMETPHUECKUM OKOHUaHHEM; (PpyK-
TO3Y, caxapo3y — [0 PEaKIUU C PE3OPIIMHOM CO CIIEKTPOPOTOMETpHUE-
CKAM OKOHYaHHEM; Kpaxmajl — [0 KOJUYEeCTBY 00pa3oBaBIICHCS TIIO-
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KO3BI TITFOKO300KCHIa3HBIM METOIOM.
Ob6pabomka Oannvix OBIIa TPOBEIEHA C UCIOIb30BaHHeM Mi-
crosoft Excel 2010. B Tekcre mpHBEIEHBI TOIBKO JOCTOBEPHBIE IIPH
p<0.01 ko3 punmenTs Koppensnuu. s oleHKH TOCTOBEPHOCTH pas-
JTUYIANA MeXIy HabopaMH JaHHBIX Hcronb3oBanu U-kpurepuii ManHa—
Vurau (http://www.psychol_ok.ru/statistics/mann_whitney). IIpu 06-
CYXKJCHUU MaTepuaja ObUIM UCIIOJIL30BAHbI 2 MOHITHS: KOHIICHTPALIUS
ajeMeHTa B % WM MI/KT Ha abCOJIIOTHO-CYXOM Bec (a. C. B.) U cojep-
JKaHHE dJIeMEHTa B 00pasiie B Mr (KOHIIEHTpaIus * Bec o0pasima).

PE3VYJIbTATBI U OBCYXJIEHUE

DJIeMEeHTHBII 1 OMOXMMHYEeCKHii COCTAaB HCXOTHBIX 00pa3LoB

DNeMeHTHBIH U OMOXMMHYECKUN COCTaB PacTEHUH OIpeneisier-
cs ux BUIOBBIMH ocobennocTsmu (MasuH, 1985; Markert, 1992; Nel-
son, Cox, 2005). Cunmeparbl, WUCHOJb30BaHHBIC JUIS DKCICPUMEHTA,
3HAYUTENFHO Pa3INyaIncCh Mo XuMHudeckomy (puc. 3, tabn. 1) u 6uo-
XUMHUYECKOMY cOCTaBy (pHcC. 4), KOTOpble B 3HAYUTEIHHOW CTENEHH
BIUSAIOT HA WHTCHCUBHOCTh HMX pasnokenus (Anexcanapona, 1980;
I'pumuna, 1986; nerens, 1987).

Onemenmusiti cocmas pacmenuti. Konuenrpanus Copr (% a. c. B)
BapbupoBaia oT 39 (nmcths oBca) no 44% (cojoma oBca W JIIOIHH),
Nopr — oT 2.8 (dauenus) o 6.1% (monun). MeXBHIOBBIC pa3IHYHS 110
COJIEP)KAHUIO 30JIBHBIX JJEMEHTOB ObUIH 0oJiee 3HAYUTEIHHBIMU
(tabmn. 1): ot Tpex pa3 no P no 100 pa3 u 6omnee mo Mn. IlpeoGnanaro-
IIMM 30JBbHBIM 3JIeMeHTOM BO BceX Bumax PO oObur K. 3a cuer mormos-
HUTEJIBLHOTO M3BJICUEeHUs] aMOp(QHBIX (OpM BTOpPOE MECTO BO BCEX ya-
crsax oBca 3ansu1 Si. [Ipu aTom mons ero amopdHbIX hopm cocTaBmia
80-90%. VYV TpaBSHUCTBIX pacTeHWii 0O0mIas KOHIEHTparus Si Obia
3HAYUTENIbHO HIDKE, 1o cpaBHeHuto ¢ K, Ca, Mg, P u S, a mons ero
amopdHusIx ¢opm Bapsuposana ot 20% B Buke 10 50% B sonuHe, T. €.
C PAaCTUTENBHBIMUA OCTATKAMH B TIOYBY ITOCTYMAIOT HE TOJBKO 3HAYH-
TeJbHbIC KOJHUecTBa BakHbIX nuTarteibHbix — N, K, Ca, Mg, Pu S, —
HO M T'€OT€HHBIX 3JIEMEHTOB, 0COOeHHO Si.
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KoHueHTpauuus

MoTeps, %

Puc. 3. A — Vzmenenue 3ompH0CTH (% Ha a. c. B.) 1 KOHUEHTPAUU Copr B Nopr
(% na Ges330mbHBIN Bec); B — notepu obmiero Beca, 30761 U Copr 1 Nopr (%0 OT
HCXOJJHOTO) B IIpoliecce TpaHC(HOPMaIMN PaCTUTEIBHBIX OCTaTKOB B royse: O
— MCcXo/HbIe 00pa3upl, | — mocine nepBeIx 8 MecsIeB HKCIO3UNMH B rouse, |l —

.2024. Bpim. 119

nocite 1 roma sxcnosunyu u |l — mocne 2 ner.

Fig. 3. A — Change in ash content (% of dry weight) and concentration of Corg
and Norg (% of ashless weight); B — loss of total weight, ash and content of Corg
and Norg (% of initial) in the process of transformation of plant residues in the
soil: O — initial samples, | — after the first 8 months of exposure in the soil, Il —

after 1 year of exposure and 11 — after 2 years.
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Ta6auna 1. 3omeHOCTE (% Ha a. C. B.) H KOHIIEHTPAIHS 30JIbHBIX 3JICMEHTOB
(I‘/KF WJIA MI/KT Ha a. C. B.) B paCTUTCJIBHOM MaTcpuaje, UCIOJIb3yEMOM JId
OKCIICPUMCEHTA

Table 1. Ash content (% of a. d. w.) and concentration of ash elements (g/kg
or mg/kg of a. d. w.) in the plant material used for the experiment

3oa1a, r/Kr MI/KT
Oobpazen :
% K |Ca|Mg| P | S| Si |[Al| Fe | Mn
Osec- 128 284 |64| 13 | 24 | 18| 127 |50|267| 05
JIUCThA
Osec- 61 |147 [07] 06 | 1.2 | 03| 44 |20/ 51 | 236
COJIOMa
Osec- 42 |87 |10| 15 | 29 |03| 79 | 08| 88 | 440
MCTCJIIKHN
Jronun 75 (169 [35] 41 | 29 [15]| 07 |22 278 186
Ganermss | 161 [ 37.0 [158| 1.8 [ 36 [ 14| 1.0 |35 134 | 66.0
Buka 101 (198 [41] 37 | 33 | 11| 1.0 [ 15] 607 | 2610
Marc/vun | 4 4 |2 7 3 | 7] 19 [59] 12 [ >100

Venesoonwiii cocmas. TpyaHo paznaraemMble KOMIOHEHTHI — L€
JI0JI03a M JIMTHUH — ObUIM NpeoOiajarolMiMU KOMIIOHEHTAaMH H B
cTeOJIsIX, U B JIUCThSIX, BCeX 00cCieqoBaHHBIX cujiepaToB (puc. 4). s
BCeX KOMIIOHEHTOB, KpOME KpaxmaJa, ObUIO CBOHCTBEHHO OoJiee BhICO-
KO€ coJiep)KaHue B CTEOJIAX 10 CPABHEHHIO C JIUCTHSIMU: LIEIUTIONO3bI —
ot 1.3 pa3a (oBec u BuKa) 10 2.6 pa3 (JironuH); IMrHUHA — OT 1.3 pasza
(oBec) o 3 pa3 (damuenus); GPYKTO3bI — OT MPUOJUZUTEIILHO PABHOIO
(o, ¢anenus 1 BUKa) 10 3 pa3 (0Bec); M MIIOKO3bI — OT NPUOIH3H-
TENBHOTO paBHOTO (BHKa) 10 3 pa3 (Pauenus). CoaepkaHue Kpaxmana
B JINCTHSIX (paIle)iny, OBCA W JIFONMHA OBLIO BEINIE, 9eM B cTeONsx B 10,
3 1 2 paza COOTBETCTBEHHO. Y BHKH €T0 COZEpKaHNe B cTeONIIX OBLIO,
HAo00pOT, B 2.5 pa3a BhILIE, YEM B JIHCTHSIX.

Paznuuust Mexay BUIaMHU CHIEPATOB MO COJIEPKAHUIO HEKOTO-
PBIX YTJIIEBOJOB B CTEONSX U JIUCTHAX ObUIM OOJiee 3HAYUTEIBHBI, YeM
MEXIy JHUCTBSIMH U CTEOJIIMU OZHOTO BHIA. OCOOCHHO CHUIBHO BHIIBI
pa3nuyaIich Mo CoAepKaHuIo B cTedsax GpykTossl (B 27 pa3) U Kpax-
mana (300 pa3). st mucTheB ATH pas3audus cocTaBmm S U 50 pa3 yis
(GpyKTO3BI M Kpaxmaia, cooTBeTCTBeHHO. [lo comepxanuio mpeobiia-
JAIOIINX, TPy AHOpa3araeMbIX KOMIIOHEHTOB BUABI CHIECPATOB Pa3iiu-
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Yanuch B MEHBILEH CTETEeHH: 10 1eJuTiono3e — B 1.2 pa3a B cTeOsIX U B
=2 pasa B JIUCThSX, IO TUTHUHY — B 1.4 pa3a B cTeOnsax u B 2.4 pa3a B
JIUCTBSIX.

CopepxaHue, mr/r

Creb Jluer Creb Jluet Creb Jlner Cteb Tuct

Osec IMionuH dayenus Buka
Bllenntonosa OJlurinH Od®pykTosa Olnokoza OCaxaposa BEKpaxman

Puc. 4. YrieBoHbI# COCTaB JINCTHEB U CTEOJICH 5 BUIOB CUICPATOB.
Fig. 4. Carbohydrate composition of leaves and stems of 5 types of green
manure.

Tpanchopmanus pacTUTeIbHBIX OCTATKOB B N0YBE

Uz-3a crienudukn OHOXMMHYECKOTO COCTaBa Pa3IMYHBIX Opra-
HOB, TKaHEeW M KOMIIOHEHTOB KJIETOK u3MeHeHue eHeuinezo euoa PO B
npolecce UX TpaHCPOPMAIMK B IMOYBE 3aBUCUT OT MOP(HOIIOTHUECKOTO
Y aHAaTOMHUYECKOTO cliokeHusi pacteHuid (Anexcanapona, 1980; I'pu-
muHa, 1986). BHemHne n3MeHeHus: HeKoTopsix BU0B PO B mporiecce
uX TpaHc(hOpPMaLUK B TIOYBE NPEACTaBICHB Ha pUCYHKaxX 5—8. JIucThs,
XapaKTepU3yIONIHecss MEHee MPOYHBIM CTPOCHUEM CTEHOK KJIIETOK U
Ooyiee HU3KHM COJEp)KaHHEM TPYTHOPA3araeMpIX KOMIIOHEHTOB —
LEJUTIONIO3bI U JIMTHUHA — Pa3Jlaralich 3HAYUTENLHO OBICTpee ¢ MmocTe-
MEHHBIM YBEJIMYEHUEM CTETIeHH (parMeHTaluH 10 MEJIKOW NbUIM IMO-
cie 2 net skcno3unuu (puc. 7 u 8). Torga kak credin BCeX pacTCHHIH
COXPAHSJIH IEIOCTHOCTh U 00bheM Bce 2 rona (puc. 5, 7 u 8). [Ipu 3Ha-
YUTENBHON ToTepe Beca (puc. 3) 3TO MOXKET 03Ha4yaTh, YTO 00BEM CO-
XpaHsJICS 3a CUET KapKaca M3 CTEHOK KIETOK, COCTOSIIUX W3 Ooee
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ycroiunBbIx kKomrnoHeHToB (CmupHoBa, Koueros, 2015), u uro, kak
MUHUMYM, TPeo0Iafaronas 9acTe ocTammerocss B mouBe Copr MpO-
JOJDKAeT HAaXOAUTHCS B COCTABE OPraHMYECKOrO BELIECTBA KPYIHBIX
HEepa3IoKUBLINXCS (PParMeHTOB PaCTCHHU.

Haunbonee 3HaunTenpHOE MOTEMHEHHWE W pa3pylieHHe cTedien
OBLIO MPUYPOUCHO K KOHIIAM OTPe3KOB (puc. 5, 7 u 8). OueBHIHO, YTO
3alIUTa OT MPOHUKHOBEHUS TATOT€HOB, CO3/IaHHAS KUBBIM PACTCHUCM,
— BOHUIEPMHUC CO CTEHU(PHICCKHM OMOXMMUYECKAM COCTABOM CTEHOK
kinetok (CmupnoBa, Koueros, 2015) — 3arpyaHseT NPOHHUKHOBEHHE
MHUKPOOPTaHU3MOB-JIECTPYKTOPOB BHYTPh PACTUTENBHBIX OCTaTKOB

IIpY UX IOINaJaHHuU B IIOYBY.

Puc. 5. Buemnuii Bujp obOpasioB crebneit oBca (Avena sativa, Khibiny
variety), SKCIIOHHPOBABIIUXCS B [IOYBE B TeUeHHE § MecsleB, 1 rona u 2 et .
Fig. 5. Appearance of oats stems samples (Avena sativa, Khibiny variety)
exhibited in the soil for 8 months, 1 year and 2 years .

Puc. 6. Buemmmit Bum oOpasimoB Meremok osca (Avena sativa, copt
XuOWHCKHUIT), SKCIIOHWPOBABIIMXCSI B TII0YBE B TEUCHHE § MECHIEB,
1 ropau 2 ner.

Fig. 6. Appearance of samples of oat panicles (Avena sativa, Khibiny variety)
exhibited in the soil for 8 months, 1 year and 2 years.
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Puc. 7. BuemmHumit Bua 0o0pasioB JroMHHA y3kosmcTHOro (Lupinus
angustifolius, copr benoszepusiii 110), 3KCIOHHPOBABIIMXCA B IMOYBE B
TeueHHue 8 MecsIeB, 1 roga u 2 JieT.

Fig. 7. Appearance of the samples of lupine (Lupinus angustifolius,
Belozerniy 110 variety) exhibited in the soil for 8 months, 1 year and 2 years.

Puc. 8. Buemmuit Bua o6pasuoB darenunu mmxmonuctHo# (Phacelia
tanacetifolia, copt PsizaHckas), SKCIIOHUPOBABIIKXCS B MOYBE B TeueHUE
Mecsies, | roga u 2 ner.

Fig. 8. Appearance of samples of phacelia tanacetifolia (Phacelia
tanacetifolia, Ryazanskaya variety) exhibited in the soil for 8 months, 1 year
and 2 years.

M3menpueHne u HapyIIeHWE METOCTHOCTH PACTCHHM Iepe] UX BHECe-
HUEM B TI0YBY MOXET OBITh OJHUM U3 Hauboiiee 3PPEKTUBHBIX MeXa-
HU3MOB YIIPaBIIEHUS WHTEHCUBHOCTBIO WX Pa3yiokeHus. Tak, yBenmue-
HUE CTETNeHU M3MenbueHus oT 20-CaHTHMETPOBBIX OTPE3KOB JI0 (par-
MEHTOB pa3MepoM MeHee | MM B DKCIEPUMEHTE C COJIOMOM 3€PHOBBIX
KynbTyp (JIoBumkoB u ap., 2016) compoBoxkaanoch 4-KpaTHBIM yBETH-
YeHHEM CKOPOCTH €€ Pa3IOKEHHUsS B IMOYBE, TOT/Aa KaK BUIBI PACTEHHMA
110 MHTEHCUBHOCTH PA3JI0KEHHUS Pa3IMYauCh BCero B 2 pas3a (CM. HU-
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xKe).

Hzmenenue 30mbHocmu pacTUTEIBHBIX 00pa3IoB B Ipoliecce
pasnoxeHus ObUIO MHIUBUAYAIBHBIM JIJISl KaXI0TO BUIa PACTHTEIBHO-
ro marepuaia (puc. 3) W 3aBHCEIO OT COOTHOIICHHUS IMOTEPh OIHUX
anemenToB, ocodenno K (moas KoO B 3051€ HCXOMHBIX OOpasloB CO-
craBisier 25-30%), oT UMMOOHIH3AIMHM HA MECTE BBICBOOOIHBIITHXCS
npu paznoxenun smementoB (Si, Al, Fe u Ca) u HaKoIICHHUS] TOYBEH-
HBIX YaCTHI[ CO BpeMeHEM. B OONBIIUHCTBE HKCIOHUPOBABIIMXCS 00-
pa3loB, KpOME COJIOMBI OBca (HHU3Kask UCXOAHas KoHIeHTparms K, cia-
0as CriocOOHOCTh HAKaIUIMBATh MOYBEHHBIE YAaCTULBI M3-3a OOTEKae-
MO# popmBI), (arenuu (camasi BRICOKast UCXOoAHast KoHeHTpaus K) u
BUKH, TIOCJIC MEPBBIX 8 MECSIEB SKCIO3UIIUU B MMOYBE 30JIbHOCThH ObLIA
3HAUUTCJIIBHO HHUXKE I/ICXOI[HOﬁ.

Ilomeps 6eca. V3-3a 3HAUUTENBHOIO M3MEHEHHS 30JbHOCTU
CHIDKEHHE 00IIero Beca o0pas3IoB HE COBCEM aJIEKBATHO XapaKTepH30-
BaJI0O MHTEHCUBHOCTH pa3iokeHus opraHuueckoro Bemectsa PO. Ilo-
3TOMY B HAIlIEM 3KCIIEPUMEHTE CKOPOCTh €r0 pa3iioKeHHs Oblia oIe-
HeHa 1o 6e3301pHOM HaBecke (puc. 3). CorliacHO pe3yinbTaTaM MHOTO-
gucneHdslx uccienoBanuil (IlepeBepseB, 1987; VYmakosa, 1983;
Cornwell et al., 2008; Texos u ap., 2016; Cemenos u ap., 2019 u ap.),
pu 3KcnoHupoBaHud PO B 0JMHAKOBBIX YCIIOBHSAX BHJ PacTCHHUH CTa-
HOBHTCS BeAyIIUM (DaKTOPOM, OTIPENEINSIONIMM CKOPOCTh MX Pa3JioikKe-
HUs. B naHHOM 3KcriepuMeHTe moTepu 0e330JIbHOTO Beca COJOMOU U
METeJIKaMH OBca BO BCE€ CpPOKM oOTOOpa oOpasioB, cormacHo U-
kputepuro ManHa—Yutau (npu p<0.01), ObuTH 3HAYMMO HHXKE IO
CPaBHEHHUIO C JIUCTHSIMH OBCA W IEJIBIMH PAacTeHHAMH JIIONMUHA, (arie-
JIUM ¥ BUKH. MEXBHUIOBBIE pa3inyusi HanOoJjee 4eTKO MPOSIBUINCH Ha
HaYaJIbHBIX CTAAMSIX Pa3JIOKEHUS U CTIaKHBAJIICh CO BpeMeHeM. Tak,
3a TiepBbie 8 MeECSIIEB IKCIIO3UIMU B MOYBE MOTEPH O€330J5HOTO Beca
BapbsupoBaiu ot 30% y conomsl 0Bca, 70 60% y TUCTHEB OBCa U LIENBIX
pacteHuii gauenuu ¥ BUKH (T. €. B 2 pa3a). K koHIy 2-ro roga norepu
nocturau 68% y coiaoMel 0Bca, U 0koJio 90% y TUCTHEB OBCa, JIIOTHHA
U BHKH, T. €., 10 KyMYJSITUBHBIM MOTEPSIM 32 2 Tofa PazIuyusi MEXIY
BHJIaMH YMEHBIIWINCH 110 1.3 pa3a.

HecmoTpst Ha HHU3KHE TeMIlepaTypbl, HHTEHCUBHOCTb Pa3JloikKe-
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Hus PO B cy0apKkTHdeckoM arpomojzone OKa3alach COMOCTaBHMa C
TaKOBOM B IOXKHBIX peruoHax. Hampumep, coioMa 03UMOM TIIIEHUIIBI B
CXOZHOM TI0 METOAWKE IKCIIEPHUMEHTE (KaIpOHOBHIE MEMIOYKH, OTPE3-
Ku 5-7 cM) mocie rojia pasjioKeHUs B THIIMYHOM udepHO3eMe Bopo-
HEXCKOW 00JIaCTH TOTepsiia TOIBKO 25% CBOETro MCXOMHOTO Beca, JIF0-
nepaa — 66%, a MOTepy MOCE ABYX JIET 3KCIIO3UIUN COCTABIIN 72 H
88% 1Is1 CONOMBI MIIEHUIIBI U JIOUEPHBI, COOTBETCTBEHHO ([eaoB u
ap., 2016).

N3z-3a cnenmduaHOTO AN KAXKIOTO BUAA PACTEHUI COOTHOIIIE-
HUS PA3JIMYHBIX 110 YCTOWYMBOCTHU K PA3JIOKECHHUIO IPYIIIT OPraHUYECKO-
ro BemiectBa (CemeHoB u ap., 2019) Buasl PO 3HaunTensHo pazinya-
JIUCH ¥ TI0 CKOPOCTH M3MEHEHHS WHTEHCHBHOCTH PA3JIOKEHHS CO Bpe-
MeHeM. Kak crexyeT u3 yObIBAIOMIMX PSIOB MTOTEPh OE330JILHOTO Beca,
(B mepecdere Ha Mecsl A KaXKJOTo MepHoAa SKCMO3UIMH, B % OT
WCXOJHOTO) MHTEHCHUBHOCTH PAa3JIOKEHUS OPTaHWYECKOTO BEIIeCTBa
Mexay Bunamu PO Bo Bce mepuo/ sl OTIIM4Yaiach B 2 pasa:

| oman:

OgJI (7.8) > ®u (7.2) > Bk (7.1) > JIn (6.9) > OM (4.4) > OzC (4.0)
Il oman:

OsM (7.2) > JIm (5.0) > OBJI (4.7) > Bk (3.8) > OBC (3.7) = @11 (3.7)
11 oman:

OBC (1.8) > OBM (1.4) > Bk (1.3) > JIr (1.2) > @11 (1.0) > OsJI (0.8)

OpHako HU3-3a pa3nu4uid MEXAy BUIaMH B COYETaHUU TPYIHO- U
JIeTKOpa3jiaraéMbIX KOMIIOHEHTOB UX paclpe/ielieHHe M0 dTOMY TOKa-
3aTel0 MEHSJIOCh CO BpeMeHeM. Hambollee MHTEHCHBHO pa3iioxeHHE
BO Bcex Bujaax PO, kpome MeTelloK oBca, MPOTEKAIo B MEPBBIE 8 Mecs-
LIEB DKCIIO3UIIMKA C CAMBIMH BBICOKMMHM MOTEPSMHU 0€330JIbHOI0 Beca y
JIUCTHEB OBCA U TPABSHUCTHIX PACTEHUH, a C HANMEHBIIUMH — Y COJIO-
MBI H METEJIOK OBca. B mocneayromnue deTeipe ISTHUX MeCsIa Y JINCTh-
€B OBca, IENIBIX PAcTeHMH (arleianu, BUKA U JIONMHA HHTCHCHUBHOCTD
Pa3NoXKeHUsI CHU3WIACh HE3HAUUTENbHO (B 1.5—2 pasa), y coiombl oBca
— MPAaKTHYECKU OCTaIaCch HA TOM K€ YPOBHE, a y METEJIOK OBCa, Ha000-
poT, yBenmumiach B 1.6 paza. Ilocimeqaee 66110 00YCIIOBICHO TEM, UTO
JierKopasjaracMble KOMIIOHEHTHI 3epHA CTaIH JIOCTYITHBI JIJISI MUKPO-
OPraHU3MOB TOJILKO TMOCJIE YaCTUYHOTO PA3JIOKEHUS MIPOYHON CEMEH-
HO¥ 000J10uKH B MepBbIe 8 MecsleB (puc. 6). B netHuil nepuoa camast
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BBICOKasi WHTCHCHBHOCTH PAa3JIOKCHHUs OblLIa CBOWCTBEHHA METEIIKaM
OBca, caMasi HU3Kasl — CoJIoMe OBca U (arenuu.

Haunbonee 3HauMTENbHOE CHMXKCHUE WHTCHCHBHOCTH Pa3JIONKe-
HUS, 10 CPABHEHUIO C MEPBBIM MEPUOIOM, MPOU3OILIO HA BTOPOU TO
JKCIIO3UINH: B 9 pa3 — y JUCTHEB OBca, B 7 pa3 — y darennu, oKoio 6
pa3 — y BUKH W JIIONMHA ¥ B 2 pa3a — y COJIOMBI OBca. B 3T0T nepuoa
Han0OoJee BBICOKAass WHTCHCUBHOCTH Pa3jOXCHHS Oblla CBOHCTBCHHA
MeJIeHHO pasnaraeMbiM PO (cosioma U METENKH OBca), HauboJiee HU3-
Kasi — OBICTPO pasnararoimuMmcs (JIMCThS OBCA M TPaBSHHCTBIC PACTe-
HUs).

Hzmenenue xonyenmpayuu snemenmog ¢ PO. DddexTuBHOCTD
MPUMEHEHUS CHIEPATOB AJIsl MOBBILICHUS IJIOJOPOAUS MOYB M JKOJIO-
THYCCKHUC MOCICACTBHUA IIPUMCHCHUA CUACPATOB 3aBUCAT OT NOBEACHUA
KOHKPETHOTO 3JIEMEeHTa B Ipotiecce Tpancopmanuu PO B KOHKPETHOM
MIOYBEHHO-TE€OXUMHUUECKONH 00cTaHOBKe. B oTnnume ot mabopaTopHbIX
9KCIIEPUMEHTOB, KOHIIEHTpalus 31eMenTa B PO B moneBoM 3Kcnepu-
MEHTE 3aBHCHUT HE TOJBKO OT CBOMCTB 3JIEMEHTAa W M3MEHEHHUS €T0 II0-
IOBIDKHOCTH, Kak B  CBA3M CO  CMEHOM  OKHCIHMTEIbHO-
BOCCTAHOBUTENIBHBIX YCIIOBHH, TaK M CO CIOCOOHOCTBIO B3aMMOAEH-
CTBOBaTh C MpoaykTaMu TpaHcopmarmu PO, HO 1 OT MHOTHX JAPYTHX
(akTOpOB: HampUMep, TAKMX KaK HAKOIUIEHHE IMMOYBCHHBIX YacTHLl U
MHUKpOOHOM OMOMAacchl, 3HAYUTENBHO OTIMYAIOLIMXCS 110 XUMHYECKO-
My coctaBy oT PO, a Takke BBIHOC/TIOCTYIUIGHUE JJIEMEHTOB C (QHIIb-
TPYIOLIMMUCS TIOYBEHHBIMH pacTBopamu. HekoTopoe npencrasieHue o
MOBEJCHUH 3JIEMEHTOB IPH Pa3I0KEHUH CHIEPATOB B IAXOTHOM TOpH-
30HTE arporoj30jla JaeT aHalu3 WU3MEHEHHS MX KOHLEHTPALUU CO
BpEMEHEM.

Cop.. V3-32 3HAUNTENHHOTO TOBBILIEHUS 30JIbHOCTH HANpaBJICH-
HOCTh W CTeleHb W3MeHeHUs] KoHUeHTpamud Copr U Nopr TIO Mepe
tpancpopmaunu PO B mouBe Obula oxapakTepu3oBaHa B % Ha 0e3-
30ibHBIN Bec (puc. 3). B ucxoaneix oOpasuax koHueHTpauus Copr Ba-
prupoBana ot 42.8 (Merenku oBca) 10 49.3% (danenus) Ha 6/3 Bec.
CreneHp U JUHAMHUKa W3MEHEHUS KOHUIEHTpauuu Copr OBLIM HHIMBH-
IOyanbHbIMU 1711 Kaxkaoro Buga PO. OnHako B OONBIIMHCTBE CIy4acB
koHneHTparus Copr B SKCIIOHHPOBABIIKXCS 00pazmax PO Oblia BhImIe
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ucxonHoi. Ilocne mepBbIX 8 MecsAlLeB KCIO3UIMU B MOYBE KOHICH-
Tparust Copr 3HAYUTEIHHO BO3POCHA, TI0 CPABHEHUIO C HCXOTHOU, TOIb-
KO B JINCTBSIX U MeTenkax oBca (Ha 10 u 4% Ha 6/3 Bec, COOTBETCTBEH-
Ho). Ha Gonee mo3aHux cpokax skcno3uuuy KoHueHTparus Copr OblIa
BBIIIIE UCXOAHOW BO Bcex Buaax PO, ocoOeHHO mocie BTOPOTO Tojaa
skcro3unn. Beero 3a 2 rona sxcno3unuu KoHIEHTpanus Copr yBEIH-
ymiack Ha 4% y cosiombl OBca, Ha 18% y MeTeJOK OBCa M BUKH H JIO
22% y nucTtheB OBca. IlpuumHaMu 0OIIEH TEHACHIMU KOHIICHTPAIMH
Copr K YBEIHUEHHIO MOXET OBITH OTHOCHTENhHOE oOoramenue PO B
mpolecce MX TpaHchOpManuu TPYAHO pa3jiaracMbIM JIMTHUHOM H
BHOBb O6pa3OBaHHI>IMI/I TYMHUHOBBIMH KHCJIOTaAMH, KOTOPBIC XapaKTe-
pusytoTcs 6osee BBICOKUM cojiepikanueM Copr (LLnmerens, 1987; ['pu-
muHa, 1986).

Nope. Pazmuuns o ucxoanoi konneHTpauuu Nopr (puc. 3) MexIy
Bugamu PO (BapsupoBana ot 3.3 y dauenuu 1o 6.6% Ha 6/3 Bec y mmto-
MMHA) U €e U3MECHEHHS B Tpolecce UX TpaHchopMauu B MouBe ObUIH
Oosiee 3HAUMTENBHBIME (OT =1.5 pa3 y BHJOB ¢ HU3KOH UCXOJHOH KOH-
LEeHTpanueil a30Ta — METEJIKH OBca, (aueius, BUKa, 10 Ooiee 2 pa3 i
BUJIOB C €r0 BBICOKOM MCXOJHOW KOHIEHTpAlHel — JIIONHUH, JUCThS U
cojioma oBca) o cpaBHEHHUIO ¢ Copr. [locie mepBhIX 8 0OCeHHE-3UMHUX
MecsiteB KOHIeHTpaus Nopr HE3HAYUTEILHO CHU3MIACH BO BCEX BHJIAX
PO, xpome nuctbeB oBca: Ha 0.3% y Buku 1 Ha 1% y mronuHa. Bo Bcex
gacTax oBca KOHLEHTpauus Nopr IpogoIKaza yMEHbIIATHCS 1O KOHIIA
9KCIIEpPUMEHTA C HanboJee Pe3KUM CHIKeHHEM (B 2.4 pasa) y JIMCThEB
OBca 3a 4 TEeIUIbIX JIETHUX Mecsla, a y cojoMmbl oBca (B 1.8 pasa) 3a
BpeMs BTOPOT'O Iojia 3KCIIO3ULMHU. Y TPaBSIHUCTBIX PACTEHUH KOHICH-
Tpanust Nopr CHU3WIIACH IO MHHUMYMa Tocjie 1-To rojja SKCIO3UIHH 1
CHOBAa YBEIMYMJIACh K KOHILy 2-TO TOZAa, MPEBBICUB MCXOAHO HU3KHE
3HA4YeHUs Y BUKU U Qauenuu. Ha HeperynspHele H3MEHEHUS! KOHLICH-
Tpanuu a3ota B PO Morio okasare BIHMSHHE YepeJOBaHWE aCCHMHUIISA-
[IMU MUKPOOPTaHU3MaMH BBICBOOOKIAIOIIETOCS TPH PA3I0KEHHUH pac-
TEHHI a30Ta U €ro Mocjeayloliee BEHICBOOOKICHNE IPH UX OTMUPaHUH
(Kysnemniosa u nip., 2006).

CHmxenne KoHIEHTpanuud Nopr M 00€IHEHHE OpPraHMYEeCKOTO
BemectBa PO a3oTom B mpouecce ux TpanchopMmanuu B mo4Be 00y-
CJIOBIIEHO Ooee OBICTPBIM pa3iokKeHHEM OENTKOB C BHICOKHUM COZEpIKa-
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HHUCM a30Ta U YBCJIMYCHUCM NOJIM TPYAHO pasjiaracMbIX KOMIIOHCHTOB
— JIMTHAUHA U TYMHUHOBBIX KHCJIOT — € BBICOKUM COACPIKAHUEM YIJICPO-
Ja.

3onbHvie anemenmul: P u S Takxke BXOIAT B COCTaB MOJIEKYI Op-
TFaHWYECKOro BELECTBA PpacTeHUH, HO B mpouecce Tpanchopmanuu PO
B MOYBE 3TH 3JIEMEHTHI Benu cebs mo-pazHomy (puc. 9). Hampasnen-
HOCTh M3MEHEHHUs1 KOoHIeHTpauuu P 3aBucena ot Buga PO u cpoka oT-
Oopa: B 12 oOpasnax u3 18 koHIEHTpanus Oblla paBHA WU BBIIIIE MC-
XOAHOM (BO BCE CPOKM OTOOpA Y BHKH, JTHCTHEB U METEJIOK OBCa, B OT-
JIeNTbHBIE CPOKH Y COJIOMBI OBca U (alesinu) U B 6 ciydasx — HuxKe (BO
BCE CPOKU OTOOpa y JIIONHHA, B OTAEIBHBIE CPOKU — Y COJIOMBI OBCa U
(anenmmn). OgHAKO CTENeHh U3MEHEHMsI KOHIIEHTpauy P OTHOCHUTEh-
HO UCXOJHOM ObliIa HE3HAUYUTEJILHONW: MaKCUMAaJIbHOE IOBBILLIEHUE ObI-
mo B 1.4 pa3a (MeTenmku oBca mocie 1-ro roma 3KCHO3UINHN), MaKCH-
MajbHOE CHIDKeHHe — B 1.3 pasa (y mronuHa mocine 1-ro rona).

Uzmenenne koHunentpanuu S B PO mo mepe ux tpancdopmaum
B MOYBE ObUIM OOJiee 3HAUMTEIILHBIMH 110 CpaBHEHHIO ¢ P, a Hampag-
JICHHOCTh M3MEHEHMH Yallle BCero 3aBHCeNia OT MEPHOoJa SKCIO3HULUH
(puc. 9). Ilocne mepBbIX 8 OCEHHE-3UMHHUX MECSIICB DKCIIO3UIIMUA B
MOYBE KOHIIEHTpAIUs S CHU3WIACh BO BceX BUaax PO, kpoMe MeTelok
oBca. Hanbonee 3HauMTENbHOE €€ CHMXKEHHE MPOU30LUIO y OBICTPO
pas3nararoluxcsi BUJOB C BHICOKUM HCXOAHBIM CoAepKaHueM S: B 6 pa3
y JIUCTHEB OBCA, TMOYTH B 4 pasza y BUKU U B 2.4 paza y danenun. 3a mo-
CJIEAYIOIIME YEeThIpe JIETHUX Mecsina Bo Bcex Buaax PO, kpome nucTheB
OBCa, KOHIEHTpauusi S, HAao0OPOT, CYIIECTBEHHO YBEIUYWIACH II0
CPaBHEHHUIO C IPEIBIAYIIIM CPOKOM 0TOOpa 00pasiioB. Hanbosee 3Ha-
YUTECJIBbHOC MMOBBIIICHUE B 3TOT IIEPHUO OBIJIO OTMEYEHO Y BUJOB C HU3-
KHM HMCXOJHBIM COZIEpKaHueM: B 4 pa3a B METEJKax oBca U B 2 pasa B
cosiome. B GonpmmHCcTBE BUIoB PO, KpOMeE JTMCTHEB U COJIOMBI OBCa, 32
BpeMsi 2-TO T'ojla SKCIIO3UIUK KOHIIEHTPALMs S BHOBb CHH3WIIACH, JIO-
CTUTHYB MUHUMYMa B METEJIKax OBCa U BUKE.

Hawnboiee 3HaunTEIHLHO B TIPOITECCe pa3iokeHus B oopaszmax PO
CHIDKAJIACh KOHIICHTPAIHSI TJIABHOTO 301bHOTO dyieMenTa — kaaus (K).
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Puc. 9. MHsmenenue KOHICHTpAlMM 30JIbHbIX J3JIECMEHTOB B IIPOLECCC
TpaHchOopMaIMK PaCTUTEIILHBIX OCTaTKOB B mouBe: A — Ca, Mgu K; B —P u
S; B — Si, Al, Fe, Mn. O603Hauenus Ha ocu X cM. Ha puc. 3.

Fig. 9. Changes in the concentration of ash elements during the transformation
of plant residues in the soil: A—Ca, Mgu K; B—P u S; B — Si, Al, Fe, Mn.
For the designations of the X-axis, see Fig. 3.
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Yake mociie nepBhIX 8 MECSIEB 3KCIO3UIIMHU B IIOYBE €0 KOHIICHTPAIHSI
B PO cum3unack B 3—4 paza y MeIUIEHHO pa3Niararoliuxcsi BUIOB ¢ HU3-
KOH MCXOIHOM KOHIIEHTpaluei (cojoMa M MeTeiakd oBca) U B 15-19
pa3 y OBICTPO pa3liararoIuXxcs BUIOB C BBICOKOW HMCXOJHOW KOHIICH-
Tpanueit (ucThs oBca U danenus) (puc. 9). Takoe moBenenne K o0y-
CJIOBJICHO WMOHHOW ()OPMOI ero MpHCYTCTBUS B PACTCHUSIX U OTCYT-
CTBHEM MexaHu3Ma y TpaHcopmupoBaHHbIXx PO k ero yaepikaHuto.

B ortimmume ot K, xornertpanus Ca u Mg B paznaratonmuxcs PO
Morja OBITH KaK BBIIIE, TAK U HIKe McxomHou. Hanbosee 3HaUMTEND-
HOE CHIDKeHUe KoHIeHTpanuu Ca ObUIO OTMEUEHO Y BUKH (B 4 pasa) u
y ¢anenuu (B 3 pasa) mociie IepBbIX 8 MeCsIeB PKCIO3HUINN B ITOYBE.
B 1.5-2.3 pasa Hmke HCXOQHOW OHA OBLIA B JIUCTHAX OBCA HA MPOTH-
KEHUU BCero dkcrepuMeHTa. Haobopot, B OOMBIIMHCTBE SKCHOHHPO-
BaBmuxcs B mouse oOpasnoB PO (B 12 u3 18) xonnentparus Ca Opiia
3HAUUTEIBHO BhILIE UCXOAHOU: OT 1.5 10 8 pa3 B coome oBca, OT 2 10
5 pa3 B MeTeJKax oBca M OT 2 710 9 pa3 B JIIOMNHHE.

CHmxeHne KoHIeHTpanyu MQ OTHOCHUTENBFHO UCXOJHON ObLIO
OTMEYEHO B OTJIENIbHBIE CPOKH 0TOOpa 00pa3IoB y BUKH (B 2—3 paza), y
Metenok oBca (B 1.3—1.6 paza) u y monuna (B 1.7 pasza). Haobopor,
3HAYUTENFHOE TOBBIINIEHNE €ro KOHIEHTpauuu (B 9 pa3) ObuIo CBOII-
CTBEHHO COJIOME OBca U ¢anenuu (B 3 pasza) mocjue HepBbIX 8 MecsLeB
9KCHO3UIHH.

Heperynsphbsie u3MeHeHHsT KOHIIEHTpaMK 1 cojepxkanust Ca u
Mg B mpouecce Tpanchopmaunu PO mpennonaratoT Hanu4yue Mmexa-
HU3Ma WX BPEMEHHOT'O 3aKperuieHus B oOpasuax. TakuM MexaHu3MOM
JUTS 9TUX DJIEMEHTOB MOXKET OBITH 0OMEHHOE CBSI3BIBAHNE KapOOKCHITh-
HBIMH TPYIIIIaMU BHOBB oOpa3zyromuxcst npu tpancopmanuu PO ry-
mycoBbix BemecTB (Llnerens, 1987; Manbnesa u ap., 2013; Cronbo-
Boit, 2022). CriocobHOCTh TpanchopmupoBanHbix PO cBszbiBath Ca u
Mg, Hanbomnee 4eTKO MPOSBUBIIASCS Yy COJIOMBI OBCA, IIPEIOTBPAIIACT
BBIHOC 3THX Ba)XKHBIX MHUTATEJbHBIX 3JIEMEHTOB U COXPAHSET UX B JI0-
CTYIHOMH Juis pacTeHuil Gopme.

CpaBHeHHE ypOBHEH KOHIICHTpaInii 3J1ieMeHTOB B PO 1 B mouBe
ydactka (puc. 9, MyHKTUpPHBIC JUHUH JUIA MOYB) MOKA3aJlo, YTO Jaxe
nocjie 2 JeT SKCHO3UIUH B T0YBE KOHIECHTPALUHN BaXKHBIX MMUTATENb-
HBIX 37eMeHTOB B PO Haxouiuch Ha ypOBHE, 3HAUUTEIIBHO ITPEBOCXO-
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JSIIeM KOHLEHTPALUH MOJIBMXKHBIX (JOPM 3THX SJIEMEHTOB B IIOYBE:
Nopr — 0T 10 pa3 y nmucTheB U coloMbl oBca 10 ~20 pa3 y JIONuHA; J0-
cTymHOTo P — 0T 5 y comomsl oBca A0 13 pa3 y Buku; gocrymaoro K —
ot 11 pa3 y comomsl oBca =17 pa3 y Buku; oomennoro Ca — ot 2 y co-
mombl oBca 1o =30 pa3 y ¢anennun; oomerrnoro Mg — ot 15 pa3 y co-
JoMBI 0Bca 10 >60 pa3 y dauenuu. Onnako BHecenus 200 r/m? Bo3-
nymHo-cyxux PO (cooTBeTCTBYeT cpemneii yposxkaiinoctu ¢ 1 M? B pe-
TMOHE) TIPH Macce MaxoTHOro ropuzonTa ~200 kr/mM? He GbLIO ObI 10-
CTaTOYHO, YTOOBI OKa3aTh KaKoe-ITu00 OLIyTUMOE BIMSHHE Ha MOKa3a-
TENH! TUTOJOPOAMS OYBHI.

Mapeaney (Mn) — BaxHbBII 1 IePUIUTHBIA MUKPOAJIEMEHT C ca-
MBIM HU3KHUM COJEP)KaHHEM U3 BCEX 30JIbHBIX AJIEMEHTOB B 00cieno-
BaHHBIX PACTCHHSAX, KpoMme JronuHa (Tabi. 1). YUuThIBas BBICOKYIO
moaBwkHOCTE Mn B GompimmucTBe THmoB mous (Kabata-Pendias,
Mukherjee, 2007), Taxke u B iouBax pernona (Manakos, 1969), npen-
MOJIaraJioch, YTO PA3IOKEHHE PACTUTEIFHOIO MaTepuaja B IOYBaxX C
MPOMBIBHBIM BOJIHBIM PEKUMOM OyJIET CONMPOBOKAATHCS CHUKEHHUEM
ero xoHIreHTpanuu. OIHAKO BO BCEX o0Opasliax, KpoMe COJIOMBI OBCa,
Mocjae HEepBBIX 8 MECALEB JKCHO3MLUM, OHa ObUIA BBIIIE HCXOIHOW
(puc. 9). Haubonee 3HaunTeNbHOE TOBBINIEHHE KOHIIEHTpauu Mn Obi-
JIO CBOMCTBEHHO PACTEHHUAM C €r0 HU3KOM MCXOJHOW KOHUEHTpalUeu:
6onee yem B 100 pa3 B aMCThIX 0Bca U B 4—25 pa3 B BUKe. Y JIIONUHA C
caMoi BBICOKOW MCXOJHOUM KOHIEHTpAIMEW 3TO MOBBIIIEHHE OBLIO He-
3HayuTeNbHBIM — B 1.1-1.3 pa3a. TonbpKo A COJIOMBI U METEJIOK OBCa
OBUIO XapaKTEepHO IOCTENICHHOE TOBBIINICHWE KOHIeHTpanuu Mn co
BpeMeHeM. Y ocTaibHBIX BHI0B PO n3MeHeHus: ero KOHIEHTPAUH CO
BpEMEHEM He UMEIH PEryJSIPHOTO XapakTtepa. UTo CBUIETENBCTBYET O
HAIMYUN MEXaHH3Ma BpeMeHHOW nMMmooOmm3anmu Mn B Tparchopmu-
poBaHHBIX ocTaTkax. [loBbllIeHHMe KoHUIEHTpauuu Mn B mpouecce
Tpanchopmaunu PO B mouBax permoHa yxe HaOJIOIAnoOCh paHee B
9KCIEPUMEHTE TI0 Pa3NIOKECHHUIO JIUCTHEB Oepe3bl B MOACTHIIKE IMOJI30-
noB (Yrakosa, 1983).

Nsmenenne konnentpanuu Si u Al mo mepe tpanchopmanuu PO
B MOYBE 151 OOJIBIIUHCTBA BUIOB, Kpome Si B monuHe u Al B ronuHe
¥ METEJIKaxX OBCa, He UMEJIO PEryJIsipHOTo XapakTepa (puc. 9). OTHocH-
TEITLHO HEOOJNBIIOE CHIDKEHHWE KOHIICHTpamuH Si OBLIO OTMEYCHO B
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MeTenKax oBca (B 1.4 paza) u ¢auenuu (B 2 pasza) mocie nepBbix 8§ me-
CsSIIEeB SKCHO3UIMHU B TMouBe. B oOpasmax ocranmpHeIx BumoB PO mim
npu OOJBIIEH MPOMODKUTEIFHOCTH MX HAXOXKJICHUS B TIOYBE KOHIICH-
Tpanus Si OblIa BBIIIE HCXOAHOW: B 5 pa3 B BUKE K KOHILy 1-ro roja u B
3 paza B coloMme OBca, JIONMUHE, (hamennn W BUKE K KOHILy 2-TO TOa.
KonmuenTparms Al Obu1a Hibke MCXOIHOM B 00pasnax BukH (B 1.6 pasa)
u ¢auenuu (B 2 paza) Mocie NepBHIX § MECSAIEB SKCIO3UIUH B MTOYBE, a
TaKXe BO Bcex oOpasiax cosiombl oBca (B 1.3-2 paza). B nByx Bumax
PO ¢ u3kum ucxoaabiM copepxkanueM Al (Tabi. 1) ero KOHIEHTpAIHS
3HAYHUTENILHO BO3pacTana ¢ YBEJIMYCHUEM MPOJIOIDKUTEIILHOCTH IKCIIO-
3unuu: ot 2.4 1o 11 pa3 B merenkax oBca u ot 1.5 10 3 pa3 B onuHe.

Jis Fe OpUI0 XapaKTepHO 3HAYHTENHHOE IMOBBIIICHHE KOHIICH-
Tpart B PO OTHOCHTEIBHO HCXOJHOW C YBEIMYCHHEM IPOIOJDKH-
TEITHHOCTH SKCIIO3UITUN 00pa3IoB B MOYBE: OT 2 (JINCTHS OBCa) 110 7 pas
(MeTenKku OBca) IOCIe TIEPBBIX 8§ MECSIEB IKCIO3UIMN U OT 7 (JIFOTIHH)
1m0 ~60 pa3 (MeTenKu OBCa) K KOHIy 2-TO TOja DKCHO3uImu. Takoe
3HAYUTEJILHOE TOBBIIICHUE KOHIIeHTpanuu Fe B PO Moxer ObITh 00Y-
CJIOBJIEHO HECKOJIBKHMH OOCTOSTEILCTBAMU: MMMOOMIM3AIIMENH Ha Me-
CTe Pa3NIOKEHUs 3a CUET OKHMCIIeHHs Fe** 10 MalomoJBMXKHBIX OKCH-
JIOB M THAPOKCUIOB Fe3* B OKHCIMTENBHBIX yCIOBHAX, HPeodIanaro-
IIMX B arporoj30Jiax; CBS3bIBAaHHEM JKeje3a, BBICBOOOXKIAIOIIETOCS
MIPH PA3IOKEHWH, W, BO3MOXKHO, JIOTIOHHUTEIHHOTO KOJMYECTBA W3
MMOYBEHHOT'O PacTBOpPa B KOMIUIEKCHI CO BHOBH 00pa3yeMbIMU I'yMYCO-
BBIMH BeIIECTBAMH; ‘‘3arps3HEHHEM”’ 00pa3lOB MMOYBEHHBIMH YaCTH-
[IaMU TIPH OYEHb HU3KOW €ro MCXOJHON KOHIEHTPAIMH B PACTCHHAX U
0oJiee 3HAYUTEIIBHBIM KOHTPACTOM C YPOBHSIMHU KeJie3a B IMTOYBE.

IloTepu 3;1eMeHTOB B mpouecce TpaHchopMauu

W3-3a pa3HOi HANPaBICHHOCTH W/WIIM CTEIICHU M3MECHEHHUS KOH-
HEHTpanuu noTepu eMeHToB PO npu ux TpaHchopMaIuu B OYBe He
copraganmu (puc. 3 u 9) ¢ morepssmMu 00IIEeTO Beca i OOJBITHHCTBA
anemeHTOB, KpoMe Copr, Nopr 1 pocdopa (puc. 3, Tadm. 2).

Pacnipenenenne nomeps Cop. MEXKIY BHIIAMU PACTEHUI U CPOKa-
MH 0TOOpa 00pa3LoB JOCTOBEPHO KOPPEIUPOBAIO C OTEPSIMH OOIIETO
n 6e33o0ibHOTO Beca — I' = 0.99 (puc. 3). OmHako W3-3a yBENIUYCHHS
koHeHTpanyu Copr B PO B mporiecce ux TpanchopMaiuy B OYBe, MO-
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Tepu Copr OTHOCUTENBFHO UCXOJHOTO COACPIKaHUsI ObLIIM HUKE 1O CpaB-
HEHHIO C 0€330JIbHBIM BECOM, OCOOCHHO B 0OoJlee IMO3THHE CPOKHU pa3-
noxkerus. [locae 1-ro roma sxcmo3uruu B mouse PO moTepsin ot 42
(comoma oBca) o 73% (mucThs oBca u monuHa) Copr OT €70 UCXOTHOTO
conepkanus B obpasne. K xonmy 2-ro roga onu Bo3pociu 10 65% y
COJIOMBI OBCa U A0 87% y NHUCTHEB OBCA U JIFOIMHA.

Ta6auma 2. IloTepu 30MBHBIX 3JEMEHTOB B IMpoliecce TpaHchopMaIuu
PACTUTCIIBHBIX OCTAaTKOB B IOYBE, % OT UCXOOHOT'O COACPIKAHUA

Table 2. Losses of ash elements in the process of transformation of plant
residues in the soil, % of the initial content

Cpoxu | K | Ca | Mg | P S Mn | Si Al Fe

I 97 67 60 |55 | 93 | -618 | -24 60 13

I 99 89 75 [ 74| 98 | -203 | 19 57 -226

Osec-
JIACThS

Il 99 88 94 (80| 98 | -225 | 51 77 -388

| 82 -1 -24 | 38 | 48 59 -18 48 -236

1 97 | -337 | -394 | 55 | 35 12 45 73 -520

OBec-
coJioMa

Il 98 | -34 18 | 60 | 31 | -172 3 76 -785

y5| | 95 | 26 | 59 |16 | -40 | 18 | 52 | -60 | -384
g3 1 98 | -114 | 68 | 45 | -48 | 33 | 20 | -100 | -708
g
= m | 99| 21| 65 | 65| 8 | -3 | 54 |-184 | -1479
z [ 97 | -72 | 36 | 63| 73 | 48 | 39 | 32 | -25
g I 97 | 45 | 84 | 79| 64 | 64 | 40 | 48 | -19
= - |1200| 23 | 76 |88 | 8 | 8 | 62 | 60 8
= [ 97 | 87 | 20 |56 | 8 | -7 | 81 | 82 | -14
) I 99 | 51 | 45 |69 | 73 | 3 | 22 | 75 | -216
& m | 99| 79 | 82 | 84| 85 | 64 | 47 | 61 | -309
g [ 97 | 90 | 87 |55 | 88 |-541| 32 | 73 | -20
a I 99 | 84 | 8 |66 | 8 | -30 | -61 | 66 | -98

11 99 67 79 | 78 | 97 | -358 | 46 2 -365

B abcomoTHOM BhIpaxkeHHH BennduHA noTepu obpazumaMu Copr
onpeensiachk ero ucxoauoit kouuentpamueit B PO. Ilo ouenkam, cre-
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JIAHHBIM Ha OCHOBE PE3yJbTAaTOB 3TOro dKcrepumenTa (puc. 10), uz
Copr, CBI3aHHOTO 32 BETETAIIMOHHBINA Tiepuoa mpu co3fnanmu 200 r cy-
X0 6HOMAcCHhI (CpeaHsAs YPOKAHHOCTE ¢ | M?) M BHECEHHOTO B MOYBY
OCEHbIO, K Haualy CIIEAYIOIIETO Ce30Ha CoIoMa OBca Tepsiia 28 T, Jo-
e — 49 1. [Ipu 5TOM GonbIIas 9acTh BICBOOOAMBIIETOCS YTIIEpoaa,
MIPEAIOIOKUTENBHO, BO3BpamiaeTcss B arMmocdepy B Ta3000pa3HOM
¢dopme. [TockonbKy, COrnacHo JTM3UMETPHUECKUM HCCIIEAOBAHUAM, TIO-
Tepu Copr 32 CUHET BBIHOCA C BOJIOPACTBOPUMBIMH OPTaHUYECKUMH CO-
CIMHEHHUSAMU 32 Tpeaeibl MPoGUIs B OKYJIbTYPEHHOM MOJ30JIE JaKe
MpU MPUMEHEHUU OPraHMYECKUX YJOOpEHH COCTABIISUIA TOJBKO 1-2 T
¢ 1 M*/ron (Ilepesepses, 1993).

100 A
90 _ -
= 80— 28 [ ] ] -
8 70 u 24 e
N 49 @
= 60 (g - 8| |46 S
§ 50 §
ZI | - RN
30 604 |58 §
20 1138 391 |35] |35
10
o
OsJl OBC OBM JIn @y Bk Oel OsC OsM JlIn &y Bk

BOcTaTok HElMoTepst @Ocratok @lloteps

Puc. 10. Pacnpenenenne mexay norepeit u octatkoM Copr (A) # Nopr (B) mipu
pasNoKEHUU CUAEPATOB B arpomno3oje, B T Ha kKaxaple 200 T BHECEHHBIX B
IOo4BYy abCOIIOTHO CYXHUX paCTUTCJIbHBIX OCTATKOB.

Fig. 10. Distribution between loss and residue of Corg (A) and Norg (B) during
the decomposition of green manure in the soil, in g per every 200 g of
absolutely dry plant residues applied to the soil.

Bwmecre ¢ Tem, HeCMOTpS Ha BHICOKYIO HHTEHCHUBHOCTE Pa3ioiKe-
HUSl, 3HAYUTEIbHASI YaCTh CBA3aHHOTO MPHU (OPMUPOBAHHH OHOMACCHI
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cunepatoB Copr BCE K€ JOITOE BpeMsl ocTaeTcsi B MouBe. B romoBom
6anance (puc. 10) ot kaxapix 200 T BHECEHHBIX BO3AYIIHO-cyXux PO B
mouBe octaercs oT 35 1 (damenus u Buka) 10 60 T (comoma oBca) Copr.
U naxe yepes 2 rozna ero octaTok B Ho4Be coctasisieT oT 10 (Jonun)
1m0 30 r (comoma oBca). Ilpu 3TOM, Kak clieayeT W3 BHEIIHETO BHA
(puc. 5-8), 6omnpmast yacte ocratonierocsi B mouBe Copr MPOAOIDKACT
HaXOJIUTBCA B COCTaBE KPYIHBIX HEpa3NoKUBIIUXCS GpparmeHToB PO.

Pacnipenenenue nomepwo Nop. 1o Bugam PO u cpokam oTdopa no-
CTOBEepHO KoppenupoBano ¢ motepeid Copr U 0e330mpHOTO Beca (I =
0.93). Ho u3-3a Oomnee pe3Koro CHWXEHUsI KOHIEHTpanuu (puc. 3) mo-
Tepu Nopr (B % OT MCXOAHOTO conepaHusi) I OONBIIMHCTBA BHJOB
PacCTHTETHHOTO MaTepuasia OBUTH BEIIIE TIO CPABHEHUIO C 0E330JIbHBIM
BecoM U Copr. Y3ke K KOHI 1-ro rona skcrnosunuu B nouse PO mote-
psnu ot 63% (conmoma oBca) no Oosiee 90% (JIMCThsT OBCa W JIIOIIMH)
Nopr OT €ro UCXOQHOTO coAepkaHus. 3a 2 roxa norepu focturin 88%
y cosoMbl 0Bca 1 94% y nmcTheB oBca u monrHa. OHAKO B a0COIIOT-
HOM BBIpAKC€HUU U MOTECPU Nopr, M €ro OCTAaTOK B IOYBE OBLIM 3HAYH-
TEJIBHO HUXKeE, IO cpaBHEHUIO C Copr, M3-32 3HAUMTENIBHO O0JIee HU3KOM
UCXOIHOM KoHIeHTpanuu (puc. 10).

[Tockonpky KOHIEHTpanus P u3MeHsIach HE3HAYUTENBHO, €ro
notepu npu paznoxeHun PO (Tabi. 2) Obuty OIU3KK TIOTEPSIM 001Iero
Beca U Copr TTO BEIMYMHE U JOCTOBEPHO KOPPEIHPOBAIIN B pacIpe/iene-
HUU MEXJy BUAAMH MaTepualia U CpOKaMH 0TOOpa 0OpaslioB C STUMH
nokazarersimu (I = 0.92 ans obmiero Beca u 0.91 mist Copr). Hanbonee
3HAYUTENbHBIE TOTePH P ObUINM CBOMICTBEHHBI TPABIHUCTHIM PACTEHHSIM
U JINCTBSIM OBca (OBICTpOpa3iaraloluMcs BUAAaM C BBICOKHM HCXOJ-
HBIM COJICPXKAHHEM), a caMble HU3KHE — COJIOME OBca (COoYeTaHue HH3-
KOU CKOPOCTH Pa3oKEHUs U HU3KOUW MCXOTHOM KOHIICHTPAITHH ).

Hecmotps Ha TO, uTO S, Kak u ocdop, BXOAUT B cocTaB opra-
HUYECKOTO BEILECTBA, €€ MOTEPH 0 BEIMYMHE M JUHAMHUKE HE COTJa-
COBaJIMCh ¢ TIoTepsiMu Oe33051bHOT0 Beca, Copr 1 P (Tabu. 2). Kak u auns
KOHILIEHTpaLMH, AJs1 cojepxanusi S B obpasuax PO Obuto xapakTepHO
HE TOJBKO CHIDKEHHE, HO U HE3HAYUTENbHOE YBEIUUCHHE B OTIEIbHBIC
nepuoJipl X Tpanchopmanuy. OQHAKO K KOHITY 2-TO T0JIa SKCIIO3UIHH
Bo Bcex PO, kpome coloMBI OBca, cojiepkaHue S B 00pasiax pe3ko
cam3muiiock Ha 85% y MeTenok oBca u Ha 98% y TUCTBEB OBCa OTHOCH-
TEJIbHO UCXOMHBIX 3HAUYCHHUM. IHTCHCUBHBIN BBIHOC S M3 OKYJIBTYpEH-
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Horo noj3oina (1o 20 /M2 B TOJT) IOJTBEPKAACTCS JTU3UMETPUICCKUMU
nccnenoBanmsmu (Ilepesepses, 1993).

W3-3a BBICOKOI MOABIKHOCTH W OTCYTCTBHSI MEXaHU3MOB (DUK-
canuu B JaHHbIX yciaoBusax kaaui (K) Hanbosee HHTEHCHUBHO BHIHOCHT-
CSl M3 PACTUTENIFHOTO MaTepuaja B Ipollecce pa3nokeHus B mouse. C
Y4EeTOM TOTEpH OOIIEero Beca yKe IMociie 8§ MecCsIeB IKCIIO3UIH 00-
pasubl moTepsiiu oT 82 (cosioma oBca) 10 97% (JIUCThS OBca, JIFOIWH,
(anenus, Buka) K OT ero UCXOAHOTO colepkaHus. 3a Ba roja 3KCIo-
3WIIAW BCE PACTUTEIBHBIE 00Pa3Ibl MOTEPSIIH MPAKTHIECKU Bech K.

Kanvyuii (Ca) u maenuti (MQ) SBISIOTCS dJIEMEHTaMH, JJISI KOTO-
PBIX XapaKTepHbI HanOoJiee 3HAUUTEIILHBIC PA3IMYMS MEXKIY BUIAMU
PO u cramusamu pasznokeHus 10 HAMPaBICHHOCTH W CTETIEHH M3MEHe-
HUS cofiepKaHus B mporecce Tpanchopmaruu. [lo cpaBHeHUIo ¢ uc-
XOJHBIM, cojepkanne Ca B JIMCThSAX OBCa, B (halle)IMd U BUKE K KOHILY
1-ro roga skcno3unuM B mouBe cHU3MIOCh Ha 70-90%, B colloMe oBca
OHO, Hao0OpOT, MoBbIcHIOCH B 4 paza. Conepxkanue Mg B PO Taxoke
MOTJIO HE TOJIbKO CHU3UTHCS (HApuMep, B JIUCThSIX OBCA OHO CHH3H-
J0ch Ha 99% K KOHIy 2-r0 TOja DKCIO3MIIMU), HO U YBEIUYUTHCS
(Hampumep, B COJIOME OBCa OHO YBEIMYIIIOCH B 5 pa3 K KOHILy 2-TO To-
na). Heperynsipaeie n3menenus conepxanust Ca u Mg no mepe tpasc-
¢opmariuu PO B mouBe ¢ NPEBBIIMICHUEM HCXOJIHOTO YPOBHS CBHUJIC-
TENBCTBYIOT HE TOJIBKO O HaJMYWU MeXaHW3Ma UX oOpaTmmoil Qukca-
MU TPaHC(HOPMHUPOBAHHBIMH OCTaTKaMH (TIPEATIONOKHUTENBHO, Kap-
OOKCHJIbHBIMHU TPYIIIIaMH BHOBH 00pa3yeMoro rymyca), HO U O JIOTOJI-
HUTEJILHOM HX IMOCTYIUICHHH M3 OKPY’Karolei moussl. TakuM HCTOY-
HUKOM MOTYT OBITh MUTPUPYIOIIUE BHU3 MO MPOQIITIO PACTBOPHI C BEI-
cokum cojaeprkannem Ca u Mg (ITepesepses, 1993).

U3-3a moBsitienus: konnenrpauun Mn (puc. 9) paznoxenune PO
HE BCErJla COIPOBOXKIAIOCH CHIDKEHUEM €T0 COJepikaHus B oOpasiax
(Tabn. 2). Bo3pacraromue co BpeMeHeM otepu Mn ObLTH CBOHCTBEH-
HbI TOJIBKO JUIS JIFOIIMHA C €r0 OY€Hb BHICOKOW MCXOIHON KOHIICHTpa-
uued. B nucThsax oBca M BHUKe, XapaKTEPU3YIOUIUXCSI HU3KOW UCXOTHOM
KOHIIeHTpareir Mn, ero cojiepkaHue B TeUEHUE BCErO IKCIIEPUMEHTA
65110 3HaunTEeNnbHO (Ha 600% B HCTHAX OBca U Ha 500% B pacTeHMsIX
BHKH TIOCTIE TIEPBBIX 8 MecAIeB 3KCIO3MIIMHI) BhIIe ucxogHoro. bosee
BBICOKOE coziepkanue MN, 1Mo CpaBHEHUIO C UCXOJHBIM, MPEATIOIaract
€ro JOMOJHUTENHHOE MOCTYIUIEHNE U3 TIOYBBI, 2 CBOWCTBEHHBIE OOJIb-
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IMIMHCTBY BUAOB PO HeperyispHble CMEHBI HAKOTUICHHS/CHUKEHUS
CBUAETEIBCTBYIOT 00 00paTMMOM MexXaHW3Me ero (hukcaluu B pasia-
raromuxcs PO. CrnoxxaocTs moBeneHust Mn mociie BRICBOOOXKIEHUS 13
PO obycnoBneHa He TOJIBKO M3MEHEHHEM €ro MOABHKHOCTH 32 CYET
PE3KHUX M3MEHEHUI OKUCIUTENFHO-BOCCTAHOBUTENBHBIX YCIOBHIA (BOC-
CTaHOBUTENIbHBIE B PACTEHHSIX U OKHUCIIUTENbHBIE B TIOYBE), HO TAKKE U
AKTUBHOM POJIbIO MHKPOOPTraHU3MOB M OPTaHUYECKOI'O BEIECTBA B
mporieccax ero Tpancopmanyu B nouse (Bogsauikuii, 2005).

W3amenenus comepxkanust Si u Al B mporecce pasnokenust PO e
UMeNU peryisipHoro xapakrtepa (tabm. 2). Tak ke, kak U s Mn, B
mporecce TpaHC(HOPMALIMK OHO MOTJIO YBEJIIMYMBATHCA (MHOTAA C TIpe-
BBIIIIEHUEM FICXOTHOTO) WJIA CHIKATHCS.

Jua Fe, ¢ Gonee HU3KOM NCXOAHON KOHIIEHTPANMEH B paCTEHUSIX
Y 3HAYUTEIHHO OOJIBIIMM KOHTPACTOM C OKPYXKaroIlliel MO4YBOH, ObLIO
xapakTepHo 3HauuTensHoe (1o 1 500% BhIIE HCXOXHOTO B METENKax
OBCa K KOHIy 2-TO To0Jia SKCIIO3WIIMH) TOBBINICHUE COAEPIKAHUS CO
BpeMeHeM Bo Bcex Buaax PO, kpome mionuHa. B qronmHe HakoIUIeHHOE
B IICPBBIC 8 MECAIIECB AKCIO3UIMK Fe ObLIO BBIMBITO M3 00pa3lloB B
npoiiecce JanbHeimero pasioxenusa PO.

Boicsobooicoenue snemenmos @ nepaulil ecemayiloHHbLL nepuoo.
Kak mokazanu pe3ynpTaThl, IPU OCEHHEM BHECEHHH CHAEPATOB KOJH-
YEeCTBO BBICBOOOXKIAEMBIX IIPH WX PA3IOKESHHH MUTATEIBHBIX dJIEMEH-
TOB B INEPBBIA BEreTAlMOHHBIM MEPHOM IMOCIE MX BHECCHHUS B MOYBY
3aBHCEIIO HE TOJBKO OT MCXOHOW KOHIICHTPAIIMU B PACTEHUSX, HO U OT
WX TIOBEJICHUs B TIepBhIe 8§ MecsIeB skcno3uiu PO B mouse. B 6ob-
IIUHCTBE CIIYYacB, 3a YETHIPE JICTHUX MECSIIA TIEPBOTO BETETAIMOHHO-
ro Tiepro/ia BEICBOOOXKJAaeTCA JINITh HeOoIbImas 1o (Tabi. 2, pa3Hu-
ua mexay |l u | orbopom) oT moTpeGHOCTH pacTeHHU B JIEMEHTAX IS
(hopMupoBaHus HOBOTO yposkast. M3-3a 3HaUMTEIHHON MOTEPH B MpeEa-
MIECTBYIONIUIT OCEHHE-3UMHHM MTEPUOJI JIETOM BBICBOOOIHMIIOCH TOJIBKO
ot 0.5 (smorun) 10 15% (comoma oBca) ot motpedHOCTH pacteHuit B K.
BricBoOokmaromuiics ierom P mor odecreunts ot 11 (Buka) g0 30%
(Metenku oBca) or morpedHocTH cuaeparoB, N — ot 12 (dauenus) 10
36% (mmcthsa oBca). Kampuuii BEICBOOOKAAICS JIETOM TOJBKO MIPH pas3-
JIO)KEHUW JUCTHEB OBCAa W JIONMUHA. TpaHChOpPMUPOBAHHBIE OCTATKH
npyrux BumoB PO, Hao6opoT, ero HakammmBanmu. OgHAKO, Kak 00CyX-
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nanock Beilie, Ca MOKET HAXOAUTHCS B HUX B OOMEHHOH, T. €. JOCTYI-
HOH I pacTeHu# Gopme.

TonbpKO B €AMHUYHBIX CITy4asix BBICBOOOKAAOIIETOCS JIETOM KO-
JMYECTBa 3JIEMEHTa OBUIO AOCTaTOYHO it (HOPMHUPOBAaHUS HOBOTO
ypoXast TOTo ke BHJa pacTeHuii: Hanpumep, Ca — s monuaa 1 Mn —
JUTS JINCTHEB OBCa M BHUKH. [Ipudem 3710 Ob1I0 00YCIIOBIEHO CITIOCOOHO-
CTBIO MPOAYKTOB TpanchopMmauuu 3Tux BuA0B PO cBs3bIBaTH BHICBO-
OoXKIaronuecs Mpy pa3ioKeHUH /WM MUTPUPYIOHIKE C TIOYBEHHBIMHU
pacTBOpaMH 3JIEMEHTHI B TCUCHUE MPEIBIIYIINX § MECSIIEB.

BMmecTe ¢ TeM cumepaThl ¢ BBICOKMM HCXOIHBIM COJCp)KaHUEM
aneMenTa (Tabmn. 1), W/uiau 4bH OPOAYKTHI TpaHC(HOPMALUU CIIOCOOHBI
HaKaIUIMBaTh JOIOJHUTEIbHBIC €r0 KOJIMYECTBA B MPENIISCTBYIOLINN
XONOMHBIA Tepuoy (Tabi. 2), MOTYT CYIIECTBEHHO CHH3HUTH ACQUIIAT
WIN Ja)Ke TOJHOCThIO0 00eCTIeYUTh MOTPEOHOCTH Uit (POPMUPOBAHHUS
HOBOTO ypo’kasi BUIOB ¢ Oosiee HU3KUMHU noTpeOHocTsiMU. Hampumep,
JIIONMH MOKET CYIIECTBEHHO CHU3UTH NeduuuT N amis Apyrux BHIIOB
CHJIEpaToB, MOJHOCThIO obOecreunTs NMoTpedHOCcTH B Ca Ui CONOMBI
oBca, B Mg — muist Bcex uacrteii oBca, B MN — i1t Bcex Ipyrux BUIOB
pacTeHuu.

OnHako Ha OCHOBE KCIEPUMEHTA MO Pa3I0KEHUIO0 MOXKHO YBH-
JeTh TOJNBKO HEKOTOpPhIE MOMEHTHI “paboThl” CHAECPATOB B KAueCTBE
HUCTOYHUKOB MHUHEPAJIBHOTO NMHUTAaHUA AJ1s pacTeHuil. ns Oonee momn-
HOW KapTHHBI HEOOXOIUMBI OJIEBBIE SKCIEPUMEHTHI C BHECEHUEM CH-
JIepaToB ¥ KOHTPOJIEM 32 YPOBHSIMH JIOCTYITHBIX DJIEMEHTOB B [TOYBaX.

3AKIIIOYEHUE

Kak nokasanu pe3ysbTarhl UCCIECIOBaHUS, IPU CHEIIH(DUISCKOM
COUYCTAaHUHM XOJIOAHOI'0 T'YMHJIHOI'O KiIMMaTta, JIETKOro IrpaHyJIOMETpH-
YECKOTO COCTaBa IMOYB U a’POOHBIX YCIOBUH, MPOIECCH Pa3I0KCHUS
CHUJIEPAaTOB B arpor€HHO IpeoOpa3oBaHHBIX Moa30max CyOapKTHKH
MPOTEKAIM C BHICOKOW MHTEHCUBHOCTBIO, COIOCTABUMOM C TaKOBOU B
FO’)KHOM YEPHO3EMHOM 30HE: TIOCiIe rojia dKcno3unuu B mouse PO tepsi-
mu oT 47 (comoma oBca) 10 75% (JIFOIUH) CBOEr0 MCXOHOTO 0€3301h-
Horo Beca. [locne 2 ner motepu Beca qocturiu 68% y cONOMBI OBca H
90% y nronmHa.

Buner cunepaToB 1mo motepsM 0€330J5HOTO Beca MOCTE MEPBBIX
8 MecsI1eB IKCIO3UINH OTIANYAINCh B 2 pasza: oT 32% y coloMbl oBca
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1o ~60% y Qauenuu. MexXBUIOBbIE Pa3IniUsl CO BPEMEHEM CTIIaXKH-
BaJINCh U M0 KyMYJSTUBHBIM IOTEPSM 3a 2 TOJa BapbHpoBaiu OT 68%
y COJIOMBI 0Bca A0 0koiio 90% y yironuHa, T. €. oTau4ainuch B 1.3 pasa.
Pacnpenenenue motepb Copr (I = 0.99) u Nopr (r = 0.93) mexay
BUAAMHU PACTUTEIBHOTO MaTepuasia U MO CPOKaM OTOOpa JTOCTOBEPHO
KOppEeNnupoBalio ¢ moTepsMu Oe33ompHOr0 Beca. Ogaako morepu Copr
ObUIM CYIIECTBEHHO HIDKE, [0 CPAaBHEHMIO C MOTEpel Beca, M3-3a yBe-
nudeHus: koHueHTpaun Copr B PO B mporiecce ux pasniokeHus, oco-
OeHHO B OoJiee TO3IHUE CPOKHU IKCIO3UIMH. 3a 2 rona motepu Copr Ba-
prupoBanu ot 65% (conoma orca) 1o 87% (monuH). HaobopoT, nore-
pu Nopr OBLTH BBIIIIE TOTEPh BECa U YIJIEPOAa M3-3a CYIISCTBEHHO CHU-
KEHHUsI KOHLIEHTpaLMK, OCOOCHHO TIOCJIE TIEPBOTO IOfa Pa3ioKeHUs. 3a
2 roga norepu Nopr cocTaBum 83% y dauenuu u 94% y monuxa.
CHwxeHne KoHUEHTpauuu Nopr ¥ 00eTHEeHHE OpraHUYEeCcKOro
BemectBa PO a3oTtom B mporecce ux TpaHchOopMaIiy B TIOYBE MOXKET
OBITH 00YCIIOBJIEHO OoJiee OBICTPHIM pa3JIOKEHHEM OEITKOB C BHICOKAM
coJiep)kKaHUEeM a30Ta, a MOBbIIIeHUEe KOHIEHTpAUH Copr — YBETHUCHH-
€M CO BpPEMEHEM JIOJI TPYAHO pa3iiaraeMbIX KOMIIOHEHTOB — JIUTHUHA
U TYMHUHOBBIX KHCJIOT — C BBICOKUM COJIEPKaHUEM YTIIEPOAa.
Kak mokasanu pacdersl, HECMOTPSI Ha BHICOKYIO HHTCHCUBHOCTD
pa3NoKeHUsl, U3 KKIBIX BBIPAIIEHHBIX JIETOM M BHECEHHBIX B IOYBY
ocenbio 200 r Bo3aymHo-cyxux PO cuzmeparos (cpeaHss ypoxaiHOCTb
¢ 1 M?), K HavaIly CIIEIYIOIIETO JIETA B TIOYBE MOKET OCTABATHCS OT 35
r (hanenust u Buka) a0 60 r (conoma oBca) Copr ¥ OT 2 T (anenusi) 1o
5 r (comoma oBca) Nopr. To ecTh mpuMeHeHne CuaepaToB MOXKET UMETh
3HAYUTENILHBIN TONOXKUTENbHBIN 3¢ ekt 11t 6ananca C u N B cybapk-
THYECKOM arpoiieHose. [Ipu 3Tom OolbInas 4YacTh OCTABIIETrOCs B MOY-
Be Copr BXOJIUT B COCTAB KPYITHBIX Hepa3noKuBIIHXcs ¢pparmenToB PO.
[loBeneHne 30JBbHBIX 3JEMEHTOB B MpOLECCe TpaHCHOPMALUH
PO 3aBuceno He TOJBKO OT CBOMCTB 3JIE€MEHTa, HO M BUAA PACTUTENb-
Horo marepuaina. [lorepu K npessicunu 90% yxe mocie mepBoix 8§ Me-
csues, S u P — nocturiu 80-98% y ObicTpopasnaratomuxcs BuaoB PO
(ucTha oBca, MoONUH, (aneaus U BUKa) K KOHILy 2-TO rojJa SKCIO3H-
mn. B mosenennn Ca m M@ npu pas3noxeHHH HEKOTOpPHIX BHIOB PO
ObUIN BBISBJICHBI HEPETYJISPHBIE U3MEHEHUS UX COIEPXKAHUS C MEepUO-
OUYECKUMH TIPEBBIMICHUSIMA HCXOAHOTO YpPOBHA. J[OMOMTHHUTENbHBIM
HUCTOYHUKOM 3THUX 3JIEMEHTOB MOTYT OBbITh (PUIBTPYIOIIMECS IO IPO-
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¢uIt0 pacTBOPHL, a BOBMOXKHBIM MEXaHW3MOM (pukcanuu — oOMEeHHOe
MOTJIOIIEHHE BHOBb 00Pa3yeMbIM I'YMYCOM.

bnaronapsi 3HaYUTETHHBIM MEXBUIOBBIM Pa3IHUUSIM MO OHOXH-
MHYECKOMY ¥ XUMHUYECKOMY COCTaBY CHIECPATOB, 10 HHTEHCUBHOCTH U
JTMHAMUKE PA3JIOKEHHUS, & TAKXKE 110 MOBEJCHUIO IIEMEHTOB B MPOIIEC-
ce Tpanchopmanuu PO B mouse, MpuMEHEHNE CHISPATOB IPEIOCTAB-
JIieT OOJIBIIIME BO3MOXKHOCTH JIJIsl YIIPABIICHUSI HE TOJBKO IJIOJIOPOJIHU-
€M TI0YB, HO ¥ KPYTOBOPOTOM 3JIEMEHTOB B arpolieHo3ax 3a CYeT MOJ-
0opa KyJIbTyp.
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Peziome:  CocHOBbIE Jeca Ha [CaMMO3€Max IECYaHBIX  KaMCKHX
HAANOMMEHHBIX Teppac B mpenenax Teppuropun r. Ilepmu 3aHumaroT
IUIOINAAb OKOJO 2 ThIC. Ta. B yCIOBHAX NPOrpeccCUpYIOLIEro 3arpsA3HEHUS
TSDKENBIMU  MeTayulaMu  Oy(depHast CIIOCOOHOCTh IICAaMMO3EMOB  SIBIISIETCS
OCHOBOM YCTOMYMBOCTH JKOcuUCTeMbl. IlpencraBiser uHTEpec U3YUUTH
MOpQOreHeTHYeCKHe CBOMCTBA ICAMMO3EMOB U OLICHUTh PUCKU HAKOIUICHHS B
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HuX Cu n Cd 1o W3MeHEeHHNI0 aKTUBHOCTH TIOYBEHHBIX (DEPMEHTOB (KaTaiasbl,
ypea3bl W WHBEPTa3bl) M TMOSBIECHHIO (UTOTOKCHYHOCTH. I[lcamMMo3eMbl
[Mpukambsi cHOPMUPOBATINCH HA MEPUIIIIHAILHOM MECYaHOM aJUTIOBUH,
OTJIO)KEHHOM TIpH TasiHUM JIEJHUKOB B Me3030€. PasHooOpasue ncaMmoseMoB
TYMYCOBBIX IPEICTaBJICHO TUIIMYHBIMH, OIIOJ30JICHHBIMY, HWILUTIOBHAIBHO-
O’KeJIe3HEHHBIMU u rceB10GUOpPOBBIMU HOATUITAMH. [MouBbr
XapaKTEpU3YIOTCSl CUIIBHOKUCIION peakLue cpenbl, 04eHb HU3KOW €MKOCTBIO
MIOTJIOIICHMS, HU3KOH HaCHIICHHOCTHIO OCHOBAHMSIMU M HU3KOWH aKTHBHOCTBIO
mouBeHHBIX (epmentoB. Comepxanne Cu, Cd, Zn, Pb B mcammosemax
CYLIECTBEHHO HWXE pPETHOHAIBHBIX KIApKOB MOYB, B TO )K€ BpEeMs B
TYMyCOBO-CJIa00Opa3BUTBIX ~ TOPHU30HTaxX  KOJIWYECTBO  3THUX  METaJUIOB
HECKOJIBKO OoJblle, YeM B IMOYBOOOPA3yIOUNIMX IeCKaxX. OKCIEPUMEHT MO
OIIPEJETICHUIO DKOTOKCHJIOIMYECKOW HArpy3Kd IPOBOJIWIM Ha CMEIIaHHBIX
obpasuax u3 ciost 020 cM IcaMMO03eMOB T'YMYCOBBIX, B KOTOPbIE BHOCHIJIH 11O
OTJEIBHOCTH PACTBOPHI YKCYCHOKHCIION MEIU M YKCYCHOKHUCIIOTO KaJMHs U3
pacyera Cu, Cd ot 2.5 no 250 mr/kr noussl. [Ipu BHecenuu B nouBy Cu u Cd
u3 pacuera 2.5-10 Mr/kr HaOJrONAM CHW)KEHHE AKTHBHOCTH WHBEPTa3bl U
yXyaueHue — (pU3HO0JIOro-OMOXMMHYECKUX — ITIOKa3aresieil  TeCT-KyJbTYpBI
(Lepidium sativum L.), a Takxe moaBieHne akTHBHOCTH KaTanassl Cd.

Knrouesvle cnosa: nicaMMo3eMbl; TSDKENble MeTaibl;, 3arpssHenne Cu u Cd;
KpHUTHUECKasl Harpy3ka; (hepMeHTaTUBHASI aKTUBHOCTb; (PUTOTOKCHYHOCTb.

Properties of psammozems of the Kama terraces
above the floodplain and assessment of their
sustainability to pollution by Cu and Cd

© 2024 P. Sh. Sairanova”, O. Z. Eremchenko™
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Abstract: Pine forests growing on psammozems, found on sandy Kama
terraces above the floodplain within the territory of Perm, encompass roughly
2 thousand hectares. The study was conducted on psammozems under the
influence of advancing pollution caused by heavy metals, highlighting the
significance of soil’s buffering capacity in preserving the ecosystem’s
stability. It is of great interest to investigate the morphogenetic properties of
psammozems and evaluate the risks linked to the accumulation of Cu and Cd
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in these soils through the analysis of changes in soil enzyme activity (catalase,
urease, and invertase) and the occurrence of phytotoxicity. The psammozems
found in the Kama region originated from periglacial sandy alluvium, which
was deposited during glacial melting in the Mesozoic era. The variety of
humus psammozems includes typical, podzolized, illuvial-ferruginous, and
pseudofibrous subtypes. These soils are highly acidic, have a very low
absorption capacity, low base saturation, and reduced activity of soil enzymes.
The contents of Cu, Cd, Zn, and Pb in psammozems are notably lower
compared to the regional soil clarks; however, in the underdeveloped humus
horizons, the concentrations of these metals are slightly higher than in soil-
forming sands. The experiment was conducted to determine the
ecotoxicological load, where mixed soil samples from a 0-20 cm layer of
humus psammozems were treated with solutions containing copper acetate and
cadmium acetate. The application of solutions was done individually, with Cu
and Cd ranging from 2.5 to 250 mg/kg of soil. Upon introducing Cu and Cd
into the soil at the rate of 2.5-10 mg/kg, a decrease in invertase activity,
deterioration of the physiological and biochemical parameters of the test crop
(Lepidium sativum L.), along with the inhibition of Cd catalase activity, were
observed.

Keywords: psammozems; heavy metals; Cu and Cd pollution; critical load;
enzymatic activity; phytotoxicity.

BBEJAEHUE

B ycnoBusix 3arpsi3HEHUST SKOCHCTEM TSKEIbIMH METaJlIaMHU
(TM) ocobast ponb MpPUHAIIEKUT MOYBAM, MOCKOJIBKY CTETEHb M3Me-
HEHHUS CaMUX IIOYB U KOJUYECTBO MOJUIIOTAHTOB, MOCTYMAIOIIUX B KHU-
BBIE OPTaHM3MBI, TPYHTOBBIE M MOBEPXHOCTHBIE BOJIBI, ONPEIEIIAIOTCS
ux OydepHbIMU cBolicTBaMU. BydepHOCTh, WM YCTOHYUBOCTH MOYB K
3arpsi3HeHno TM, 3aBUCUT OT IPaHyJIOMETPUUYECKOTO COCTaBa, COAEP-
KaHWsl OPraHUYECKUX BellecTB, pH, MorinoTuresbHON COCOOHOCTH U
1. 1. (Uneun, 2012; Heavy metals..., 2013; Xazues, 2018; Kommuk
C.B., Komuxk I".H., 2022).

B ceBepHBIX mmpoTax 3eMiM Ha MPOTSKEHUM YETBEPTUUHOTO
Mepruojia HECKOJIBKO pa3 0Opa30BBIBAIHCH JIEAHUKOBBIE MOKPOBHL B
MEXKJICTHUKOBbIC TepHobl amumoBuii p. Kamer gopmupoancs B oc-
HOBHOM PEYHBIMH ITOTOKAMH, KOTOPBIE MTPHHOCHIIN OOJIOMKHU C BOCTOY-
Horo Ypana. B nepuon TasHMs JI€AHUKOB OCaJKOHAKOIIJIEHUE B PEUHOM
JIOJINHE B 3HAYUTEIBHOM MeEpe ONpeNessuIoCh MOCTYIIEHUEM Iecya-
HBIX OTJIOXEHUH M€30305, IO3TOMY OTKJIAJbIBAJICS HEPUIIISLIMAIBHBII
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necuanbiii ammoBuil (JIynes, 2013).

[locre BeImeneHus otaena crabopa3BUTHIX MOYB KaK EIHHOTO
CaMOCTOSITETTFHOTO KiIaccu(uKannoHHOTO moapasaeneHus (Kmaccu-
¢ukanus..., 2004) Ha mecuaHblx Teppacax p. Kambl mox cocHOBBIMHU
JiecaMH THAarHOCTHPOBAHBI TMCaMMO3eMBI TymycoBbie (EpeMuenko u
np., 2010, 2016). IlocranoBnenuem llpaBurenscTBa IlepMckoro kpas
Ne 447-m mcamMmo3eMBbl TYMYCOBBIE BKJIIOUEHBI B IEPEUEHb PEIKUX
MOYB, HAaXOJAIIMXCS ToJ 0cobol oxpaHoii Pocpeectpa Ilepmckoro
Kpasi ¥ OpraHOB MECTHOTO CaMOYIIPABJICHUSI MyHHUIIUIAIBHBIX 00pa3o-
Baumii (00 yTBepxaeHuH. .., 2022). B cBsi3u co cTtarycom 0co00 oxpa-
HSIEMBIX TIOYB BO3HHUKJIA HEOOXOAMMOCTH JOMOIHUTH MOP(OreHeTHIe-
CKYIO XapaKTePUCTHUKY H OLEHUTHh HKOIIOTUIECKOE COCTOSHHUE MCaMMO-
3€MOB B IPUPOIHO-PEKPEalOHHOM 30HE T. [lepmu.

IIpOoMBIIIIEHHOCTE U TOPOACKOM TPaHCIOPT SIBISIFOTCS OCHOB-
HbBIMU MCTOYHHKaMH 3arpsi3HeHus nouB TM. MHccnenoBanusimu
0.3. Epemuenko ¢ coaropamu (2005; 2018) ycraHOBIEHA aKKyMyJisi-
nus Zn, Cd, Sn, Pb, Cu B mouBax u MOYBOIpyHTaxX pailOHOB MHOTO-
STa)XHOM 3aCTPOMKHM U MApKOBOH 30HBI. DKOJOr0-OHOJOTHYeCKas TOK-
cu9HOCTh TM 3aBHCHUT OT TpaHyJIOMETPUYECKOTO COCTaBa, COAEpIKa-
HUSA OpPraHUYEeCKOTO0  BEIIECTBa, pH =u OKHUCIIUTENIBHO-
BOCCTaHOBUTENbHBIX ycnoBuii B mouse (Kommmk, 2004; Waalewijn-
Kool et al., 2014; Hale et al., 2017; ITonsix, Cyxapesud, 2020). B coor-
BETCTBUU C KOHIIETIIINEH KPUTHICCKUX/IKOTOKCHIIOTHYECKUX HATrPy30K
[IOPOTOBBIE 3HAYEHHUS 3arps3HEHHOCTH MOo4YBbl TM ompenemnsioT mo
HETaTHBHOM peaknuu Ouojorndeckux muankaropos (Heavy metals...,
2013; Kormmuk u ap., 2022; Tepexosa, 2022).

Lenp paboThl — onucaTh MOP(OreHETHUECKHE CBOMCTBA IICaM-
MO3EMOB MPUPOJHO-PEKPEAIMOHHOM 30HbI T. IlepMu, a TakKe OIEHUTD
pucku HakorieHust B HuX CU u Cd 1mo M3MEHEHUIO aKTUBHOCTH I10Y-
BEHHBIX (EpPMEHTOB (KaTajasbl, ypea3bl W MHBEPTa3bl) U IOSBICHUIO
(PMTOTOKCUYIHOCTH.

OBBEKTBI U METO/IbI

OOBEeKTHI UCCIIENOBAaHUN — [ICAMMO3EMBI I'yMYCOBBIE, PacIIOJIO-
’KEHHBIC B OXPAHJIEMOM IPUPOTHOM JaHAMAPTE MECTHOTO 3HAUYCHHS
“3akamckuil 6op”, HaxozdsmeMcs Ha mpaBoM Oepery p. Kama. ITouso-
obpasyromuii ammmosuit I, 11, 11l kaMmckux Teppac MpeacTaBlIeH mecya-
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HBIMH OTJIO)KEHHSIMH, KOTOPBIE MOACTHIIAIOTCS MEeCYaHO-TPAaBUIHHBIMU
roponamu (puc. 1). B 2022 r. 3a510KeHBI YETHIPE TTOYBEHHBIX pa3pesa C
koopauHatamu: paspe3 Ne 1-22 — 58.07420° C; 56.30909° B; paspes
No 2-22 — 58.04375° C; 56.25349° B; pa3pe3 Ne 3-22 — 58.061257° C;
56.269182° B; paspes Ne 4-22 — 58.064438° C; 56.281687° B (puc. 2).
OT60p MOYBEHHBIX P00 OBLT MPOBEIEH MOCIOWHO ¢ maroMm 10 cM 1o
riryounsr 100-120 cm.

IIo panee npoBeNEHHOW OLEHKE IpearoyaracMas IUIOWanb
IICAaMMO3€MOB Ha TeppuTopuH Ilepmckoro kpas cocrabisa 913 km?
(Epemuenko u ap., 2016). Apeasnbl IcaMMO3€MOB OINPEACICHBI OlU(-
poBkoii kaprocxemsl JiecoB M 1 : 500 000 ¢ BelieneHEM TEppUTOPHIA,
3aHATBIX COCHOBBIMH JIECAMH, HEMOCPEACTBEHHO NPUJICTAIONINMHA K
Botkunckomy u KamckoMy BOJOXpaHUIHILAM.

Bricokan
pasH1Ha

OTROXEHNA:
Cynbdarbi
@ KapGoHaTet
:&::unue
m FAWHBI
2253 rammimse
Mecku

[T Teppurennsie
Cynedparsl,

el
wapBoHaThl

Puc.1. Jlutonoro-reomopdonorniyeckuii mpodunp gonuasl p. Kamer (JIyHes,
2013 ¢ u3MeHeHHSIMH).

Fig. 1. Lithological and geomorphological profile of the Kama River valley
(Lunev, 2013, modified).

Teppaca(l-V) },

C nomomipio nporpammbel ArcMap yCTaHOBJIEHO, YTO COCHOBBIE
Jleca Ha IcaMMoO3eMax TecuaHslx Teppac p. Kambr B mpexenax ropon-
ckoii Tepputopun llepMu 3aHWMAIOT IUTOMAABb OKOJIO 2 THIC. Ta

(puc. 2).
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CocHosbid nec

. = PacnonoxeHHe WoCEAYEMbiX
1:150 000 nCamMo3emMos

3 Pacnonoxenue panee
ONHCaHHbIX_NCaMM03eMOB

Puc. 2. CxemMa COCHOBBIX JIECOB Ha IICAMMO3€Max TyMYyCOBBIX Ha
KOCMOCHHMKE T. HepMI/I C PAacCIiOJIOKECHUEM IOYBCHHBIX Pa3pe30B Ha
IncaMMoO3€Max.

Fig. 2. A satellite image of pine forests on humus psammozems in Perm with
the location of soil pits on psammozems.

Jliist BBIZIENIEHUS apeaia caMMO3eMOB BBITIOITHEHO NI pUpo-
BaHUE COCHOBOTO Jieca. JlJsi 3TOro MCrob30Bajiich CHUMKH Sentinel-
2A 3umHero niepuoja ((heBpanb), epruojia BereTanuu (Hioib) U KOHIA
Bererauu (KoHel CeHTAOps). BbieneHe COCHOBBIX JIECOB BBIMTOJHS-
JIOCh C COYETAaHHMEM CHUMKOB BCEX TpeX MepHoa0oB. CHUMKH OCEHHETO
nepro/ia MHGOPMATHBHBI B CHHTE3€ HATYPAIBHBIX I[BETOB JIJISI OTEIIC-
HUS JINCTBEHHBIX W XBOWHBIX JIECOB B CBSI3U C TEM, YTO JINCTBCHHBIC
Jleca Ha OCEHHHMX CHUMKAax MPHOOPETaroT CBETIO-CEpBbId OTTEHOK. Jliis
JemuQpUPOBaHUsI COCHOBOTO Jieca T10 JISTHUM CHUMKaM HCIIOIb30Ba-
cs cuate3 kanaaoB SWIR-NIR-RED, B pe3ynbrare KOTOPOTO COCHO-
BbIE Jieca OTIMYAIOTCS OT TEMHOXBOWHBIX CIIEHU(PHYECKUM KpPacHOBa-
THIM OTTEHKOM. J[JIsl 3MMHEro nepuoia aHaJOrM4YHO JIETHEMY Hanbolee
nHpopmatuBen cuaTe3 kanaaoB SWIR-NIR-RED, rae cocHOBEIC nieca
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MPUOOPETAIOT TOJMyOOBAaThI OTTEHOK, a TEMHOXBOWHBIE — TEMHO-
cuanii (IIuxoB u ap., 2020). OCHOBHOM 3TaIl BBHITOJHSIICS C WCIIONb-
30BaHMEM CHHMKOB 3UMHETO reproaa. OCeHHHIA TepHO HCII0Ib30Bal-
Csl IS OTACJICHHSI XBOWHBIX JIGCOB OT JIMCTBCHHBIX, a JICTHUU — JUIS
KOPPEKIINH UTOTOBBIX PE3yIbTATOB.

Hwxe mepedncienbl MeTOIbI onpeaesieHust GU3NKO-XUMHUIECKIX
Y XMMUYECKUX CBOMCTB MTOYBEHHBIX MPOO:

- pH BOIHOI U COJIEBOH BBITSIKKU ONPEACIISIIUCH IIOTEHLIUOMET-
puaeckum Metogom mo ['OCT 26423-85 u 'OCT 26483-85;

- oprannueckoe BemecTBO (Copr) ONMPEnesuioch (pOoTOMETpHUC-
ckuM Metonom 1o 'OCT 26213-2021;

- cyMMa OOMEHHBIX OCHOBAaHHU paccunTaHa CIIOKEHHEM COJep-
JKaHUsI OOMEHHOTO KalbIs M OOMEHHOTO (TIOJIBIKHOTO) Marws, I0-
JMY4YeHHBIX TUTpuMeTprdeckuM metosioM — [OCT 26487-85;

- TUAPOIUTHYECKYIO KUCIOTHOCTh OMpPEeNsTi mo Meroxy Kar-
nena B Mogudukanuu [IUHAO (IT'OCT 26212-2021);

- IPaHyJIOMETPUUECKHI COCTaB — IMUIIETOYHBIM MeToIoM KaunH-
CKOTO TIOCJIe pa3pylICHUs TIOYBEHHBIX arperatoB mupodochaTom
HATpPHS;

- YCIIOBHO BaJIoBO€ cojiepkaHue TM — MeToJloM aTOMHO-
a0CcopOIMOHHOM criekTpodoToMeTprr (pa3ioKeHUe “IapCKOd BOJ-
Koit”).

Jis ompenieneHnss KPUTHYECKOTO YPOBHS 3arpsS3HEHHOCTH B
MOYBEHHBIE MPOOBI, 0TOOpaHHbIe ¢ TIyOonHbl 0—20 cM, BHECIH MO OT-
JICJIBHOCTH PacTBOPBI YKCYCHOKHUCIION MEIHW U YKCYCHOKHUCIIOTO Kaj-
Mmus u3 pacuera Cu, Cd 2.5, 5, 10, 25, 50, 100, 250 mr/kr moussl. He3a-
IPSI3HEHHYIO MOYBY YBIJIAXKHSIM PACTBOPAMHU COJIEM MeEpel MOCcCaigKoi
cemsiH. BbIOOp arieTaTHBIX CoJiel Meau U KaJMHus 00YyCJIOBJICH UX pac-
TBOPUMOCTBIO, U, COOTBETCTBEHHO, OBICTPOH OTBETHOH peakIiuei op-
TaHW3MOB Ha 3arpsA3HEHHE B YCIOBHAX JKCIepuMeHTa. B psne axcre-
PUMEHTAJIBHBIX Pa0OT MO 3arps3HeHui0 mous TM Takke BHOCHIM B
coctaBe aneraTtHoi comu (AnanbeBa, Illmuc, 2010; Mosuera, CemeH-
KoB, 2023; Ilanosa u ap., 2017).

OU3NKO-XUMHUECKHE ¥ XHMUYECKHE CBOICTBA CMEIIaHHOTO 00-
pasua: peakuusi cpensl kucaas (pHeox = 4.82, pHeon = 3.94), Copr —
1.63%, cymma oOMeHHBIX ocHOBaHUi — 0.51 Mmonb/100 T, rUAPOTUTH-
YyecKash KUCIOTHOCTh — 5.48 mmonn/100 1, cogepxanue (HU3MUCCKOM
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rHbl — 8.7% (1mecok cBs3HBIN Menko3epHucThiil). Conepxanue Cu
cocraBisuio 10.6 mr/kr, Zn — 15.4 mr/kr, Cd — 0.08 mr/kr, Pb —
7.5 mr/kr.

Ha 3arps3HeHHBIX TOYBEHHBIX MPo0Oax B TeueHHe 7 IHEH BbIpa-
mMBajcs Kpecc-cajar, 3aTeM OblIM ONpeneseHbl BBICOTA M Macca
HaJI3eMHOW YacTH PACTCHHH B 25-KpaTHOW ITOBTOPHOCTH, a TaKKe
PEAOKC-aKTUBHOCTh ~ PACTUTENIBHOTO  DKCTpakTa IO  METOJUKE
0.3. Epemuenko u H.B. Murpakosoii (2017). Ilocne BbIpammBaHus
pacTeHHuil B 3arps3HEHHON MMOYBE ObUIa yCTAaHOBJIEHA aKTHBHOCTH Me-
TaJuIoB (acuy U Acd) MOHOCENEKTHBHBIM METOJIOM Ha HMOHOMepe “JKo-
TeCT” B IOYBEHHOW CYCHEH3MHM IpPHU COOTHOIIEHWH I[OYBa : BoJa =
1:2.5. AKTUBHOCTG KaTajasbl, ypea3bl 1 HHBEPTA3bl B TIOYBE N3YUCHEI
B 3-kpatHoii moBropHOCcTH TI0 ®.X. Xazuesy (2005).

CpaBHeHHE BapUaHTOB ONBITA O (EPMEHTATHBHON aKTHBHOCTU
[IOYBBI, BBICOTE, MacCe M PEIOKC-aKTUBHOCTH TECT-KYJIBTYPBI IIPOBEE-
HBI IUCHEPCHOHHBIM METOJIOM C IpuMeHeHueM Kputepusi Kpackena—
Yomnnuca; 3HaYMMBIMU CUUTAJIHCh PA3IIUUUsl MEXKIy CPaBHUBACMBIMU
CPEIHUMH BEJIMYMHAMHU C JOBEPUTEIBHON BEpOSITHOCTHIO 95% U BbIIe
(p < 0.05). Ha pucyHkax mpuBeieHbI CpeHne apudMeTHIECKHe OHo-
JIOTMYECKUX TMOBTOPHOCTEH M WX CTaHAapTHble omuOku. depmeHra-
THBHAsl aKTHBHOCTH IIOYBBI, JAHHBIE IO BBICOTE, Macce U PEIOKC-
aKTUBHOCTHU TECT-KYJIBTYpHI IPH pa3HoM ypoBHe 3arpsisHenust Cu u Cd
00paboTaHbl METOAOM PErpecCHOHHOTO aHAJIN3a; aJeKBaTHOCTDH IMOJYy-
YCHHBIX YPaBHEHUI OLIEHIIN NPU YPOBHE 3HAYMMOCTH HYJICBOW T'HIIO-

te3nl P < 0.05.
PE3VJIbTATHI U OBCYXXJAEHUE

I'enernyeckue cBOMCTBa IMCaMMO3EMOB TYMYCOBBIX B 3HAYH-
TEJBHOW CTETIeHHU 00YCIIOBJIEHBI IUTOTEHHBIM (PAKTOPOM — MECUaHBIMU
noyBooOpasyromumu noponamu. [lpoduns mous cnado auddepenm-
poBaH u nipenctasieH ropuzoatamMu W u C” (puc. 3).

BepxHsist yacTh ryMycoBo-ciiabopa3BuToro ropuzonra W rpen-
CTaBJieHa Tpy0Opa3I0KUBIIEHCS XBOWHO-MOXOBOW MOACTHIIKOW MOII-
HocThIO 2-3 cM. ['opuzont W ¢ riny6unst 2(3) mo 6(8) cMm xapakTepu-
3yeTCsl TEMHO-CEPOH OKpPAacKOH C OXPUCTBIM OTTEHKOM, TOPH30HT C1ab0
OCTPYKTYPEHHBIH, CYyNECYaHbIH, CyXOH, PBIXJIBIM, COIEPKUT MHOIO
pacTUTENBHBIX OCTATKOB Pa3HOM CTENEHH Pa3iIOKEHHs, IMeCYaHble U
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MBIJIEBATHIC YACTHIIBI CKIJICEHBI B HEPOYHbIE KOMOYKH JuaMeTpom 0.6—
1.3 cm.

B pazpeze Ne 1-22 na rmy6une 6—10 cMm HaOmr0o1aTMCh IPU3HAKA
CENICKTUBHOTO OMOA30JMBAHMA, MPUBOJSIIETO K YAAICHHUIO JKEJe3H-
CTBIX IUIEHOK C TOoBepXHOCTH mecyanbix dactur (Ce). Ha rmyOune
30 cM mpHCYTCTBYIOT KEITOBATHIE, KEITOBATO-OXPHUCTHIE TOHA 3a CUET
’KEJIC3UCTHIX IUICHOK HAa MOBEpXHOCTH mnecyanbix 3epe (Cf). B mou-
BEHHOM paspese Ne 2-22 B mecyaHoil MaTepUHCKON MOPOJIE C TITyOUHBI
50-60 cm mpucytcrBytoT nceBroduopsl (Cff). ObpazoBanue mceBmo-
¢uOpoOB 1 NPUCYTCTBHE MPHU3HAKOB OMOA30JICHHOCTH TaK)Xe OTMEUEHO
B JIByX IICaMMO3€Max T'YMYCOBBIX, ONHCAHHBIX B JIECOIMApKE JIEBOT'O
oepera Kamor (Epemuenko u np., 2016), u B ncamMmo3emMe IyMyCOBOM
Ha TEPPUTOPUH COCHOBOI'O JIECa, PACIIOJIOKEHHOrO B gosinHe p. Kambl
HIKe 10 Tedenuto ot I. [lepmu (Epemuenxo u np., 2010).

Pazpes Ne 1-22 Pazpes Ne 2-22 Pazpes Ne 3-22 Pa3zpes Ne 4-22
e IR < T e e
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Puc. 3. BHennmii BU 1caMMO3€MOB I'yMYCOBBIX.
Fig. 3. Humus psammozems.

Takum o006pa3zom, pazHOOOpa3we IICaMMO3EMOB TYMYCOBBIX B
COCHOBBIX JIeCaX Ha MECYaHbIX Teppacax Kambl mpeacTaBlieHO THUITHY-
HeIMU (popmyna npoduinst W-C™), ononzonennsiMu (W-Ce-C”), niro-
BuanbHo-oxenesneHupiMu (W-CFf-C”) u ncesnodubposeivu (W-CFf-
C") moarumnamu.
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I'panynomerpuueckuii cOCTaB TYMYCOBO-CIa00pa3BUTOTO TOPH-
30HTa TICAMMO3EMOB TIPEICTaBIIEH CYIEChI0 MeJKoIecYanoil. ['pany-
JIOMETPUYECKHUN COCTaB MOYBOOOPA3YIOMIEH MOPOJIBI: MECOK CBSI3HBIN
MEJIKO3EPHUCTBIN W TIECOK PBIXJIBINA CPEIHE3CPHUCTHIN (puc. 4).
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Puc. 4. I'panyioMeTpHUYECKHil COCTaB TICAMMO3EMOB T'YMYCOBBIX.
Fig. 4. Particle size distribution in humus psammozems.

B rymycoBo-crnabopa3BUTBIX TOPU3OHTAX ITOYB COJIEPIKAHUE Op-
TaHUYECKOTO YIiepojia cocTaBisuio oT 3.9 mo 6.5%; cpaBHUTEIBHO C
MOPOJION XapaKTepHa HanboJiee KUCIasi peakius Cpebl, OTHOCUTENHLHO
MTOBBIIIIEHHBIE €MKOCTh TIOTJIONICHUS U COJIepKaHue (PU3MUecKoil Tiu-
HBI. /{7151 MUHEpaNbHBIX TOPU30HTOB XapaKTepPHA CHIHHOKHCIAS Peak-
LKA U HHU3Kas HACHIIICHHOCTh OCHOBAaHUSIMH, OYCHb HH3Kas €MKOCTb
MOTJIOLICHHMSI, CBS3aHHAS C HU3KUM COJIep)KaHueM (U3NYSCKOU TIIMHBI
(Tabm. 1).

Oo6mee conepxanue Cu, Cd, Zn, Pb B mcammo3emax cyiie-
CTBEHHO HW)KE€ PErMOHAJIbHBIX KJIapKOB IMOYB (Tabj. 2), 4To 00YCII0B-
JIEHO O0IIel 00eTHEHHOCTHI0 KATHOHAMH KBAapIIEBhIX IMECKOB aJIJIFOBH-
QIBHOTO TIPOUCXOXKJIEHUS. B TO ke Bpemsi KO3 PUIIMEHTHI KOHIICHTPa-
umu (KK), paccuntanHbpie Kak OTHOIIEHHWE MEXAY COACpPKAHHEM Me-
TaJUIOB B TOPU30HTE M MOYBOOOpA3yIOIIEH Mopoje, MOKa3aid, 4TO B
TYMYCOBO-CIIa00Pa3BUTHIX TOPH3OHTAX COJEPIKAHUE STUX METAILIOB
HECKOJIBKO OOJIbIIIE, YeM B MOUBOOOpasyronmx neckax. Cu u Zn — mu-
TaTeNbHbIE IEMEHTHI U HAaKaIIMBAIOTCS B MOYBaxX Onaromaps m3dupa-
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TeJapbHOMY ToromeHuto pacrenusimu. Conepxkanue Zn, Cd, Pb, Cu B
IcaMMo3eMax MOKET OBITh YaCTHYHO OOYCJIOBIIEHO TEXHOTEHHBIM 3a-
CPSI3HEHUEM, T. K. UX aKKyMYJILHIO OTMEUYaId B IOYBaX U NOYBOIPYH-
Tax JKUJIOM 3acTpoilku U mapkoBoii 30kl I. [lepmu (Epemuenko u ap.,
2005; 2018).

TaﬁJmua 1. du3nKo-XUMHUYECKHE CBOMCTBA [ICAMMO3EMOB T'YMYCOBBIX
Table 1. Physico-chemical properties of humus psammosems

E [ = = -3
S . 8 8| &=
13 b g § N -2 ®
Q T c a 2 S iy } [ } s g
e s g T T s I g s =
2 © = * g $| g5
s s s ©
W 36 |a 527 + 463+ 343+ 1.32+ 864+ | 1193+
0.85 0.09 0.13 0.32 1.72 0.40

1.14 + 510+ 433+ 0.50 = 2,68+ 832+

WC'110-20 14 0.12 0.11 0.05 0.06 0.27 0.29
. 041+ | 543+ | 440+ | 081+ | 159+ | 589+
c >0-60 4 0.18 0.25 0.06 0.25 0.17 0.57
+ + + + + +
' |80-9014 033+ | 580+ | 440+ | 132+ | 129+ | 534+

0.11 0.15 0.08 0.30 0.25 0.51

[Ipumeyanne. N — KOIMYECTBO TMpod; S — CymMMa OCHOBaHWH;
Hr - TUAPOJUTHUYICCKAA KUCITIOTHOCTD.
Note. n — number of samples; S — sum of bases; Hg — hydrolytic acidity.

B nouBax TM mnpHCYyTCTBYIOT B PACTBOPEHHOM COCTOSIHUM U
CBSI3aHHOM C OpPraHMYEeCKUMH W MHUHEPAJbHBIMH  BELIECTBAMH.
Haubonpmee Bo3aeiicTBe Ha MHUKPOOPTaHU3MBI, PACTEHUS, TTOYBEH-
HBIX OECIIO3BOHOYHBIX, a TaKke Ha (DEePMEHTATUBHYIO aKTHBHOCTbH
MoYyB OKa3bIBalOT noaBmkHbBIE Qopmbl TM (Ritchie, Sposito, 2001;
Robinson et al., 2005; Rao et al., 2014; Kok u ap., 2022).

Pesynbratel onpenenenus aktuBHOCTH CU (acy) moKa3aiy, 4To B
BapuaHTax 3arpsizHeHnss CU 2.5-50 Mr/Kr mouBbl OHa HE MMea 3HAYH-
MBIX Pa3U4YUi ¢ acy B He3arpsi3HEHHOH mouse (puc. 5). Ilpu Gombinem
3arpsA3HCHUH TIOYBHI acy paBHA 6.9—5.6, u, cienoBaTenbHO, KOHIICHTpA-
uus aktuBHOM CU B BapuanTe 100 MI/KT MOYBHI YBEINYHIACH HA TIOPSI-
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JIOK, a B BapraHTe 250 Mr/kr — OoJiee yeM Ha JBa TOPSAIKA, IO CpaBHE-
HHUIO C HE3arpsA3HEHHOMU ITOYBOM.

Taéauna 2. CoaeprxaHue TSHKEIBIX METALIOB B IICAMMO3EMax TyMYCOBBIX
Table 2. Physico-chemical properties of humus psammosems

T'opu3our, Cu Zn Cd Pb
rayomHa, cm | mr/kr |KK*| mr/kr |[KK| wmr/kr | KK | mr/kr |[KK

W** 36 [13.3+1.2/1.6(17.1+3.8/ 2.1 |0.11+0.02| 2.7 |12.9+4.9/8.2

A 7.9+08|0.9 [13.7+25 1.7 [0.06 +0.02 1.5 [2.1+0.10/1.3
C,5060 |84+1.1]1.0|87=14]1.1[0.04+0.02] 1 |1.7+0.09[11
C,8090 |84+1.1| 1 |80+11] 1 | —** | _ |16+0.08 1
Conepxa-
e B 66 82 3 29
MOYBaXx,
MI/KD****

Opumeuanne. *KK — xo3ddummerT KoHIEHTpanud — OTHOIICHHE MEXKIY
COJICp)KAaHWEM METAJJIOB B TOPH30HTE W IMMOYBOOOpasyroieil moposae; ** —
OTIpe/ieIeHre TPOBOIMIOCH B TIPOKAIEHHOM o0pasile; *** — orcyrcTBue 3Ha-
YCHUS HU3-3a HU3ZKOTO COACPIKAHUA U HeZ[OCTaTO‘IHOfI YYBCTBUTCIBHOCTH MEC-
Tona; **** — cpenHee coJep)KaHHE MHUKPOIJIEMEHTOB B moyBax I[lepmckoro
kpas (n = 1 730) (Komsios, 2011).

Note. *KK — concentration coefficient — the relationship between the content
of metals in the horizon and the soil-forming rock; ** — determination was
carried out in a calcined sample; *** — no value due to low content and insuf-
ficient method sensitivity; **** — average content of microelements in soils of
Perm Krai (n = 1 730) (Kopylov, 2011).

IMpu Brecenun Cd B xonuyecTBe OT 2.5 10 25 MI/ KT aKTUBHOCTh
Cd (acq) B 104Be HEe M3MEHMIACh OTHOCHTEJILHO HE3arps3HEHHOTO Ba-
pHaHTa, HO MpH AajbHEHILEM 3arps3HEHHH acd Bo3pocia ao 6.7-5.1.
Konmuentparus Cd B BapuanTe 250 MI/KT TIOYBBI BBIIIIE KOHTPOJIHLHOTO
YPOBHS Ha 2 TIOpSIKA.

[Ipu paBHBIX YPOBHAX 3arps3HEHHA acd B TICAMMO3€ME, KaK Ipa-
BWJIO, BBIIIE acy. Mellb — MUKPO3JIEMEHT, y4acTBYIOIIUI B MeTaOOoH-
YECKUX IIpOLIeCCaxX, M MOKET IOIJIOIIAThCS >KUBBIMH OpraHU3MaMu
(IIBaxoBa, 2013), mo3TOMY acy B IIcaMMo3eMe, OSTHOM MHKPOIJICMEH-
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TaMH, TIOHUKAJIACh MTOCJIE BHECEHUSI paCTBOpUMOH conu Meau. Kaagmuit
HE y4acTByeT B (DEPMEHTATUBHBIX PEAKIUIX, €r0 OMOIOTHIECKast POIIb
HE BBISIBJICHA, TIO3TOMY €r0 aKTUBHOCTD B [TOYBE BBIIIE, YEM Y MEJIH.

9 —Cd

0 2,5 5 10 25 50 100 250
[103a 3arpASHEHUA, MI/KT

Puc. 5. AKTUBHOCTh METaJIOB B 3aBUCUMOCTH OT JAO3bI 3arpsA3HEHUS IMOYBLI,
acu, acd = -lg [Cu, Cd]. Mpumeuanue. Ha 3toM u npyrux rpadukax cTaThu
* — 3HaYMMEIE pa3anvusg ¢ KOHTPOJIEM.

Fig. 5. Metal activity depending on the degree of soil contamination,
acu, acd = -lg [Cu, Cd]. Note. In this and other graphs of the article,
* — represents significant differences with the control.

Ha navanbHOl craguu 3arps3HeHus 1ouBbl TM U3MEHSIOT CO-
CTaB, YMCICHHOCTh MUKPOOpPraHu3MoB u ux meraboimsm (Gil-Sotres et
al., 2005; Musnees u ap., 2008; ITossik u ap., 2020). PYHKIIHOHAIBHYIO
AKTHUBHOCTH TTOYBEHHOW OHMOTEHI, ee CIIOCOOHOCTH K pa3HbIM OMOXHMU-
YECKUM peakIusM OTpaxkaeT (hepMEHTAaTUBHAs aKTHBHOCTH IMouB. llo
aKTHUBHOCTU ()EPMEHTOB C BBICOKOH TOYHOCTBIO OMNPEAEISIIOT HAdaslo
3arpsi3HEHHsI TOYB WIIM XapakTep MX BOccTaHoBieHus (Zhao, Jiang,
2010; Liu et al., 2011; Soldatkin et al., 2012). Marubupytoriee Bo3zeii-
cTBue Ha hepMeHTH TM 00yCIOBIIEHO X aKTHBHBIM KOMIUIEKCOOOpa-
30BaHueM ¢ oenkamu (OOmias xumust, 2005).

Karanaza — QepMeHT, KaTaJu3UPYIOLIUH TI'€TePOIMTHYECKOE
pacmieruienne nepokcuna ogopoaa (H202) ¢ oopazoBanuem O u, Ta-
KHM 00pa3oM, Ipe0TBPAIIAONINI TOBPEXKIACHHE CTPYKTYPHI U Hapy-
menne QyHKImi kerounoi memopansr (Mahaseth, Kuzminov, 2017;
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AnanbeBa, 3umarkun, 2022). Buecenue B ncammoszem CuU 3 pacuera
ot 2.5 1o 100 MI/KT MOYBHI CITIOCOOCTBOBAJIO MOBBIIICHAIO aKTUBHOCTH
Karanasbl;, npu KoHneHTpanuu Cu 5-100 mr ona nmpumepHo Ha 17.5%
BBIIIIC, YeM B HE3arps3HEHHOW mouBe (puc. 6). IlcamMmo3eM — OYeHB
OenHasi OMOTEHHBIMH 3JIEMEHTaMH II0YBa, TIOSTOMY J00aBIIEHUE Menn
KaK THTATEIBHOTO 3JIEMEHTa CTHMYJHPYET Pa3BUTHE MHUKPOOPTaHH3-
MOB, TPOAYIHUPYIOIUX (epMeHTh. B OakTepuaabHOH KICTKE MEIb
HeoOxonuMa B KadecTBe Kodakropa mHOrux Oenkos; CU ydacTByeT B
OKHUCIIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIHUAX, B TPAHCIIOPTE IIIEK-
TPOHOB, OKMcauTENbHOM Abixanuu u Ap. (Arguello et al., 2013). Tlox
BO3/ICHCTBHEM MU HAOIIOIaIH CTUMYJIALIMIO aKTUBHOCTH KaTaias3bl B
MOYBax TOPOJCKHUX peKpearuoHHbIX Tepputopwii (Tpudonosa, 3ade-
nuHa, 2017).

0 2,5 5 10 25 50 100
[l03a 3arpaA3HeHns, Mr/Kr

Puc. 6. AKTHBHOCTh KarTaja3bl B 3aBHCHMOCTH OT JO3bI 3arps3HEHUS,
mi1 0.1 M KMnO4/10 r mouBsr 3a 20 MuH.

Fig. 6. Catalase activity depending on the degree of contamination,
ml 0.1 M KMnO./10 g of soil in 20 minutes.

Kaamuii B M30BITOYHOM KOJIMYECTBE SIBISIETCSI MOITHBIM TOKCH-
KaHTOM Juisi OakTepuii, Bomopociei u rpudos (Trevors et al., 1986). B
OTJINYME OT Menu, 3arps3HeHue ncammosema Cd criocoOGcTBOBaANIO Cy-
IIIECTBEHHOMY CHIDKCHUIO AKTUBHOCTH KaTaja3bl, B BapHaHTax C
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HauMeHbIIMM 3arpsisHeHreM Cd u3 pacuera 2.5 U 5 MI/Kr mOHMWKEHHE
AKTUBHOCTH OTHOCHTEIBHO KOHTPOJ cocTaBisio 21.2 u 28.3% coot-
BercTBenHo. B BapmanTax ¢ Cd 10-100 MI/Kr aKTHBHOCTH KaTaja3bl
HECKOJIBKO MOBBICHIIACH, HO OCTaBaJlaCh HUKE KOHTPOJIBHBIX 3HAUCHHH.
Bo3MokHO, B YCIOBHSAX OMPEAETICHHOTO YPOBHS 3arpsi3HEHHS TIPOUC-
XOJWII OTOOP MHUKPOOPTaHW3MOB IO TOJEPAHTHOCTH K Kaamuio. bakte-
puu Burkholderia sp. u Bacillus sp. Beipaboranu ycroitunBocts k Cd u
MO3TOMY MTPAIOT BAXKHYIO 3KOJIOTUYECKYIO POJIb B 3arpsi3HEHHBIX T10Y-
Bax (Zhao, Jiang, 2010).

Crenens BozaeiictBust TM Ha mouBeHHbIE (PEePMEHTHI 3aBHCUT HE
TOJILKO OT KOHIIEHTPAIMW MEeTallia, HO U OT cBoicTB ¢pepmenta (Tpu-
(onoBa, 3abennna, 2017). Ypeasa — BaKHEHIINHA YYaCTHUK a30THOTO
oOMeHa B MoYBe, OHa KaTtanu3upyet rumpoin3 MmodeBuHsl (ILlepbakosa,
1983; Kocak, 2020). CornacHo mikajge 000raimeHHOCTH MoYB (hepMeH-
tamu J[.I'. 3Bsarunnesa (3Bsaruanes, 1978) mcammoszemsl OeqHBI ype-
azoil. Buecenne B mcammoszem CU B KomudecTBe 2.5 MI/KT TTOYBHI CITO-
COOCTBOBAJIO PE3KOMY TIOBBIIIEHUIO AaKTHMBHOCTH Ypeas3bl, OJHAKO C
nanpHeWmmM poctoMm 3arpsisHeHust (CU 5 u 10 MI/Kr) akTHBHOCTH
(hepMeHTa yMEHbIIANACh, HO OCTaBalach BBIIIE aKTHBHOCTH ypeasbl B
He3arps3HeHHOU nouBe (puc. 7). IMEroTCsl TaHHBIE O CTUMYJISIIUHU aK-
TUBHOCTH ypea3bl NPHU 3arps3HEHUU Mebio ropojckux mous (Tpudo-
HOBa, 3abenuna, 2017). C yBenmnyenneM KoHIeHTpanmud Cu H3MeEHs-
J1ach MOP(OIIOTHS KOJIOHHUIA U KIETOK MUKPOOPTaHU3MOB B OHOTyMYyCE,
YBEITMUMBAIACH OMOXMMUYECKass AKTUBHOCTh CHIJIMKATHBIX OakTepwid
(Crmpugonosa, boyp, 2012). Ongrako u30eiTok Cu B OakTepHaIbHOU
KJIETKE MPOSBISIETCS B MHTHOMPOBAHWHU JbIXaHMS, CHHTE3a OEJKOB,
HYKJIEMHOBBIX KHCJIOT, TIyTaTHOHpeaykTa3sl u nap. (Jlebexer, 1998).
[MosTomy B Bapuantax Cu 50 u 100 MI/Kr OYBBI aKTUBHOCTH ypeas3bl
CHHM3MJIACh OTHOCHTENBHO aKTHBHOCTH ()epMEHTa B HE3arpsa3HEHHOM
[ICaMMO3€EME.

ITpu Baecennn Cd B konmuecTBe 2.5—10 MI/KT He HAOIIOAAIOCH
3aMETHBIX U3MEHEHMH aKTUBHOCTH ypeasbl [0 CPaBHEHHUIO C €€ aKTHB-
HOCTBIO B He3arpsisHeHHOM nicammo3eme. OHako B Bapuantax Cd 50 u
100 MI/Kr mo4BBI aKTHBHOCTH (DEPMEHTA OKa3ajach BBIIIE KOHTPOJIb-
HbIX 3HaueHu Ha 44 u 41% cOOTBETCTBEHHO, YTO MOXKET OBITH 00Yy-
CJIOBJIEHO OTOOPOM M Pa3MHOXKEHHEM YCTOWYMBBIX (POPM MHUKPOOpTa-
uu3MoB. Ha ¢one pocra 3arpssaennocti Cd B mouBe 0TMeUanoch yBe-
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nuyeHue uuciaeHHoctu Proteobacteria m Gemmatimonas (Yo et al.,
2021). B cnaborymycupoBaHHO# mouBe moj aerictBuem TM momst pe-
3UCTEHTHBIX K XHMHUYECKOMY 3arps3HEHHUIO IPUOOB YBEIMYMBAIACH HA
45.7% (Tepexona u mp., 2021).

19 : —Cd
17 ) Cu
15
13

= W N o
FAI

0 2,5 5 10 25 50 100
[l03a 3arpAsHeHus, mr/Kr

Puc. 7. AKTHBHOCTH yYpc€a3dbl B 3aBUCHUMOCTHU OT [JO3bl 3arpA3HCHUS,
mr N-NH4/10 r mouBsl 3a 24 q.

Fig. 7. Urease activity depending on the degree of contamination,
mg N-NH4/10 g of soil in 24 hours.

AKTHBHOCTH ()epMEHTa WHBEPTAa3bl OTPAXKAET CIIOCOOHOCTH T0Y-
BBI PACIIEILIATh CaXapo3y W CBOOOHBIC MPOCTHIE caxapa, KOTOPHIE SB-
JIAIOTCS OCHOBHBIMHM HMCTOYHHKAMHU DHEPIMH IMOYBEHHBIX MHKpPOOpra-
nusMmoB (3BsaruHiieB, 1978; Frankeberger, Johanson 1983). Cumxenue
AKTUBHOCTU WHBEPTa3bl HaOIIOAANOCh IpH 3arps3HeHun Cu JepHOBO-
noa3oiucToil mouskl (Munees u ap., 2008). B Hezarps3HeHHOM TIcam-
MO3eMe aKTUBHOCTh (pepMeHTa cocTaBisuia 22-25 Mr rioko3sl/10 T
MTOYBHI 32 24 4., 4YTO yKa3bIBaeT HA OYCHb HU3KYIO O0ECIICYeHHOCTh UH-
Bepraszoit mo .I'. 3ssarunmeny (1978). 3arpssuenne TM cmocobcTBO-
BaJI0 CYIIECTBEHHOMY CHIKCHHIO aKTHBHOCTH MHBEPTa3bl B I1CAMMO-
3eme (puc. 8). B Bapuanrax Cu u Cd 2.5 Mr/kr akTHBHOCTh (hepMeHTa
cHu3wiIach Ha 43%, 4YTO CBUICTENBCTBYET O HM3KOH YCTOMYHMBOCTU
rncammo3sema K 3arpsasHenuto TM; Hanpumep, B mouBax MHauu cHke-
HUE aKTUBHOCTH WHBEpTa3bl Ha 40% 3aperucTpupoBaHO MPH 3arpsi3HeE-
uun moussl Cd B komuuecte 1 000 mr/kr moussl (Verma et al., 2010).
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Puc. 8. AxTHBHOCTB HWHBCPTA3bl B 3aBUCHUMOCTU OT [JO3bl 3arpsA3HCHUA,
MT TJ1F0K0361/10 T TT0uBEI 3a 24 4.

Fig. 8. Invertase activity depending on the degree of contamination,
mg glucose/10 g of soil in 24 hours.

IMpu HaubosbmeM 3arps3aernd moussl Cu u Cd aKTHBHOCTD HH-
BepTa3bl Kosiebanach B npezenax 6.8—11.5 mr roko3sl/10 T ouBkl 3a
24 4. 1 ObUIa HIKE KOHTPOJIbHBIX 3Ha4eHnH Ha 31-52%.

ITo E. Baath (1989) mus depMeHTAaTHBHON aKTHBHOCTH IOYB
KPUTHYECKOH/9KOTOKCUIIOTUIECKOW KOHIIGHTPANUeH SBISETCS COMep-
xkanne Cu 25-1 900 mr/kr, a Cd — 1.56 mr/kr noussl. B Hamewm skcre-
pUMEHTE aKTUBHOCTH (DEPMEHTOB MO-pa3HOMY 3aBHCENla OT O3Bl 3a-
rpsizaenns TM. Buecenne CU B kommuectBe 2.5—100 Mr/Kr akTHBH3H-
POBAJIO KaTala3Hyl0 aKTUBHOCTh IOYBHI, B KojndecTse 2.5—10 Mr/kr —
ypeazHyl0 aKTHBHOCTh, HO aKTHBHOCTh MHBEPTA3bl CHIKANACH yKE B
Bapuante CuU 2.5 mr/kr nmouBsl. HamMeHkIIee 3arpsi3HEHHE IIcaMmMo3e-
ma Cd (2.5 Mr/Kr mo4BbI) CHOCOOCTBOBAIO CHIDKCHHIO aKTHBHOCTH Ka-
Tana3bl 1 MHBEPTa3bl, HO aKTUBHOCTh ypea3bl HE CHIKANIACch TIPU BCEX
YPOBHSIX 3arpsi3HEHHUS ITOYBHI.

JlJis OIIeHKYM TOKCUYHOCTH TIOYB OJTHUM W3 HamOoiiee mHDOpMa-
THBHBIX TIOKa3aTeJIeH SBISETCS peakius BRICIIX pacTeHuid (Tepexona,
2022). B pactenusx Cu sBseTCS Y4aCTHUKOM MHOTHX (DHU3HOJIOrHYE-
CKHUX U OMOXMMHUYECKHX IporeccoB. [Ipu u30bITKE Meau HaOI0IaIN
3aMeJJIEHHe POCTa PAaCTeHH, YTO BO MHOTOM OIpeAeNsieTcs] HapyIie-
HHEM IIPOIECCOB, CBA3aHHBIX ¢ GorocunTe3oM (Yruela, 2005). Bemu-
YUHA TMOTCHIIMAILHO TOKCUYHOTO BAJIOBOTO KOJUYECTBA MEIU TPEBHI-
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mana 100 Mr/kr mouBbl, HO copepkaHue NoABIKHONH CU MoXeT ObITh
TOKCHYHBIM TIpH ypoBHE 3arpsizHenust 20 mr/kr moussl (Rehman et al.,
2019).

Toxcuyeckoe neiictBue Cd mposBisieTcss B TOPMOKEHUM POCTa
KOpH$I, B YTHETEHUH POCTa HaJ36MHOU 4acTH pacTeHUH, B (PU3HOIOTH-
YECKUX M CTPYKTYPHBIX HapyIIECHUAX (POTOCMHTETHYECKOIO almapaTta,
a TaKKe B 3aMEIUICHHUH JIbIXaHUs U3-3a HHruOnpoBanus Cd akTMBHOCTH
¢dbepmentoB B kietke (Physiology and Biochemistry..., 2002; Ka3nuna,
Tutos, 2013; Cadmium Toxicity..., 2019).

B Hamem 3KcnepuMeEHTE BBICOTA HAA3E€MHOM YacTH TeECT-
KyJbTYpbl YMEHbIIaJIach MPOMOPIHOHATBHO yBennueHHo 103 Cu u
Cd, BHeceHHBIX B TicamMmmo3eM (puc. 9). 3aMeTHOE CHH)KEHHE BBICOTBI
pacTeHHi HaOMIOIAIH YXKe B BapuaHTe ¢ 3arps3HenneM CU u3 pacuera
2.5 mr/kr, riae oHa Hke Ha 12% OTHOCHUTENBHO BBICOTHI PACTCHHUN Ha
He3arps3HeHHOH mouBe. B cityuae 3arpsisaenus Cd 3HaunMoe CHUKe-
HHE BBICOTBI pacTeHuii Ha 18% oOHapyxeHo B Bapuante Cd 5 mr/kr.
IMpu 3arpssuennn Cd u Cu w3 pacuera 100 Mr/kr BbIcOTa TECT-
KyIneTyphl HIDKE Ha 42% 1 63% COOTBETCTBEHHO IO CPABHEHUIO C KOH-
TpoJeM. 3HaYUMBIX pa3lN4uil BO BIUAHNUU 3TUX TM Ha BBICOTY pacTe-
HUN HEe OTMEYEHO, Juib B Bapuante 100 mr/kr pactenus Ha (oHe 3a-
rps3uerns CU OBIIIM HECKOJIBKO HIDKE, ueM mpu 3arpssuernn Cd.

Ha maccy HanzeMHOH yacTu TeCT-KyJlbTyphl HU3KHE 10361 CU U
Cd He oka3amy 3HAYMMOro BIMSHUS. BO3MOXHO, 3TO CBsi3aHO C
YMEHBIICHUEM IIOTEPH BOJBI PACTCHUSMH Ha 3arpsS3HEHHOW IOYBe
(puc. 10). Tpu 3arps3aennn Cd HaOnroqamy 3ameUieHHe TPAHCIIHPA-
uun y pacrenuid ssamens (Kazuuna u np., 2011).

OtpunarensHoe BiusiHue CU Ha CBIPYIO MacCy Ha/I3eMHOW YacTH
TECT-KYJbTYPhl HAONIONAIO0Ch MPHU 3arps3HeHUH 25 MI/Kr U Bbiie. B
BapuanTe Cu 100 Mr/kr Macca pacTeHH HIKE KOHTPOJIbHBIX 3HAUEHHUN
Ha 35%. Tokcuueckoe aeiictBue Cd oTMEUEHO NMPH MEHBILEM 3arpsi3-
Hennu (10 mr/kr noussr), a B Bapuante Cd 100 Mr/kr ceipas macca
pacteHuii Obuta HIKe Ha 57%. YMeHbIIEHHE CBIPOH MacChl pacTEHUH
MOKET OBITh CBA3aHO C YMEHBIICHHEM pa3Mepa KOPHEBOH CHUCTEMBI U
cHmkenreM Bogomorpednenus (Vassilev et al., 1998; Kasunna, Tutos,
2013).
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Puc. 9. Bricora Ha,I[3€MHOI>'I HaCTu Kpecc-cajllaTa B 3aBUCUMOCTH OT HO3bI
3arpsi3HCHUsA, CM.

Fig. 9. Height of the above-ground parts of watercress depending on the
degree of contamination, cm.
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Puc. 10. Macca Haa3eMHOW YacTH Kpecc-cajara B 3aBHCHMOCTH OT O3Bl
3arpsI3HEHUSA, MT.

Fig. 10. Weight of the above-ground parts of watercress depending on the
degree of contamination, mg.

N36pitok Cu u Cd uHAynHMpyeT pa3BUTHE OKHCIUTEIBHOTO
CTpecca B PacTEHUSX Yepe3 YBEIUUeHUE 00pa30BaHusl aKTUBHBIX (hOpM
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kuciopona (Irfan et al., 2015; Rehman et al., 2019). Cremnenp ycroiuu-
BOCTU PAcTEHHH K OKHCIHMTEIbHOMY CTPECCY 3aBUCHUT OT CIIOCOOHOCTH
aKTHUBHU3MPOBaTh U aKKYMYJIMPOBAaTh HU3KO- M BBICOKOMOJIEKYJISIPHBIE
COCAMHEHHS, XapaKTepU3YyIOIIUecs BOCCTAHOBUTEIBHONW aKTHBHOCTEIO.
ITpu 3arpssuennn Cu u Cd u3 pacuera 2.5-5 MI/KT IOYBHI PEIOKC-
aKTHUBHOCTb PAaCTUTENBHBIX JKCTPAKTOB M3 Kpecc-canara He OTJINYa-
Jlach OT KOHTPOJBHBIX 3HaueHui (puc. 11). B Bapuantax TM 10 mr/kr
U BBIIIE PEJOKC-aKTHBHOCTh PACTEHUI BO3pacTalia, YTo YKasbIBaeT Ha
AKTHBHU3aLMI0 aHTUOKCUIAHTHOH 3a1uThl pacTeHuid. [Ipu 3arps3nennn
Cu 100 MI/Kr MO4YBBI PEAOKC-aKTUBHOCTH TECT-KYJBTYpPhl OKa3anach
BBIIIIE, YEM TIPH TaKOM ke 3arpsisHeHnu Cd, 4To, BO3MOXKHO, CBSI3aHO C
a3 hexkTUBHON amanTanyei K MeHee TOKCHYHOMY METalTy.

PerpeccuoHHbIN aHANN3 MMOKa3all 3aBUCUMOCTh MEXAY aKTHUBHO-
cteio CU 1 Cd B moYBe U OTBETHOW peakIMed TeCT-KyJIbTypbl, TIPS/
BCEr0 KOPPEIMLHIO C HW3MEHEHHEM HaJ3€MHOM MacChl PACTEHUHA U
PEIOKC-aKTUBHOCTBIO PACTHTEIbHBIX 3KCTpakToB (Tabm. 3). M3meHe-
HHUE TOKa3aTeNIel COCTOSIHIS Kpecc-canarta Ha 57—83% 3aBucemnu oT acy
B nouse. [Ipu 3arpsisaernn Cd oT acg Macca U peIoKC-aKTUBHOCTD Pac-
TEeHUH 3aBucena Ha 75 u 68% cooTBeTCTBEHHO. CBA3b aKTUBHOCTH Me-
TaJIJIOB C (DEPMEHTATUBHOIN aKTUBHOCTHIO HE OOHApY’KEHA.
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Puc. 11. Penokc-akTHBHOCTh DKCTpaKTa PAacTEHWH B 3aBUCHUMOCTH OT JIO3BI
sarpsisaenusi, M1 0.001 u KIO3/10 r mouBs!.

Fig. 11. Redox activity depending on the degree of contamination, ml 0.001 N
KI103/10 g of soail.
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CormacHo 0OOOIIEHHBIM JaHHBIM MJIS PACTEHUH KpUTHYE-
CKHE/9KOTOKCHIIOrHYecKre KoHmeHTpamun CU HaxomsaTcs B mpenenax
60125 mr/kr moussl, a Cd — 3-5 mr/kr (Irwin et al., 1997). ITo Hammm
JaHHBIM, (PUTOTOKCHYHOCTH MCAMMO3EMOB HaOmoJanach Mpu 3arpsis-
Hennu CuU u3 pacuera 5—10 MI/KT, 4TO yKa3bIBaeT HA HU3KYIO YCTOWYM-
BOCTh IICAMMO3EMOB T'yMyCOBBIX K 3arpssHenuio Cu. Kpurmueckas
koHueHTpanust Cd, mpu KOTOPOH OTMeueHa OTpHLATEeNbHAsl peaKius
TECT-KYJIbTYPBI, Takke cocTaBiisiia 5—10 MI/KT, 4TO COOTBETCTBYET
YKa3aHHOH BBIIIE 3KOTOKCHJIOTMUECKON KOHLIEHTPALUH KaIMHS.

Ta6auma 3. 3aBHCHMOCTP MEXIY AaKTHBHOCTHIO MeTalia M (PU3UOJIOTO-
6I/IOXI/IMI/I‘IGCKI/IMI/I TMoKasaTeJIsIMU KpecC-cajlaTa

Table 3. Relationship between metal activity and physiological and
biochemical parameters of watercress

acu acd

3aBucumocTh | YpaBHeHHe R2* | p YpaBuenue R2 p

perpeccun perpeccuun
BricoTa
HaJ3eMHOIt y=-2.81+0.62x | 0.57 | 0.00193 ek - -
qacTHu
Macca amem- |\ _ 7 54,5 96y | 0.78 | 0.00017 | y=-9.52+2.80x | 0.75 | 0.00023
HOH 4aCTHu
Penoxce- y=27.8-2.21x | 0.83 |0.00010 | y=21.6-1.64x | 0.68 | 0.00047
AKTUBHOCTbH

Ipumeyanue. *R? — kosdpduument nerepMuHanny; **p — YpOBEHb 3HAUUMOCTH
HYJIEBOW TUIOTE3bI; *** — mpoyepku 0003HAYAIOT OTCYTCTBHE 3aBUCUMOCTH&
Note. *R? — coefficient of determination; **p — significance level of the null
hypothesis; *** — Dashes indicate no dependence.

Hammm nanHbie 1m0 sKoToKcuiorudeckoir Harpyske Cu u Cd B
McaMMO3eMax HE COOTHOCSTCSI C OTEUYECTBEHHBIMH HOpPMaTHBaMH II0
COACPKAHUIO ITUX OJJIEMEHTOB B IIE€CUAHBIX M CYIICCYAHBIX ITOYBax
(CanlluH 1.2.3685-21). OJAK/TTJIK TspkeasIx METalIoB pa3padaThiBa-
JIM TIPEKIE BCETO C LIENbIO MOMYYeHUs! 0€30IacHON PacTUTENBHON MPO-
OyKuud. B Hammx uccliefoBaHUsAX MEpBbIC MPU3HAKA (UTOTOKCHIHO-
CTH TIcamMMo3eMa OTMedeHH! rpu 3arpssaernu Cu u Cd u3 pacuera 2.5
mr/kr, uto Hike OJIK Cu B 13 pa3 u Beime OJAK Cd B 5 pa3. Mexa-
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HU3MBI TOJIEPAHTHOCTH pacTeHuil K n30bITKy TM B 3HAUNTENBHOH CTe-
IIEHH OCHOBaHB Ha HecTeMu(pUIECKUX IMpoleccax: 3aaepikaHue B
KJIETKaxX U TKaHSIX KOPHEBOM CHUCTEMBI, XEIATHPOBAHUE U KOMIUIEKCHU-
pOBaHUE OPraHMYECKHMMHU KHCIOTaMH, MENTHIaMHU, OeJKaMH, mepemMe-
menne B Bakyonb u 1p. (Kysuenos, Amutpuera, 2005). Hecienndma-
HOCTb 3allIUTHBIX PEaKIUi Kpecc-cajiata B OTHOIIEHHH TM, BO3MOX-
HO, SIBISIETCSI MIPUYMHON OJMHAKOBON 3KOTOKCHJIOTMYECKON HArpy3KH
st Cu u Cd B mcammoseme.

BBIBO/IbI

[lcamMo3emMBl TyMycoBBIE Ha TIeCHaHBIX Teppacax p. Kamsr
npencTBieHsl THMnIHBIME (popmyma mpodpuns W-C), omoxzoneHHbI-
mu (W-Ce-C"), mamosuansao-oxenesaenasiMu (W-CF-C™) u mcesmo-
¢udpoeivu  (W-CFff-C”) moarunamu. ['paHynomeTpuyecKkuil cocTaB
Ir'yMYCOBO-CJ1a00pa3BUTHIX TOPU30HTOB MOYB: CYIECh MEJKOIecYaHas;
noyBooOpasyomas 1nopoja — MECOK CBSI3HBIA MENKO3EpHUCTBIA HIH
IIECOK PBIXJBIA CpeAHEe3epHUCTBIA. IlcaMMO3eMBl XapaKTepU3YIOTCS
CUIBHOKHUCIJION peaklUeil cpeibl, O4EHb HU3KOH €MKOCTBIO IIOIJIONIe-
HUSI, HU3KOW HACBHIIIEHHOCTHbIO OCHOBAaHHMSMHU U HU3KOH aKTHUBHOCTBHIO
mouBeHHBIX (hepmenToB. Comeprxanne B mousax Cu, Cd, Zn, Pb cymre-
CTBEHHO HW)KE PErHOHAIBHBIX KJIAPKOB MOYB, B TO € BPEMs B TyMy-
COBO-CJIa00Pa3BUTHIX TOPU30HTAX 3TUX METAJUIOB OOJIblIe, YeM B MOY-
BOOOpa3yIOLIMX IECKaX, YTO YKa3bIBA€T HAa HEKOTOPOE TEXHOT'CHHOE
3arpsi3sHEHHE.

Pesynpratel skcnepuMeHTa MOKa3aid, YTO NPH BHECEHHH B
ncammosem Cu u Cd u3 pacuera 2.5-10 Mr/kr HaOJIIOAJICS IKOTOKCH-
norudeckrii 3(h(GeKT, KOTOPBIA MPOSBUICS B CHIDKEHHHM aKTUBHOCTH
WHBEPTa3bl U MOSBICHHNA (HUTOTOKCHYHOCTH, a TAaKXKE B TMOJABICHUN
aKTHBHOCTH Kartana3ssl Cd.
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2Poccutickuil ynueepcumem opyicovl Hapooos,
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npunama k nyoauxayuu 04.06.2024

Peztome: VccnenoBaHO pacmpeneneHne Hoaa M OPraHWYEcKOro yriepoja
(Copr) B BepxHeM ropusonre (0—20 cM) pa3nMYHBIX THUIIOB IMOYB MAcTOMUIN
Bpsackott m OpnoBckoit obmacteir. OTOOp 00pa3moB IMOYB TPOBOIHIICS
PYYHBIM TpPOCTEBBIM OYpOM MOCJOHHO B CIEAYIOIIEM HHTEpBalle TTyOWH:
0-5cMm, 5-10cm uw 10-20cm. CopmepxaHue Homa  OMpPEIEISIIOCH
KMHETHYECKUM  POJAHUAHO-HUTPUTHBIM  MeToioM, cojepxkaHue  Copr
ompefeNieH0 1o OmxpoMaTHOMy Merony TiopuHa. B pabory BKmMIOYEHBI
JTaHHble KaK MHOTOJIETHHX HCCIEIOBAHUH COJCpXaHUA HoAa B IOYBEHHOM
mokpoBe bpsHckoit obmactu (2008-2020 Tr.), TaK W HOBBIC JaHHBIC
SKCTICJUITMOHHBIX ucciieqoBanuii B OpnoBckoit obnactu (2022 r). IlokazaHo,
4TO crienu(HKa MPOCTPAHCTBEHHOTO pacIipeAeIeH s Ho/ia B IT0YBaxX MacTONI
JIBYX o0JylacTel 3aKJIfo4aeTcss B POCTE €ro CoJAepkKaHHsS B HAIPABICHUHU C
ceBepo-3alajia Ha I0ro-BOCTOK, YTO B LIEJIOM OTBEYaeT 30HAJIBHOM CTPYKType
IIOYBEHHOTO MOKPOBa. Y CTaHOBIEHO cojiepkaHue Copr B MOYBAX U MOTYUYCHBI
CTaTUCTUYECKH 3HAYNMBbIE KOI(DPHUIIUEHTH! KOPPEISIIN MEKAY COAEPKAHUEM
foga u Copr B mouBax mactOumy (ot r = 0.28 B uepHozemax go = 0.49 B
JICPHOBO-TIO[30JMCTHIX TIOYBAX; KPOME TOro, /sl Bceil BoIOOpku (N = 48)
ko3 punment koppensinun kosednercs ot 0.31 B cinoe 0-5 cm 1o 0.43 B cioe
10-20 cm). YcraHoBIEeHa CBSI3b MEXAY cojepikanneM iona u Copr B BEpXHEM
20-caHTUMETPOBOM CJIO€ B 30HAIBHBIX THIAX IOYB (YEPHO3EMBI, Cepble
JIECHBIE, JIEPHOBO-TIOA30JIUCTBIE W  TOJ30JHMCTHIE), a TaKkKe IO4YB
aBTOMOPGHBIX U THAPOMOP(HBIX JIAHATA(TOB MPH mIare ornpoOOBaHUS 5 cM
no riryOuHe. BEIABIEHHBIE paznuyus B (PUKCAllMM INOYBaMH Hopa cieayer
YUHUTBIBaTh, MOCKOJIIBKY OHM MOTYT BIIHSTH Ha YPOBHH IOCTYIUICHHSA Hoxa B
MOJIOKO NacTOMIIHBIX )KUBOTHBIX ¥ MECTHBIE PAI[MOHBI TUTAHMS.

Knroueswte cnosa: bpsackas u OpioBckas o0lacTd; MePUIMT HoIa;, TYMYC;
ITOYBCHHEIH ITOKPOB.
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Abstract: The distribution of stable iodine and humus in the upper horizon (0—
20 cm) of various types of soils of the Bryansk and Oryol regions used as
pastures has been studied. Soil sampling was carried out with a hand stick drill
in layers in the depth interval: 0-5 cm, 5-10 cm and 10-20 cm. lodine content
was determined by kinetic rhodanide-nitrite method. Corg content was
determined by the bichromate method of Tyurin. The work includes data from
both long-term studies of the iodine content in the soil cover of the Bryansk
region (2008-2020) and new data from expeditionary studies in the Oryol
region (2022). It is shown that the soils of the Bryansk pastures are depleted of
iodine and organic carbon (OC) in comparison with the Oryol region, which
corresponds to the change of soil cover composition from west to east. The
humus content in soils was determined and statistically significant correlation
between iodine and C org. content in pasture soils were obtained (from
r = 0.28 in Chernozems to r = 0.49 in Haplic Albeluvisols; in addition, for the
whole sample (n = 48) the correlation coefficient ranged from 0.31 in the 0—
5cm layer to 0.43 in the 10-20 cm layer). The dependence of iodine
accumulation on the OC content in different types of soils (Chernozems, Grey-
Luvic Phaeozems, Umbric Albeluvisols, Haplic Albeluvisols) and their
hydromorphism has been established. The identified differences in soil iodine
fixation should be considered as they may influence iodine intake levels in
pasture animal milk and local rations.

Keywords: Bryansk and Oryol regions; iodine deficiency; humus; soil cover.

*

BBEJIEHUE

Hon — oauH n3 OMOJIOTMYECKH Ba)KHBIX DJIEMEHTOB, HEOOXOIHU-
MBI ISl CHHTE3a TOpMOHOB 1muToBHHOM x)ene3bl (I12K). Hemoctarok
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1o/la B OpraHu3Me 4ejioBeKa MPUBOJUT K YMCTBEHHOW U (DM3UYECKOM
YTOMJISIEMOCTH, CHIKCHHIO IMMYHHUTETA, PA3BUTHIO SHAEMHUYHOTO 30-
0a, meunuT Homa MOXKET TPOBOIMPOBATH M PSII APYTHX Ooie3Hen
(Bunorpanos, 1927; ABubH u ap., 1993; JenoB u np., 2000; Kamuw,
1987; Konapbaenra, 2014; SIxuses u ap., 2019).

Hcrounnkamu mOCTYIUIEHHS H07]a B OPTaHW3M YelIOBEeKa SIBIIA-
IOTCS TIPOAYKTHI MuUTaHus (Tpodudeckas Ierb, 3aMKHYTas Ha TOYBBI
MpH yIOTPEOJICHUU MECTHBIX MPOJYKTOB), a TaK)Ke MUThEBas BOJA W
atmoctepa (Jormymmu H.U. u ap., 2021). OcHOBHBIM TIIOOATBEHBIM
HWCTOYHMKOM H0/1a Ha CyIe SBIIAETCS OKeaH (Yepe3 OCalIKu U Ipyrue
atMoc(epHbie BbInajiecHus ). ViMes 3HaYUTEILHOE CPOJICTBO K OpraHH-
YEeCKOMY BEIIECTBY, STOT AJIEMEHT (PUKCUPYETCS W HAKaIlUIMBAETCS B
BEPXHUX TEHETHYECKWX TOpu3oHTax mouB (Buuorpamos, 1927; Ko-
Banbckuil, 1970; 3pipun u ap., 1972; Iloraryesa u ap., 1976; Kamun,
1987; Kopobosa u ap., 2019). Takum oOpa3zom, MMOYBEI MOXKHO pac-
CMaTpUBaTh KaK KIIOUEBOW (aKTOp, OMPEAEISIONINI YPOBEHb TOCTYTI-
JeHHusT HoJa B OpraHM3M 4eJlOBeKa M0 MECTHOH TpO(UUECKOW MENH.
[ToMuMoO ymameHHOCTH MECTHOCTH OT OKEaHOB, COJIEp)KaHHE iona B
MoYBax 3aBUCHUT OT KIIMMaTa, MOJOXKeHUs B penbede, ¢usnko-
XUMUYECKUX CBOMCTB IMOYB M ITOYBOOOPA3YIONINX MTOPOI.

MHOTOYHUCICHHBIMI HCCIIENOBAHUSIME TIOKa3aHO, YTO, MPUPOJI-
HBII Hononedunut, npuBoasanni k 3adbonesanmsm DK, seisercs on-
HOM M3 TJIOOATBHBIX MEIUKO-COIHAIBHBIX TPOOJIeM COBPEMEHHOTO
obmiecta (0T 1.5 10 2 MIIpJ YEIOBEK KUBYT B YCIIOBHSAX HEAOCTATKA
fiona) (JonrymmH u ap., 2021). HecmoTpst Ha To, 4To JedunuT ioma
MOKHO JIETKO IPEIOTBpAIIaTh €XKEeIHEBHON HOMHOW MPO(HIaKTUKOM,
OTH JaHHBIE CBHUACTEIHLCTBYIOT O TOM, YTO BO MHOTHX CTpaHax oHa HE
MIPOBOAMTCS JINOO MPOBOAUTCS HEIOCTATOYHO, a HaOJomacMmasi 3a00-
JIEBAEMOCTh OOYCIIOBJICHA HEAOCTATKOM HOJ/Ia B OKPYIKaIOIIEH cpefie, u
MpeXkae BCEro B MoYBax, NOCKoiabKy A0 2007 r. cenbCcKoe HaceJIeHUe,
0COOEHHO B Pa3BHBAIOIIUXCS CTPaHaX, MPeodIanano Haj TOPOJICKIM, a
OCHOBHBIE€ IPOJYKTHl MUTAaHUS UMIOPTUPYIOTCS U3 CTPaH C UHBIMU
reoxuMuueckumu yciaoBusiMu. st Bpsiackoit m OproBckoii oOnacteit
XapaKkTepHO BBICOKOE Pa3HOOOpaszue MOYB M IOYBOOOPA3YIONMIUX IO-
PO, 9TO IPUBOAMT K Pa3HOM MPHUPOIHON 00eCTeYeHHOCTH TTOYBEHHO-
ro MOKPOBa MUKPOIJIEMEHTaAMH, B TOM YHCIIC HOIOM.

[IpoGiemy mpupomHoro aeduimra Homa ycyryOisieT 3arpssHe-
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HUE OKpPY:KAIOILEeH cpebl palnOaKTUBHBIMU U30TONIAMH 3TOT'O 3JIEMEH-
Ta, KOTOpPBIE IIOCTYMAIOT B OKPY’KAIOIIYI0 CPEAy IpU HCHBITAHUAX
SIIEPHOTO OPYXKUSI M aBapHsIX Ha NPEANPUATHSIX aTOMHOM IPOMBIII-
nennoctu (Tuxomupos, 1983; Makhonko et al., 1992; 3sonoBa u ap.,
2004; Cardis et al., 2005; Korobova et al., 2014; Judprasong et al.,
2015 u ap.). B Poccun mpobnema pocra prcka 3adonesaemoctu K B
pe3ynpTate “HomHoro yaapa” (IpakTUYeCKH OJHOMOMEHTHOIO BBIMa-
JICHUsl PaJHOaKTHBHBIX U30TOIOB 1HO/a) Hanboyiee akTyalbHa Ui pe-
THMOHOB, IOCTPAaJaBIINX B pe3ysbTare aBapuu Ha YepHOOBUILCKON
aromHol anekTpoctanimu (YADC, 1986 r.) (Balonov, 1990; Ma-
khonko et al., 1992).

B pesynbrarte 3TO# aBapum HamOOIBIIEMY 3arpsS3HEHHIO ITOJ-
Bepriauch 4etbipe oOmactu: bpsHckas, Opnosckas, Tymbckas u Ka-
nyxckas (U3pasns u ap., 1990; [epacumos u ap., 2006), T1ie BO3HUKIH
30HBI OTHOCUTEIBHO KPATKOBPEMEHHOTO (10 2 MECSIEB) 3arpsi3HEHUs
MoYB paAvoHyKnIHgamMu Hozxa. Ilpum 3ToM uX moBeleHHE clenoBajio
CTaOMIILHOMY aHaJory ((uKcalus B MOYBEHHO-PACTHTEILHOM TTOKPOBE
Y TIepexo]] B MOJIOKO BBINIACAEMBIX KHUBOTHBIX C KOPMOBBIMH TPaBaMH
W TI0YBOH, YACTUYHO 3aXBAaTbIBAEMOW XMBOTHBIMH IIPU CTPaBIMBAHUU
nacTouII).

[Ipu ogHOM M TOM ke ypoBHeE “HojHOTO ynapa” Ha ¢one iomo-
neguuuTa B HEKOTOPBIX paiioHax 00JacTH HACEJeHHWE MOTIJIO IOCTpa-
JaTh 3HAYMUTENILHO OoJblile, 4YeM B palioHax ¢ 0ojee BBICOKHM COIEp-
YKaHWEM #o/a BCIIeACTBUE 00Jiee aKTUBHOTO MOCTYIUICHUST pajroiioaa
B IIUTOBUIHYIO XKEJE3y, MCIBITHIBAIOINIYIO ACPHUIUT CTAOMILHOTO HO-
na.

B cBs3u ¢ 3TUM W3ydeHHE PONM TEOXMMHUYECKHX (PaKTOpPOB B
(dhopmupoBanuu sHAeMHueckux 3aboneBanuit LK mpoBogstcs B ma-
6opatopun Onoreoxumun okpyxatomieit cpenst 'EOXU PAH B Bpsin-
ckoit oomactu ¢ 2007 ., a ¢ 2022 r. — B OpJ0BCKOH, YYUTHIBAs TO, YTO
HauOOJIBIINE BBHITIAIEHUS PAJMON30TONIOB B pe3ynbrate aBapun YADC
XapaxkTepHbI Ui 3anagHoi yactu bpsHckol obnactu, a Bkiag Hanbo-
Jiee TIOJOPOAHBIX MMOYB (UEPHO3EMOB M CEPBIX JIECHBIX) — Al OpoB-
CKOW obOsactu. BaXXHO OTMETHTbH, YTO XapakTep NUTAHUS MECTHOTO
HACEJICHUs OTJIMYAeTCsl 3HAUUTEIbHBIM BKJIAJIOM JIMYHBIX MOJCOOHBIX
XO3AHCTB M MACTOHMIIHOTO >KWBOTHOBOJACTBA B PAIlMOHBI HE TOJBKO
CEJIbCKUX JKUTENICH, HO ¥ XKUTeJIeH OCETIKOB TOPOACKOro THUIA.
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Panee mo pesynpraram sKCeUINH, TPOBEACHHBIX COBMECTHO C
BpsHCKUM KITHHHUKO-TUarHocTHIecKuM 1eHTpoM (2007—2021 rT.) OBI-
T 0TOOpaHB! 00pa3Ibl MOYB BO BCEX paioHAX 00JIaCTH, TOATBEPKACHO
3HAYNUTENIFHOE BapbUPOBAaHUE HOJla B MOUYBEHHOM MOKpoBe. [lokazaHo,
YTO NOAO0OHAs HEOAHOPOJHOCTh OOYCIIOBJIEHA COYETAaHHEM JIMTOJIOIH-
YECKHUX, TEOXUMHUYECKUX U KIMMaTHYECKUX (PAaKTOPOB, OTPAKAOIIUXCS
B TaHAIA(QTHO-TEOXUMHUYECKOH CTPYKTYpe TEPPUTOPHHU.

Lenpio wMcciaeqoBaHUi, pe3yiabTaThl KOTOPBIX OOCYXIAIOTCS B
JMaHHOHW MyOJIMKanuy, Oblila OlleHKa CIIeTIM( KN pactpeesieH s Hoaa B
BepxHeM 20-caHTUMETPOBOM ciioe 1mouB nactoui bpsHckoit u Oprnos-
cKoll ob6macteil B 3aBHCHMMOCTH OT coaepkaHusi Copr, THINA IOYB U
NaHIMA(THO-TEOXUMUYECKOW  COMOAYMHEHHOCTH,  ONPEACIISIOLICH
Pa3HbIN PEKUM BOJHOM MUTPALIU 3JIEMEHTOB.

ComnpskeHHOE HCCIIEIOBaHNE COACPKaHUsI CTa0MIBHOTO Hoja 1
Copr KaK OZHOTO M3 OCHOBHBIX (DaKTOPOB €ro ACIIOHUPOBAHUS B IOY-
BEHHOM IIOKPOBE TO3BOJISIET OLCHUTh NMPOCTPAHCTBEHHYIO CIELUBUKY
€Tro paclpeaciICHUA B 3TUX CMEKHBIX O6J'IaCT$IX, YTO BAXKHO AJIS IIOCJIC-
JYIOLIETO YTOYHEHHUs OLIEHOK COYETaHHOTO BO3JIeHCTBUS Homoaeduim-
Ta U TEXHOI'€HHOTO BBINAJICHHSA DPAaJUOHYKIMIOB HOZa Ha 3JI0pOBbE
MECTHOTO HaceJICHHSI.

OBBEKTHI U METO/IbI

Teppuropun bpsuckoit u OpnoBckoir obnacteil xapaxkrepusy-
I0TCSl pa3HOOOpa3reM Te0JIOTHUECKOT0 CTPOSHHS, COCTaBa YeTBEPTHY-
HBIX OTJIOKEHUHM M CTPYKTYpPHI IIOYBEHHOTO MOKPOBA, YTO O0YCIIaBIIH-
BaeT I€OXMMHYECKYI0 KOHTPACTHOCTh MECTHBIX JIAHAMA(PTOB, B TOM
YrcyIe Ha y9acTKax BbINaca CebCKOX03HCTBEHHBIX KHBOTHBIX.

B BpsiHckoit 001acTi OCHOBHO# (hOH B IIOYBEHHOM IOKPOBE CO-
CTaBJSIIOT JE€PHOBO-NIOJ30JUCThIe TouBBl (50% TeppuTopun), OKOIO
20% 3aHMMaIOT cephie JecHble MOYBEI M 30% OCTANbHEBIC THIIBI MTOYB
(OT aUTFOBMANIBHBIX U TOPQPSHO-OOJIOTHBIX JIO YEPHO3EMOB BHIIIEINO-
yeHHbIX) (BopoObes, 1993; Bopobser u ap., 1975). IIpu sTtom Haubo-
nee monoponHsie (B ToM ymcie Ooratsie Copr) THITBI TIOYB — CEPhIC
JIECHBIE W YEePHO3EMBI BBIIIEIOUYEHHBIE — JIOKAIM30BAaHBI B IIEHTPAIIb-
HO# (mpaBoOepexbe pek JecHa 1 CymoCcTh) M FOTO-BOCTOYHOM YACTIX
obnactu (mpeumyiectBeHHO Cy3emckwmii, Ceckuii u KapaueBckuii
parioHBI).
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B OprnoBckoii obnactu Taxke HabIIOAAeTCs CMEHa MOYB OT Aep-
HOBO-TTOJI30JIUCTBIX JIO YepHO3eMOB. B crity KiuMaTHyecKux ocoOeH-
HOCTEW JePHOBO-TIOA30JUCTHIE TTOYBHI COCTABIAIOT Beero 1.6% ot 00-
el IMIoNaad U TPUYpPOUYCHBI K 3aHIPOBBIM IECYAHBIM PaBHUHAM.
Bonbniyto 4acte 00JNACTH 3aHUMAIOT CEepble U TEMHO-CEphIC JICCHBIC
mouBkl (48%), JOKaIN30BaHHBIE B CEBEPO-3aIlaJHOW WM IIEHTPATHLHOU
4acTH 00JIACTH, a BBIIIEIIOUYCHHBIC W OIOI30JICHHBIC YepHO3eMBbI (36%)
Pa3BUTHI MPEUMYIIECTBEHHO B IOr0-BOCTOYHOM ee uacTu (Bepxoser,
2018; [apaxun, 2013).

MeToanbl ucc/IeIOBAHUS U MATEPHAJIBI

[ToneBsle uccnenoBanus B 00enx 00IacTIX NPOBOAMIMCE B JICT-
HUN Tieproj (MIOMb—aBrycT) BOJIM3M HACEJCHHBIX ITyHKTOB, BBHIOpaH-
HBIX TIPEBAPUTENFHO C Y4eTOM KapTOrpaduyeckux W MEIUIMHCKUX
JAHHBIX.

B BpsiHCKOiT 06macTy BEIOOp HACENEHHBIX ITyHKTOB OCYIIECTB-
JISUICSL ¢ YYETOM CBEJICHHH O pEHAILHON AKCKPEIUH HOJa U 3aboeBae-
moctu LK cpenn mectHoro Hacenenus (Iopomenko u ap, 2004), a
TaK)Ke€ HCIIOJIb30BaJIaCh JOIOJHUTENbHAsT HWHGpOpMaLus, MpeJoCcTaB-
NieHHast BpSHCKUM KITMHUKO-TUarHOCTHYECKUM [IEHTPOM.

B Opnosckoii 06acTy BEIOOp HACEIEHHBIX ITYHKTOB OCYIIECTB-
JISUICSL € YYETOM CTPYKTYPBI NTOYBEHHOT'O IOKPOBA, PaJAHOHYKINIAHOTO
3arps3HEHHs] U OMYOJMKOBAaHHBIX MEIUIMHCKUX JaHHBIX MO YPOBHAM
3a00J1€eBa€MOCTH HACEJIEHHS B OTJENbHBIX PaliOHaX.

Ha xaxnom macTOuine BHIOMpPAINCh TECTOBBIE IUIOLIAJKH, Xa-
PaKTepU3yIOLINE 3JIEeMEHTapHbIe JIaHAAa(Th: aBTOHOMHBIE (CYXOAO-
JBI) U CONPSIKEHHbIE C HUMH TMOAYMHEHHBIE (Me30THApO(UTHBIE H
ruApo(UTHBIC JIyTa TOHWKEHHBIX 3JIEMEHTOB penbeda). OTOop 0bpas-
LOB TOYB MPOBOJIMJICS PYUYHBIM TPOCTEBBIM OYypOM M3 BEPXHETO CIIOs
MOIITHOCTEIO 20 CM TIOCIIONHO B CIIEAYIOIIEM HWHTepBajie Tiayoun: 0—
5cM, 5-10 cm u 10-20 cwm. [Ipu 3TOM B MOJIEBBIX YCIOBHUAX YTOUHSIICS
THUI TI0YBBI, paHee AMarHOCTUPOBAHHBIN M0 MMOYBEHHOHM KapTe MacIiTa-
06a 1:2500 000 (MBanoB u ap., 2014). Ilopsimox BbIOOpa TECTOBOU
IUIOINAAKKU U 0TOOpa 00paslOoB OCTAETCS] HEU3MEHHBIM B X0Jl€ MHOIO-
JICTHUX IOJIEBBIX MCCIEIOBAHUI aBTOPOB, U YK€ YIOMHUHAJICS HaMH B
panee Beimeammx nyonmkanuax (Kopo6osa u ap., 2013; Jonrymms u
ap., 2021; Korobova and al., 2014; Korobova and al., 2019).
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OtOopy MOYBHI MpEANIECTBOBANN: 1) U3MEpEHHE TIOTHOCTH 3a-
IPSA3HEHHS IIOYBBl PAJUOLE3MEM C IIOMOIIBIO II0JIEBOIO TaMMa-
cnextpomerpa Violinist III (TSA Systems ltd., CILIA) u onpenenenne
MOIITHOCTH SKBUBAJICHTHOW 103l (MK3B/4) mpubopom MIRA-661
(Genitron Instruments GmbH., 'epmanus); 2) oT6op cpeaHeil MpoOBI
yroBBIX TpaB ¢ Tiomanky 20 x 20 umu 40 x 40 cM B 3aBUCUMOCTH OT
OJHOPOAHOCTH M TIOTHOCTH (puTOMacchl. s xapakTepucTUKU ecTe-
CTBEHHBIX KOPMOB MOJIOYHOTO CKOTa PAacTUTEIbHbIE IPOOBI COCTpUTA-
JIICh CEKaTOPOM Ha BBICOTE 2 CM OT MOBEPXHOCTH MOYBHI. Takum oOpa-
30M, HCCJIEOBAaHUIO MOJBEPralUCh HIDKHHWE 3BEHbS MUIIEBOM Ienu
“IoYBa—paCTUTENFHOCTh—KOpOBa—MOsIoKO—uenoBek” (Kopobosa u np.,
2013).

CognepkaHue loga B MOYBAX OMPEAEISIIOCh KUHETUYECKUM PO-
JaHUIHO-HUTPUTHBIM MeTosioM (IIpockypsikoBa u nip., 1976), 4yBCTBH-
TeapbHOCTh MeTona — 1-4 ur/min. Cogepxanne Copr OTIpEAeNieHo 1o Ou-
XpoMaTHOMY MeTony TropuHa (MeTOoJT “MOKpPOTO’ CKUTaHUS OpraHhde-
ckoro yrieposaa nous). HecmoTps Ha To, uro Meron TropwHa, Kak U
MeroA Yonkinu—biska, B Haile BpeMs OTHOCAT K IOJYKOJIWYECTBEH-
vbIM (Koryt, 2023), monydeHHbIE TaKMM 00pa3oM JaHHBIE 00eCTIeUH-
BalOT JOCTIKCHHE TIOCTAaBJICHHOW aBTopamHu Iienu. [IpobomoaroroBka
OCYIIECTBISIACh  CTAHAAPTHBIMH MeTojamu  (06e3 MoauuKaimii)
(Apunymkuna, 1970; Hukutua, 1983). Bee ananmutudeckne mccieno-
BaHUsI BBIIIOJIHEHBI B 1a00paTOpuu OMOT€OXMMHUH OKPYKAIOLIEH Cpebl
nactutyta TEOXU PAH (Mocksa).

CrarucTrueckyto 00paboTKy pe3ysIbTaTOB MPOBOAMIIM IO KIlac-
cruueckuM MetoarkaM B mporpamme MS Excel u TIBCO STATISTICA
13, kak 1 B paHee MPOBOIMBIIHXCS HCCIeNoBaHMsIX B bpsiHckoit u ['o-
Menbckor obnactsax (Jonrymmu u np., 2021). MaccuB gaHHBIX, pac-
CMaTpHBaeMblii B HACTOALIEH cTaThe, BKIOYAET WHpOpMaLuio mo 48
TOYKaM 0TOOpa MOYB, XapaKTepU3YyIOUIMX HacTOuiia BOMu3u 38 Hace-
JIEHHBIX ITyHKTOB, KaK paHee o0ciefoBaHHBIX B bpsHCKo#l obmacTu
(2008-2021 rr), Tak u pe3yabTaThl mocieaHer sxkcnexuuuu (Opraos-
ckas ooyacth, 2022 T).

Bce nomydeHHble pe3ynbTaThl 3aHOCHINCH B 0a3y JaHHBIX, UH-
TETPUPOBAHHYIO B TeoMH(OPMAITMOHHYIO cpeny “bpsHck-tiox”, co-
3nanHyto Ha 0aze ArcGIS 10.8.1. PaconoskeHre TECTOBBIX Y4acTKOB,
Ha KOTOPBIX ObUTH O0TOOpaHBI MPOOKI, MPOAHATH3UPOBAHHEIE HA COJEP-

105



bromierens [louBennoro uncruryra uM. B.B. Jlokyuaesa. 2024. Bpir. 119
Dokuchaev Soil Bulletin, 2024, 119

YKaHWe opraHuyeckoro yriepoga B 2022 r., mpeacTaBieHbl HA PUCYH-
ke 1.
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Puc. 1. Kapra ¢akruueckoro MaTepuana (HaceJICHHBIE IMYHKTHI, B KOTOPBIX
OCYIIECTBJIAJICA 0T60p Io4B, MNPOAHATIU3UPOBAHHBIX Ha COJACPIKAHUC
opraHudeckoro yriaepopa u #oxa B 2022 r., kaprorpaduyeckas OCHOBa —
UBanoB, 11l00a, 2014).

Fig. 1. Map of soil sampling (settlements in which soil sampling was carried
out, analyzed for organic carbon and iodine content in 2022, cartographic
basis — Ivanov, Shoba, 2014).

PE3VJIbTATBI 1 OBCYXJEHUE

Conep:kaHue OPraHN4ecKoro yrjiepojaa B mouBax

ConeprkaHne OPraHUYECKOro yriepoaa OKa3ajaoch 3aKOHOMEPHO
Oonee BBICOKUM B yepHO3eMax (MeanaHa (Me) = 3.63% B BepxHeM 5-
CaHTUMETPOBOM cJIoe, Mpu BapbupoBanuu ot 2.57 mo 4.89%, Me =
3.41% B Bepxnem 10-caHTHMETPOBOM cJO€, TPW BapbHUPOBAHUU OT
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2.23 1o 4.36%) u cepbix secHbix nouBax (Me = 3.45% B BepxHeM 5-
CaHTHMETPOBOM clioe, mpHu BapbupoBanunu ot 1.00 mo 7.71%, Me =
2.58% B BepxHeM 10-CaHTUMETPOBOM CIIO€, IPH BapbupoBaHwuH OT 1.0
10 5.51%). danee uayT NepHOBO-TIOA30IKMCTHIC TOUBkl (Me = 2.46% B
BEpXHEM 5-CaHTHMETPOBOM CJIO€, TpH BapsupoBanmu oOT 1.50 1m0
8.32%, Me = 2.06% B BepxHeM 10-caHTUMETPOBOM CIIO€, TIPH BapbH-
poBaruu ot 0.89 10 7.07%), Ha TOCIIEAHEM MECTE MOJI30JIUCTHIC MTOYBBI
(Me = 1.79% B BepxHEM 5-CaHTUMETPOBOM CJO€, IIPU BapbHUPOBAHUU
ot 1.33 no 10.9%, Me = 1.59% B BepxueM 10-caHTHMETPOBOM cllO€,
npu BapeupoBanuu ot 1.02 1o 6.69%) (puc. 2).
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Mopa3zonuctbie AepHoBO-NOA3ONUCTbIE Cepble necHole YepHo3émbl

[ 0-10cm — 10-20 cm o Beibpocs

Puc. 2. Tloka3aTenu BapsHUPOBAHUS COJICPIKAHHS OPraHWYECKOrO yriepojia B
BEPXHHUX CJIOAX PA3HBIX TUIIOB ITOYB, UCIIOJB3YEMBIX IO/ BbITIAC CKOTA.

Fig. 2. Indicators of variation of organic carbon content in the upper layers of
different soil types used for grazing.

JIOBOJIBHO BBICOKHME 3HAYEHHUS KOHIEHTPALMU OPraHUYECKOTO
yriepoaa Ui BCeX MEePedrCICHHBIX THUIOB MOYB (B OCOOCHHOCTH IS
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CJTa00MOA30UCTHIX) OOBSICHAIOTCS, TIO-BUAUMOMY, TEM, YTO BCE MTPOOBI
ObUTH OTOOpaHBI Ha MACTOMINAX, OTONHUTENBHO YIOOpSIEMBIX Opra-
HUYECKHM BEIIECTBOM 3a CUET BhITNIaca KPYIMHOTO POraToro CKOTa, 4To
CHOCOOCTBYET UX T'yMU(DUKALINY.

g mouB ruapoMopPHBIX TaHAMAGTOB (HU3UHHBIE JTyTa) BBISB-
nieH OonbInuil pazMax BapbupoBaHus coaepxanus Copr B crioe 5—10 cm
u 10-20 cM, 1 00jee BBICOKOS MEIHMaHHOE 3HaueHHe Mg ciaod 0—5 cm
(puc. 3) B cpaBHEHHHU C MMOYBaMH aBTOMOPGHBIX JNaHAMadToB (CyXo-
JIOJIBI).

0
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1w T T
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i

[mapomopdHble AsToMOpdHbIE
E 0-5cm — 5-10cm — 10-20 cm o BbiGpochl

Puc. 3. [Tokazarenn BapbHPOBAHUSI COJEPKAHUSI OPTaHUYECKOTO YIJIepoJia B
BEPXHHUX TOPHU30HTAX MTOYB aBTOMOPQHBIX U THAPOMOPGHBIX JaHAIAPTOB.
Fig. 3. Indicators of variation of organic carbon content in the upper horizons
of soils of automorphic and hydromorphic landscapes.

Conep:xanue iioa B mouBax
ConeprkaHue oja B MOYBaX MACTOMII UCCIEAOBAHHON TEPPUTO-
puu BapbupoBaio oT 0.18 mMr/kr 10 10.4 MI/KT BO3AYIIHO CyXOH Macchl
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(B. c. M.), AocTUrasg MakCUMyMa B BEpPXHEM S5-CAaHTHMETPOBOM CJIOE
CEPBIX JICCHBIX MOYB bpsiHCKON obmacti. B OpioBckoii o0iracTn Mak-
CHUMaJIbHOE 3HaueHUe HaOII01aI0Ch B BEPXHEM 5-CAaHTHUMETPOBOM CJIO€
4yepHO3eMOB (5.71 Mr/kr B. M. ¢.). CletyeT OTMETHTh, YTO COJCpIKAHHUEC
1io/1a TIPEBHINIAT0 3HAYeHWE B 7 MT/KT TOJIBKO B OJHOW MHIWBUIYallb-
HOH TOuke ompoOoBaHus (C. BenpbsIiMHHOBA) Ha CEPBIX JICCHBIX TOYBAX
BpsHCKO# 00macTy, 4TO MO3BOJISIET NpEANoaraTh HU3Kyl0 odecneueH-
HOCTh MOJIOM TIOYBEHHOT'O TOKpOBa oOnacTeil, U MCKaTh OOBsICHEHHE
MaKCHMaJbHBIX KOHIIGHTPALWH, CKOpee, B aHTPOIIOTEHHOM, a HE 3/1a-
(uyeckoM dakrTope.

MenuaHHble BeTMYUHBI KOHIEHTpanuu Hona (puc. 4) moareep-
KIAOT BEAYIIYI0 POJbh OPTraHWMYECKOTO BEIIecTBa B (PUKCAIMH HOJA:
MaKCHMaJbHBIE TS YepHO3eMOB (2.36 MI/KT), U 3aKOHOMEpPHO yObIBa-
IOIIUE B PALY YEPHO3EMEL > CEPBIE JIECHBIE > NEPHOBO-IIOA30IUCTRIC >
TTO/I30JIHCTEHIE.

HauGonpmee menmuanHoe (Me = 2.66 Mr/kr) conepkanue ioxa,
KaK ¥ 0XHJIaJI0Ch, ObLIO XapaKTePHO I YepHO3eMOB, B ciioe 0—10 cMm,
MpU 3HAYUTEIHHOM BapbHpOBaHWH Hoja (B BepxHem cioe 0-5 cwm:
0.41-5.71 mr/kr; B cnoe 5-10 cm: 0.48-4.21 mr/kr; B ciaoe 10-20 cm:
1.14-4.17 wr/kr). Conmepxkanue Hojga B CepbIX JIECHBIX, JCPHOBO-
MOJI30JTUCTBIX M CIAOOTOA30JIMCTBIX TOYBAX OTIUYAIOCH HE TOJBKO
MEHBIIINM Pa30pOCcOM 3HAueHWi, HO W 0oJjee HU3KUMH MEIHMaHHBIMH
3HaueHusIMH (cepble JecHble — 1.09 Mr/Kr, IepHOBO-IIOA30JMCTHIE —
0.69 mr/kr, cnabonomzonucteie — 0.68 mr/kr B cioe 0—10 cm) (Tadm. 1).

Hnst mouB TUAPOMOpOHBIX NaHMmadTOB (HU3MHHBIE JIyra), B
CpPaBHEHHE C MOYBaMHU aBTOMOP(HBIX JaHAMAPTOB (CYyXO0IbI) BBISB-
JIeH OONBIIMA pa3Max BapbUPOBAHUS oA, U O0Jee BRICOKOE MEINaH-
Hoe 3HaueHue s cros 0-5 cm (Me aBromopdHble = 1.29 Mmr/kr; Me
rugpomopdusie = 2.03 mr/kr) (puc. 5).

Bonbimoit pa3dpoc 3HaueHuid coaepkaHus Woaa, HaOIII0JaBIIIHiA-
Csl BO BCEX MCCIICIOBAHHBIX HAMHU TUIAX MOYB, B 0OCOOEHHOCTH ]IS Ce-
PBIX JIECHBIX TOYB (KpaliHHE TOYKH M BBIOPOCHI), MOXKET OBITH OOBSIC-
HEH BJIMSHUEM BapuaOeIbHOCTU TPaHYJIOMETPUIECKOTO COCTaBa II0YB,
WU Ke CHEIU(GUKON HCIIONB30BAHUSA CEITLCKOXO3SHCTBEHHBIX YTIOIUI
(TO ecThb MpeaIIeCTBYIOMIEH XO3IHCTBEHHON ACATEIILHOCTBIO).
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7

KoHueHTpauus |, mr/kr

1 T *x L] l
%T:; 11

MNopasonuctole [lepHOBO-NOA30NUCTbIE Cepble necHble YepHo3émbl

E| 0-10ecm — 10-20¢cm o Bbibpockl x KpaiHue Touku

Puc. 4. Iloxa3aTenu BapbUpOBaHUSI COJAECPKAHUS HoJa B BEPXHHUX CIIOSX
PAa3HbIX TUIIOB I10YB, MUCIOJb3YCMbIX IO BbIIIAC CKOTA.

Fig. 4. Indicators of variation of iodine content in the upper layers of different
soil types used for grazing.

Biaunsinme opraHm4yeckoro yriepoiaa Ha cojaep:KaHMe ifofga B
no4Bax

BHe 3aBucuMocTH OT penbeda 1 THIIA ITOYB, O0JIee BHICOKOE CO-
nepxanue Copr M 042 OTMEUEHBI AJIS1 BEPXHUX CIOEB MOYB CYTJIMHH-
CTOrO0 W TIWHHUCTOTO coctaBa (Wom: Me = 1.35 mr/kr, Copr: Me =
3.52%). Ilo-BuauMoMy, 3TO CBHAETEIBCTBYET O POJHA COPOIMOHHOTO
Oapbepa B HakoruieHHMH Hozaa. IIouBbI cymecdyaHOro W MECYaHOro Co-
CTaBa XapakTEPU3YIOTCS MEHBIINM COJECp)KaHHUEM KaK OpPraHMYeCKOTO
yriepojaa, TaKk ¥ Hoaa B BepXHUX ropusoHrtax (fom: Me = 0.63 mr/kr,
Copr: Me = 1.83%).
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TaﬁJmua 1. OCHOBHBIE CTATHCTUYECKUE XapaKTCPpUCTUKU COACPIKAHUA HOJa B 30HAJIBHBIX TUIIAX IOYB BpHHCKOﬁ u
OpnoBckoit o0macreit
Table 1. Main statistical characteristics of iodine content in zonal soil types of Bryansk and Orel oblasts

I'ny6una ordopa: 0-10 cm 10-20 cm

N | Muaumym Makceum.  Meauana | Muaumym  Makcum. Meauana
TTom3omucteie 8 0.09 1.58 0.68 0.26 1.19 0.52
JlepHOBO-IO/130JTUCTHIC 10 0.39 1.90 0.69 0.22 1.81 0.68
Cepsle TIeCHEIC 19 0.36 6.63 1.09 0.28 2.82 1.15
YepHO3EeMBI 8 0.44 4.96 2.66 1.14 4.17 2.39
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CTaTHCTHYECKH 3HAYUMBIC BBICOKHME KOA(PPHUIUEHTHI KOPpEs-
UM MEXKAY COJICpKaHUEM OPTaHHUYECKOTO YIiiepojia W COojaepiKaHHeM
roma OBUTM TOMYYEHBI Uil MACTOWIN, PACIOJOXKEHHBIX B OOJNACTSIX
pacnpoctpanenus nmoazoaucteix mous (I = 0.807; n =8; p = 0.015 mis
cinost 0-5 cm; r =0.847; n = 8; p=0.008 mst cirost 5—-10 cm), TEPHOBO-
moa3oaucThix mouB (r = 0.668; n = 8; p = 0.070 mas cimost 0-5 cwm;
r=0.839;n=8; p=0.018 mus cmost 5-10 cm). [To macTOmmam, pacmno-
JIO)KCHHBIM Ha y4acTKax C JAPYTMMU THIIAMH I10YB, JOCTOBEPHOMN 3aBH-
CHUMOCTH HE BBISBICHO, YTO MOXKET OBITh CBA3aHO C OOJBIINM BapbH-
POBaHUEM COIMOCTABJISIEMBIX MMaPaMETPOB H3-3a Pa3HOOOPa3HOro rpa-
HYJIOMETPHUYECKOTO COCTaBa W Pa3HOM CTEMEHM BBIHOCA XMMHYECKUX
9JIEMEHTOB M COCIUHCHUIN W3 BEPXHUX TOPH30HTOB B STHX TPyIIax
MOYB.

T |

L
MmapomopdHble AsTomopdHble
E| 0-5¢cm — 5-10cm — 10-20cm o BeiBpocel x KpaiiHue Touku

KoHueHTpauus |, mr/kr
w

2 _L_

Puc. 5. Ilokazarenu BapbUPOBaHHS COACPIKAHUS Homa B BepxHux ciosix (0—20
CM) aBTOMOPQHBIX B THAPOMOPPHBIX JTaHAIIAPTOB.

Fig. 5. Indicators of variation of iodine content in the upper layers (0-20 cm)
of automorphic and hydromorphic landscapes.
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HecmoTpst Ha TO, 4TO MakcUMalbHBIC 3HAYCHUS COACPIKAHHSA
Hona OBLTH BBISIBICHBI B BpSHCKOM 00J1aCTH HA CEPHIX JIECHBIX IMOYBAX
(kak yxe yIIOMHHAJIOCH BBIIIE), B IIETIOM IIOYBEHHBII TOKPOB ee OeeH
HooM 1o cpaBHEeHUIO ¢ OPIOBCKOM 00JIACTHIO.

MenwnanHble 3HaYSHHSI, BEpXHUE W HIDKHHUE KBapPTHIIM COZIepKa-
HUA Homa B mouBax OpIIOBCKOM 001acTH CTaOMILHO BBIIIC, YEM B TIOY-
Bax bpsHckoit: B cioe 0-5 cm — Me (Open) = 1.58 mr/kr, Me (bpsiack)
= 0.81 mr/kr; B cnoe 5-10 cm — Me (Open) = 1.59 mr/kr, Me (Bpsiack)
= 0.83 mr/kr; B cimoe 10-20 cm — Me (Open) = 1.75 mr/kr; Me (bpstaCK)
= 0.73 mr/kr. DTOT QaKT MOATBEPKAAET, YTO YPOBEHb (DUKCAIMU HOna
Imo4YyBaMu BO BHYTPUKOHTHHCHTAJIbHBIX paﬁOHaX MOXET HMMETh KyJda
OoJpIllee 3HAYSHHE /IS €r0 COACPIKaHUs B HIDKHHUX 3BEHBAX Tpodude-
CKOH 1enH, HeXeNH YAAIEHHOCTh OT MEePBUYHOTO (MOPCKOTO) MCTOY-
HHUKa.

JlanHOE yTBEpXKACHHE €Ile HYKIAeTCS B IKCIEPUMEHTAIHHON
mpoBepke. Tak, yke YIOMHUHAIOCh, YTO BBICOKHE KOA((UIIMEHTHI KOP-
PENSIHA MEXAY COJIEpKAHUEM OPraHUYEcKOro yriepoja W ioma OT-
MCUCHBI TOJIBKO IJId HHU3KOOPTraHWYCCKHUX 30HAJIBHBIX H FI/I):[pOMOp(i)-
HBIX TIOYB.

B TO Xe Bpemsi pacrpeielieHHE OpPraHWYecKOro Yriepoja B
BepxHUX cnosix (0-5 cm, 5-10 cm, 10-20 cMm) TyMycCOBOTO TOpHU30HTA
KaK TUAPOMOP(HBIX, TaK U aBTOMOP(HBIX TT0YB HE OTIMYACTCS MPUH-
LUITHAIIEHO, & JINIIH HECYIIECTBEHHO 3HAYCHUSIMHU pa3Maxa, MeJUaHbI ’
JPYTUX CTATUCTHYECKHUX MoKazateneil. CyliecTBeHHbIE 0oJiee BBICOKHE
MCIWAaHHBIC 3HAUCHHUA U pasMax BapbHPOBaHUA COACPKAHUA 171011a BbI-
SIBIICHBI TOJILKO 1718 ciost 0-5 cM ruppomopdHBIX 1MouB (puc. 5).

JanpHeimme uecaea0BaHus JTaHHON MPOOJIEMBI, ITO-BUINMOMY,
MOTPEOYIOT HE CTOJIbKO YBEIHYEHHWs 0a3bl JaHHBIX, CKOJIBKO yueTa
0O0JIBIIIEro KOJMMYECTBA (haKTOPOB, BIHUSIONIMX HA CONIEpKaHUE Homa B
MOYBE, B YACTHOCTH XO3SUCTBEHHYIO ICATEIBHOCTD.

3AKIIIOYEHUE

[IpoBeneHHBIE HMCCIEAOBAHUS MOATBEPAMIN 3aBUCUMOCTH CO-
JepKaHusl HoJla B BEPXHEM TOPU30HTE MACTOMIMHBIX TIOYB OT COJEp-
JKaHUsSI OPraHUYECKOr0 yriepoja, 00yCIOBICHHOTO MPEXJIe BCETO 30-
HaJIbHO-KIIMMATHYCCKUMH (DAKTOpAaMU H TIOJIOKEHUEM MACTOUIIHBIX
yronuii B penbede.
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BrisiBeHO 3akoHOMEpHOE yOBIBaHME MEAWAHHBIX M CPEAHUX
3HAUYEHHUN coIepKaHUs Moja B psay: YEPHO3EMBI > CEpbIC JIECHBIE >
JEPHOBO-TIOJI30JINCTEIE > TON30JMHCTEIE. IIpn 3TOM MakCHUMaJIbHBIH
pa3Max BapbUpOBaHHS COJICPXKaHUs Kak Hona, Tak U Copr XapaKTepeH B
3HAYUTEIIBHOW CTENEHH U1 MOA30JMCTBIX U JE€PHOBO-IIOA3O0IUCTHIX
[I0YB, YTO MOXKET OBITh OOBSICHEHO BIMSHUEM HE YYTCHHBIX B JAHHOU
TPYNITUPOBKE (aKTOPOB, HAIIPUMED, BaAPbUPOBAHUEM HX T'PaHYJIOMET-
PHYECKOTO COCTaBa W BEPOSITHOTO MPEIIECTBYIONMIETO YAOOpEHUs Op-
TFaHUYECKUMH BEIIECTBAMM.

[Toka3zaHo, 4TO MOYBHI OOCICIOBAHHBIX MACTOMI BpsSHCKOW 00-
JIacTU B LIENOM OeHee HOJOM M OpraHUYecKUM YIIIepoAoM B CpaBHe-
HUU ¢ OpIOBCKOW O0JIACTBIO, YTO OOYCIOBIEHO CMEHOM MOYBEHHOTO
ITOKPOBA C CEBEPO-3aIaja Ha I0r0-BOCTOK.

CraTHCTHYECKH 3HAYUMBIE BBICOKHE KOX(PQHUIMEHTH KOPpEs-
uun Mexay conepxanueM Copr U colep)aHueM HoJa MOTy4eHBI JUIs
NacTOMIL, PACHOJIOKEHHBIX B 30HE MOA30JMCTHIX U JEPHOBO-
MO/I30JUCTBIX MOoYB. OTCYTCTBHE 3HAUMMBIX KOPPENSAIUil COAepKaHHS
riona u Copr Ha yyacTKax ¢ IpyTMMH THUIIAMH [IOYB, TI0-BHIUMOMY, CBSI-
3aHO ¢ Oosiee PasHOPOAHBIM COCTABOM BBIOOPKH IO MPHYMHE MX WH-
TEHCUBHOM JKCIUTyaTalMU.

[lomydeHHble JaHHBIE 3aCTy’KWBalOT BHUMAaHUS NpPU OpTraHH3a-
LMY MOHUTOPHHIA U IIPHU NPOBEICHUN MEPONPHUSITHN 1O MPOPUIAKTH-
Ke Honoe(UINTHBIX 3200I€BaHUM B 30HAX MOTEHIHAIBHO BO3MOXKHO-
T0 paJMOaKTUBHOTO 3arpsizHeHHs. [Ipw OTCYTCTBHM HOTHOW Mpodu-
JIAKTUKHA Ha TEPPUTOPUHU HCCIIEAYEMbIX 00JlacTeii BO3MOXKEH pOCT 3a-
00JIeBaEMOCTH CpeJy HACeJIEHHs] PAaKOM LIMTOBHIHOM >KeJIe3bl U JApYy-
TUMH 3a00JIEBAHUSIMH, CBSI3aHHLIMU KaK C HEJOCTaTOYHOM oOecIieueH-
HOCTBIO TI0YB W TPOH3BOJMMBIX Ha HUX NPOAYKTaxX HOIOM (SBICHHS
HononeduunTa), TAK U TEXHOTCHHBIMHU HOJISAMHU PAJHUOHYKIUIOB, B TOM
YHCJIe U30TOMOB HO/a, BO3HUKAIOIINX B PE3yJbTaTEe SIEPHBIX UCIBITA-
HUH U aBapuii (pu “HogHOM ynape”).
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Pe3ztome: ViccnenoBanus IpOBOIMIN B HanOollee IMOCTpaaBIIeii OT aBapuy Ha
YeproObutsckoit ADC uactn bBpstHcko# o0nacTé B 3KOCHCTEME ITOHM pek
Nnyts, Becens 1 YHeua, B pasHbIX MO IUIOTHOCTH 3arpsasHenus 'Cs 3oHax.
Llenb paboTsl — M3ydeHHe 0COOEHHOCTH BEPTUKAILHOTO pacnpenenenus *3'Cs
B CHCTEME MOYBa—pacTeHHE MOWMEHHOTo JaHAmAa(Ta B OTIAICHHBINH HEepHO
mociue aBapuu Ha YepHoOwsuibckoii ADC. B pesynprate wuccienoBaHUit
BBIABMIIM, 4YTO BepTHKaIbHOE pacnpeneienue 'Cs, B cmoe 0-20 cm,
oTpeersieTcsl TOJOKEHHEM B pesibede M TEeHE3HCOM II0YB IOWMEHHBIX
TIOJICUCTEM, U MOXET OBITh PaBHOMEPHBIM, YOBIBAIOIIUM C TIyOMHOW, MIIH C
KOHLICHTPUPOBAaHWEM B OTJENBHBIX CJIOAX. B moiliMeHHOW »KocucTeMe
xonuentpaius ¥Cs B cnmoe 0-20 cMm BO3pacTaer OT NPUPYCIOBOH K
npuTeppacHol noacucremMe. B HacTosiiiee BpeMst UCIIOIb30BaHUE TEPPUTOPUH
samaga bBpsHckod o6nacTu ¢ IWIOTHOCTbIO 3arpssHenus 3'Cs  Bolme
555 kbk/M? B KOpMOIpOH3BOJACTBE orpaHmdeHo. Kosdduumment mnepexona
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137Cs u3 mo4BBI B pacTeHUs CHUXKAETCA OT LEHTPAIbHON K IPHPYCIOBOH U
MIPUTEPPACHOMN YACTH MONMBI.

Kniouegvie cnoea: anmopuaibHas M0YBa; MOMMEHHAS YKOCHCTEMA; Y/IEIbHAS
akTuBHOCTH 3'Cs; ecTecTBeHHBIH TpaBoCTOl; 3ana BpsHCKOi 061acTH.

Behavior of *’Cs in the soil-plant system in the
floodplain landscapes of the Sozh River basin
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Abstract: Studies were carried out in the most affected by the Chernobyl
accident part of the Bryansk region, in the ecosystems of floodplains of the
Iput, Besed and Unecha rivers, in zones with different *3’Cs pollution density.
The purpose of the work is to study the peculiarities of the vertical distribution
of ¥¥'Cs in the soil-plant system of the floodplain landscape long after the
Chernobyl accident. As a result of studies, it was revealed that the vertical
distribution of ¥’Cs, in the 0-20 cm layer, is determined by the position on the
relief and the genesis of the soils of floodplain subsystems. The distribution
character can be uniform, decreasing with depth, or with accumulation in
certain layers. In the floodplain ecosystem, the concentration of *3’Cs in the 0—
20 cm layer increases from the river channel to the terrace above floodplain
subsystems. Currently, the use of the territory of the west of the Bryansk
region with a *’Cs pollution density above 555 kBg/m? in feed production is
strictly limited. The coefficient of ¥'Cs transition from soil to plants decreases
from the central part to the near-channel one and to terrace above floodplain.

Keywords: alluvial soil; floodplain ecosystem; specific activity of ¥°Cs;
natural herb; west of Bryansk region.

BBEJIEHUE

Obecnieuenne paauaoOHHOW 0E30MacCHOCTH TEPPUTOPHM, MMOA-
BEPTIINXCA PaTIdOAKTUBHOMY 3arps3HEHHIO, CIIOCOOCTBYET SKOHOMH-
YEeCKOMY Pa3BHTHIO PETHOHA, BO3BPATy PaIHOAKTHBHO 3arpsi3HEHHBIX
€CTECTBEHHBIX KOPMOBBIX YTOAUN B CEITLCKOXO3SHCTBEHHOE TIPOU3BO/I-
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CTBO. DTU (PaKTOphl 0OCOOEHHO BaXKHBI B CIIOKUBIINXCS YCIOBHSIX, KO-
rZa B 30HaX PaAMOAKTHBHOIO 3arpsi3HEHUS] UMEET MECTO HeOJIaromnpu-
ATHas geMorpadudeckas cuTyanus (KaKk B pe3yJIbTaTe €CTECTBEHHBIX
MpUYUH, TaK W OTPULATEIBHOM MHWIpallMil HaceNeHus) U Haluyue
HETaTUBHBIX TEHICHLUH B SKOHOMMKE. B CBsI3M ¢ 3TMM mpoBelneHHE
CIELUAIBHBIX 3aLIUTHBIX MEPONPHUSITHH OcTaeTcs KpaliHe HeoOxoau-
Mo 1 3¢ (eKTUBHOI Mepoi o0ecTiedeHns] HacelIeHUs] HOPMaTUBHO M-
cTeIMH TpoaykTamu nutanus (CerueB u ap., 2016; [Tanos u ngp., 2019,
[lanoB u ap., 2021).

B pesynbprate aBapuu Ha UYepHOOBUTIbCKOM ADC 3HAYUTENbHAS
4acTh TEPPUTOPUHU IOro-3anaga Poccum okasanach 3arpsA3HEHHOW pa-
JUOHYKJIHJAMU, B TOM 4ucie 491.4 TeIc. Ta €CTECTBEHHBIX CEHOKOCOB
u nactouni (XapkeBud u ap., 2011).

TpyaHOCTH MONYYEHUSI YUCTON KUBOTHOBOJYECKOM NPOAYKLUU
Ha €CTECTBEHHBIX KOPMOBBIX YTOIbSX OOYCIIOBJICHBI PSIIOM NPHYHH.
Ha nyrax u nacrbuiax, rae He IpOBEJCHO KOPEHHOE yIydIIeHHe, OC-
HOBHas 4acTh *3'CS Mo-npekHeMy HaXOIMTCS B JIEPHUHE — B BEPXHEM
TOpPH30HTE MOYBEHHOTO Mpoduiisi. Kpome Toro, B JIepHUHE COCPEIOTO-
YeHa OCHOBHAasl KOPHEBas Macca BETeTHPYIOLIMX PAacTeHHH, 4To 00y-
CJIaBIUBAET IOBBIIIEHHOE TOTJIOIEHHE PAAMOHYKIUAOB TPAaBOCTOEM
(Anexcaxwun, JIynes, 2011; benoyc u ap., 2016).

HecmoTps Ha cymiecTBeHHOE yydIlIeHHE paJualliOHHON obcTa-
HOBKH, JI0 CHX IOp HE yJaJIOCh NOJIHOCTBIO PELINUTh pobieMy obecre-
YeHHsI 0e30IMaCHOCTH HaceJIeHHs, MPOXKHBAIOIIET0 Ha 3arpsi3HEHHBIX
pPaAMOaKTUBHBIMU BemecTBaMu Tepputopusix Poccun. Hambonee kpu-
TUYECKUMHU SBIISIOTCS 3anaiHble paiionsl bpsiHckoit o0nactu (benoyc u
ap., 2011; IIpocssHaMKOB 1 1p., 2021).

B cBsi3u ¢ 3TUM BBIICHEHHME OCOOEHHOCTEH ITOBEIECHUS U KOH-
LEHTpaluN paJHOHYKIUAOB B CHCTEME ‘“TIOUBa—pacTeHHE” SBISAETCA
aKTyaJIbHBIM.

Lenap uccieqoBanusa — U3y4nTh OCOOEHHOCTH BEPTHUKAIHHOTO
pacnpenenenns ¥'Cs B cuctemMe nmouBa—pacTeHHE MOWMEHHOTO JIAH/I-
madra B OTHAICHHBIH Nepuo/ nociie aBapuu Ha YepHoObUTECKOH ADC.

OBBEKTHI U METO/IbI

Uccnenoanus npoogmwmu B 2019—2022 rr. B HETUHHBIX JTyTO-
BBIX COOOIIECTBAX MOMMEHHBIX JaHaadToB pex YHeua, Unyts u be-
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cellb, PACIONOXKEHHBIX B 3aMaHbIX paiioHax BpsHCkoW obmacTH, mos-
BEPIIIMXCS HAMOOJIBIIEMY PaJHOAKTHBHOMY 3arpsI3HEHHIO B PE3yJIbTa-
Te aBapuu Ha UepHoObuthcKOM ADC (pHC. 1).

Puc. 1. KirtoueBble MOUBEHHBIE YYACTKH.
Fig. 1. Key soil areas.

Teppuropun uncciaeoBaHUS HAXOAATCS B PA3HBIX 30HAX IIO
IIOTHOCTH 3arps3Henus ='Cs (ATnac coBpeMeHHBIX. .., 2009):
e 185-555 kbk/M? — KnuHuoBckuii paiion, c. JlomarHu,
p. YHeua;
e 555-1480 kbk/M? — HoBo3bIOKOBCKHH paiioH, c. Ilepe-
BO3, p. UnyTh;
e Gonee 1480 kbk/M? — KpacHoropckuii paiion, ¢. bary-
poBKa, p. becens.
Tepputopust moliMeHHOro JaHAmadTa mMpeacTaBiseT coOoi
€CTECTBEHHBIE COOOIIECTBA pacTeHWH M OINpeAesiCHHBIH Habop mpu-
POIHBIX YCIOBUH (TIOYBEHHBIN MOKPOB, THIT BogHOTO nuTtanus (TBII),
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reoMopdoorusi, IMTOJIOTKS ydacTKa U T. 1.). Paznuynbple codeTaHus
MOJCHCTEM 00pasylT CHCTEMY KOHKPETHOH IHOHMBI, 00yCIIOBIMBAIO-
LIyI0 MHOUBHIYyalbHbIE 3aKOHOMEPHOCTH MOCTYIUICHHS, HAKOIUICHHUS,
nepeMeleHns ¥ MpeoOpa3oBaHus PaJHoHyKIHIOB.

[louBsl moliMeHHOTO NMaHAmAadTa: MPUPYCIOBAs MOJICUCTEMA —
QUTIOBUAJIbHAS JAEPHOBAsl KHCJasl CIOUCTasi INPUMHUTUBHAsE YKOPOYEH-
Hasl; UeHTpajbHas MOJCHCTEMa — AJUTIOBHAJIbHAS JIyroBasl Kucias Ma-
JIOMOIIHAsE YKOPOUYECHHAs; IPUTEPpacHas MoJIcucTeMa — ajUTIOBHATIbHAS
myroBo-6onotHas (Knaccudukarm n auarHocruka..., 1977), mo Mu-
poBoii ©0a3e mouBeHHBIX pecypcoB (WRB), uM COOTBETCTBYIOT
Fluvisols (International soil..., 2014).

OT10op NOYBEHHBIX O0pa3LOB ISl ONpelNesICHHUs] YAEIbHOM aK-
THBHOCTH >'CS NpOBOAMIM B Pa3HBIX MOJICUCTEMAaX MOMMEHHOTO
JaHamagdTa METOJIOM IMOYBEHHBIX Kiroueh. KakIplid KIOYeBOW MoY-
BEHHBI YYaCTOK MPEJCTABISI COO0O0W MOMHOMPO(HMIBHBINA pa3pe3 H
4eThlpe moaysaMsl (puc. 1). O6pasipl 0TOMpPaINUCh CO CTEHOK Pa3pe30B
4epe3 5 ¢M JIONAaToi W TOYBEHHBIM HOXKOM, TIEPEMEIINBAINCEH U YCPE/-
HSUTACH METOJIOM KBapToBaHus. K aHanmm3am oOpasiibl TOATOTABIUBAIN
OOIIENPUHSITHIMA METOIAMH.

[TnotHOCTE TBEpAOH (ha3bl MOYBCHHBIX OOPA3IOB MO CJIOSIM B
npefenax MOYBEHHOTO Npoduisi W3MEHsJIach HE3HAYMTENBHO WIIH
cpenHe, koadduiuert Bapuanuu ot 5.92 mo 12.48% B 3aBUCHMOCTH OT
MOYBHI.

Ot0op pacTUTENBHBIX 00pa3loOB (KOPHM M HAA3EMHAsl YacTb)
€CTECTBEHHOT'O TPABOCTOSI TPOBOJIMIIM COTPSDKEHHO C OTOOPOM TO04-
BEHHBIX O0Opa3loB C IISITH YYETHHIX IUTomanok. Pamky pasmepom
0.25 M? HaknmaublBaIM Ha ydeTHbIE Iomanku. CKONIEHHYIO PacTH-
TENBHYI0 Maccy C KaXJOW YYeTHOU TUIOMAJKA HEMEIJICHHO B3BEIIH-
BaiM, Opanu cpequuii pesynbrat. [lociae cooTBeTCTBYOMIEH MTOATOTOB-
KM pacTUTENIbHBIE 00pa3ibl BRICYIIMBAIHN 10 BO3AYIIHO-CYXOTrO COCTO-
STHUSL.

BunoBoii coctaB pacTUTENBHOCTH 110 TOWMEHHBIM IOJICHCTEMaM
OBUI MIPEACTABICH COOTBETCTBEHHO XO3SHCTBEHHO LEHHBIMU PAaCTEHHU-
SIMU U Pa3HOTPaBbEM:

— mpupycioBas TmmoiimMa: jmcoxBocT Jyrooit (Alopecurus
pratensis), mryuka aepuaucras (Deschampsia caespitosa), koctper 6e3-
octeiii (Bromopsis inermis), marauk Gomotaserit (Poa palustris) u mma-
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BeJib upamuaanbHeiid (Rumex thyrsiflorus), TeicsyencTHUK 0OBIKHO-
Beunbrii  (Achillea millefolium), momopoxumk cpemumit (Plantago
media), mrotuk enxwmit (Ranunculus acris).

— TICHTpaJlbHas TMOWMAa: JBYKUCTOYHHMK TPOCTHUKOBHIHBIN
(Digraphis arundinacea), mauauk Bomubii (Glyceria aquatica) nmco-
xBocT JiyroBoii (Alopecurus pratensis) koctper 6e3octbiit (Bromopsis
inermis), ocoka nucks (Carex vulpina) u xBomy mosieBoii (Eqvisetum
arvense) u taBosra BsizosuctHas (Filipendula ulmaria).

— MpuTeppacHas moiima: ocoka ymchs (Carex vulpina), ocoka my-
spipuaras (Carex vesicaria), ocoka octpas (Carex acuta) u XBor mo-
nesoit (Eqvisetum arvense) u nepOennuk wuBomucTHbIA (Lythrum
salicaria).

VaenpHyro akTMBHOCTH “'Cs B oOpasuax onpenensm Ha YCK
“T'amma [Tmoc” (Poccus), ommbka n3Mepenuit He mpesbimana 10%,
BCC M3MEPEHHS NPOBOJAMIN B IIEHTPE KOJUIEKTHBHOTO ITOJIb30BAHHS
Hay4yHbIM 000pynoBanueM npu ®I'BOY BO Bbpsuckuii [AY.

Kosdppuument nepexoma ’'Cs pacCUUTBHIBAINM KaK OTHOLICHHE
yAenbHOM akTuBHOCTH ¥'Cs MOUBBI K BO3IyIIHO-CyXOH Macce XO03sii-
CTBEHHO LICHHBIX PAaCTeHH (KOPHH M HaJ[3¢MHAs 4acTh).

Koadduuent xopHeBoro 6apbepa pacCUMTHIBAIN KaK OTHOIIIE-
Hue ynensHoli akTuBHOCTH 3'Cs B KOpHSX K HaJ3€MHOM 4acTH pacTe-
HUSL

JlonyctuMBlii  ypoBeHb conepikanus 3'Cs B BO3LyLIHO-CYXOii
macce 10 2017 r. pernmamenTupoBaiu “BereprHapHbie mpaBuia u HOP-
mer” BIT 13.5.13/09-00 (400 Bx/kr), a ¢ 2017 r. — nmo UHcTpyKImu o
paznoJIorHYeckoM KOHTpoJie KadecTBa kopmoB N13-7-2/216, nomycka-
ercs conepxkanue ¥'Cs B Bo3mymHo-cyxoii macce 600 Br/kr.

PE3VYJIbTATBI U OBCYXJIEHUE

AJTIOBHANIBHBIE TTOYBHI 10 CBOMM XapaKTEPUCTUKAM U IPOMC-
XOXKACHUIO CHJIFHO Pa3iIMYaloTCs OT MOYB BOAOPA3AEIbHBIX TEPPHUTO-
puii, OHM 3aHUMAIOT HEOONBIIUE IO TUIOMIATN TEPPUTOPHH, HO B XO-
3ACTBEHHOW NESTENIHHOCTH YeJIOBEKa MIparoT orpoMHyto poib (ba-
nabko u 1p., 2016). B pesynbrate aBapun Ha YepHoObUIbCKON ADC 1
3arpsi3HEHHS TePPUTOPUH 3anaa bpsHckoii 06acTn NCKyCCTBEHHBIMU
PaIMOHYKIINAAMH, YaCTh MOWMEHHBIX JIYTOB ObLIa MCKIIIOUYEHA U3 KOp-
momnpowussojctia (bemoyc, 2018).
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Pacnipesienienre ¥ KoHueHTtpauus ~'CS B IOYBE MOJYHHSIOTCS
OIIPE/CIEHHBIM TEHICHIMAM M 3aKOHOMEPHOCTSIM, KOTOPBIE OIpese-
JSIFOTCSL ISHCTBHEM MHOXECTBAa (DaKTOPOB, M TIPOSIBISIOTCS B BHIC
CIIOKHBIX M Pa3HOOOpa3HBIX OMOT€OXUMHUYECKHX MpoLieccoB. Pasnuuns
B BOJHOM PEXKHME, paCTUTEIBHOCTH, peibede, TPaHyIoMETPUIECKOM U
MHHEpPAIOTHYECKOM COCTaBaX U IUIOJOPOAMHU B ITIOJICHCTEMAaX ITOHMBI
00yCIaBIMBAIOT BBICOKYIO BapuabenbHocTh noseaenus *’Cs B axocu-
creme ([lakmmna u ap., 2019).

JlanmmadTHO-THAPOIOTHYECKUE YCIOBHUS 3amaaa bpsHckoi 00-
JacTH THO-pasHOMY JeHCTBYIOT Ha pacnpeseienue >'Cs B mpoduie
QJUTIOBUAIIGHBIX TI0YB U yJEIbHYI0 aKTHBHOCTE *¥'Cs OT/IE/IbHBIX CII0EB
no4B. MakCHMalbHYIO YIEIbHYI aKTHBHOCTH °'Cs OOHapyXWid B
cmoe mouBsl 5—10 cMm (Topu3oHT A,) B TpHUTEPPACHOW MOJCUCTEME
TOMMBI, B BO3PACTAIONIEM IO IIIOTHOCTH 3arpsasHenus *>'Cs psty moiim
pex Yueda, UnyTts u becenp oHa cocrtaBmia cooTBeTcTBEHHO 3 953,
8 536 1 24 552 bx/kr (Taodum. 1).

3TO CBS3aHO C PACIOJIOKEHUEM TOJICHCTEMBI B HIDKHEH TOUYKE
penbeda 1o OTHOIICHHUIO K JAPYTHM MOJICUCTEMaM M C BBICOKOH 00BOI-
HEHHOCTBIO JJaHHOW TeppuTopuu. [lanee ¢ riayOnHOI HaOMOAaIN CHU-
JKeHue yaenbpHoi aktusHocTH ¥'Cs cnoes mous. B mouse nmpureppac-
HOW TIOJICHCTEMBI paclipe/icfiecHne UMEET BHJ| PE3KO YOBIBAOIIEH KpH-
BOH, ITPX 3TOM YacTh PAJHOHYKIIHIa MUTPUPOBaIa B TOpU30HT BQ.

MakcumanbHas yjieabHas akTHBHOCTE ~2'Cs B HauOosee BO3BBI-
LICHHOW Ha pesbede MPUpPYCIOBO MOJCUCTEME BISIBICHA B ITOMME peK
VYueua u Uyts B croe 0—5 cm (Topu3oHT A,) cooTBeTcTBeHHO 1 147 1
3 704 bx/kr, a B noiime peku becenp B cioe 5—10 cM (ropu3oHT Ay) —
4 605 bx/kr. Habmonanm aktuBHyro murpamuio ='Cs B ropusont B
ALTIOBHAJTIBHBIX T04B, u jgaiee B ropu3oHT C. [lo Hamemy MHEHHIO,
JIETKU{ TPaHyJIOMETPUYECKUN COCTaB MOYB MPUPYCIOBOM MOACHCTEMBI
MOWMBI U c1a0opa3BUTasl KOPHEBAsi CHCTEMa €CTECTBEHHOTO TPaBOCTOS
CIOCOOCTBYET JJAHHOMY SIBJICHUIO.

B Hauboinee 1IeHHOM, C TOUYKH 3p€HHUS KOPMOIPOU3BO/ICTBA, LIEH-
TPaJILHOM MOJICUCTEME MaKCHMaJIbHas y/IeIbHasi akTUBHOCT *3'Cs Gbl-
na B ciioe mouBsl 0—5 cM (ropmu3oHT A,) moitm pex YHeua u becenpb co-
orBeTcTBeHHO 2 626 u 10 980 br/kr, a B moiime peku HUiyTh — B ciioe
5-10 cM (ropusoHT A,) — 2 712 BK/kT.

Hamu ycTaHOBICHBI COIOCTABHMBIC MaKCHMYMBI yIeIbHOHW aK-
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tuBHOCTH *¥'Cs B MoYBax LEHTPAIBLHOMN TOJCHCTEMBI MOMM peKk YHeda
u VnyTh npu pas3iu4HOil mIoTHOCTH 3arpsasHenus °'Cs TeppuTopum,
YTO, O-BUANMOMY, CBSI3aHO C XO3SIHICTBEHHBIM BBIHOCOM PaIHOHYKIIH-
Ja C MPOAYKUHEH KOPMONPOM3BOACTBA B YCIOBUSAX IONMBI pPEKH
NnyTs.

BeprukanpHas Murpamus B HOYBE IIEHTPAIBHOM ITOACHCTEMBI
MOWMBI TIPOUCXOIUT MEIJIeHHEE, U TOBOPUTH AOCTOBEPHO O HAIWYHMU
187Cs B ropusonTe By B HacTosIIee BpEMs HENb3s, YUUTHIBAs HE3HAYH-
TeJIbHBIC 3HAYCHUS YISIbHOW aKTUBHOCTH PaluoHyKHaa (Tadum. 1).

Onpezenuny, 4to pacnpeneienue =’'Cs B MOMMEHHOM JaHI-
madTe UMeeT TpeH K BO3PACTaHUIO KOHIICHTPAIMK PaJUOHYKIHIA B
cinoe 0-20 cM OT mpupycIOBOW K MPUTEPPACHON MOACUCTEME, HUCKIIIO-
YEeHHUE cocTaBuia noima p. UmyTh, 4TO CBSI3aHO C BBICOKOW BOBJICUECH-
HOCTBIO IAHHOHM TEPPUTOPHH B KOPMOIPOHU3BOACTBO (TaduI. 1).

HaunGonpme#t nHOOPMAaTUBHOCTHIO B TONMEHHOH SKOCHCTEME
o0JaiaeT KOPHEOOUTAEMBIN CIIOH MOYB, CBOWCTBA KOTOPOTO SBISIOTCS
YyBCTBHUTEIBHBIM HHAMKATOPOM TEXHOTEHHOTO 3arpsi3HEHUS U MOKa3a-
TeJeM MPOJYKTUBHOCTH MOWM M KadecTBa MOJy4yaeMoro KopMa.

Usyuenue pacnpezenenus 2'Cs B HouBe HEOOXOAUMO JUIS TIPO-
THO3UPOBAHUSI BEPOSTHOCTH TOIYYCHHUS] KOPMOB B JIyrOMacTOUIIHOM
XO034MCTBE C JOIYyCTUMBIM cojepkanueM °'CSs B HHX U COCTaBIECHMS
MOJIETTM ~ MHUTpallid  PaJWOHYKIWAa 10  TPOPHUUECKOH  IenH
(Brechingnac et al., 2017; Fesenko et al., 2018).

[To mpomiectBuu 36 JieT mocie BHINAJACHHUS UCKYCCTBEHHBIX pa-
TUOHYKJIHMIOB B pe3ynbrate aBapuu Ha YADC B KOpHEOOUTaEMOM CII0€
0-20 cM HaxomuTcs HaMOOJbIIEE KOMMYECTBO paauonykauaa *'Cs, B
MIPUPYCIOBON TOACHCTEME B 3aBHUCHUMOCTH TMOWMBI peku oT 91.0 mo
96.1%, B 1ieHTpasIbHOM noAcHucTeMe — OT 95.2 1o 98.5%, B npuTeppac-
HOM moacucTeMe — oT 92.2 10 99.8%, B HIbKenexkamux ciosax ot 20 10
60 cMm mHaxomwioch oT 1.5 mo 9.0% !¥°Cs ot obmero komiwmuecTBa
(puc. 2).

Anamusupys pacnpenesenue ¥'Cs 1o coaM no4s NoiMbl peKH
VHeua, 0OHApyXWIH, 4TO B LIEHTpalbHOW moiiMe Gomee 50% *'Cs
HaxoIuioch B citoe 0—5 cM, B TO BpeMs Kak B IPHUPYCIOBOH MmoiMe —
29%, a B mpureppacHoi Toibpko 8.8%. Ilo Hamemy MHEHHIO, 3TO CBSI-
3aHO C pa3IN4YleM B T€HE3HCE COOTBETCTBYIOIIUX TIOYB.
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Ta6auna 1. Y nenpHas aktuBHOCTh 2'CS mous mo cnosm, Br/kr

Table 1. Specific activity of *3’Cs soils by layers, Bg/kg

Caoii
—— IIpupycnosas HenTpanabhas I[Ipurteppacunas
oM nmojcCucTeMAa nojacHucTEMA nmojcucTeMa
noiima p. YHeua
0-5 Ax 1147 Ay 2 626 A 577
5-10 A1 1101 1701 A 3953
10-15 864 388 992
15-20 B 487 A 215 Aaxg 736
20-25 200 ' 84 148
25-30 83 2 B 53
30-35 55 2 ¢ 38
35-40 13 B 1 12
40-45 C 2 Y 1 4
45-50 3 2 Cy 4
50-55 1 Cq 1 4
55-60 1 2 1
noiima p. nyth
0-5 Ax 3704 A 2204 Ay 8536
5-10 A1 3282 A 2712 A 9523
10-15 B 1693 667 19 5592
15-20 350 A 285 4 560
20-25 240 ! 63 B 27
25 30 71 19 g 6
30-35 30 4 1
35-40 C 4.3 Bg 1 2
40-45 11 1 2
45-50 3 1 Cg 12
50-55 2 Cg 1 4
55-60 3 1 3
roiima p. becenpb
0-5 A 3003 A 10980 9126
5-10 8 4 605 A 6 525 Ay 24 552
10-15 3493 1241 19435
15-20 A1 1460 A1 397 A 4419
20-25 228 154 19 1290
25-30 228 102 735
30-35 B 114 B 124 B 466
3540 18 g 171 g 613
40-45 2 101 572
45-50 C 9 124 540
50-55 4 Cg 114 Cg 385
55-60 6 69 282
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Bricokasi 00BOTHEHHOCTD, JIETKUI T'paHyJIOMETPUYECKUH COCTaB, Cia-
0opa3BuTasl KOPHEBasi CUCTEMa TPABOCTOSI CHWXKAIOT 3aKpEIUICHHUE Pa-
JTMOHYKIIUIA B BEPXHEM clioe TouBbI 0—5 cm.

B pacnpenenennu **’Cs 110 cosim nous noiimel pex UyTs u Be-
cellb BBIBWIM AHAJOIMYHbIE TEHACHIMHM KOHLEHTPALUU PAaAUOHYKIH-
7la, IpU 3TOM HAaMHU YCTAHOBJIEHO, YTO XO3AHWCTBEHHAas! NESTEIbHOCTH
YeJloBEeKa U COCTOSHUE MENHOpPAalUd KOHKPETHON MOWMBI, SIBISIOTCS
nelictByrommmu paktopamu B noseeHun 3’Cs skocucTeMe IOHMBI
(puc. 2).

PanuanuionHas o6cTaHOBKa 10 UCTEUEHHIO 36 JIET Mocie aBapuu
Ha YADC crabunusupoBaiachk B pe3yJbTaTe MPOBEICHHUS KOMIUIEKCa
3aLIUTHBIX MEPONPHUATUI Ha TEPPUTOPHUU BBINALEHHS YEPHOOBUILCKUX
ocankoB. llpu »ToM Ha Teppuropuu 3amanga bpsHCKOW obnacth, TIe
mIoTHOCTh 3arpasHenus ¥'Cs Boime 555 kBk/M?, Kak MOKa3bIBAIOT
HaIlli MCCJIENOBaHMs, O CHX IOp OCTAaeTCAd PHCK MOJIYUYECHUS! KOPMOB,
HE OTBEYAKOIIMX JTOMYCTUMBIM YPOBHAM 10 coneprkanuto 'Cs B Hux.

Tonpko B moiiMe pexu YHeua (TpupyciioBasi U IIEHTpaJIbHas
MO/ICKCTEMA) TIOJTYYEeHBI KOpMa, COOTBETCTBYIOIINE HOPMATHUBY IO J10-
mycTumMomy cozeprkanuio ¥'Cs B mpoayKimu KOpMOIPOM3BO/ICTBA.

ITepexon ¥'Cs u3 mouBbl B pacTeHusi B TIOWMEHHON SKOCHCTEME
3aBHCEIl OT TeHEe3UCa AJTIOBHATILHOM MOYBbI, OHOIIOTHYECKIX OCOOCH-
HOCTEH pacTeHHH €CTECTBEHHOT'O TPAaBOCTOS, @ TAKXKE OT BOAHOTO pe-
xuma Teppuropud. Tak Hanbompmmii (1.11-2.50) xoaddunmeHT nepe-
X07Ia U3 TOYBbl B KOPHH PACTEHUI ObUT BBISABICH JJIsI YCIOBUH IIEH-
TpaJdbHOM TMOACUCTEMBI IOMM pek VYHeua, Hnyte u becenp, a
Hanmenbimit (0.11-0.63) — nns mputeppacHoi moacucTeMsl (Tad. 2).

VcranoBunu yBenuuenue kodpduimenta mnepexoma 3'Cs wm3
MOYBbI B PaCTEHHE OT LEHTPAIbHON K MPUPYCIOBOM U MPUTEPPACHOU
rojicucTeMaM oM pek YHeda u MnyTts. Iloaydennsie kopma B ycio-
BUSIX TIPUTEPPACHON YacTH MOHMBI HE COOTBETCTBOBAJIM HOPMATHBY 110
pomyctuMoMy cozepkanuio ¥'Cs make crycrs 36 1eT mocie aBapuu
Ha YADC. Ucnonp3oBaHue NpUPyCIOBON U LIEHTPAIIBHON YacTel oM
B XO3SIICTBEHHOH IeSTENbHOCTH 0e3 MPHMEHEHHUS! 3allUTHBIX MEpO-
MPUATUI BO3MOKHO TOJIBKO B ITOMME peKu Y Heua.
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IIpupycnosas LlenTpanpHas IIpureppacnas
HojicucTeMa HojicucTeMa HoJcHucTEMa
noviMa p. YHeuda
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Puc. 2. Pacnpenenenne ¥’Cs no mpodumo ammoBhanbHbIX 104YB, % OT
oburero koauyectna B ciioe 0—60 cm.

Fig. 2. Distribution of *3’Cs along the alluvial soil profile, % of total quantity
in 0-60 cm layer.
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Ta6auna 2. [osenenue ¥'Cs B cucteme “nousa—pacrenue”
Table 2. ¥7Cs behavior in the soil-plant system

Mokasarenn Ipupycnosas | llentpanabnas | IpureppacHas
MO/ICHCTEMA | MOJACHCTEMA | moacHcTEeMa
noiiMa p. Yaeua
o4Ba
(xopHEOOHUTaEMBIit 900 1233 1565

VY nenbHas ”
cJI0M)

?;TCHSB%OKC/E; KOPHH pacTeHHit 560 1705 981
HaJ3eMHast Macca 501 580 968
pacTeHuit

Koa¢dumument |mousa — KOpHU 0.62 1.38 0.63

nepexona ¥'Cs | mousa — xopm 0.56 0.47 0.62

KoadduimieHt kopaeBoro 6apbepa 1.12 2.94 1.01

noiima p. UnyTs
o4Ba
(xopHEOOHTaEMBIit 2 257 1 467 7053
VY nenbHast -
CJI0M)

‘;‘;TC”SB’;;"K";‘; KOpHH pacTeHuit 2594 3664 2448
MAMBEMH Macea 2233 2610 1571
pacTeHuit

Kos¢duipent |moysa — KOpHU 1.15 2.50 0.35

nepexona *¥’Cs | mousa — xopm 0.99 1.78 0.22

Koaddurment kopaeBoro dapbepa 1.16 1.40 1.56

noiima p. becenp
oyBa
(xopHEoOHTaeMBIit 3140 4785 14 383

VY nenbHas o
coit)

?;Té/ISBP;;oK(;T(]; KOpPHH pacTeHUH 2448 5315 1511
HAIIEMEL Macea 754 2746 1173
pacTeHui

Koadduruent |nousa — KOpHH 0.78 1.11 0.11

nepexona *¥’Cs | mousa — xopm 0.24 0.57 0.08

Koaddurment kopaeBoro dapbepa 3.64 1.94 1.29

Ananns

OapbepHBI THUN HAKOIUICHHUS

(KK6 >1).

kodpdunmenta KopHeBOro Oapbepa (OTHOIICHUS
yJeabHOM akTuBHOCTH =*'Cs B KOPHE K HaJ3€MHBIM OPTaHaM) BHISIBUJI

137CS
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3AKIIIOYEHUE

BeprukansHoe pacnpenenenaue *’'Cs MOkeT OBITh PABHOMEPHO
yOBIBAIOIIMM WM C KOHIIEHTPUPOBAHMEM B OTJENBHBIX CIIOSIX Ha OHO-
reOXUMHYECKHX Gapbepax. B MOHMEHHON 3KOCHCTEME KOHIEHTpAIMs
137Cs B cnmoe 0-20 cM Bo3pacTaeT OT NPUPYCIOBOM MOJCUCTEMBI K PH-
TeppacHoii. B HacTosiiee BpeMs MCMONb30BaHUE TEPPUTOPHH 3araja
BpsiHCKOl 0671aCTH C TIOTHOCTBIO 3arpsasHenus 'Cs Boimie 555 kKbK/M?
B KOPMOIPOU3BOJICTBE HEOMYCTUMO, KOPMA TI0JTy4aeMbIE HE COOTBET-
CTBYIOT HOPMAaTHBaM 110 JOMycTUMoMy cozepxkanuio ¥'Cs. Kosddu-
nuent nepexona *’Cs U3 mouBbl B pacTeHUs CHMKAETCS OT LEHTPallb-
HOH 4YaCTH K NIPUPYCIOBOU U NIPUTEPPACHON YACTSIM IIOWMBI.
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Pe3tome: VI3yyanu BIMSHHME OKYJIbTYPEHHOCTH JAECPHOBO-IIOA30JIMCTON
JIETKOCYTJIMHACTOM ~ TOYBBI ~ HAa  arpOHOMHYECKYI0  3()(EeKTHBHOCTDH
MHUHEPAIbHBIX yNOOpEHHWH C pasmUYHBIMHA J03aMH  a30Ta, a TakKxke
OuompenaparoB, NPUMEHSIEMBIX Ha MuHepaibHOM (oHe, B IlckoBckoi
obmactu. Ha ocBoeHHOH modYBe M TOYBE CpEemHEH OKYIBTYPEHHOCTH
yCTaHOBJICHA MPSIMOJIMHEIHAS 3aBUCHMOCTh YPO)KallHOCTH 3€pHa OT J03
aszora. IloBemmenne nmo3 asora ¢ 20 mo 80 kr n. B./ra CONMPOBOXKIAIOCH
MOJTy4EHHEM JOITIOJHUTENIFHOTO YPOXKasi Pa3IMYHON BEIMYHMHBI OTHOCUTEIBEHO
KOHTPOIBHOTO BapHaHTa B 3aBUcHMOcTH oT pH moussl: ¢ 6% no 42% — Ha
nouse ¢ pH 5.6; ¢ 8% no 73% — na nouse ¢ pH 5.3; ¢ 32% no 69% — Ha mouBe
¢ pH 5.2; ¢ 66% nmo 175% — Ha mouse ¢ pH 4.8. OkynaemocTh ya00peHUH
BO3pacTajla C TMOBBIIICHHEM /103bl a30Ta. CBOICTBA MOYBHI TaKKe OKa3bIBAJIH
Ha Hee BiusiHHE. MakcumanbHas okymaemocth (12 kr 3epHa 3a 1 kr NPK)
ycranoinena npu BHeceHUU NgoPsoK7o C 1poOHBIM BHECEHHEM a30Ta B MOYBY
nmpu pH 4.8. IlpuMeHeHme OwompemapaToB CHOCOOCTBOBAJO IIONYYCHHIO
npubaBoOK 3epHA JOMONHUTENBHO K MuHepambHoMy (ony (N2oPsoK7zo + Nao):
IIPU BHECEHWH MHUKpOOHOIOTrHYecKoro mpemaparta buconbupur — 8%; mpu
NPOBEJCHUHM JINCTOBBIX MOJKOPMOK Ouompenapatamu — 4-9%. Ha
BBICOKOOKYJIBTYPEHHOH TIOUBE 3aBHCUMOCTH YPOXKaifHOCTH OT 7103 BHECEHHOTO
azora B auamasoHe or 20 mo 80 kr 4. B./ra uMena BHJ IOJMHOMA C
MaKCUMyMOM YPO>KalHOCTH B pa3HbIe Tosl ipu BHeceHNH 40 u 60 KT 1.B./Ta.
VYeenunyenue 103 azora ¢ 20 g0 40 kr gedcTBYIOIIEro BemiecTBa (1. B./Ta)
compoBokganock B 2019 r. moBeimieHueM ypoxas 3epHa ¢ 11 mo 23%.
IToBbimenue 703 azota ¢ 20 g0 60 KT B MOCIeAyOMKE BA T0/1a YBETUUHUBAIIO
ypokaii 3epHa ¢ 20% 1o 65% coorBercTBeHHO. OKynaeMocTh y1o0peHnit pu
BHECEHMH MaKCHMalbHO 3((eKTUBHBIX 103 a30oTa cocraBmsuia B 2019 r. —
S5kr, B 2020 r. — 7 xr u B 2021 1. — 10 &r 3epHa Ha 1 kr NPK. Ha
BBICOKOOKYJIbTYPEHHOW TII0YBE I10J] JEHCTBHEM JIMCTOBBIX IIOJKOPMOK
ouonpenapatamu  Komamua B-Mo wu K-I'ymar-Na jomomHuTENnbHO K
MHUHEpaIbHOMY ()OHY He OBUIO OTMEUCHO 3HAYUTEIHHOTO YBEIMYEHUS
ypoxaitroctu (3—3.5%).

Knrouesvte crosa: ypoxaltHOCTh; ynoopeHus; 3 (HeKTHBHOCTh; OKYIaeMOCTh;
Buconbudut; TUCTOBBIC TOAKOPMKH; CTEIICHb OKYJIETYPEHHOCTH TIOYBHI.

Efficiency of nitrogen fertilizers and biological
preparations for winter rye on soddy-podzolic soil of
different cultivation status
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Abstract: There was studied the influence of soddy-podzolic light loamy soil
of different cultivation status on the agronomic efficiency of mineral fertilizers
application with varying doses of nitrogen and biological preparations applied
against the mineral background, in Pskov region. On moderately cultivated
soil the linear dependence of grain yield on nitrogen rates was established. An
increase in nitrogen doses from 20 to 80 kg a. i./ha resulted in obtaining an
additional yield compared to the control variant, which is dependent on soil
pH: yield growth by 6% to 42% was recorded on soil with pH of 5.6; from 8%
to 73% — on soil with pH of 5.3; from 32% to 69% — on soil with pH of 5.2;
from 66% to 175% — on soil with pH of 4.8. Payback from applied fertilizers
rose with increasing doses of nitrogen. Soil properties also influenced the
payback value. The maximum payback, 12 kg of grain per 1 kg of NPK, was
recorded when NgoPsoK7o with split nitrogen fertilizing was applied to the soil
with pH = 4.8. The introduction of biological products to the variant with
mineral fertilizers (N2oP40K7o + N2g) contributed to an increase in grain yield :
the introduction of microbiological preparation Bisolbifitis provided additional
7.6%; spraying of foliar fertilizers — 3.7%-8.8%. On the soil with long-term
cultivation status the dependence of yield on the doses of applied nitrogen in
the range from 20 to 80 kg a. i./ha looked like a polynomial. Maximum yield
was obtained in different years when nitrogen was applied at rates from 40 and
60 kg a.i./ha. An increase in the dose of nitrogen from 20 to 40 kg was
accompanied in 2019 by an increase in the yield of grain from 11.2% to
22.6%. An increase in nitrogen rates from 20 to 60 kg in 2020 and 2021
resulted in the growth of grain yield from 20% to 65%. Respectively. When
the most effective doses of nitrogen were applied the payback from fertilizers
was 5 kg of grain per 1 kg of NPK in 2019; 7 kg of grain per 1 kg of NPK in
2020; and 10 kg of grain per 1 kg of NPK in 2021. On the soil cultivated and
improved for a long-term the effect of foliar fertilizers with biological
preparations Kodamine B-Mo and K-Humate-Na was less significant (3—
3.5%).

Keywords: crop capacity; fertilizers; efficiency; payback; Bisolbifit; foliar
fertilizers; degree of soil cultivation.
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BBEJEHUE

[louBa obmamaer cymiecTBEHHBIM KadyeCTBEHHBIM CBOMCTBOM —
IJIOJIOPOJUEM M BCIIEACTBHE 3TOTO SBISETCS B CEINBCKOM XO3SIHCTBE
OCHOBHBIM CpEICTBOM TIpou3BojacTBa. llmomopoame — cmocoOHOCTH
MOYBHI 00ECIIeUrBaTh PACTEHHUS AJIIEMEHTaMH IHUTaHWs, BOIOH, Omaro-
MIPUATHOW (HU3UKO-XUMHUYECKON Cpemod Il HOPMaJBHOTO pOCTa H
Pa3BUTHSI — BO3HUKJIO B pe3yJbTaTe MPUPOJHBIX MOYBOOOPAa30BaATEIb-
HBIX TPOIECCOB KaK COBOKYMHOCTh OuochepHbix ¢ynkuuii (Kupro-
muH, 2021). B Xome cembCKOXO03SHCTBEHHOTO HCIIONB30BAHUS, ITON
HaTpaBJICHHBIM BO3ACHCTBHEM aHTPOMOTEHHBIX (DAKTOPOB, TAKUX Kak
00paboTKa TMOYBBI, NMPUMEHEHHE CPEACTB XUMH3ALUHU, CEBOOOOPOT,
pa3BHUBaeTCs KyJIBTYPHBIH TOYBOOOpa3zoBaTenbHBIN mporecc. Kymb-
TypHOE TIOYBOOOpa30BaHME B CBOIO OUepe/lb 00ecreunBaeT CBOMCTBa U
PEKUMBI, 00YCIIaBIMBAIOLINE ONpEACICHHBIE YPOBHU ILIOIOPOIHS
MOYBHI M MPOAYKTUBHOCTH pacTeHuil. [lo creneHn pa3BuTHS KyIbTYp-
HOTO TOYBO0OOPA30BATEIHHOTO TMPOIecca JIePHOBO-TIO30JIUCTHIEC TOY-
Bbl Ha CYINIMHUCTBIX W TJIMHHUCTBIX HO‘IBOO6pa3y10HII/IX mnopoaax Ioxa-
pa3fessIoT Ha OCBOCHHBIE (CIa0OOKYJIBTYpEHHBIC), OKYJIbTYPEHHBIC
(cpenHEOKyIbTypeHHbIE) W KYJIbTYPHBIE (BBICOKOOKYJIBTYPEHHBIE);
JIEpHOBO-TIO/I30JIUCTHIC ITOYBBI HA TIECKAX M CYTeCcsSX — Ha OCBOCHHBIE
OKyJIbTypeHHbIe. K uncity mokaszaTeneii jisl OIEHKH CTETICHH OKYJIBTY-
PEHHOCTH TIOYBBI OTHOCST: MOIIHOCTH ITaXOTHOT'O TOPH30HTA, COMAEp-
JKaHWE TyMyca, MOKa3aTeld MUTATeIhbHOrO0 M KHCIOTHO-IIEIIOYHOTO
PEXKUMOB, HACHIIIEHHOCTH OCHOBAaHHSMH, HUTPATOOOpa3yroIIeH CIio-
coonoctu (Kuprommn, Kuprommwn, 2015).

B HeuepHozemHO# 30HEe OIHUM M3 OCHOBHBIX (DaKTOPOB, OKAa3bl-
BaromiuXx BJIIUAHUE HA OKYJIBTYPEHHOCTb U IMTPOAYKTHBHOCTE CEJIBCKOXO-
3STICTBEHHBIX 3€MEIIb, SIBIAETCS MpUMEHeHne yaoopennii. CucreMaTu-
YecKoe BHECEHHE CPEACTB XMMHU3ALMH B TOAbl HHTEHCUBHOTO Pa3BUTHUS
CENIbCKOTO XO3sICTBa CHOCOOCTBOBAJIO 3HAYMTEIHLHOMY IOBBILICHHUIO
TUTOIOPOJTUS: CHU3MIIACH JIOJISI KUCIIBIX TI0OYB, YBEJIWYHIIOCH COJlEpKa-
HUE TOABIKHBIX coennHeHui (ocdopa n kamus. braromapst moctur-
HYTHIM TOKa3aTeNnsM, HOPMaTHBHASL YPOXKAMHOCTH 3€pPHOBBIX Oe3 BHE-
cenust yaoopenui B 1996 r. cocrasisuia 22.7 1/ra (Cerues, lladpan,
2019). Kak moxazamu AaJbHEHUINE HWCCIIECIOBAHUSA, IPOTYKTHBHOCTH
XOPOILIO OKYJIBTYPEHHBIX TOYB OCTaBajlaChb Ha BBHICOKOM YPOBHE JJIH-
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TEJNBbHOE BpPEeMs M MPU CHCTEeMAaTHYECKOM MPHUMEHEHHU YAOOpEeHUH co-
xparsutack (Mep3nas, Adanackes, 2019). KoMrekcHoe arpoxuMmde-
CKOEe OKYJbTYpHBaHHE IOJIeH, mpoBoanMoe B IIckoBckoit oOmactw,
CIOCOOCTBOBAJIO YBEJIIMYCHHUIO CEILCKOXO3IHCTBEHHBIX 3€MeNb C XO-
POIIMMH TTOKa3aTeNsIMA Tutogopoans mouBsl: u3 300 TeIc. ra obcnemy-
eMoii TTomaan B Hactosiee Bpems 40% 3aHUMAIOT 3eMJIH C BRICOKUM
cojiepykaHueM MOABMKHOTO (ocdopa (6oree 150 Mmr/kr); cpemHee co-
nepskanue umerotr 26%; Beimie cpeaHero — 17% cenmpCcKoX0o3sHCTBEH-
HbIX yroauid. [IoBBIIIIEHHOE M BBICOKOE COAEpIKaHHE TMOJIBIKHOTO Ka-
JIUsl yCTaHOBJICHO HA 15 u 12% 00ciie1oBaHHBIX 3eMeNb COOTBETCTBEH-
Ho. CpelHEeB3BEIICHHBIN MOKa3aTedb COACPKAHHUS TyMyca COCTABIISIET
2.3%. B peruone npeoOnanartr cnabo- U CPEAHEOKYIbTYPEHHBIE TI0Y-
BBI, HO UMEIOTCSI M YTOAbS C BBICOKOW CTEIEHBI0 OKYIbTYPEHHOCTH,
WCTIONb30BABIIMECS paHee MoJ KOPMOBBIE M OBOIIHBIE CEBOOOOPOTHI
(latixoBa u ap., 2019). UmeroTcst qaHHBIE O BIUSHUU CTETICHH OKYIITb-
TYPEHHOCTH Ha a30THBIMA pexuM nouBbl (Hukutumen, 2008). Cnabo-
OKYJIBTypEHHBIE MTOYBBI 00JIaJ]af0T MEHBITMMH 3aIlacaMu OOIIEro a3oTra
YW HHU3KOW HUTpaTooOpa3ymolel CrocoOHOCThI0. Ha OKyJIbTypeHHBIX
MOYBax, C peaKiuel cpeapl OIIM3KON K HEHUTpaNbHOM, HUTPaToOOpasy-
oIIIas CIIOCOOHOCTH CYIeCTBEHHO Bo3pacTaeT (Boskosa, 2019).
CeBepo-3amaHblii peTHOH XapaKTEePU3yeTCs] YMEPEHHO XOJIO-
HBIM KJIMMAaTOM C HM30BITOYHBIM KOJHYECTBOM OCAJIKOB. TeppuTOpHs
OTHOCUTCS K TaK Ha3bIBAEMOH ‘‘30HE PUCKOBAHHOI'O 3€MJICIAEIHUS, IS
KOTOPOH XapaKTepHbl Pe3KHe M YacThle U3MEHEHUS KIMMAaTHUYECKUX
YCIIOBHH, MPUBOIANINE K 3HAYUTEILHBIM KOJICOAHUSIM YPOXKAHHOCTH H
BaJIOBBIX COOPOB 3€PHOBBIX KYJIbTYyp. [103TOMYy 03uMast poxb 3aHUMAeT
B 3epHOBOM Xx03sicTBe CeBepo-3anaga ocoboe mecto. J[aHHast KyIbTy-
pa OTIMYAETCs NMOBBIILIEHHON 3aCYX0- U 3UMOCTOMKOCTBIO, YCTOMYHUBO-
CTBIO K KHCIIOTHOCTH MOYBBI, CHOCOOHOCTBIO (hOPMHPOBATH CTaOMIIb-
HBIA ypokail B HEOJIaromnpusTHBIE M0 METEOYCIOBHUAM TOJIbI, YTO JJIH-
TEJNBHOE BpeMs 00ecIieunBaio ycremHoe ee BeipamuBanue (CricyeB u
ap., 2015). 3epHO 03UMOH P>KM UCTIONB3YETCS AJISI MHILIEBBIX, KOPMO-
BBIX U TEXHUYECKUX Ienel. [IpuunHol, orpaHurBaronie ero uCnomib-
30BaHHE Ha KOPMOBBIC IIENH, OBUIO IMOBBIIIEHHOE COJCPKAHUE BBICO-
KOMOJIEKYJISIPHBIX BOAOPACTBOPUMEIX apabmHokcmianoB (BAK), cau-
XKArOINX MMUTaTeNIbHBIE CBOMCTBAa KOpMa. B HacTosiee BpeMs BeIBee-
HBI HOBBIE COpPTa O3MMOM PXKH YHHBEPCAIHHOTO WCIOIB30BaHUS C IIO-
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HKeHHBIM conepxanneM BAK (KoOwsustHckuit, 2014). C omauM u3
TaKuX WHHOBAIIMOHHBIX copToB — ‘“HoBas Opa” — Ha nmepHOBO-
MOA30JIUCTOM JIETKOCYTJIMHUCTON TIOYBE PA3JIMYHON CTETIEHU OKYJbTY-
PEHHOCTH TPOBOJSATCS WCCIENOBaHUS MO HM3y4eHHUIO 3(QdeKTHBHOCTH
a30THBIX yI0OpeHwii 1 OnompenapaTos.

BceneactBue runpoTepMuuecKuX YCIOBUHM M cabo-, © XOPOIIIO-
OKYJIBTypEHHBIE JCPHOBO-TIOA30JIMCTHIC TOYBHI B Hayajle BECCHHEH
BEreTalii O3MMBIX HMMEIOT OYEHb HU3KOE COJICpP)KaHHE HHUTPATHOTO
a30Ta, 0 YeM CBHJCTEIbCTBYIOT PE3yJbTaThl PAHHEBECCHHEH IUarHo-
CTHKH a30THOTO NuTaHus. Hu3koe comepkaHue HUTPATHOTO a3oTa B
MOYBE MOXHO OOBSICHUTH clIab0i OMOIOTHYECKOW aKTUBHOCTBHIO MOY-
Bbl. B nmTepaType MMEIOTCS HaHHBIE O TECHOM 3aBHCUMOCTH MEXIY
OMOJIOTHUECKON aKTUBHOCTBIO TIOUBHI M COAEP)KAaHHEM HUTPATOB B HEll
Ha MPOTsHKEHUH BereTanoHHoro nepuona (Hosukos, 2020).

TpamummonHas cucremMa ymnoOpeHHUH MO O3UMYIO POXKb TpPey-
CMaTpHuBaeT APOOHOE BHECEHHME A30THBHIX YJOOpeHHH Ha (OHE OCHOB-
HOro (OCHOPHO-KATMIHHOTO € O00sI3aTENbHOW paHHEBECCHHEH TOJ-
KOpMKO# azoroM. OJHAaKO W30BITOYHOE MHTAaHHE a30TOM IPUBOJIUT K
MoJIeTaHuI0 pacTeHUd. B momckax pemeHus 3Toil mpoOiaeMbl MpoBo-
JSITCS. MCCIEZIOBAHMS BJIMSHHUS KOMIUIEKCHBIX OHMOTpErnapaTroB, KOTO-
pBIe cozepkKaTr KOPPEKTUPYIOIIUE J03bI MAKPO U MUKPORJIEMEHTOB, Ha
YPOXKalHOCTh M KaueCTBO CEIbCKOXO3AUCTBEHHBIX KyabTyp. Hanbomnee
pacnpocTpaHeHHBIM CHOCOOOM MPUMEHEHUS SIBISIETCS BHECEHUE MX B
BHIe TUCTOBBIX Toakopmok (Fernandez et al., 2013), (Ocunos, [kpa-
6ak, 2019). OgarM U3 cIOCOOOB MPUMEHEHUS! MUKPOOHOIOTUYECKIX
npenapatoB (MBII) siBusieTcss ux BHECEHHE B KayecTBE MOJIU(HUKATO-
POB MUHEpalIbHBIX yIoOpeHuid. bruorpenapartsl crloCOOCTBYIOT yBEIH-
YCHUIO YPOXKaHHOCTH CEIbCKOXO3IUCTBEHHBIX KYJBTYpP, TOBBIIIAIOT
3¢ GEKTUBHOCTh YAOOPEHHH, CHIDKAIOT MMOTEPH MUTATEIbHBIX BELIECTB
(Cypos, 2017; Yeboraps, 2014; Marenychatall., 2019). B nactosiueit
paboTe M3y4eHO BIMSHUE MOJIHOTO MHUHEPAJIHHOTO yIOOpeHUus ¢ pas-
HBIMH J103aMH a30Ta, a TaKke OMoNpenaparoB, BHOCUMBIX Ha (oHe 1o-
HIDKEHHBIX /103 a30THBIX yIOOpeHuil Ha ypoXKailHOCTh 3€pHa O3UMOMN
KU ¥ Ha OKYNaeMOCTh JEHCTBYIOLIETO BEIECTBa yJI0OpEeHU B 3aBU-
CHUMOCTH OT OKYJIbTYPEHHOCTH HOYBBI.

Uzyuaemsie Ononpenapatsl: ['ymar kanus-Hatpus, Kogamun B-
Mo, Arpoduiopus u AykcuHojeH, buconoudur.
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I'ymaT kanus-HaTpusi MPOM3BEACH HA OCHOBE T'YMHHOBBIX KHC-
not. Conepxkanue azora — 3.5%, gocdopa U Kajaus B OpraHUIECKOM
dopme — 0.5% u 2.5%. YmobpeHnue colep HUT MUKPOIIEMEHTH M(
(0.1%), B (0.1%), Co (0.01%), Cu (0.05%), Fe (0.12%), Mn (0.1%),
Mo (0.025%), Zn (0.12%) B ¢dopmMe KOMIUIEKCHBIX OpraHo-
MUHEPATBHBIX COeNWHEHUH, TyMUHOBBIE (7%) 1 KapOOHOBBIE (TITFOKO-
HOBYIO, JINMOHHYIO, STHTAPHYI0, MOJIOYHYIO — B cyMMe 0.6%) KUCIIOTHI,
KOTOpBIC SBJISIFOTCS  XCJIaTHPYIOIIMMU arceHTaMd, aMUHOKHCIIOTHI
(2.4%) (http://www.silazhizni.ru/).

Kogamua B-Mo — komiuiekcHOe ymoOpenue, conepxut 6.4%
aszota, 6.5% Oopa, 0.22% monubnena u 12.48% CBOOOJHBIX aMHUHO-
xucaot (https://sevzapagro.ru/).

ArpoduiopuH conmepkuT ¢GepMeHTHI, aMUHOKHCIOTH, 10.9 1/1
OpTaHUYECKUX KHCIOT (pyMapoBylo, SHTAPHYIO, IIaBEJIEBO-YKCYCHYIO,
YKCYCHYI0), BUTAMHUHBI Tpynnsl B, (honmeByo 1 HIKOTHHOBYIO KHCIIO-
ThI, 26 Makpo- u MukposnemenToB (http:// arpodnopun.pd/). B cocras
AyKCUHOJICHA BXOAAT (PUTOTOPMOHBI (ayKCHHBI, TJIU(OCHH, THOOEpeII-
JIOBasl KUCJIOTA, IUTOKUHUHBI), (DEPMEHTBI, aMUHOKHUCIIOTBI, a TaKXKe
MaKpO ¥ MHUKPOAJIEMEHTHI, BUTAMUHBI TPYIIHI B, ¢onueBas u HUKOTH-
noBas kuciotsl (http://vsevsnab.ru/ ).

HekopHeBble MOJIKOPMKH JKUJIKAMH KOMIUIEKCHBIMH YJI00pEHHU-
SIMH, WCCIIeOBaHUAM 3(D()EKTUBHOCTH KOTOPBIX B HACTOSIIEE BPEeMS
yaensercss O0NbIIoe BHUMaHUE, 00ECIIEYMBAIOT HETIOCPEICTBEHHO Op-
raHbl ¥ TKaHW PACTCHHMI HEOOXOJMMBIMH 3JICMEHTAMH MUTaHHS. ITO
00CTOSATEIBCTBO JIA€T BO3MOXKHOCTH H30€)KaTh MOTEPh MHUTATEIBHBIX
BEIIECTB B pe3yJIbTaTe OTPUIATEILHOTO BIMSHUS MOYBEHHBIX (haKTO-
POB, TaKHX KaK BbIIIEIaYMBaHKE, IPOYHOE 3aKPEIUICHUE B MOUBEHHOM
MOTJIOIIAIOIIEM KOMILIEKCE U MEPEBOJ B TPYIHOJOCTYITHBIE JJIsl TTHATA-
Hus pacteHunit coenuuenus (butronkuid, 2011).

Buconbupur — MuxpoOHBIN mpenapat, co3naHabii Bo BHUU
CEJIbCKOX03SIMCTBEHHOW MHUKPOOHOJIOTHMH, aKTHBHBIM OHOAareHTOM KO-
Toporo siBisieTcs mTamm Oakrepuii Bacillus subtilis U-13 u ero mera-
00nuTHl, ¢ TUTPOM XHBBIX KieToK He MeHee 100 mun KOE/r nmpenapa-
ta. [Ipenapar obmagaeT XOpOIIeH CHITy9IeCThIO M aare3neil U mpeaHa-
3HAYCH I OMOJOTHICCKON MOAM(PUKAIIMA MUHEPATLHBIX yI0OpEeHUH.
Hopma pacxoma momudukatopa coctaBiser 4—5 KI/T MUHEpPalIbHBIX
yaobpenuii. B pesynbraTe HaHeceHUS OaKTEpHil Ha TOBEPXHOCTDH I'pa-
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HyJl ynoOpeHuil oOpasyeTcst “Ouokarcyna”, KOTopas OJHOBPEMEHHO
MOJKET BBINOJIHATH CPa3y HECKOJIBKO (PYHKIMHA: yIOOpUTEIbHYIO, 3a-
muTHYI0 U crumynupyromntyio (http://bisolbiplus.ru; 3aBamuu u ap.,
2015). baktepun 3a cueT KOJOHHU3AIMKM KOPHEH W MPOIyLUPOBAHUS
(bUTOrOPMOHOB YIIy4IIalOT Pa3BUTHE KOPHEBBIX BOJIOCKOB U UX IOTJIO-
TUTENBHYIO CIIOCOOHOCTD, B PE3yJbTaTe Yero MOBHIIIAETCS IPPEKTUB-
HOCTh MUHEPAITBHOTO MUTAHUS PACTCHHUU.

Uzyuenne 3¢pdekTnBHOCTH a30THBIX ya0OpeHuit n Ouomnpenapa-
TOB MOJ 03UMYIO POXKb, B 3aBUCUMOCTH OT CTEIEHU OKYJIbTYPEHHOCTH
MOYBBI, TMMO3BOJUT NPHU TUIAHUPOBAHUH YPOXKAWHOCTH HE TOJIBKO BOC-
MOJIHATH BBIHOC a30Ta, ¢ocopa U Kajus U3 MOUBbI, HO U SKOHOMHTH
MaTepHaJIbHbIE PECYpPCHl ATl MOyYCHHUS MaKCHUMAaJIbHOTO SKOHOMUYE-
ckoro 3ddexra or BHeceHHBIX ynoOpenuit (KuprommH, Kupromms,
2015; Yyxuna u ap., 2019). [lns orneHkH 3¢pGHEKTUBHOCTH MNPHUHITO
paccUMThIBaTh OKYNAeMOCTb JAEHCTBYIOILIEIO BEIIECTBA BHOCHUMBIX
yAO0OpeHuil equHUIeN CelbCKOXO3IHCTBEHHONW NpOMyKIuu. B xome
npoBeneHust ['eorpaduieckoil CeTH OIMBITOB € YIOOPEHUSIMH YCTaHOB-
JIEHO, 4TO B yCloBUAX HeuepHO3eMHOM 30HBI OKyIa€MOCTh MUHEPAJIb-
HBIX YJOOpeHH Ha OCeBax 3€PHOBBIX M3MEHSUIACh OT 5.6 KT 3epHa Ha
1 kr NPK mpu HeZoCTaToOYHOM YBIaXHEHHWM W HM30BITKE Teria IO
10.4 kr 3epna Ha 1 kr NPK npu onTuMaibHOM ypOBHE KIMMATHYECKHX
¢akropoB (Cerues, Edpemos, 2018; Crrues u ap., 2018). Cobironenne
7103, CPOKOB, CIIOCOOOB BHECEHHSI arpOXUMHKATOB, COaJTaHCUPOBAHHOE
MUTaHUE MAaKpO- U MUKPOAJIEMEHTaMH, COOIOJICHHE arpOTEXHUIECKUX
TpeOOBaHU, IMO3BOJNSET MOBBICUTH OKymaeMocTh NPK mpubaskoii
ypoKasi, mpeojoieBasl peaen peHradbenbHocTd B 2—3 pasza (Meroau-
YECKOEe PYKOBOCTRBO I10 IPOEKTUPOBAHUIO. .., 2008).

Lenb NpoBEEHHBIX WCCIIEAOBAHUA — HA OCHOBAaHMH TOJYYeH-
HBIX JaHHBIX YCTaHOBHUTH 3(P(PEKTUBHOCTD a30THBIX yIoOpeHuil n 6no-
mpernapaToB B  3aBUCUMOCTH OT  OKYJbTYPEHHOCTH  J€pHOBO-
MOJI30JTUCTON JISTKOCYTJIMHUCTOW TIOUBHI JUIsl pa3paboTKu pecypcoche-
peratomieil TeXHOJOTHH BO3ENBIBAHUS WHHOBAIIMOHHOW O3MMOW PiKH
YHHUBEPCAIBHOTO Ha3HAYCHMsSI C HU3KUM COZEp:KaHHEM BOJOPAaCTBOPH-
MBIX apabuHokcmianoB (BAK).

OBBEKTHBI U METO/IbI

HayuHno-uccnenopareibckas padotamnpoBoamiack B 2019-2022
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IT. Ha NOJsIX Jaboparopun arporexnosioruii ®I'BHY “®Denepanbhsbiii
LEHTP TyOSHBIX KyIbTyp” 000c007IeHHOTO Toipa3aeneHns [IckoBekmit
HUHNCX B COOTBETCTBHM C METOAMYECKUMH YKa3aHMsIMH ‘‘MeToanka
[I0JIEBOTO OMBITAa”, C MCIOJB30BAHUEM COBPEMEHHBIX METOJOB HCCIIe-
nmoBaHUH 1o4yB U pactennii (Jlocmexos, 1985).

IlouBa ONBITHBIX YYacTKOB — AEPHOBO-IIOA30JIMCTAsl JIETKOCY-
rnuHuCcTas. VMcxoaHas arpoxuMuvecKass XapaKTepUCTUKA MOYBBI MPH-
BeZicHa B Tabmmie 1.

ArpoxuMudeckoe o0cie10BaHi€e TIOUBHI OIBITHBIX YYaCTKOB I10-
Ka3ajio, 4TO B Mpefesax TEPPUTOPUU OMBITHOTO MOt 000COOICHHOTO
noapazaencHus [IckoBckoro HUMCX uMeroTcst ydacTKH, paziudaro-
LIMECS 10 CTETIEHH KUCIOTHOCTH, COCTaBY MOYBCHHOT'O IOTJIOLIAOLIE-
r0 KOMILIEKCa, COMIEPKAHUI0 TYMyca, HUTPaTooOpasyromieil crnocoOHo-
cti. [pynmupoBKYy MOYBEHHBIX YYaCTKOB IO CTEIICHH OKYJIbTYPEHHO-
CTH IIPOBEJIN COIJIACHO KJIACCU(HUKALUHU AESPHOBO-TIOA30IMUCTHIX I1OUB,
Pa3BUTHIX HA TIMHUCTBIX U CYTIIMHUCTBIX I0YBOOOPA3yIOLINX MOPOIaX.

Cxema ormbpITa BKJIIOYaia cleayloire BapuaHTsl: 0 — KOHTPOJb
0e3 ynoopenuit; NaoPaoKzo; NaoPaoKzo; N2oPaoKzo + Nao (BecHoit B asy
kymierns); NooPsoKzo + Nao (BecHOH B (azy kymmenus) — GpoH mist 6wo-
npenapaTtoB; NooPsoKzo + Nag (BecHoit B a3y kymienus) + Noo (B dasy
BEIX0JIa B TpYOKY); ¢oH + ArpodnopuH U AyKCHHOJCH (IBaXIBI: B
(haspl KyIIeHUs U BbIxona B TpyOKy); ¢oH + Komamua B-Mo (aBaxkapr:
B (pa3wI KyIeHus 1 BbIxoja B TpyOKy); ¢on + K-I'ymar-Na (aBaxksr: B
(a3el KylIeHus ¥ BBIX0/1a B TPYOKY); ¢oH + Bbucondbudut. OmsiT 3a510-
JKeH B 4-KpaTHO# moBTOopHOCTH. OOIIas MIomaas AeasTHKd — 37.5 M2,
ydeTHas miommaas — 30 M%, MOBTOPHOCTH 4-KpaTHas.

OOBEKTHI UCCIIENOBAaHUS: 03UMast poXkb coprta ‘“Homast Dpa”, mo-
361 A30THBIX yAOOpeHuil, OwompemapaTsl, Y4YacTKH JAE€pPHOBO-
MOJ30JIUCTOM JIETKOCYTTIMHUCTOM TOYBBI Pa3HOM CTENEHU OKYJIbTYpPEH-
HOCTH.

ATpOTEeXHUYECKUE TIPUEMBI U CPOKH MPOBEICHHS MCCIIeJOBAHMMA
— OOILIENPUHSATHIC Ul 30HBI BO3AEIBIBAHHUS O3UMON pKU. MuHepaib-
HBIE yIOOpEHHs] BHECEHBI IOJA TMPEANOCEBHYIO KyJIbTHBALMIO B BHUJC
aszodocku, cynepdocdara U Kajins XJIOPUCTOTO B KAYECTBE OCHOBHOI'O
ynoopenus. [IogkopMKH aMMHAYHON CEIUTPOU W JINCTOBBIC ITOIKOPM-
K1 OMonpenapaTaMu MPOBEICHBI B COOTBETCTBHH CO CXEMOH OIBITA.
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Ta6auna 1. ArpoxuMudeckas XapakKTepHCTHKA II0YBHI OIBITHBIX YYaCTKOB
Table 1. Agrochemical characteristics of the soil of experimental plots

Hr | S P205 | K20 NO:— Crenenn
I'ymyec, HACBHIIEHHOCTH
Housa Ton pH mr-3kB/100 r MI/KT % HAKOTLTCHHE, OCHOBAHHSIMH,
Mr/Kr %
55- | 1.5- 250— | 220
* | |
. A 200 | 250 | 30-50 40-50 >80.0
(BO) BRICOKO- 9079765 | 18 | 121 | >350 | 133 430 871
OKYIRTYPEHHAA 5000 | 6.2 17 | 114 | 300 | 237 3.2 45.0 87.0
2021 | 6.1 | 1.8 | 140 | >350 | 200 2.8 474 88.6
50— | 3.0— 100— | 100—
* | __ |
o e | 5o 250 | 200 | 20-35 30-40 60-80
OE( QTCPeei‘;e;ﬂ 2019 | 56 | 33 | 49 | 260 | 179 34.0 59.8
YARTYP 2020 | 53 | 36 | 53 | 220 | 167 2.1 31.0 59.6
2021 | 52 | 35 | 50 | 300 | 200 2.2 29.1 58.8
43— 30— | 100-
* >5. 1.5-2. 20— —
(Oc) ocBoeHHas 4.7 50 100 200 525 0-30 30-60
2022 | 48 | 57 | 35 | 220 | 180 2.0 9.0 38.0
IIpumeyaHue. * — TPYNIHPOBKA JEPHOBO-TIOI30JIUCTHIX MOYB 10 AarpOXMMHYECKMM II0Ka3aTeNsiM, COTJIACHO

KJaccu(UKaIuH 110 cTeneHu oKyIbTypeHHoctH (Kupromun, 2015).

Note. * — grouping of sod-podzolic soils by agrochemical indicators, according to the classification by cultivation status
(Kiryushin, 2015).
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Buconbugut BHECEH B MOUBY Hepes MOCEBOM C MUHEPAJIbHBIMH YA00-
peHUsIME 13 pacueTa 4 KT mopoika Ha 1 T yaoOpeHuil.

AHanmuTH4YecKrue paboThI BBHITOJHEHBI B JJa0OPaTOPHUH arpoTex-
nonoruit ®I'bHY ®HI] JIK OII IlckoBckuit HUMCX B cooTBeTCTBUM
¢ T'OCT 26483-85, TOCT P 54650-2011, TOCT 26212-2021, TOCT
27821-2020. MareMaTH4yeckyto 00pabOTKy MOIY4YECHHBIX JTaHHBIX MPO-
BOJIWJIN AUCTIEPCHOHHBIM MeToI0M 1o b.A. JlocriexoBy.

Bennunna 3aTpat MUHEpaNIbHBIX YIOOpEHHH ¢ pa3HBIMH J103aMH
a3zoTa Juis (hopMUpoBaHus 1 T 3epHA paccuMTaHa 10 hopMmyJie:

3=JU/VHI,

rae 3 — 3aTpaTbl MHHEPAIbHBIX YIOOPEHHH C pa3HBIMHU JI03aMH a30Ta
s popmupoBanus 1 T ypoxas, kr/T; J| — mo3a ymoOpenus, kr/ra; Y —
ypoxkaifHOCTh 6e3 BHeceHus1 ynoOpeHuii, 1/ra; [ — mpubaBka ypoxas
ot ynoOpenuit, u/ra (ladpan, 2022).

I'upporepmuueckue ycnosus HUP, npencraBieHHble HA PUCYH-
ke 1, umenu cBou ocoOeHHOCTU. TeMrepaTypHbIid PeKUM OCEHHHUX TIe-
PHOJIOB BEreTallMy B IEJIOM ObUT OJNarONpUsITHBIM U CYIICCTBEHHO HE
OTIIMYAJCs OT CPEIHHMX MHOTOJETHMX IaHHBIX. BrlmaseHune ocaakos
o0ecreunBano 03MMOM PXKU JOCTaTOYHBIE 3arackl BIaru. Temmneparyp-
HBI PEKUM B OCCHHHUH TepHoj ObUT HECKOJBKO BBIIIE MHOTOJETHUX
nokazareneid. B HosiOpe MOJOXUTENbHBIE TEMIIEpPATyphl JHEM U He-
OoJIbLIME 3aMOPO3KH HOYBIO CIIOCOOCTBOBAJIH 3aKAJIKE PACTEHHM.

3UMHHE TEpHOAbl UMEIH PE3KUE Pa3INyusl 1O rofaM HCCIea0-
BaHui. K Hauany nexaOps BO BCe rojibl HAOIIOIECHHUH, 32 HCKITIOUECHHUEM
2019, oTMeueH yCTOMYMBBIN NIEPeXo ] OT MOJIOKHUTEIBHBIX TEMIIEPaTyp
K OTPHILATENbHBIM, UTO COOTBETCTBOBAJIO OKOHYAHHIO OCEHHEW BereTa-
umu pacrennid. B gexabpe 2018 r. Bbmano 77% ocaakoB OT HOPMBI.
CHeXHBIN MTOKPOB yCTaHOBHJICSA TONBKO B sHBape 2019 r., uTo mpenot-
BpaTUJIO BEIMEp3aHNE PACTEHUH B KOHIE SHBapsl, KOraa ObLIM OTMeYe-
HBI MOPO3BbI 110 -21.6 °C. deBpaiib XapakTepr30BaICs TEIIONW MOroa0H
C TeMIIepaTypaMH BO3yXa CYIIECTBEHHO BBIIIE CPETHUX MHOTOJIETHIX
3HAYEHHH.

3umy 2019-2020 rr. MOKHO OXapakTepHU30BaTh KaK aHOMaJIbHO
TEIUTyI0, HeTHNMHYHYI0 1 lIckoBckod oOmactu. B mexabpe—sHBape
HaOJII01aIHUCh TT0JIOKUTEIbHBIE TEMIICPATYPbl, B OTAEIbHbBIE HOUU ObI-
JI1 HEOOJTBIIINE 3aMOPO3KH.
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Puc. 1. TunpoTtepmMuyeckue ycaoBUs MPOBEICHUS NCCIIETOBAaHUH.
Fig. 1. Hydrothermal conditions for research.
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Kimumarnueckas 3uma Hactynwia B |l nexane despans: orpura-
TeJIbHBIE TEMIIEPATyPHI BO3/AyXa M CHEXXHBIN MOKPOB YCTAHOBUIIHCH 27
¢despans. 3umuuii nepuog 2020-2021 rr. He uMen OCOOCHHOCTEH, B
otnuuue oT 3umbl 2021-2022 rr., KOTOpas OTAUYATIACH PAHO YCTAHO-
BHUBIITUMHUCS OTPHUIIATENBHBIME TEMIIEPATYPaMHU U CHEKHBIM MTOKPOBOM,
a Taxke MHOTOYHCIICHHBIMH OTTEIIEISIMH BO BTOPOU ITOJIOBHHE 3UMBI,
CHOCOOCTBYIOIIMMH 00pa30BaHUIO JEASTHONH KOPKHU M BHIMOKAaHHUIO pac-
TEHUMU.

Paznuums o Temriepatype BO3IyXa M KOITUYECTBY OCaIKOB BEC-
HOW Ha Hayajo BEreTallMy PacTeHHH CYIIECTBEHHOTO BIHMSHUS HE OKa-
3pIBasiM. Hawano Bereranuu o3uMOM p>KH Bce oAbl oTMedaioch B 11
nekane ampens. Maiickue mecsubl B 2019 u 2021 rr. xapakrepuzoBa-
JIUCh N30BITOYHBIM KOJMYECTBOM OCAJIKOB, B 2—3 pa3a MpPEeBHIIIAIONTIM
MHOTOJIETHUE TTOKA3aTEIH.

JleTHre mepuoaEI IO TEMIepaType BO3AyXa B HIOHE IPEBOCXO-
I MHOTONeTHHE noka3arenu. Cymma ocankoB B 2019, 2020 u 2021
rT. coctapisuia 25% u 50% oT HOpMBI, THApOTepMHUYEecKre KO3 uIm-
entsl (I'TK) 66un paBubt 0.4, 0.74, 0.68 u 1.92, uyTo XapakTepu30BaiIo
WIOHB 3THX JIET, KaK 3aCylUTMBbIA. Mronp ObLT IpoxiianHee, 32 UCKITO-
yerrem 2020 r. B utosne 'TK 0.64 611 ycTaHosieH B 2021 T.

CyMmMbl TemriepaTyp Bosayxa Bbimie 10 °C 3a BereTammoOHHBIN
MepHo O3UMOW pXKH, BKIIOYas OCeHb, MO roaaM coctaBmim 2 376,
2138, 2 536 u2 196 °C cOOTBETCTBEHHO.

[orogHpie ycloBHS OKa3bIBANM OIPEJE/ICHHOE BIHMSHAE Ha
YpOKalHOCTb. B TO e BpeMmsi, BBISBICHBI 3aKOHOMEPHOCTH B Pa3BUTHH
pacTeHHi TIpY BHECEHUM MHUHEPAIBHBIX YIOOpPEeHUH U OnompenapaTos
Ha MPOTSDKEHUH YETBIPEX JIET UCCIIeIOBAHUH.

PE3VYJIbTATBI U OBCYXJIEHUE

BrusiHue pa3nuuHbIX 103 a30THBIX yIOOpEHHIA Ha ypOKaHHOCTh
3€pHa O3UMOW pXH, B 3aBUCUMOCTH OT CTEHEHH OKYJbTYPEHHOCTH
TTOYBBI, OTOOPAKEHO HA PUCYHKE 2.

CreneHb OKYJHTYPEHHOCTH TOYBBI OKa3bIBajla CYIMIECCTBECHHOE
BIIUSTHUE Ha YPOXKAWHOCTH 3€pHA O3MMOM PKH, YTO COTJIACYETCS C JIU-
TepaTypHbIMU nanHBIMU (CaBud u np., 2021; CaBuH u ap., 2022).
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Puc. 2. BausHue pa3nuyHbIX 103 a30THBIX YAOOPEHUH Ha yPO’KalHOCTH 3epHa O3MMOH PXKM Ha JIEPHOBO-TIOJ30JIMCTON
II0YBE BEICOKOM CTCIICHU OKYJIbTYPEHHOCTH, 1/ra.

Fig. 2. Influence of various doses of nitrogen fertilizers on the yield of winter rye grain on soddy-podzolic soil with long-
term cultivation status, t/ha.
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CHmKeHNe arpOXMMHUYECKHX TMoKa3arened (yBenndeHHe KHUCIOTHOCTH
[IOYBBI, CHIDKCHHE CTEIIEHH HACBHIILEHHOCTH OCHOBAHUSIMH, YMEHBbLIIE-
HUE HUTPATooOpa3yromeil clmocOOHOCTH U TyMyca) MPUBOAMUIO K CHU-
XKEHUIO0 YPOKaWHOCTH 3€pHAa KOHTPOJBHOTO BapHaHTa, B CPEIHEM 3a
TpH rojia uccaenoBanmii, Ha 0.5 T/ra HAa CPEAHEOKYIBTYPEHHOH MOYBE
n Ha 1.4 T/ra Ha OCBOCHHOM.

Ha BBICOKOOKYNBTYpEHHOH AEPHOBO-MIOJ30JIUCTON MOYBE YpO-
XKalHOCTh B KOHTpose coctaBisiia 3.4 u 3.0 1/ra B 2019 u 2021 rr. co-
orBeTcTBEeHHO. B 2020 r. moay4eHO CyHIECTBEHHO MEHBIIE 3€pHA, YTO
MOXHO O6’b$ICHI/ITI) CTPECCOBBIMHU YCJIOBUSAMHU B II€PUOA aHOMAJIBLHO
TEIUTOH 3UMBI. MakcumanbHas yposkaitnocts B 2019 1. (4.2 1/ra) ycra-
HoBieHa mipu BHeceHnU N2oP40K70 B ocHOBHOE ymoOpenue n N B paH-
HEBeCeHHIOI MOAKOpMKY; B 2020 m 2021 rr. HauOompmas ypokai-
HOCTB TIOJTyYeHa Tpu ApoOHOM BHeceHHH 60 Kr . B. a30Ta Ha TeKTap:
20 xr — B ocHOBHOE yno0OpeHne oceHbio U 40 KT — B paHHEBECEHHIOIO
MOJKOPMKY. JlanpHeilliee MOBBIIEHHE 103 a30Ta CONPOBOXKIAIOCH
CHIDKCHHEM YPOXKaHOCTH 3epHa — HaONoJalcs “3ak0H yObIBaromiel
otrnaun’” nipu BHeceHnu 80 Kr 1. B. a30Ta.

3aBHCHUMOCTb YPOXKallHOCTU 3€pHa O3MMOM P>KM OT 1103 a30Ta,
npeacTaBjiCHHAA B Ta6nnue 2, MOYUHACTCA YPaBHCHUAM ITOJIMHOMA C
BBICOKOW BEJINUMHON TOCTOBEPHOCTH alIPOKCUMALINH.

Tabauna 2. YpaBHeHUs TOJTHHOMHAIBFHON 3aBUCUMOCTH YPOXKaHHOCTH 3epHA
03UMOH XM OT 103 a30THBIX YAOOpEHHWH Ha TMOYBE BBICOKOW CTETCHU
OKYJIBTYPEHHOCTH

Table 2. Equations of the polynomial dependence of the yield of winter rye
grain from the doses of nitrogen fertilizers on soil with a high degree of
cultivation

Tox Ypaesenue BeauuuHa gocTOBEpHO-
CTH aNNPOKCUMALMU

2019 V=-0.0913X2+0.7219X+1.7699 0.9921

2020 V=-0.0355X2+0.433X+1.425 0.7946

2021 V=-0.0801X2 +0.8416X+2.2289 0.9401
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Pe3ynbTaThl MpOBEAEHHOTO AUCIIEPCHOHHOTO aHAIN3a JAaHHBIX
3(h(HeKTUBHOCTH a30THBIX YAOOPEHHI TOJ 03UMYI0 POXKb Ha BBICOKO-
OKYJIbTYPCHHOM IIOYBE, NPUBEACHHBIE B Tabnuuie 3, MoKas3aad, 4YTO
BIMSIHUE DPa3INYHBIX 103 a3oTa ((pakropa A) M BIUSHHE MOYBEHHO-
KJIMMaTHIECKHX yCIoBuii (pakropa B) ObuH CyIIECTBEHHBI.

N3meHnenne ypoxaifHOCTH TOJl BIMSHHAEM a30THBIX YIOOOpeHHH
[0/1 03UMYIO POKb Ha yyacTKaX OCBOEHHOW IOYBBI U MOYBHI CpeAHEN
CTENIEHH OKYJIbTYPEHHOCTH IIOKAa3aHO Ha pPUCYHKE 3. YCTaHOBJIEHa
OPSIMOJIMHEWHAs 3aBUCUMOCTb YPOKAWHHOCTH O3UMOU P3KU OT J103 a30-
ta. braronpustHeie KmuMaTHdeckue ycnoBus 2019 1. cmocobcTBOBaNMH
MOJIYYCHUIO XOPOIIIEro ypokas 3epHa. Bricokoli Obliia U OT3BIBUMBOCTH
KyJIbTYPHI Ha a30THBIE yA0OpeHus. AHOMaIpHO Terutas 3uma B 2020 T.
IpuBeia K UCTOIICHUIO PaCTEHUI U oTpa3wiack Ha ypoxaiiHoctu. Ca-
Masi HU3Kasl ypOKalHOCTh 3epHa O3 BHECEHUS YJOOpEHHI yCTaHOBIIE-
Ha B 2022 . Ha ocBoeHHOH mouBe ¢ pH 4.7-4.9 1 HU3KOH HUTPATOOO-
pasymoieil crmiocoOHOCTBIO, YTO MOCTY>KHJI0O OCHOBAaHHEM ISl BHICOKOM
OT3BIBUMBOCTH 03UMOH P)KM HAa IPUMEHEHHUE a30THBIX YI00pPCHUH.

JIuHelinbie ypaBHEHHUS 3aBUCUMOCTH YPOXKallHOCTH 3€pHA OT 7103
a30Ta, [peJCTaBJICHHbIE B Tabiuue 4, UMEIOT BBICOKYIO BEIWYMHY J0-
CTOBEPHOCTH aNMpOKCUMAIIHH.

PesynbTarhl AMCIIEpCHOHHOTO aHAIW3a JaHHBIX 3(dekTuBHOCTH
a30THBIX yIOOpEHUH MOJ O3UMYIO POXKb Ha IOYBE CPEAHEH CTeNeHU
OKYJIbTYPEHHOCTH NpHUBEJICHBI B Tabnuie 5. BausHue pasnuyHbix 103
azota ((akropa A) W BIMSHHE MOYBCHHO-KIIMMATHUECKUX YCJIOBUN
(daxropa B) OblaM CyIlIECTBEHHBI, YTO TMOATBEPIKIAETCS OpPEIEICHN-
€M CTaTUCTHYECKHUX KPUTEPUEB:

Faaxrua > Fipurua; p-value < 0.05.

Ha pucynke 4 oToOpakeHO BIHSHHE JINCTOBBIX IMOIKOPMOK H
MBII buconbudur Ha yposkailHOCTb 3epHa O3MMOH DKM B 3aBHCHMO-
CTHU OT OKYJIbTYPEHHOCTH MOUBHI, B cpeHeM 3a 2019-2021rr.

Ha mouBe cpemHell crenmeHW OKYJIBTYPEHHOCTH HaWOOJbINIAs
npubaBka K MHUHEpaJdbHOMY (oHY mosyueHa npu BHecennun MBI
Buconbugut, koropas cocrauia 0.22 1/ra unum 7.6%.
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Ta6auna 3. Pe3ynbTaTel IUCTIEPCHOHHOTO aHAN3a JAHHBIX 3((GEKTHBHOCTH a30THBIX YAOOPEHHH IOl 03UMYIO POXKb Ha
MOYBE BHICOKOM CTEIECHU OKYJIbTYPEHHOCTH

Table 3. Results of dispersion analysis of data on the effectiveness of nitrogen fertilizers applied under winter rye on soil
cultivated for a long-term

Hcrounuk pazdopoca SS df MS F p-value F xpurnu
dakTop A 2.777969 9.00 0.31 7.7295 0.000130 2.45628
daxtop B 17.02759 2.00 8.51 213.201 0.000000 3.55456

OmmOka Mozenn 0.718796 18.00 0.04
Bcero 20.52436 29.00

UCTUHA Hyneast rumoTesa 00 OTCYTCTBUH BAMSAHUS YpoBHEH PakTopa A oTkiIoHeHA. Pasnnime

Brisox 1 Ny .
CPE/IHUX 3HAYCHUI BBIOOPOK HE MOKET ObITh OOBSICHEHO JIHIIb CITyYaifHOCTHIO

Hyneast rumotesa 00 oTCyTCTBUY BIUSIHAS YpoBHe# Daktopa B oTkimonena. Pazmiane

BreBoxn 2 | UICTUHA N N
CPE/IHUX 3HAYCHUI BBIOOPOK HE MOKET ObITh OOBSICHEHO JIHIIb CITyYaifHOCTHIO
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Puc. 3. BausiHue pa3auuHBIX 03 a30THBIX YIOOPEHHUH Ha ypOXKAHHOCTH 3epHA O3UMOW P)KU HA JACPHOBO-TIOA30JIMCTON
II04YBC Cpe,[[Heﬁ CTECIICHU OKYJIbTYPEHHOCTU U Ha OCBOEHHOM ,I[epHOBO-l'IO,IBOJII/ICTOﬁ II04YBC, T/ra.

Fig. 3. Influence of various doses of nitrogen fertilizers on the yield of winter rye grain on moderately cultivated soddy-
podzolic soil and on long-term cultivated soddy-podzolic soil, t/ha.
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Fig. 4. Influence of soil cultivation status and biological preparations on the yield of winter rye grain, on average, t/ha.
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Ta6auna 4. YpaBHeHHS THHEHHOH 3aBUCHMOCTH YPOXKAWHOCTH 3€pPHA O3UMOM
PR OoT 103 a30THBIX y,[lO6peHPII7[ Ha II04YBC Cpe[[Heﬁ CTCIICHHU
OKYJIbTYPEHHOCTH U Ha OCBOCHHOM MOYBE

Table 4. The equation of the linear dependence of the yield of winter rye from
the dose of nitrogen fertilizers on the soil of an average degree of
cultivationand on mastered soddy-podzolic soil

2019 YV =0.2758X + 2.8329 0.9764
2020 vV =0.224X +1.196 0.9128
2021 YV =0.3352X + 1.7489 0.9734
2022 YV =0.4103X + 1.0687 0.9458

OO0paboTka pacTeHU ATpOoQIOpUHOM U AYKCHHOJIGHOM 00ec-
MeYnBaa J0MOTHUTENFHO K MuHepanbHoMy (ony 0.11 T/ra 3epHa nnn
3.67%, 6uonpenaparom Kogamun B-Mo — 0.26 t/ra wiu 8.78% u ry-
MuHOBBIM yao0penuem K-I'ymar-Na — 0.16 t/ra unu 5.36%. Ha Beico-
KOOKYJIbTYPEHHOW TMOYBE JeHCTBUE OMOMpenaparoB ObLIO BHIPAKEHO
CyLIecTBEHHO MeHblIe. [IpoBeeHre TUCTOBBIX MMOAKOPMOK OHomperna-
patamu Komamua B-Mo u K-I'ymar-Na moBblmano ypoxaiHOCTbh, B
CpPaBHEHUHU ¢ MUHEpaIbHBIM (hoHOM, Ha 0.1 T/ra 1 0.12 1/ra uinu 2.8% u
3.4% coorBercTBeHHO. HecMoTpst Ha OoJiee BBIpaKEHHBIA 3PHEKT OT
OuonpenapaTroB Ha CPEJHEOKYIbTYPEHHOM y4YacTKe, Ha Y4acTKe C BBbI-
COKOH CTeNeHbI0 OKYJIbTYPEHHOCTH YPOXKalHOCTh 3€pHa Oblia BbIIIE
Ha 0.37-0.59 T/ra.

Arponomudeckas 3QQEeKTUBHOCTh CPEACTB XMMHU3ALHMH, OIpe-
nensieMas BEIMYMHOM MPHOABKH YpOXKas U OKYIaeMOCTbIO BHOCHMBIX
ynoOpeHuii, mpencrapieHa B Ta0auIe 6. AHaIU3 JaHHBIX TaOIUIIBI TI0-
Ka3aJ, 9TO CTENeHb OKYyJbTYPEHHOCTH TMOYBBI OKa3bIBalla 3aMETHOE
BIMSHUE Ha BEJMYUHY MOJTYy4aeMbIX NMPHOABOK M OKYNAEMOCTh -
CTBYIOIIETro BemecTBa yaoOpenuii. Ha BoicokookynmsTypeHHol (BO)
[IOYBE MPOBEJCHUE a30THBIX ITOJKOPMOK B pa3lIMYHbIX J03aX obecre-
YHMBaJO B TOIBI UCCIENOBAHUI MPHOABKU ypokasi 3epHa B Iperenax
0.38-1.7 1/ra wmm 11.2-65.9% k KoHTpoMIO mpU OKymaemoctu 2.1-
10.0 xr 3epHa 3a 1 xr NPK.

158



bromnerens [louBenHoro uactutyta uM. B.B. Jlokydaesa. 2024. Brim. 119
Dokuchaev Soil Bulletin, 2024, 119

Ta6auna 5. Pe3ynpTaTel IUCTIEPCHOHHOTO aHAN3a JAHHBIX 3((GEKTHBHOCTH a30THBIX YAOOPEHHH IOl 03UMYIO POXKb Ha

II0YBE CPEIHEH CTENCHH OKYJIBTYPEHHOCTH
Table 5. Results of dispersion analysis of data on the effectiveness of nitrogen fertilizers applied under winter rye on the

moderately cultivated soil

Hctounuk pazdopoca SS df MS F p-value F xpurna
®dakTop A 7.0731002 9 0.7859 19.73221 0.000000 2.250131
®daxtop B 18.720118 3 6.240039 156.6736 0.000000 2.960351
Ommnbka Moenu 1.0753638 27 0.039828
Bcero 26.868582 39
Bemox 1 UCTUHA Hynesas runoresa 00 OTCYTCTBUH BIMAHHS yPOBHEH ®axkTopa A OTKIIOHEHa. Paznuune

CPeIHUX 3HAYEHUH BEIOOPOK HE MOKET OBITh OOBSICHEHO JIMIIb CITy4YaiHOCTHIO
Bhisox 2 UCTUHA Hynesas runotesa 06 E)TCyTCTBI/II/I BIusAHUA ypoBHell Pakropa B OTKJ'IOHCI:Ia. Pa3znnuune
CPEeIHUX 3HAYCHUI BBIOOPOK HE MOXKET OBITh OOBSICHEHO JIUIIb CITyYaifHOCTHIO
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Ta6auna 6. BiusHue oKyIbTypeHHOCTH ITOYBHI Ha arpOHOMHIYECKYIO 3()(heKTHBHOCTH a30THBIX yIOOPEHUH O 03UMYIO0
POXKb U 3aTpaThl a30Ta Ha NPOU3BOJACTBO NPOAYKINHU

Table 6. Influence of soil cultivation on the agronomic efficiency of nitrogen fertilizers under winter ryeand nitrogen
costs for production

Jlo3bl a30Ta, Kr/ra
20 40 20420 | 20+40 20ng+ 20 40 | 20420 | 20+40 20;3(“
IlouBa
Tpnoasku, ( canTene — T/ra 3arparsl N, KI/T — B UMCJIUTeIE;
PHOABIKHL, (B HuCAUTENE —T/rd, OkynaemocTb, Kr 3epHa/kr NPK — B
B 3HaMeHaTese — %0)
3HAMEHAaTeEJIC

BO 0.38 0.73 0.77 0.68 0.39 5.3 9.6 9.5 14.6 21.0
2019 11.2 21.2 22.6 19.9 11.5 2.9 438 5.2 4.0
BO 0.39 0.54 0.56 1.2 0.8 9.0 16.9 16.8 19.9 305
2020 214 29.7 30.8 65.9 44.0 3.0 3.6 3.7 7.1
BO 0.75 1.05 117 1.70 137 54 10.0 9.7 12.9 185
2021 25.5 35.7 39.8 57.8 46.6 5.8 7.0 7.8 10.0
BO 0.51 0.77 0.84 1.19 0.86 6.6 12.2 12.0 15.8 234
cpez[Hee
a3 19.4 28.9 31.1 47.9 34.0 39 5 5.6 7.0 45
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IIpononxenne Tadauubl 6
Table 6 continued

Jo3bI a30Ta, Kr/ra
20 40 20420 | 20+40 20;3“ 20 40 | 20420 | 20+40 2042“3(”
ITouBa
TpuGaskw, (B YuCHTEIE — T/12 3arparsl N, KI/T — B UMcC/IUTeIE;
P i i OkynaemMocThb, Kr 3epHa/kr NPK — B
B 3HamMeHaTese — %0)
3HAMEHAaTeJ1e

Cco 020 | 043 0.63 111 134 5.9 111 105 14.0 177
2019 6.3 135 19.7 35 42.2 1.5 4.2
Co 013 | 021 0.36 0.81 113 | 120 211 | 255
2020 8.4 13.6 23.4 52.6 73.4 1.0 4 2.4
CcO 0.62 0.81 115 1.36 1.84 7.8 14.4 12.9 18.1
2021 31.6 41.3 58.5 69.3 93.7 4.8 5. 7.6
co 0.32 0.48 0.71 1.09 1.44 8.5 16.1 14.8 19.2 229
cpez[Hee
a3 15.4 22.8 33.9 52.3 69.8 2.4 3.2 4.7 6.4 75
Oc 088 | 091 1.26 1.67 2.33 9.0 17.9 154 20.0 219
2022 65.8 68.6 94.5 125.9 174.9 6.7 6.1 8.4 9.9 12.2
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B cpennem 3a Tpu roja McclieioBaHMK ycTaHOBJEHA HauboJjee
s dexTHBHAS 1032 a30Ta I 03UMOM PrKH, BO3ACIBIBAEMON Ha JCpHO-
BO-TIOJI30JIUCTOM MOYBE BBICOKOW CTENEHH OKYJIbTYPEHHOCTH, paBHas
60 kr/ra, BHeceHHass ApoOHO: 20 Kr/ra B OCHOBHOE yIOOpEHHE U
40 xr/ra B a3y KymieHus BecHoW. BHeceHHe yka3aHHOH JO3bI a30Ta
CHocoOCTBOBAIO TOMYUYeHHIO HamOombinei npudaBku — 1.19 1/ra nnm
47.9% k xoutpomo npu okymaemoctu 7.0 kr 3epna 3a 1 xr NPK.
Haubonpmas oxynaemocts ynoopenuit — 10.0 kr 3epna 3a 1 kr NPK —
nonyyeHa B 2021 r.

Ha yuacTkax 1o4ssl, UMEIOIIEH CPEIHIOK CTENEHb OKYJIbTYpPEH-
Hoctu (CO), pasnu4HbIe 03Bl a30THBIX MOAKOPMOK CIIOCOOCTBOBAIM
MOJTy9eHUI0 TpruOaBok yposkas 3epHa or 0.13 mo 1.84 1/ra nmm 6.3—
93.7% x xouTpomo npu okynaemoctu 1.0-9.7 kxr 3epna 3a 1 kr NPK.
Hau6onee adpdexTrBHas 103a a30Ta YIS O3UMOM PXKH, BO3IIEIBIBAEMOM
Ha JI€PHOBO-TIO30JIUCTOM MOYBE CPENHEH CTENEeHU OKYJIbTYPEHHOCTH,
cocraBmia 80 kxr/ra: 20 kr/ra ObLUTO BHECEHO C OCHOBHBIM yJIOOpEHHEM,
40 xr/ra — B (ha3y kymieHus BecHoit u 20 kr/ra — B ¢a3y BbIXOJa B
TpyOKy. B cpemHem mo rojam mpu BHECEHWHM yKa3aHHOW 03Bl a30Ta
npubaska 3epHa Obuta paBHa 1.44 1/ra uinu 69.8% K KOHTPOIIO, C OKY-
naemoctbio 7.5 kr 3epHa 3a 1 kr NPK. bnarompustHbeie ycioBus
2021 r. Ha CPEIHEOKYJIBTYPEHHOM Y4YacTKE IMO3BOJMIM OKYIUTh 1 KU
NPK 9.7 xr 3epHa.

Ha ocBoenHoli mouBe npubaBKku ypoxas 3epHa ObUIM HauOOJb-
[IMMH, YTO OOBACHSETCS HU3KAM YPOBHEM IUIOJIOPOJUS M BBICOKOU
OT3BIBUYMBOCTBHIO PACTEHHH Ha NpHUMEHEeHHe yqoO0peHuil. B 3aBucumo-
CTH OT 1036l BHECEHHOIO a30Ta OHM HAaXOAWJIHMCH B Ipeneiax OT
0.88 1/ra miu 65.8% k xoHTposto 10 2.33 T/ra miau 174.9% cootseT-
crBeHHO. OKyImaeMoCcTh YA0OpeHH BO3pacTaia C MOBBIIICHHUEM JI03bI
azota. MakcumanbHas okynaemocts — 12.2 kr 3epnHa 3a 1 xr NPK —
ycraHoBjeHa pu BHeceHUH NgoP4oK7o C ApOOHBIM BHECEHHEM a30Ta.

B Tabnuiie 6 mpeacTaBieHb! JaHHBIE O 3aTpaTax a30Ta Ha MPOU3-
BOACTBO 1 T 3epHa 03uMOM pku. B cpeqHem 3a Tpu roja uccienoBaHUiA
Ha MOYBE C BBICOKOH CTEMEHBIO OKYJIbTYPEHHOCTH 3aTpaThl a30Ta Ha
IIPOM3BOJCTBO 3€pHA BO3PACTAIM B 3aBUCUMOCTH OT 03Bl 3JIEMEHTa C
6.6 Kr/T mpM BHECEHHWM MHHHMAanbHON 1036 (paBHO# 20 Kr/ra) mo
23.4 xr/T npu BHecennu 80 kr azorta/ra. Ha mouBe co cpenneii creme-
HBIO OKYJIbTYPEHHOCTH IPU BHECEHHM BCEX HCCIEIYEMBIX 103 a30Ta,
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3a uckmoyenneM 80 Kr/ra, HaOIrO#aeTCs MOBBIIICHHE 3aTPaT dJIEMEH-
Ta, B CPABHEHUH C BBICOKOOKYJIBTYPEHHBIM YYaCTKOM, 0 8.5 KI/T mpH
BHeceHnun 20 kr/ra. [Ipu BHecernnn 40 kr/ra (B IepBOM CiTy4ae BHECEHO
40 xr/ra c ocenu, Bo BTopoM — 20 kr/ra ¢ oceHu u 20 Kr/ra B IOJKOPM-
Ky paHO BECHOW) 3aTpathl a30Ta Bozpactanu a0 16.1 u 14.8 kr/1, a ipu
BHEeceHnn 60 kr/ra — mo 19.2 xr/T 3epHa. Ha ocBoeHHOIT TOUBE 3aTpaThl
a3orta ynoOpenuii coctaBisii 9.0 Kr/T 3epHa mpu BHeceHuu 20 Kr/ra,
17.9 xr/t npu BHecernuu 40 kr/ra oceHbto. OTMEUEHO, YTO APOOHOE
BHecenue 40 xr/ra a3zota (20 xr/ra ¢ ocenn u 20 Kr/ra B MOJAKOPMKY)
CIOCOOCTBOBAJIO CHIDKEHHUIO 3aTpaT dJieMeHTa — 10 15.4 Kr/T 3epHa.

YcraHoBneHa 3aKOHOMEPHOCTh, MPH KOTOPOH € TOBBIIICHHUEM
OKYJIbTYPEHHOCTH J€PHOBO-NIOJ30JMCTOM TOYBBI CHIKAJIUCH 3aTPAThI
a30Ta Ha IMPOU3BOJACTBO 3epHA. VICKIIOUeHHE COCTaBJSIET BEJIMYHMHA
HCCIEAYEeMOro TOoKa3zaTelsi MpU BHECEHHWU JO03BI a30Ta, paBHOM 80
kr/ra. OTCyTCTBUE 3aKOHOMEPHOI'O CHIDKCHMs 3aTpaT 3JE€MEHTa Ha
MPOM3BOJCTBO 3€pHA NP IMOBBIIEHUH IUIOJOPOAMS MOYBBI 00YCIOB-
JICHO CHW)KEHHUEM YPOXKAMHOCTH Ha BBICOKOOKYJIBTYPEHHOM YYacCTKe,
BCJIEJICTBHE M30BITOYHOTO a30THOTO ITUTAHUS M TIOJICTAHUS PACTEHUH.

OnHuM u3 cnocoOoB MoBbILEHUS 3()PEKTUBHOCTH MHUHEPAJb-
HBIX YI00pEHUH MpH BO3/EIBIBAHUN O3UMOU PXKH SIBJISETCS IPUMEHE-
Hue OuompenapatoB. Pesynbrarel nzydeHust 3()(HEKTHUBHOCTH MUHE-
payibHBIX yIOOpEeHuil Mo BIMSHHEM OMOIpEnapaToB Ha IMOYBE C pas-
JIMYHOU CTENEHBIO OKYJIBTYPEHHOCTH NPEICTaBICHbI HA PUCYHKE 5.

Y CTaHOBJICHO, YTO NPUMEHEHHE OMOIPENapaToB MOBBIIIAN0 (-
(heKTUBHOCTh MUHEPATHHBIX yA0OpeHuil. Ha BBICOKOOKYIBTYypeHHOU
nouBe Ha kKaxaeid 1 kr NPK gononHuTensHO K MUHEpaIbHOMY (GOHY
nostydeno 0.15, 0.75 u 0.83 kr 3epHa 1pu MPOBEICHUM JINCTOBBIX O~
KOPMOK pacTBOpamH mpemnapaToB Arpoduiopud u AykcuHoneH, Konaa-
muH B-Mo, K-I'ymar-Na coorBercTBeHHO.

Ha cpenHeokyiabTypeHHOH TOYBE [OMOJHUTEIBHO IOIY4YEHO
0.74, 1.74 u 1.09 Kr 3epHa OT JUCTOBBIX MOAKOPMOK OHOIIpenapaTaMu
Arpodnopun u AykcunosneH, Kogamun B-Mo, K- I'ymar-Na cootser-
crBeHHo U 1.51 xr 3epHa 3a 1 kr NPK npu Brecennn MBII bucon6u-

¢ur.
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Puc. 5. BiusiHue creneHu OKyJIbTYPEHHOCTH MOYBBI M OHMONpENapaTroB Ha arpOHOMHYECKYI0 3((EKTHBHOCTh a30THBIX
yao0peHuii o 03uMyo poxb, Kr 3epHa 3a 1 kr NPK (B cpeanem 3a 2019-2021 rr.).

Fig. 5. Influence of soil cultivation status and biological preparations on the agronomic efficiency of nitrogen fertilizers
applied for winter rye, kg of grain per 1 kg of NPK (average for 2019-2021).

164



bromnerens IlouBennoro nncrutyta um. B.B. [lokyuaesa. 2024. Bpim. 119
Dokuchaev Soil Bulletin, 2024, 119

[IpumeHeHne GuoIpenapaToB Ha BHICOKOOKYJIBTYPSHHOM MOYBE
OKa3aJl0 MEHblIee NEeHCTBHE BCIEACTBHE OOJIbIIECH O0ECIIEUeHHOCTH
pacTeHUid dIeMEHTaMU MHUTaHusA. B TO BpeMs Kak Ha CPeJHEOKYIbTY-
PEHHOM TOYBE MPHUCYTCTBOBAJ OTPAaHUYMBAIONINI ypPOXKaHHOCThH (akx-
TOP, KOTOPBIH OBLIT CKOPPEKTHPOBAH OHOTIpermapaTaMu.

3AKJIFOYEHHME

IIo pesynpraTaM wuccCleIOBaHUM, NPOBOAUMBIX Ha JEPHOBO-
MOA30JIUCTOM JIETKOCYTJIMHUCTON MOYBE Pa3HOM CTENEHH OKYJIbTYpPEH-
HOCTH, YCTAHOBJIEHbI OCHOBHBIE 3aKOHOMEPHOCTH JAEWCTBUS MUHE-
paNBHBIX yIOOpEHH C Pa3HBIMH J03aMH a30Ta, a Takke Ouompenapa-
ToB Ha (poHEe N2oPioK7o+N2g, Ha ypokaliHOCTH 3epHa O3UMON PXKHU H
OKyTaeMocTh yno0pennii B IIckoBckoit 00macTy.

CreneHb OKyJbTYpPEHHOCTH IOYBBI OKa3blBajla CYIECTBEHHOE
BJIMSIHUE Ha ypOXKAHUHOCTh 3€pHAa 03UMOH PKU. B KOHTpOIBHOM Bapu-
aHTE CPEAHEOKYIbTYPEeHHOW MOoYBBI HenxononydeHo 0.5 T/ra 3epHa, Ha
0CBOCHHOI — 1.4 T/ra, B CpPaBHEHUU C BBICOKOOKYJIbTYPEHHOH MOYBOM.
3arpatrhl a30THBIX YIOOPEHU JUIsl TTIOTyYeHUsS MaKCUMaIIbHOTO 3 dek-
Ta Ha BBICOKOOKYJIbTYPEHHO! TI04BE OBUIN HIXKE B Pa3HbIe TO/bI Ha 20—
40 xr/ra.

Ha nepHOBO-1IOA301MCTON OCBOEHHON IOYBE BHECEHHE MUHE-
pasibHBIX YO00OpeHuii obecrnieunBaio 0ojiee BBICOKOE AEHCTBHE HA ypPO-
KAHOCTh 3epHa. MakcuManbHBIA arpoHoMHUYecKuil 3pdexT okazano
BHeceHHEe MUHepalbHbIX yaoopennit NgoPioKzo C 1poOHBIM BHEceHHEM
a30Ta: B OCHOBHOE yn0OpeHHe, PaHHEBECEHHIOIO MOAKOPMKY M IOJ-
KOpPMKY B a3y BbIxoga B TpyOky. IIpnbOaBka ypoxkas ot yaoOpeHuit
nocturia 2.33 1/ra umu 174.9% Kk KOHTPOJIIO ¢ OKynaeMocThio 12.2 kr
3epHa 3a 1 xr NPK.

Ha cpenHeokynbTypeHHOH MOYBE AJsl MONYyYEHHS MaKCHMallb-
HOTO ypoKasi TOTpeOOBaJIOCH B COCTABE MOJHOTO MUHEPAIBHOTO Y100-
pernst 80 Kr a3zora Ha reKTap, MPH 3TOM OKYNAeMOCTh JOCTHIIIA 5.9-
9.7 kr 3epHa 3a 1 kr NPK.

Ha mouBe ¢ BBICOKOH CTENEHBIO OKYJIBTYPEHHOCTH MaKCHMallb-
HBI 3()(EeKT moydeH Npu BHECCHUH TTOJTHOTO MUHEPAIBHOTO ya00pe-
Hus ¢ 1o30i azora 40 xr 1. B. B 2019 1. u 60 xr 1. B. B 2020 u 2021 rr.
OxymnaeMocTh ya0OpeHHi MPH BHECEHUH MAaKCUMAaJIbHO 3(PEKTHBHBIX
103 a3ora coctarisuia 5.2-10.0 kr 3epna 3a 1 kr NPK.
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CoBMecTHOE MPUMEHEHHE MHUHEPAIbHBIX YAOOPEHUH C HEBBICO-
KAMH /I03aMH a30Ta W OHONpernapaToB Ha IOYBE CpPEeTHEH CTEeTeHH
OKYJITYPEHHOCTH TIOBBIIIATIO OKYIaeMOCTh yI0OpeHHI. ArpOHOMHYE-
ckasi 3QQeKTUBHOCTs OMoOMpenaparoB Oblia 3KBUBajeHTHa 3.7-8.8%
npuOaBKU yposkasi OTHOCHUTEIBHO MHUHEpanbHOro ¢ona. Ha BeicOKO-
OKYJIbTYPCHHOU II0YBE JeHCTBHE OMONpemnapaToB OBLIO BBIPAKEHO
crnabee, YTO MOKHO OOBSICHUTH 00Jiee BHICOKUM YPOBHEM ILIOAOPOIHUS
MIOYBBI.

HccnenoBanus mokasaid, YTO B TPAHUIAX OJHOTO CEIBCKOXO-
3SMCTBEHHOTO TPEANPUSATHSI UMEIOTCS YYACTKH TOYBHI C pa3sHOM cTe-
MEHBI0 OKYJIBTYPEHHOCTH M Pa3HOW MOTPEOHOCTHIO PACTCHUH B 3Jje-
MEHTax MUTAHUS, YTO OIpPEAeIIeT HEOOXOANMOCTh IPOBEICHHS arpo-
XMMHYECKUX M3BICKAHUHI Ha Ka)XKJOM KOHKPETHOM IOJIe JJIsI pacdeTa
SKOHOMUYECKH 00OCHOBAaHHBIX 3aTpaT MpHU pa3paboTke pecypcocoepe-
TaloIINX TEXHOJOT Ui BO3/ICIIBIBAHHS CEIbCKOX03IHCTBEHHBIX KYIBTYP.
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Peztome: 1lpoaHanu3upoBaH 3JIEMEHTHBIMI COCTaB TIOYB U PACTCHUI
arpolieHo3a Ha cepoil JsecHol mouBe Buagumupckoro Omnoness npu
JUTUTEIEHOM TNPUMEHEHWHM MUHEPAIbHBIX M OpPraHUYECKHX YJOOpEHHIl.
O1eHUBAIOCH BAJIOBOE COAEPIKaHUE U CONEpKaHNe MOABIKHBIX Gopm Ni, Cu,
Zn, Co, Mn, Fe, comepxaHue 3THX DJIEMEHTOB B HaJ3€MHBIX OpraHax
pacTeHui, a Taxke M3MEHEHUS OCHOBHBIX arpOXMMHYECKUX XapaKTEePHCTHK,
CHOCOOHBIX BIMATH Ha JIOCTYITHOCTb 3JIEMEHTOB JUIsl pacTeHuid. [loka3aHo, 4To
BHECCHHE MHHEPAJBbHBIX YIOOPEHUH CHOCOOCTBYET IOJKHCICHUIO IIOYBEHI,
YBEIMUEHHUIO COJIEPXKAHUSA OPraHWYEeCKOro yriepoja, MOABIKHBIX (HOpM
¢docdopa. IIpu >TOM BapuaHTEI ¢ COBMECTHBIM BHECCHHEM MHHCPATBHBIX H
OpraHWYeCKUX yNOOpEeHHH MOABEp>KEHBI MEHBIIEMY W3MEHEHMIO JaHHBIX
XapaKTepUCTHK, YTO MOXKET OBITh OOYCIIOBICHO yBenmueHHeM OydepHoit
CHOCOOHOCTH TOYBBI B OTHOUIEHHMM KOMIIOHEHTOB, IIOCTYMAIOIUX C
MUHEPAIFHBIMU COJIIMH, 32 CYET BHOCHMOTO OPTaHHUYECKOTO BeIIeCTBA.
IIpuBnoc B arporeHo3 Ni, Cu, Zn, Co, Mn, Fe c¢ ymobpeHusimu
(opraHMYecKMMH ¥ MUHEPAJIbHBIMH) HE OTPAa3WICS HA BaJIOBOM COJIEpKaHUU
METaJUIOB B To4Be. [IpoM30mII0 N3MEHEHHe COAepKaHMsI HMOABIDKHBIX (OpM
METAUIOB B I0YBE, OOYCIOBICHHOE M3MEHEHHEM arpoXMMHYECKHX
rapaMeTpoB MouB. 3a(hUKCUPOBAHO U3MEHEHHE COJIEPKAHNUSI MUKPOAIIEMEHTOB
B pactuTenbHOM npoxykuuu. CHuxeHue coaepxkanus Zn, Cu B pacTeHUsIX B
BapuaHTax ¢ Ooyiee WHTEHCHBHBIM HCIIOJIb30BaHUEM yaoOpeHuit (u ¢ Ooisee
BBICOKOH ypoXalHOCTBIO) o0bsicHAeTcs ‘“dddexTom pazdasnenus”. Tpedyer
KOHTpOJsl HHU3Koe coaepkanne Co B TOYBE W HEJOCTAaTOYHOE €ro
nocrymniueHue B pacTeHHa. COBMECTHOE HCIONB30BaHUE JAHHBIX IO
M3MEHEHHIO JJIEMEHTHOTO COCTaBa MOYB M PACTCHHH TIIO3BOJNSAET JIydIle
audepeHInpoBaTh BapUaHThl ONbITA B MPOCTPAHCTBE IJIaBHBIX KOMIIOHEHT
IIPH aHAJIN3€ STHM METOJOM U MEPCHEKTHBHO JJII MOHUTOPHUHTA ITOCIIEICTBUI
arporeHHOW Harpy3ku pasHou cteneHu. [lomydeHHble pe3ysibTaThl MOTYT
YUUTBIBaTbCS TP (OPMUPOBAHUM KPUTEPHEB OLEHKH MUHEPAJIHHOTO
MUTaHUS pACTEHUI U HOPM BHECEHUS yIOOpEHUIA.
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CHCKTPOMCTpUsA C I/IH,Z[yKTI/IBHO-CBSI?)aHHOﬁ HHa3MOfI; MCTOA  T'JIaBHBIX
KOMITIOHCHT.

Changes in the elemental composition of agrocenosis
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Abstract: The paper analyzes the elemental composition of soils and plants of
agrocenosis on the gray forest soil of Vladimir opolye under long-term
application of mineral and organic fertilizers. The content of total and mobile
forms of Ni, Cu, Zn, Co, Mn, Fe and the content of these elements in
aboveground plant organs, as well as changes in the main agrochemical
characteristics that can affect the availability of elements to plants were
evaluated. It is shown that the application of mineral fertilizers contributes to
soil acidification, increase in the content of organic carbon, mobile forms of
phosphorus. At the same time, the variants with joint application of mineral
and organic fertilizers are subject to less change of these characteristics, which
may be due to the increased buffering capacity of the soil with respect to the
components coming with mineral salts, due to the applied organic matter.
Introduction of Ni, Cu, Zn, Co, Mn, Fe into agrocenosis with fertilizers
(organic and mineral) did not affect the gross content of metals in soil. There
was a change in the content of mobile forms of metals in the soil due to
changes in agrochemical parameters of soils. Changes in the content of trace
elements in plant products were recorded. The reduction of Zn, Cu content in
plants on the variants with more intensive use of fertilizers (and with higher
yield) is explained by "dilution effect". The low content of Co in the soil and
its insufficient supply to the plants must be controlled. The joint use of data on
changes in the elemental composition of soils and plants allows better
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differentiation of experimental variants in the space of principal components
when analyzed by this method and is promising for monitoring the
consequences of agrogenic load of different degrees. The results obtained can
be taken into account in the formation of criteria for assessing the mineral
nutrition of plants and fertilizer application rates.

Keywords: trace elements; field experiment; inductively coupled plasma
optical emission spectrometry; principal component analysis.

BBEJIEHUE

ATpOIIEHO3BI — 3KOCHCTEMBI, HCKYCCTBEHHO (GOpMHpYyeMble U
MOJIIeP’)KUBACMBIE YEIIOBEKOM, — HAXOIATCS TIOJ AJTUTEIBHBIM BO3/ICH-
CTBUEM DA3IMYHBIX aHTPOIIOTEHHBIX (akTopoB. [I0UBHI B Takux ycio-
BUSIX TIOJBEPTAIOTCS PUCKY XMMHYECKOH Jerpajanud, MojJ KOTOpOu
MOHUMAIOT, B TOM YHUCIIE, I3MEHEHHS COACPKaHHUs MaKpO U MUKPOdJIe-
mentoB (Molchanov et al., 2015). C sneMeHTHBIM COCTABOM ITOYBBI
CBSI3aHBI OCHOBHBIE DKOJIOTHYECKHE (DYHKIIMU MOYBBL: (DyHKIUS UCTOY-
HUKa 3JIEMEHTOB MTUTaHUA W (YHKIHS Oy(hepHOTO0, 3aIUTHOTO OHOTEO-
neHotudyeckoro skpana (Jloopososibekumii, 2008). [logmepxanue 3TuX
(GyHKIMH, BBINOJHSAEMBIX MOYBOW, TpeOyeT MOHUTOPHHIA M OICHKH
MPOUCXOAIINX W3MEHEHUH. AKTYalbHOCTh HM3YYEHHS DIIEMEHTHOTO
COCTaBa TIOYB U CHUCTEMBI ITOYBa—pacTeHUEe 0OOCHOBBIBAETCSI HEOOXO-
JMMOCTBIO0 oOecTiedeHus] cOalaHCUPOBAaHHOTO MUHEPAIBHOTO MHTAHHUS
pacTeHuil B arponeHo3ax 1 MoydeHus: 0e30MacHoN MpoIyKIuH, 00Jia-
JIArOIIEe COOTBETCTBYIOMIMM KadecTBoM. O0a acmekTa TpeOyroT KOH-
TPOJISi PUCKOB XUMUYECKOHN JIETPafalliy MOYBbI Ul HCKIFOUCHUS BbI-
COKMX ypPOBHEW COJEp)KaHUS dJIEMEHTOB, 00YCIIaBIMBAIOLIIMX TOKCHY-
HOCTb, WIN JIEPHUIUTOB, CHOCOOHBIX MPUBOAUTH K HEMOJHOLUECHHOCTH
MUTaHUS )KABOTHBIX U YEJIOBEKA W BO3HHUKAIOIINX TIPH ATOM OOJIC3HSIM.

CoBpeMeHHBIE MOJXO/IbI K OICHKE COJCpP)KaHHs MUKPOIJIEMEH-
TOB B TOYBE, KaK B OTHOIICHHM MHHEPAIBGHOTO MHTAaHUS PACTCHUM
(rpamamuu 00ecrieueHHOCTH MOYB MHKPODJIEMEHTaMH), TaK U B OTHO-
[ICHUH TIOTEHIMAILHON TOKCHUYHOCTH ITHX JJIEMEHTOB (COOTBETCTBHE
3HAUCHMSM TIPEICIbHO JIONMYCTHMBIX KOHIICHTPAIMii), OCHOBAaHBI Ha
OLICHKE JJAHHBIX O COJEPKaHUU MOABHKHBIX (POPM DIIEMEHTOB B TI0YBE
(Borisochkina et al., 2022). Bce cymiecTByONHe METOABI dKCTPAKITAH
MOJBHXHBIX (DOPM AIIEMEHTOB MMEIOT CBOM OTPaHHYCHUS, HE BO BCEX
CIy4asiX CHOCOOHBI JOCTOBEPHO OTPaXkaTh IOCTYITHOCTH JJIEMEHTOB
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st pactenni (Siromlya, 2009). Ha HacTosiuii MOMEHT HE CYLIECTBY-
€T METOJla SKCTPAKIHMH, KOTOPHIH BO3MOXKHO ObUIO ObI aleKBaTHO IMPHU-
MEHATD 11 BceX TUIoB mous (Reimann et al., 2015). B cBoro ouepensn,
METOABI OIICHKH cOanaHCUPOBAHHOCTH COJCP)KaHUS MUKPOAJIEMEHTOB,
OCHOBaHHBIC Ha W3YyYCHHMHU 3JIEMEHTHOI'O COCTAaBa PAaCTEHHUM (IMCTOBas
IUAarHOCTHKA), TaKKE€ HMMEIOT CBOM orpaHuueHus. [lpu npumeneHun
TAaKOT0 IMOAX0/a HET BO3MOXKHOCTH Pa3lW4YUTh HCTHHHBIA Ae(UIuT
9JIEMEHTA B MOYBE OT Je(pHUIUTA, 00YCIOBICHHOTO aHTAarOHUCTHYECKH-
MU OTHOWIICHUsSMU C Apyrumu snemeHTamu (WmbuH, 1985). Ilo-
BUAMMOMY, AajibHEHIIee pa3BUTHE IMOIXOA0B K OLIEHKE AJIEMEHTHOTO
COCTaBa MOYB KaK KOMIIOHEHTOB arpoIll€HO30B JOJKHO BKIIIOYATH COB-
MEILEHHE aHaJIM3a [TI0YB U PACTEHUH B LIEJIOCTHYIO CUCTEMY.

[TouBsr HeuepHo3emMHOI 30HBI OCOOEHHO HYXKIAIOTCS B OIEHKE
W3MEHEHUH, IPOUCXOIAIIUX IIPU HMHTCHCUBHOM arpoOTEXHUYECKOHN
Harpyske. [l1ogopoane moys JaHHOW 30HBI CHHIKAETCS, YTO MPUBOAUT
K IIOCTETIEHHOMY TEpeX0y MX B Pa3psii MaJOIUIOAOPOIHBIX U 3arpsi3-
HeHHBIX 3eMenb (YTkuH, 2022). Cepble JieCHBIE MOYBBI COCTABISIOT
33% mnamnau BrnaguMupckoi 001acTH M Ha HUX BhIpamuBaeTcs >70%
BaJOBOW CEJIbCKOXO03siicTBeHHON mpoxykuuu (YTkuH, JIyKbsHOB,
2022). Tspkenple METaUTBl, MHOTHE M3 KOTOPBIX SIBISIOTCS MUKPOJJIie-
MEHTaMH, BXOJISIT B COCTaB ()EPMEHTOB M MX HEJOCTATOK (MM H30bI-
TOK) BBI3bIBA€T HEOMArONpPHUSTHBIE MOCIEACTBUS HE TOJIBKO AJISI pOCTa U
YPOXKalHOCTH CEJIbCKOXO3SHCTBEHHBIX KYyJIBTYP, HO M Ui obecrieue-
HUS J)KUBOTHBIX M YeJIOBEKa TOJHOIEHHBIM muTaHueM. Ha Hesarpss-
HEHHBIX TEPPUTOPHUSIX MOCTYIUICHHE METANIOB B TIOYBHI C yJ00pEHMSI-
MH U MEJIMOPAaHTaMH SIBJSIETCS OCHOBHBIM MCTOYHHKOM IPHXOJa Me-
TauIoB M cocTaBigeT oT 72% m0 98% ot obmero motoka (Ilomoga,
1992). Haumbonpiime konudecTBa mpuMeced coxaepkar (ochopHbie
ynoOpenus. Conepxanue npuMeceil B GochopHBIX yI0OpEHUSIX 3aBH-
CHUT OT COCTaBa UCXOJHOT'O CHIpBSl M TeXHOJOruu npousBojcTea (Kap-
moBa, 2003). Oprannueckue ymoopeHus B OOJBITUHCTBE CIIyIacB MPH-
BOJSAT K MOJIOKHUTEIILHOMY OaJIaHCY MUKPO3JIEMEHTOB B arpoCHCTEME U
TaKXe MOTYT OBITh 3HAYUMBIM MCTOYHHKOM HX moctyruienus (Kapmo-
Ba, Munees, 2015; Hua et al., 2023). OcobeHHO CYIIeCTBEHEH BKIIa
OopraHMuecKux yaoopenwuii B moctymienne Zn, Cu, Ni (Adriano, 2001).
Takum o6pa3oM, IIUTENFHOE PUMEHEHHE yI00pEeHHH MOXKET MPHUBO-
IUTh K HM3MEHEHHIO 3JEMEHTHOIO COCTaBa IIOYBBI U PACTUTEJIBHON
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nponykiuu. [loaromy mpoOiieMa OICHKH OOCSCIICUCHHOCTH PaCTCHHIA
MHKPOIJIEMEHTAMH U pa3paboTka KPUTEPHUEB MX ONTHMAIBHBIX COIEp-
JKaHUU B ITOYBAX arpOLEHO30B OCTAETCS JOCTATOYHO aKTyaJIbHOM.

Llenpro maHHOM pabOTHI CTalla OLICHKA U3MEHEHHI DJIEMEHTHOTO
COCTaBa KOMIIOHEHTOB arporeHo3a (IoYB W PAacTCHHH) MpPU IJTUTCITh-
HOM BHECEHHUH B CEPBHIE JIECHBIE TOUYBBI MUHEPAIbHBIX U OPraHUYECKUX
yI0OpEHUI Ha IPUMEPE JTUTESIHLHOTO MOJICBOTO OIBITa HA TEPPUTOPHH
Brnaaumupckoro onosups.

OBBEKTBI U METO/IbI

OOBeKTaMu HCCIICIOBAHMS TTOCTY KWW 00pa3Ibl MOYBBI U pac-
TEeHUH, 0TOOpaHHBIC Ha TEPPUTOPHH OIBITHBIX ToJel Bmagmmupckoro
omonbst (BepxueBomxckuit ®AHILI). J[nmuTensHBIA TOJIEBON OIBIT 3a-
soxkeH B 1991 r. Uccnenosanu naxotusiit (0—20 cM) cioif cepbIx Jiec-
HbIX TspKenocyraumaucThix mouB (Luvic Retic Greyzemic Phaeozem
(Loamic, Aric)). UepenoBaHue KyJibTyp B CEBOOOOPOTE: OJHOJETHHE
TpaBbl (CMECh ropoxa ¢ OBCOM); O3MMas IIIEHHUIIA; OBEC C IMOJCEBOM
TpaB; TPaBhl MEPBOTO T'0Ja; TPAaBbI BTOPOTrO rojia; O3uMasi IMIICHUIIA;
ssuMeHb. MccnenoBann mpoObl [eBATH BapuaHTOB omnbiTa: (on, PK,
1 no3a NPK, 2 no3sl NPK, HaBo3, naBo3 + PK, naBo3 + 1 go3a NPK,
HaBo3 + 2 10361 NPK. [lasiee OyyT MCIIOJIb30BaHbl COOTBETCTBYIOIIME
COKpaIlleHHbIe Ha3BaHWs BapuaHToB ombiTa: poH, PK, 1NPK, 2NPK,
HaBo3, HaBo3+PK, HaBo3+1NPK, HaBo3+2NPK. Ilpumensemsie yno0-
pennsti: HaBo3 KPC (60 1/ra, B 1 T HaBo3a — 6.2 Kr a3oT1a, 3.2 kr P20s,
6.1 xr K20), asoitHo#t cynepdocdar (P.Os, ogunapnas noza 340 kr/ra
3a porauuto, nBoiHas — 680 kr/ra), kanuitnas conb (KCI, 360 xr/ra u
720 xr/ra), ammuaunas cenurpa (NHaNOs, 340 u 680 kr/ra). [Tinomans
nensuakn 100 M?. CMmemannbie 06pasibl B TPEXKPATHON MOBTOPHOCTH
oTOMpanuch ¢ Kaxaol nensHku B utosie 2021 r., B Havane 4-oif pora-
nuu. Jjis aHanmm3a pacTUTENIRHOTO MaTepuaia ObITH 0TOOpaHBI 00pas-
1[I TOPOXa U OBCA.

OtobpanHble 00pa3ipbl MOYB BBICYLIMBAINCH NPH KOMHATHOU
TeMIepaType A0 BO3IYIIHO-CYXOT0 COCTOSIHUS, H3MEIbUAINCh B (ap-
(opoBOii CTyIIKE U MPOCEUBAINUCH YEPE3 CUTO C JUAMETPOM OTBEPCTUIL
1 MM, B MOCIENYIOEM XpaHWINCh B IUIACTUKOBBIX Makerax. J[ns mo-
JMy4deHus: oOIIed arpoXUMHUYECKOW XapaKTEpPUCTHKH OTOOpaHHBIX 00-
pa3LoB I0YB ONpEeAesUIN cleqyroume nokaszareau: pH BoaHbIN U co-
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JIEBOH, COJIepKaHNUe OPraHUYECcKOro yIiIeposa, collepKaHnue 0OMeHHO-
ro ¢ochopa. Boausrii pH ob6paszuos (H20) u conesoii (1 M KCl) ompe-
JesUTH TToTeHITnoMeTpruaecku (Sartorius PB-11, Sartorius AG, ®un-
JISTHIUS) TIPH COOTHOIIEHUH pacTBopa K oOpasiy moussl 1 : 2.5 (FOCT
26423-85). ConeprkaHue OpraHUYECKOTO yriiepoja ONPEelIsin OKHC-
neHreM 1o meroay Tropuna B momudukanuu [IMHAO c dporomerpu-
yeckuM okon4yanueM (I'OCT 26213-91), cnekrpodoromerp UNICO-
1201 (UNICO, CIIA). Conepxanue oOMeHHOTO (ochopa onpeaesiim
mo KupcanoBy (I'OCT 26207-91, taxxke ¢ mpumenenuem UNICO-
1201).

Jiist onipeieNieHrst BAJIOBOTO COZICPIKaHUS DIIEMEHTOB B 00pasax
MOYB MPOBOJMIOCH MOJHOE KHCIOTHOE BCKPBITHE O0OpPAa3IOB CMECHIO
A30THOH, XJIOPHOW ¥ TIABUKOBOW KUCIOT (MeToInKa KOITMIeCTBEHHO-
ro XUMHUYECKOro aHamu3a..., 2011). [logBuxHbIe GOPMBI IJIEMEHTOB
M3BIIEKAJH arleTaTHo-aMMOHUHHBIM Oydepom pH 4.8 (AADB) npu coot-
HOIIIEHUH 1MO4BHI K pacTBopy 1 : 10 (5 T moussl, 50 M pacTBOpa).

OTtoOpaHHbIe Ha JENTHKAaX MMOJIEBBIX OIBITOB 00pa3Ibl pacTeHHUH
BBICYIIIMBAINCH ITPH KOMHATHOH Temreparype. BeicylieHHbIe pacTeHHs
pa3IeNsaay Ha OT/IENbHBIE OPTaHBI: JINCThS, CTEONH, pEeNpPOAYKTUBHEIC
oprasbl (tutoab1). OOpasiel pacTeHUM U3MEIbYAIHM U MTOJABEPIaIl KHC-
JIOTHOMY Pa3JIOKEHHIO B CMECH a30THOW KUCIIOTHI M JUCTUIIMPOBAH-
HO Bozwl (8 Mi koHUeHTpupoBaHHOW HNO3 + 2 M H20O) B cucteme
MUKpOBOJHOBoOro pasnoxkenus nmpod ETHOS EASY (Milestone, WUta-
nust). [TosryueHHbIe pacTBOPHI MeperBaiy B poOupku Ha 10 mit.

DJIeMEHTHBIH aHa W3 TOJYYEHHBIX PAacCTBOPOB OCYIIECTBIISIICS
METOAOM ONTHUKO-dYMHCCHOHHON CHEKTPOMETPUH C HWHAYKTHBHO-
cesanHoi  tuasmoit  (MCIT-ODC) (5800 ICP-OES, Agilent
Technologies, USA). Onpenensnu couepkaHue B oOpasiiax Cleayro-
mux dieMenToB: Ni, Cu, Zn, Co, Mn, Fe.

Pesynprarsl uccnenoBanusi 00paboTaHbl METOAAMHU HeTapaMeT-
pudeckoit cratuctuku ¢ ucnoiszoBanueM STATISTICA 10.0 u s3bika
nporpammupoBanust R B cpene R Studio. Paznmuuust cunranuce cratu-
crryecku 3HaunMbIMU Tipu p < 0.05 g Bcex TectoB. Kpurepuit Kpac-
Kema—Yoliuca TPUMEHSUICA ISl OTpeAeNCHUs HAIWYHs Pa3IndHi
mexay rpymmamu (Kruskal, Wallis, 1952). Ecnu TecT mokasbiBai
HINYME CTATHUCTHYECKH 3HAUYMMBIX Pa3IHYUi MEKAY IpyNIamMu, IpH-
MeHsT TecT ['ao mist MHOXecTBeHHOTO cpaBHEeHM rpym (Gao et al.,
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2008). JloBepuTeabHbIE MHTEPBAJIBI ISl CPSTHUX 3HAUCHHUH PaCcCUUTHI-
BaJIi TIPW BEIMYMHE TOBEPUTENBbHON BeposTHOCTH 95%. [lnst BoIsBIIC-
HUSl B3aHMOCBSI3€H MEXIy MMOKa3aTeIHMH PACCUUTHIBAIA KOA(DHHUIH-
eHT koppemsaiuu CrnupMmeHa. Taxke B aHaNIM3€ NAaHHBIX UCIOJIb30BaH
MeTo riaaBHBIX kKommoHeHT (MI'K).

PE3VJIBTATHI U1 OBCYXXJAEHUE

H3menenue arpoXuMn4ecKux nokasareJsiei

AHanmM3 arpoXMMHYECKMX TIOKa3aTeliell BBIABISET W3MEHEHUS
MIOYB M3Y4aeMOTO OITBITa, TIPOUCXOIAIINE IO/ BO3ACHCTBUEM BHECCHHS
yInoOpeHuil — MUHEpaIbHBIX, OPTAaHUYECKUX U MX COYETaHUsS. ITH IO-
Kazarenu — PH, cojepikaHre OpraHUYecKOro yriepoaa W MOABHKHBIX
¢dhopm ocdopa — BoO MHOTOM CTIOCOOHBI OOYCIIaBIHBATh M3MEHEHHE
MOJIBM)KHOCTH AJIEMEHTOB B TIOUBE, & TAK)KE MX MOCTYIJICHUE B PacTe-
uus (Knesmuna, 2010, Shopina et al., 2020).

Brecenne MuHepanbHBIX yIOOpEHMIA, a TaK)Ke HaBO3a B COYETa-
HUU C [BOMHON mo30ii NPK mpwBOOWT K TMOAKUCIIEHWIO TOYBHI
(puc. 1a). ITo Benu4yrHE OOMEHHOW KHUCIOTHOCTH OOJIBIIUHCTBO OIBIT-
HBIX JISIISTHOK OTHOCHTCS K CIA0OKHUCIBIM TIOYBaM (JIHara3oH 3HaYeHUH
PHkci mutst marno# Tpymmel 5.1-5.5). BeinensroTcst BapuaHThI ¢ HAUOO-
Jiee BBICOKUMHU JI03aMH BHECEHHS MUHEpaIbHBIX yaoopenuit — 2NPK u
HaBo3+2NPK, oHM OTHOCATCS K CPETHEKHUCIIBIM TMOYBaM (Auama3zoH
3HaueHuit PHkel 1 nanHo# rpynmsl 4.6-5.0). Panee Ha manHOM 00B-
eKTe ObUIM TMOKa3aHbl Pa3IM4YMs B CTEIICHU M3MEHEHHS KHCIOTHOCTHU
Mexay Bapuantamu onbita (OKopkoB u ap., 2021). BHecenune opranu-
YEeCKUX YAOOpEeHHH CIOCOOCTBOBAJIO YMEHBIIEHHIO POCTa THIPOJIUTH-
YECKOH KHCIIOTHOCTH, YTO aBTOPHI CBA3BIBAIOT C MPOLIECCAMH aMMOHH-
¢ukanu u obpazoBanus ammuaka. CHMIKEHUE pocTa THIAPOIUTHYE-
CKO1 KHCIIOTHOCTH 00YCJIaBINBAJIOCh KaK B3aUMOJICHCTBHE YI0OpEHUH
MeXIy coOOMH, TaK M CO CBOMCTBAMH IMOIJIOLIAIOIEro KoMiuiekca. pH
MOYBBl HAMPSIMYIO CBSI3aH C JIOCTYITHOCTHIO MHKPOIJIEMEHTOB, IO-
CKOJIbKY BIIMSIET Ha WX PacTBOPUMOCTh M CIIOCOOHOCTH 0OPa30BBIBATH
xenatel B mouBe (Banuelos, Ajwa, 1999).

B »THX ke BapmaHTax ONbBITA OTMEYACTCS TPSHJ HA YBEITUYCHUE
collepKaHusl OpraHudecKoro yriepona (puc. 1B), oqHaKO, U3MEHEHHS
CTaTUCTUYECKU HEJOCTOBEPHBI.
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Puc. 1. OCHOBHbIC arpOXUMHUYECKHE XapPAKTCPUCTHKHU MOYB JJTUTEIBHOIO MOJEBOI0 OMbITa: a) akryanbHas (PHu20) 1 00-
MenHas (PHkcl) KHCIOTHOCTD, ) Colep)kaHHe MOABIKHBIX GopM (ochopa, B) CopepiKkaHHe OPraHUMYSCKOro yriepoa.
IMTokazanbl cpennue 3HaueHus nmokaszareins (N = 3) u 95%-Hplil JOBEPUTENbHBIA WHTEPBAJ, ¥*OTMEUYECHBI BAPHAHTHI OIbITA
CTaTHCTUYECKU 3HAYMMO OTIIMYAoIIMecs oT BapuanTa “@oHn” coriacHo Tecty ['ao (p < 0.05).

Fig. 1. Main agrochemical characteristics of soils of the long-term field experiment: a) actual (pHn20) and exchangeable
(pHka) acidity, 6) content of mobile forms of phosphorus, B) organic carbon content. Average values of the indicator (n =
3) and 95%-confidence interval are shown, *marked experimental groups statistically significantly different from the
“Background” variant according to the Gao test (p < 0.05).
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Haxomnnenne oprann4eckoro BelIecTBa B MOYBaX arpoleHO30B
CBSI3BIBAIOT C OCTAIOIIMMHUCS B TIOUBE 1OCITE YOOPKH ypoKasi TIO>KHHB-
HBIMH OCTaTKaMH KYJbTYp, a TaKke HX TpaHcopmanmei mon aei-
cTBHEeM MHUKpoopraHusmoB (Yebotapes, bpoBaposa, 2022). Ot mpo-
[IECCHI MMPOUCXOIAT HanboJee aKTUBHO B BApUAHTAX OIBITA C BBICOKOU
YPOKallHOCTBIO.

Ilon BnusiHMEM BHeceHHs YAOOpPEHHH BO3POCIO COACpIKaHUE
MOJBIKHBIX (opM ¢ocopa (puc. 16). OOpa3npl BapHaHTOB OINBITA
¢don, PK, INPK u HaBO3 XapaKTepH3yIOTCS BBICOKHUM COIEpKaHHEM
noctynHoro ¢ocgopa B mouse (coaepkanue A0CTymHoOro docdopa mo
merony KupcanoBa B 3ToM rpamanmm coctaBimser 15.1-25.0 mr
P-Os/100r), a BapmantoB ombita 2NPK, HaBo3+PK, HaBo3+1NPK u
HaB031+2NPK — ouenp BeicOkuM copepkanueM (> 25 mr P.Os/100r).
Bmusinue ¢ocdopa Ha morpebneHue pacTCHUSMH MHKPOIJIEMEHTOB
MOJXKET OBITh KpaliHe Pa3sHOOOpa3HBIM U CBSI3aHO HE TOIHKO C UMMOOH-
nu3anueit ux B popme TpymHOpacTBOPUMBIX ocharos, o0ycnaBiuBas
ux JeUIUT, 9YTO, B YaCTHOCTH, Noka3aHo i Zn (Epmakos, [Ipiiiko,
2008; Aboyeji et al., 2020). IIpu BrICOKOM ypOBHE 00€CIEUEHHOCTH
dochopom cHMKaeTCs BBIPaOOTKA IKCCYNATOB PACTEHHSMH IO CpaB-
HEHHIO C JeQUIUTHBIMUA YCIOBUSIMH, YTO TAK)KE MOXKET OBITH MPHYH-
HOM CHIDKCHHS MoCTyIuieHns: MukpoaemenToB (Chang et al., 2002).

H3meHeHust 2JIeMEHTHOTO COCTABA MOYBBI

B o0pa3uax umTeasHOro MOJEBOro ONbITa OBUIO OLEHEHO CO-
nepskanue psina metawioB — Ni, Cu, Zn, Co, Mn, Fe, — koTopbie BXOIST
B TPYIIIy MHKPOIJIEMEHTOB, HanOoJee N3y4aeMbIX B TIOCICHHE JIECs-
tunerus (He et al., 2005). BeiOpaHHbIe 1 aHaU3a JIEMEHTHI MOTYT
paccMaTpuBaThCsl OJHOBPEMEHHO KaK MUKPOJJIEMEHTHI, HE00XO0IUMBIE
W 3HAYUMBIE JUIS POCTa W Pa3BUTHS PACTECHHU, W DJIEMEHTHI, HH3KOE
coJiep>kKaHue KOTOPBIX MOXKET SIBJISTHCS JTUMHTUPYIOIIUM (HaKTOPOM, a
C IpYroil cTOpoHBI — KaK Tsoxenslie MeTaiisl (TM), moTeHIuanbHO TOK-
CHYHBIE AJIEMEHTBI, TIPH BHICOKMX YPOBHSX COJIEPKAHUS KOTOPBIX BO3-
MO>KHBI HETaTHBHBIE MOCJIEACTBUS IS *KHUBBIX opraHu3smoB (Shaheen,
et al., 2014). Takum 00pa3oM, ¢ TOYKH 3PCHUS OLICHKH BO3MOXHOM Jie-
rpajaiuyl arporieH030B, HAXOSIIUXCS MO JUTUTEIBHBIM BO3ICHCTBH-
€M aHTPOIOTeHHBIX (haKTOpOB, KpaliHe Ba)KHO MPOBOIUTH OLCHKY H3-
MEHEHUH coep)KaHHUs JaHHBIX 3JIEMEHTOB B KOMIIOHEHTAaX arpoleHO-
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3a. [Ipu 3TOM AaHHBIE O BO3MOXKHOCTH HAKOIIJICHHUS SJIEMEHTOB B TI0Y-
Bax arpoL€HO30B OCTAIOTCS MIPOTUBOPEUUBBIMU. OTAEIBHBIMU aBTOPA-
MH OTMeuaeTcs Kak pocT cogepxanuss TM B mouBe NMpH JJIMTEIBHOM
MPUMEHEHUH YJIOOpeHHH, TaK ¥ CHW)KEHHUE, STO KacaeTcsi U BaJOBOTO
colepkaHus, W MOABMKHBIX (opM dneMeHToB (SIkumenko, KonapoOae-
Ba, 2016). Takme mpoTtmBOpeuMs, MO-BUANMOMY, OOYCIABIMBAIOTCA
IIMPOKUM Pa3HOOOpaseM MOYBEHHO-KIMMATHUECKUX YCIOBHUH M HC-
noJnb3yeMsbIx arporexnonoruii (Konapbaesa, Sxkumenxo, 2017).

Ilo pe3ynpTaTtam ompenesneHus BaJOBOTO COACPXKaHUS paja die-
MEHTOB B 00pa3lax MOYBbI OTCYTCTBOBAJIM CTATUCTUYECKU 3HAYHMBIC
pasnuyus MeXJy BapHaHTaMW BHECeHHUs: ynoOpeHui u ¢onom. [lpu
STOM CpEIHUE 3HAYSHUS COAepX aHus psaa dmeMeHToB — CU, Zn, Mn —
B BapHaHTax BHECEHHUs ynoOpeHHi ObUIH BBINIE, YeM Ha (OHOBOW Je-
nsHKe. Taxke MOKHO OTMETHTh TPEH/ Ha YBEIMYEHHE COACPIKAHHS
MHKPO3JIEMEHTOB C POCTOM BHECEHHOHM N103bl MHHEPAIBHBIX ymoOpe-
Hui. OCOOEHHO BBIPAXKEH 3TOT TPEH[ Al Mn IpH COBMECTHOM BHECE-
HUM MUHEpaJIbHBIX yIoOpeHuid u HaBo3a. BanoBoe cogepkanue Mn B
Bapuante HaBo3+PK (566.7 £ 75.9 Mr/kr) cTaTUCTHYECKH 3HAUYMMO
HWXKe, yeM B Bapuante HaBo3+2NPK (686.0 mr/kr £ 57.9 mr/kr). Ta-
KM 00pa3oM, BHECEHHWE MHHEpPAIbHBIX YIOOpEHHH B COYETAHHH C
HABO30M IIPHUBEJIO K POCTY cojpepkaHust Mn B BapuaHTe ¢ BHECEHUEM
MOBBIILIEHHO J103bI 110 CPABHEHHIO ¢ Oojiee HU3KUMHM J03aMH BHECCHHUS
ynoopenuii. Ilpu 3TOM monydeHHbIE 3HAYEHHSI OCTAIOTCS B Mpenenax
ycTaHoBJIeHHBIX 3HaueHni [1/IK mist Bcex aiemMeHTOoB.

B pat6ore (YTkuH, JIykpsiHOB, 2022) npuBeieHbl JaHHBIE TIO CO-
JiepKaHUIO BaJOBBIX M IMOJBMXKHBIX (DOPM MHKPORIIEMEHTOB B CEPBIX
JIECHBIX TIOYBaX paiioHOB Brnagmmupckoii obmactu. IlomyyeHnsie HaMu
JIaHHBIC OKA3bIBAFOTCS BBIIIE MPHUBOAUMBIX 3HaueHuit it Cu, Zn, Ni u
Mn (cpennee BamoBoe coxmepxkanue B 2019 r. — 13.3, 36.1, 22.8,
261 MI/Kr COOTBETCTBEHHO, CpEeJHEE COJEPKAHNE TOABIKHBIX (OPM —
0.27, 1.14, 0.18 mr/kr). boJyiee BBICOKHE 3HAUYCHUS, ITOJyUCHHBIC HAMH,
OOBSICHSIOTCSI pa3IMIMAMU METOJIMK — B IPUBEIEHHOM paboTe NCIOb-
3yercs akcrpakuus 5 H. HNOs, 4yTo cuntaeTcs METOIOM OIpeaeNeHUs
“yCIIOBHO BasioBOro” copepxanust (puc. 2 u 3). Takum oOpazom, 1o-
BUAMMOMY, IIOJIyY€HHbIE HaMH JJaHHbIE B 11€JIOM COOTBETCTBYIOT 3Ha-
YECHUSIM JUIS CEPBIX JIECHBIX MOYB JaHHOTO PETHOHA.
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Puc. 2. BanoBoe coxepkanne 351eMEHTOB B 0Opa3uax nouBsl. [lokazansl cpenane 3HaueHus (n =3) u 95%-Hele noBepH-
TCJIbHBIC UHTCPBAJIbI. prrmm, HE UMCHOIIUEC 06H.II/IX 6yKB, CTaTUCTHUYCCKU JOCTOBCPHO PA3JINYAIOTCA COTJIACHO TECTY T"ao
(p <0.05).

Fig. 2. Total content of elements in soil samples. Mean values (n = 3) and 95%-confidence intervals are shown. Groups
without common letters are statistically significantly different according to the Gao test (p < 0.05).
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Puc. 3. Coneprxanne MoIBIXKHBIX (POPM JIEMEHTOB B 0Opasnax nouskl. [Tokazansl cpenaue 3HadeHus (n = 3) u 95%-Hele
JIOBEpUTEIIbHbIE WHTEpBaibl. [ pyNIbl, He UMEIoIINe OOIUX OYKB, CTATHCTHYECKH JOCTOBEPHO PAa3IMYalOTCsI COTIACHO
tecty 'ao (p < 0.05).

Fig. 3. Content of mobile forms of elements in soil samples. Mean values (n = 3) and 95%-confidence intervals are
shown. Groups without common letters are statistically significantly different according to the Gao test (p < 0.05).
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DKcTparupoBaHe TOABHKHBIX (OPM 3JIEMEHTOB MOXKET IIPOBO-
IUTHCS C MCIIOIb30BAHUEM PA3JIMUHBIX PacTBOPOB. IIpuHATO cumTars,
YTO arneTaTHo-aMMOHHHHEIN Oydep ¢ pH 4.8 (AAB) skcrparmpyer
TJIaBHBIM 00pa3oM BOIOpPacTBOPUMEIE U OOMEHHBIE (POPMBI MUKPO3JIe-
MEHTOB, COJEp)KaHUE KOTOPBIX B BBITSDKKE XapaKTepusyeT odecredeH-
HOCTH (WM HEOOECIIeUeHHOCTh) I0YB STUMH 3JIEMEHTaAMU IUTAHUS U1
npouspacTanusi pactenuii (Siromlya, 2009; Kysueuos u np., 2012).
JaHHBI 3KCTpareHT ObLI MCIONB30BaH MpHU (GOPMUPOBAHHU COBpE-
MEHHBIX POCCHHCKHX HOPMAaTHBOB COJIEp)KaHUs 3JEMEHTOB B I10YBE U
rpajanuii o0ecre4eHHOCTH TOoYB MHUKposiaemeHTamu. CopaepikaHue
MOJBIKHBIX GOpM Mn CTaTUCTHYECKH JOCTOBEPHO BHIIIE (DOHOBOTO
3HaueHus (26.2 = 17.3 mr/kr) B Bapuanrax onbita INPK (62.3 + 42.6
mr/kr), 2NPK (70.3 + 42.3 wmr/kr), HaBo3 (44.0 = 9.94 wr/kr),
HaBo3+2NPK (59.3 + 3.8 mr/kr). Conepxanue NOABIKHBIX Gopm Zn
JIOCTOBEpHO BbIe ¢poHoBoro Bapuanta (1.20 £+ 0.31 mr/kr) B oOpa3uax
PK (1.73 + 0.32 mr/kr), INPK (1.78 + 0.44 mr/kr), Haso3 (1.72 + 0.13
mr/kr), HaBo3+2NPK (1.82 + 0.38 mr/kr). CoxmepxaHue MOABHKHBIX
¢dhopMm Fe Taxxke T0CTOBEPHO BO3pacTaia MPH BHECEHUH YI00PEHUH, 110
cpaBHEHUIO ¢ GoHOM (2.47 £ (.52 MI/KT), 9TO IMOKA3aHO ISl BADUAHTOB
INPK (3.47 + 0.94 mr/kr), 2NPK (4.20 + 1.24 wmr/kr), naBo3+1NPK
(3.07 £ 0.72 wmr/kr), HaBo3+2NPK (3.83 £+ 0.38 mr/kr). ConeprxaHue
noaBmwKHBIX Gopm CO Hmke nipenena ooHapyxeHus (0.01 mr/kr).

OneHky 00ecre4eHHOCTH IMOYBBI MHUKPO3JIEMEHTaMH HPUHSITO
MPOBOJUTH TIO COAEP)KAHHIO TOJBMKHBIX (HOpM, OMpelessieMbIX pa3-
JUYHBIMU DKCTpareHTaMu. [IpuHHMas Tpajaiuio 00ecIeYeHHOCTH
noyB 1o BaxeHuHy, pa3pabOTaHHYIO Al SKCTPAKLHMH AameTaTHO-
AMMOHHIHBIM Oy(epoM, MOXKHO OTMETUTH BBICOKYI0 00ECIIEYeHHOCTh
moyB Bcex Bapuanto ombita o Cu (>0.20 mr/kr) u Mn (>10 mr/kr),
cpeantoro ans Zn (1-2 wmr/kr) (11 rpymmbl pacTeHUH ¢ HEBBICOKUM
YPOBHEM BBIHOCA MHKPORJIEMEHTOB — 3€pHOBBIE M 3epHOOO0OOBBIC
KynbTypbl) (Baxkenun, 1985). 3apukcupoBana HU3Kas 00eCIIeUeHHOCTh
noyB kKobOanbroM. Takum oOpa3oMm, AJHUTENIbHOE BHECEHHE YJOOpeHHI
HE MOBIUSIO Ha 00ECIIeYCeHHOCTh MTOYB JaHHBIMHU JIEMEHTaMHU. 37eCh
ObUIM BO3MOXHBI Pa3sHOHANIPABJICHHbBIE IIPOLIECCHI, BJIMAIOIIME HA
00€eCNeYeHHOCTh I0YBBI MUKPO3JIEMEHTAMHU, C OJTHONH CTOPOHBI, BHECE-
HUE JIOTOJIHUTEIBHBIX 3JIEMEHTOB C YIOOPEHUSIMH, a TaKkKe yBeIHye-
HUE UX TOABMXHOCTHU 3a CUET IOAKHUCICHUS I0YBbI, C APYroi CTOpO-
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HbI, BBIHOC 3THX 3JIEMEHTOB U3 MOYBHI C OTYYKJACMON PaCTUTEILHOM
OPOIYKIIHEH.

B Tabmmme 1 mpexacraBieHB KOIDPHUITUECHTHI KOPPEISAITUN
CrimpMeHa, pacCUYUTAaHHBIC NI JAHHBIX MO COACPKAHUIO TOBHIKHBIX
(hopM 31IEMEHTOB B TIOYBE M arPOXUMHUYECKIMH XapaKTEPUCTUKAMH.

Tao6auna 1. Kosddummentsr koppemsimun CrnimpMeHa MEXAY COAep:KaHHeM
IIOABHUXXHBIX CI)OpM 3JICMCHTOB B II04YBC u ArpoXuMHYICCKUMHU
XapaKTCPpUCTHKaMU IMOYBbI, COACPIKAHUEM MHUKPO3JIECMCHTOB B PACTCHUAX.
Table 1. Spearman correlation coefficients between the content of mobile
forms of elements in soil and agrochemical characteristics of soil, content of
trace elements in plants.

Coaep:xkanue NoABUKHBIX (hopM
IMoka3zarenn Cu Mn Ni Fe Zn
PHH20 0.54 -0.87 -0.72 -0.84 -0.64
pPHker 0.55 -0.82 -0.67 -0.81 -0.58
Copr -0.37 0.89 0.67 0.71 0.81
P20s -0.24 0.14 0.11 0.28 -0.11
CopepxaHue dIeMeH-
Ta B HAJ3EMHBIX Op- 0.52 0.25 0.37 0.59 0.24
raHax oBca
CopepxaHue dIeMeH-
Ta B HA/I3€MHBIX Op- 0.46 0.75 0.76 0.65 0.42
raHax ropoxa

Hpumeyanue. JKupHBIM OTMEYEeHB KOI(POUIMEHTH  CTATHCTHYECKU
nocrosepusle nipu P < 0.05.
Note. Coefficients statistically significantl at p < 0.05 are marked in bold.

W3 Tabmumpel BUAHO, YTO COJCpPXKAHWE B TIOYBE ITOJBIIKHBIX
(hopM OONBITMHCTBA U3YYEHHBIX JJIIEMEHTOB HAXOJUTCS B TECHOU CBSI3U
C TIOKa3aTeNsIMH MTOYBCHHON KHUCIOTHOCTH W COJACPKaHHs OpraHuve-
ckoro yriaepoza. Ins Mn, Ni, Fe u Zn xapakTepHbl OMHHAKOBBIC 3aBH-
CHUMOCTH — OTpHIIaTeNbHast Koppensus ¢ PH u nonoxurenbHast ¢ Copr
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— yBeUYEHHE KUCIOTHOCTH TIOYBHI U COJIEPKAHUS OPraHUYeCKOro yr-
Jepona 00yCIIaBIMBAET POCT COJCpP)KAaHMS MOIBIKHBIX (POpM TaHHBIX
3JIEMEHTOB. B3anmocBs3u conep)kaHus MOABIKHBIX (OPM MHKpOAIIe-
MEHTOB C COJEpKaHHEM MOJBMKHBIX (opM (dochopa B HalIeM ciaydae
HE MOKa3aHo.

Takum 0o0Opa3zoM, yBelIHdYeHHE KHCIOTHOCTH IOYBBI IIPH BHECE-
HUM YIOOpEHUI PUBEJIO K yBelIMdeHUro noasmwxkHocT Mn, Ni u Zn,
YTO B CBOIO OYEPEAb MOXKET MPUBOANTH K YBEITUUEHHIO MOCTYIIJICHUS B
pacTeHusl ¥ BBIHOCY 3JIEMEHTOB M3 arpoleH03a C ypojkaeM. Y Besnye-
HUE JIOJIM NOJBIKHBIX MUKPOAJIEMEHTOB B TIOYBE MPH BHECEHUH YA00-
PEHHI TaKkKe BHIHO MO POCTY 3HaYeHUH KOA(PPHUINEHTOB MOABUKHO-
ctu (puc. 4), uyro Haubonee BeipakeHo a1 Mn. KosddunmenTs mo-
JBIKHOCTH OBUTM PacCUYNTaHBl KaK OTHOIICHHE CO/CPKAHUS TOIBHK-
HOM (OpMBI 3JI€MEHTa K BaJOBOMY COJEp)KaHUIO 3eMeHTa. YacTb
3JIEMEHTOB TIPH 3TOM MOJKET 3aKPEIUIATHCS KOPHAMH PacTeHUI U OCTa-
BaThCsl B MOYBE. DTH MPOLECCHI, MMO-BUIUMOMY, OOYCIOBHIN OTCYT-
CTBHE 3HAYUTEIHHBIX U3MEHEHUI BaJOBOTO COJEPKaHUS 3JIEMEHTOB B
MOYBE MPH JJTUTEITHHOM WX TOCTYIUICHUH C YAOOPEHUSMHU.

HN3meHeHUsI 3JIEeMEHTHOI'0 COCTABA PACTeHUH

st psina w3ydeHHBIX 37eMeHToB — Ni, Mn, Fe — ormeuaetcs
yBEITMUEHHE COJICP)KaHMs B OpraHaxX pacTeHWi MpU BHECEHHHU yao0pe-
Huil (puc. 5, 6). Uckmouenune cocraBistor Cu u Zn. Coxepxanue Cu
noctoBepHo Hmke (oHa B 3epHe rTopoxa (BapmaHThl 2NPK,
HaBo3+2NPK) u oBca (Bapmantel INPK, 2NPK, naBo3+INPK,
HaB0o3+2NPK), a Tarke B crebmsax oBca (BapmanTtel 1NPK, 2NPK,
HaBo3+1NPK, naBo3+2NPK). Conep:kanue Zn JocTOBEpHO HMXE (o-
HOBOH B JINCTHSIX Topoxa B BapuanTe HaBo3+1NPK u B nmucTesx oBca B
BapuanTe HaBo3+PK. CHmxkenne comepxanus Zn, Cu B BapHaHTax C
Oosiee MHTCHCUBHBIM HCIOJIb30BaHHEM yA0OpeHuil (1 ¢ Gojee BBICO-
KON ypokallHOCTBIO (puc. 7)), MO Bced BHUAMMOCTH, CBS3aHO C
“adpdexrom pasdasnenus” (Kapnosa, Munees, 2015).

MOXHO OTMETHTH OOJIBIIYIO WyBCTBHTEILHOCTH OBCA, 110 CpaB-
HEHHUIO C TOPOXOM, 10 MU3MEHEHHUIO 3JEMEHTHOTO COCTaBa OTJENBHBIX
OpraHoB pacTeHUH.
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Puc. 4. KoshduuueHTs! MoABHKHOCTH MUKPOJICMEHTOB B ITOYBE.
Fig. 4. Mobility coefficients of trace elements in soil.
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Puc. 5. Coznepxanue 3:1eMeHTOB B 00pasiiax pacTeHHi Topoxa 1o OTJeNbHBIM opraHaM. Iloka3aHsl cpeqHne 3Ha4eHus (n
= 3) u 95%-Hble noBepuTENbHBIC HHTEpBasbl. [lokasaHbl cpegHue 3HadeHWs mokaszarens (N = 3) u 95%-Hbli
JIOBEpHUTEIIBHBIN MHTEPBAJI, * OTMEUCHBI BAPHAHTHI OMBITA CTATUCTUYECKH 3HAYMMO OTIIMYAOLIMECs, COTIacHo Tecty ['ao
(p < 0.05).

Fig. 5. Content of elements in pea plant samples by individual organs. Mean values (n = 3) and 95%-confidence intervals

are shown, * marked experiment groups statistically significantly different according to the Gao test (p < 0.05).
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Puc. 6. Conepxanue sJIeMeHTOB B oOpasllax pacTeHHH OBca 10 OTIENbHbIM opraHam, Mr/kr. IlokasaHel cpeiHue
3HadeHus (n = 3) u 95%-Hele 1oBepHUTEIbHBIE HHTEPBAIbL. 1l0Ka3aHsl cpenHue 3HaUeHH moka3aTens (N = 3) u 95%-ueIit
,E[OBepI/ITeJ'ILHHﬁ HUHTCpBAJI, * OTMEYEHBI BApPUAHTBI OIIbITa CTATUCTUYCCKU 3HAYMMO OTIMYAOHNIUECA COTJIAaCHO TECTY T"ao
(p < 0.05).

Fig. 6. Content of elements in oat plant samples by individual organs. Mean values (n = 3) and 95%-confidence intervals
are shown, * marked experiment groups statistically significantly different according to the Gao test (p < 0.05).
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Puc. 7. YpoxxalilHOCTh pacTeHUH Ha JENAHKAX JJIUTEIHLHOTO MOJIEBOTO OIbITA.
Fig. 7. Plant yields in plots of a long-term field experiment.
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JlocToBepHBIC pa3yinyvisi BAPUAHTOB OMBITA C (JOHOBBIM BapHaH-
TOM JJIsi OPTaHOB OBCA OTMEUAIOTCS B OOJNBIIEM YHUCIE CIIy4aeB, IO
CPaBHEHUIO C TOPOXOM, UTO MOXKET OOBSICHATHLCS 0oJiee IMMPOKUM pa3-
OpOCOM 3HAYECHUH I TOPOXa, YTO HE MO3BOJISECT BBISBUTH JIOCTOBEP-
HBIX UBMEHEHHUH.

OueHka BO3MOKHOCTH HCIOJIb30BAHMA IMOJYYCHHBIX [TaH-
HBIX JJ15 HHAUKAIMA COCTOSTHUA arpoieHo3a

Jlig netanbHOTO aHaIM3a U3MEHEHU, TPOU30IIEAIINX B MUKPO-
9JIEMEHTHOM COCTaB€ arpoleHo03a IpH JIUTEIbHOM IPHMEHEHUH
yA00peHU, MBI IPOAHATU3UPOBAIM IOITYYEHHbIE JTaHHBIE METOJIOM
r1aBHbIX kKoMroHeHT (MI'K). MI'K kak meTos MHOTOMEpPHOTO CTaTH-
CTHYECKOTO aHalln3a MMO3BOJIAET COKPATUTh YHCIIO TEPEMEHHBIX HCXO-
HOTO MaccHMBa [JAaHHBIX, NPeoOpa3oBaB HMX B IJIaBHbIE KOMIIOHEHTHI
(T'K). T'K coxpaHstoT 0ONBIIYIO YacTh BapHallil UCXOJHBIX MepeMeH-
HBIX M MO3BOJIAIOT HAMIAIHO IPOaHAIN3HPOBATH PACIOIOKEHHE U3Y-
gaeMbIX 00pa3loB B MPOCTPaHCTBE IMaBHBIX KOMIIOHEHT (Kuz’'mina et
al., 2009; Singh et al., 2011). Ananu3 ObUT TIPOBE/ICH AJIS MISITU TPYIII
JTaHHBIX: 1) BaJoOBOE coJiepyKaHUE IEMEHTOB B MOYBE, 2) COAepKaHHe
MOJBIXKHBIX ()OPM 3JIEMEHTOB B TI0YBE, 3) COAEP)KAHHE JJIEMEHTOB B
HaJ3€MHBIX OpraHax oBca, 4) colepkaHHe 3JIEMEHTOB B Ha/J3€MHBIX
opraHax ropoxa, 5) o0mas COBOKYITHOCTb MOJIyYEHHBIX JaHHBIX — CO-
Jep>KaHUe BaJIOBBIX M MOABMXHBIX (JOPM 3JIEMEHTOB B IIOYBE, COMEP-
JKaHHE B HQJA3EMHBIX OpraHax pacTeHHI ABYX BHJIOB.

Hus maxoxaenuss 'K ObUTH HMCIIONB30BAaHBI KOPPEISIIMOHHBIC
MaTpuipl. J[s aHanmu3a ObUTM MCIONB30BaHBI JIBE MEPBBIX TIIABHBIX
KOMITOHEHTBI, CyMMapHoO onpezensaomue cpbiue 50% aucnepcuu B
KaXXJIOM U3 TISITH HA0OPOB JaHHBIX. Pe3ynbTaThl aHaNN3a, OTpaXKatomue
pPacToJOKEeHHEe BapHaHTOB OINBITA B MPOCTPAHCTBE TJIABHBIX KOMIIO-
HEHT, MpeJCTaBJIeHbl Ha pUCyHKax. Ha pucyHkax Taxke OTpa)keHBI
BKJIa/Ibl OTAEIIBHBIX MOKa3aTesel (ColepKaHne MUKPOJIEMEHTOB), UC-
[I0JIb30BAaHHBIX IIPU aHaiu3e, B Harpy3ky I'K.

[lo nnarpaMmMam, MOCTPOEHHBIM Kak AJIS COAEPIKaHUS MHUKPO-
3JIEMEHTOB B MTOYBE, TaK M JUIS COAEPKaHUSI MUKPO3JIEMEHTOB B pacTe-
Husx (puc. 8, 9) BumHO, 9TO 00pa3ibl BApHAHTOB OIBITA MaJo pas3fe-
JIIFOTCS. B TIPOCTPAHCTBE IIABHBIX KOMIIOHEHT.

197



bromnerens [louBenHoro uactutyta uM. B.B. Jlokydaesa. 2024. Brim. 119
Dokuchaev Soil Bulletin, 2024, 119

K 2: 30 % obuwein gucnepcum o
&

)
—

K 2: 15 % obwen gucnepcuu
&

Banosoe cogepxaHUe snemeHTOoB
6

4 & QoH
o . ® ®PK
2 1NPK
e o . [
[ 2% o ° 2NPK
Q
4 270 _9® @, a0 g @Hasos
‘ ; ® Hapo3+PK
@ Haso3+1NPK
4 ® HaBo3+2NPK

3
MK 1: 47 % obuwieit aucnepcum

CopepiaHue NoABUKHbIX GOPM 3N1EMEHTOB
6

4 ® QoH
®PK

™ 1NPK

. e * 2NPK

-4 _.‘ .’0~ ® 2 2 6 ® Haso3

2 [ ] ® Hapo3+PK
®Hago3+1NPK

-4 ® Hago3+2NPK

TK1:71% -gﬁmeﬁ Aucnepcun

Bknag nokasaTtenew
B HarpysKy rAaBHbIX
KomnoHeHT (IK)

Co
Cu
Ni
Zn
Mn
Fe

K1 K2
eEs Woke
oES 6.1
od; e
GEEMN o.05
Mooz |[NGEGN
| 001 [0.12

Bknap nokasateneii
B HarpysKy rnasHbIX
KomnoHeHT ([K)

Cu

Mn
Fe

198

K1 Kz
b.oo  NGETN
ez N oo
oEEm | oot
meEEmn oot
ozEm | oot

Puc. 8. OpﬂI/IHaHI/ISI BapHWaHTOB TIIOJIEBOr'O OIBITA B MNPOCTPAHCTBE

TJIaBHBIX KOMIIOHCHT,

TIOCTPOCHO IO MOaHHBIM BaJIOBOTO COACPKAHUA

3JIEMEHTOB B MOYBE (A) M COACPIKAHUS IMOIBIKHBIX (DOPM SJIEMEHTOB B

mouse (0).

Fig. 8. Ordination of field experiment groups in the space of principal
components, constructed from the data of total content of elements in soil

(a) and content of mobile forms of elements in soil (6).
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Fig. 9. Ordination of field experiment groups in the space of principal
components, constructed from the data of element content in aboveground
organs of oat (a) and element content in aboveground organs of pea (6).
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B ocHoBHOM pazgenenue mpoucxonut Baosub ocu 'K 1, orpa-
JKAIOMIEeW CTEeTIeHb HArpy3KH Ha arpoIeHO3 NPH BHECEHHWH yIOOpEHWIA,
T/Ie BBICTISIIOTCS] BAPUAHTHI OTIBITa C HanOoJiee BRICOKUMH JT03aMH BHE-
cennst MuHepanbHbIX ynoopenuii — 2NPK 1 HaBo3+2NPK (B 6onbrieit
CTETIeHH! JJIS TAHHBIX TI0 COJEPKAHUIO MUKPOJJIEMEHTOB B PACTCHHSAX ).

Haubonee siBHOE pa3neneHue BapHaHTOB OMBITa B MPOCTPAHCTBE
[JIABHBIX KOMIIOHEHT OBLJIO MOJY4EHO MPHU COBMECTHOM HCIIOJIb30Ba-
HUHM JaHHBIX II0 COJCP)KAaHUIO 3JIEMEHTOB B TOYBE M PACTCHHUSIX
(puc. 10). B maHHOM ciydae TakKe BBIICISCTCS TPyIa BapHaHTOB
OTIBITa C HauOOJiee BHLICOKOW arpOr€HHON Harpy3koi Ha arpoleHo3 —
2NPK u HaBo3+2NPK, rpynma BapuaHTOB ¢ McHEE HHTCHCHUBHON
Harpy3Koil — BapHaHTHI ¢ O0Jiee HU3KOW J030i MUHEPaIbHBIX ya00pe-
muit (1INPK, PK) u HaBo3, u Tpymnma BapraHTOB OIBITAa, B KOTOPYIO
BXOJUT (DOH M BapHAaHTHI OMbITa ¢ OoJiee COATAHCUPOBAHHON Harpys-
kol Ha arporeHo3 (HaBo3+PK, HaB0o3+1NPK). M3BectHO, uTO COB-
MECTHOE ITPIMEHEHNE MUHEPAIBHBIX U OPraHMYECKUX YAOOpeHuil oka-
3pIBacTCsl OoJiee ONAarONpUSATHBIM BAapUAHTOM, IO CPaBHEHWIO C JJTH-
TENBbHBIM MPUMEHEHHEM 3THUX YJOOpEeHHi B OTAEIHHOCTH, B OTHOIIIE-
HUU COJIEpKaHUs OPTaHUIECKOTO BEIIECTBA B II0YBE, AKTUBHOCTH MHUK-
pOOHOTHI, ¥ APYruX xapaktepuctuk (Semenov et al., 2023), koTopsie B
COBOKYITHOCTH MOTYT OMNPENENSATh JOCTYITHOCTh MHUKPOIJIEMEHTOB B
MOYBE JJISI pacTeHU. DTO OBLIO MOKA3aHO W JJISl CEPHIX JIECHBIX MOYB
Brnagumupckoro ormoinbs: HanOojee CHIIbHbIE HEraTUBHBIE M3MEHEHHS
B OMOJIOTHYECKOW aKTUBHOCTH MPOMCXOJMIH HA BHICOKOMHTEHCHBHOM
MUHEpalbHOM (OHE, a BHECCHHE HaB03a CIOCOOCTBOBAJIO CTIIayKHBa-
HUIO HETaTUBHBIX MOCJICACTBUI MPUMEHEHUS BHICOKUX 103 MHHEPAJb-
HBIX ynoopennii (3unuenko, 2009).

Bkiag vcronb30BaHHBIX JUIS aHAIM3a MOKa3arened B Harpy3Ky
[JIABHBIX KOMIIOHEHT ITO3BOJISIET BBISIBUTH 3HAYMMOCTh OTIENBHBIX IO-
KaszaTeslell B M3MEHEHHUSIX DIIEMEHTHOIO cocTaBa arporeHos3a. Ha pu-
CcyHKe BUAHO, uTO B 'K 1 BHOCST comocTaBUMBINA BKJIA] Kak IMOKa3aTe-
JHM COJEpIKaHMsl MOABWKHBIX (opm MukpossiaementoB B mousax (Ni,
Zn, Mn, Fe), Tak u mokasareiau COACpKaHUs JJIEMEHTOB B PaCcTEHHUSIX
(Cu u Ni B pacrenusx osca, Ni 1 Mn B pactenusx ropoxa). Ilpu sTom
st 'K 2 mokaszan cyImecTBEeHHBIN BKJIAJ IMOKa3aTeJIed BaJOBOTO CO-
JeprKaHusl MUKpoaJIieMeHToB B ouBax (Cu, Zn, Mn).
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TIOCTPOCHO NPU COBMECTHOM HCIOJB30BAHWMHU JaHHBIX 3JIECMECHTHOI'O
COCTaBa IOYB U paCTCHHUU.

Fig. 10. Ordination of samples in principal component space,

Puc. 10. Opaunanus 00pa3oB B IPOCTPAHCTBE MIABHBIX KOMIIOHEHT,
constructed by combining soil and plant elemental composition data.
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Takum 00pa3oMm, MpPU OTCYTCTBHHM CTAaTUCTUYCCKH 3HAYUMBIX
pas3Iuuuii MEeXKAYy BapUaHTAMH OIBITa MO BaJOBOMY COJEPKAHHUIO B
nouBe CU U ZN, 3TH OKA3aTeNId UTPAIOT POITb B MPOSBICHUYU Pa3IHIHiA
MKy BapHaHTaMH OIbITA U TAKXKE MOTYT UMETh 3HAUCHUE MPHU OICH-
K€ PHUCKOB XUMHYECKOH JIerpalalliy arporeHo3a.

3AK/IFOYEHHME

BHeceHne MUHEpaJIbHBIX U OPraHMYECKUX YAOOPEHHH, a TakxKe
UX CMECH MPHUBEIO K HM3MEHEHHIO arpOXMMHYECKHX XapaKTepUCTUK
CCPBIX JICCHBIX IOYB MJIMUTCIBHOIO IMOJICBOTO OIbITA: BHCCCHUC MHHC-
PaNBbHBIX YIOOPEHUH CIOCOOCTBYET MOJIKHUCICHHIO IOYBBI, YBEIHYC-
HUIO COJCpPKaHUsI OPraHHYECKOro yriepoja, MOABMXKHBEIX (hopMm doc-
¢opa. [Ipu 5TOM BapHaHTBI C COBMECTHBIM BHECEHHEM MUHEPAJIBHBIX U
OpTaHUYECKUX yIOOpEeHUH MOoABEp)KEHB MEHBIIEMY U3MEHEHHUIO JaH-
HBIX XapaKTePUCTHK, YTO MOXKET OBITh OOYCIIOBICHO YBEIHUEHHUIO OY-
(epHOIi cr1I0cCOOHOCTH MOYBBI B OTHOIEHUH KOMIIOHEHTOB, IOCTYIIA0-
mux ¢ MHUHCPAJIBHBIMU COJIAIMH, 3a CYHET BHOCUMOTO OPraHUYCCKOIo
BEIIECTBA.

V3MeHeHns1 TMOYBEHHBIX XapaKTEPUCTHK, IJIaBHBIM 0O0pazoM
INOAKUCJICHHUE II0YBBI, BO MHOI'OM O6YCJIaBJ'II/IBaIOT U3MCHCHUEC I10-
JBIKHOCTH M3Yy4aeMbIX MHKPOIJIEMEHTOB, UYTO CIIOCOOCTBYET MOCTYII-
JICHUIO UX B PACTEHUsI M YBEJIMUEHHIO BBIHOCA M3 arpoleHo03a ¢ ypoxKa-
€M, YTO MOXET SIBJIATHCS (PAKTOpPOM pHCKAa XUMHYECKOH Ierpagaunuu
arporieHos3a. [Ipu 3ToM pocT conmepaHus MOJIBWKHBIX (opM Ooiee
BBIp)XKEH B BapHaHTaX BHECEHUS MUHEPAJbHBIX yAO0OpeHuil Mo cpas-
HEHHIO C COBMECTHBIM BHECEHHEM C HABO30OM.

AlleTaTHO-aMMOHHIHAS BBITSDKKA OTpaKaeT 00eCIIeueHHOCTh
IIOYB MHUKPOIJICMEHTAMHU, TO €CTh XapPaKTCPU3YCT TAKHUE COACPKAHUA
MHUKpPOBJIEMEHTOB B IIOYBE, P KOTOPHIX BO3MOXKHO (MJIM HEBO3MOXK-
HO) HOpMaJlbHOE mpowu3pactanue pactenmit. Comepxanue TM B mou-
BEHHOU BBITS)KKE HE MMEET YEeTKUX KOpPEIAIUOHHBIX CBSI3EH C Coacp-
xaHreM TM B pacTeHuH, TaKk KaK Ha MOCTYIUICHHUE B PACTEHHUE BIIHSIET
OTPOMHOE KOJIMYECTBO (PAKTOPOB, MPEXIE BCEro WHAWBUAYaAILHBIC
0COOEHHOCTH C€aMOI0 PacTEHUs, a TaKKe KIMMAaTHYECKHE YCIIOBHS,
XUMUYecKHe U (u3ndyeckue CBOMCTBa IOYB, OKHCIMTEIbHO-
BOCCTaHOBUTENbHbIE ycioBusa. CHuxeHune conepxanus Zn, Cu B pac-
TEHMSIX B BapuaHTax ¢ 0oJiee HMHTEHCUBHBIM HCIIOJIb30BaHUEM YI00pe-
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Hul (1 ¢ 6oyiee BHICOKOW YPOXKANHOCTHIO) MOYKHO OOBSICHUTH ‘“dPdek-
ToM pazbamnenus”’ (KapmoBa, Mwunees, 2015). Ha wuccnenoBanHON
TEPPUTOPUH HEOOXOIUMO KOHTPOJIHUPOBATh HU3KOe coxepkanne Co B
MOYBE U HEIOCTATOYHOE €ro MOCTyIIeHHue B pacteHusa. KobansT mpu-
CYTCTBYyeT B MOJIEKyJe BUTaMHHA Bir, KOTOPBHIN perymupyeTr a3oTH-
CTBIH, HYKJIEMHOBBIM U yTIeBOAHBINA 0OMeH. HegocTaTounblil ypoBeHb
coJiep>kaHusl K0OajbTa B KOPMOBBIX KYJBTYPax BBI3BIBAIOT CEpPhE3HbBIC
3a0oneBanus kuBOTHbIX (KoBanmbckuit, 1974), mostomy cBeaeHus o
XUMHYECKOM COCTaBE€ PAacTEHUH KpallHe Ba)KHBI IS COATTAHCHPOBAH-
HOTO IIUTaHUsI YeJIOBEKa U KUBOTHBIX.

Takum 00pa3oM, OKyJIbTYpHBAaHUE CEPHIX JIECHBIX TIOYB B Bapu-
aHTax OMbITa C MPUMEHEHUEM Pa3IIUYHBIX 103 MHUHEPAIBHBIX ya00pe-
HUW W HaBO3a TMOBJIEKIIO 32 COOOW M3MEHEHHWE Psiia arpOXMMHUYECKUX
nokazareneld. CylIecCTBEHHBIX M3MEHEHHH B BAJIOBOM COJACP)KAaHHU B
mouBe Takux meramwioB kak Ni, Cu, Zn, Co, Mn, Fe He mpouzomwio,
HECMOTPS Ha WX MOCTYIUICHHE B TMIOYBY C MUHEPAIBHBIMU U OpraHHYe-
ckumu yaoopenusimu. [Ipu 3ToM ObUTH 3aUKCHPOBAaHBI U3MEHEHUSI B
coJiep>KaHUM TTOJIBMKHBIX ()OPM DJIEMEHTOB B ITOYBE U MX COJIEPKAHUH
B PacTUTENBHOUN MPOIYKINH (TI0O CPAaBHEHUIO C KOHTPOJIBHBIM BapHaH-
TOM). DTH W3MEHEHHUsI TPEOYIOT JOMOJHUTEILHOTO MOHUTOPUHTA dJie-
MEHTHOTO COCTaBa pPa3IMYHbIX KOMIIOHEHTOB arporieHosa. llomyuen-
HBIE PEe3yJIbTAThl MOTYT YYHTHIBATHCS MPU (HOPMUPOBAHUH KPUTEPHUEB
OIIEHKH MHHEPAJIbHOTO MUTAHWA PACTEHHUH M HOPM BHECEHUs yao0pe-
HHUI.

CoBMECTHOE HCIONB30BAaHHUE JAHHBIX 10 W3MEHEHHUIO JJIEMEHT-
HOTO COCTaBa MOYB M PACTEHHUI MO3BOJISIET Jyule auddepeHunpoBathb
BapHaHTHI ONBITA B IPOCTPAHCTBE TJIABHBIX KOMIIOHEHT. AHAIIU3 arpo-
[IEHO30B 3TUM METOJIOM IEPCIIEKTUBEH MPU MPOBEICHUA MOHUTOPHUHTA
MOCJIEICTBUN arporeHHON Harpy3KH Ha MOYBBI.
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Pe3tome: Mepaneie TopdsiHBIE TTOYBH ceBepa 3amagHoit CHOUpH YS3BUMEI K
HaOMI0jaeMBIM B HacTofllee BpeMsi M3MEHEHHMsM KiuMara. [loBellieHue
TEMIIEpaTypbl, OKa3bIBaIOIIee BIMSHUE HA MPOTANBAHUE MHOTOJIETHEMEP3IIBIX
nopox (MMII), cnocoOcTByeT BO3BpAILIEHUIO 3aKOHCEPBHPOBAHHBIX 3aIacOB
yriepona B IOOANBHBI LWKI 3neMEeHTOB. Ero oskcrmopr B BHAe
pPacTBOPEHHOTO OPraHMYECKOro BeIIecTBA C TOPQSIHUKOB OIpEAesIeTcs
psnoM (akTopoB, Cpeau KOTOPBIX T'HAPOJIOTUYECKHE YCIOBHS HaMMEHeEe
n3ydyeHel. B 1mabopaTOpHBIX ~ yCNOBHSX ~ HCCIENOBAaHO  BIMSHHC
THAPOJIOTUYECKHNX  PEKHMOB Ha  BBIHOC  yriaepoja U3  TOP(SHBIX
OJUTOTPO(HBIX TOYB 3KOCHCTEM KPHOJIUTO30HBI. MOJEIbHBIH KOJIOHOYHBIH
OTIBIT MTO3BOJIMJI OIICHUTDH BBIXOJ YIJIEPO/a U3 HEHAPYIICHHBIX (MOHOIUTHBIX)
TOpQSHBIX 00pa3LOB Pa3HOW CTENEHU pa3ioKeHUs. VICIob30BaHO TP THUIIA
ME30KOCMOB: HEHapylleHHble o0pasusl ropusoHta TO ¢ TopdsiHBIM
MaTepHalioM pa3HOM CTENeHHM pas3lokeHHusd, a Takke ropusoHtr TO c
MOJICTUJIAIOIUM T'PYHTOM Pa3HOTO I'PaHYJOMETPHUYECKOro cocTaBa (IECOK U
CYTJIMHOK). Hna €1abopa3noKUBIIErOCs Topda coJiepKaHue
BOJOPacTBOPUMOI0 YIiepoJa B MOJYYECHHBIX JU3UMETPUYECKUX BOAAX IpPHU
MMUTAIUN PEXKUMOB “OCaJKN’”’ W “‘CHErOTasHUE HE OTIMYACTCS, a B PEKHUME
“zactoii” Menpmie B 1.4 pasza. s cpeqHepasnoxuBmierocs Topda B paMKax
OJTHOTO THITa ME30KOCMOB OTJIMYMI IIPH Pa3HBIX TMAPOIOTHYECKUX PEKMMax
He BbIABIeHO. CyMMapHBIH BBIHOC OPraHMYECKOTO yIJepoja 3a TpH
TIOCIJIeI0BaTeNIbHBIE IKCTPAKIMK W3 ciabopasnoxwusiierocss topda Ha 32%
BBIIIIE, YEM M3 CPEIHEPA3IIOKUBIIErocs. BBISBICHO yBeIHMUeHNE COJEpIKAaHMA
yriepoja B II€CYAaHOM TIPyHTE IIOCI€ TpeX I[MKIOB OSKCIHEPHMEHTa,
CYTJIMHHMCTBI TPYHT HE IIOKa3aJl [JOCTOBEPHBIX pa3IUYUi B COJAEPKAHUU
yriaepoga 1o W mocie skcnepumenrta. CopOrus yriepoja MHHEPAIbHBIMH
IPYHTaMH MCCIEAYEMOM TEPPUTOPUUM MOXKET BBICTYNIaThb B KadecTBE
3alIUTHOTO MEC€XaHH3Ma, TMPCIATCTBYIOIIECTO IOBBIMICHHOMY CTOKY U3
MOYBEHHOM TOJIIIIH.

Knirouesvie cnosa: POY; MonenbHBIN KOJOHOYHBIN OMBIT, 3anaaHas Cubups;
KpHOJIUTO30HA.

Carbon leaching from peat soils of the north of
Western Siberia under different hydrological
conditions
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Abstract: Frozen peat soils in the north of Western Siberia are vulnerable to
the on-going climate changes. The increase in temperature which affects the
permafrost thaw returns the huge carbon stocks to the global element cycle. Its
export in the form of dissolved organic matter from peatlands is determined by
a number of factors, among which hydrological conditions are the least
studied. The influence of hydrological regimes on carbon export from
oligotrophic peat soils in discontinuous permafrost zone was investigated in
laboratory conditions. The model column experiment allowed estimating the
carbon yield from undisturbed (monolithic) peat samples of different degrees
of decomposition. Three types of mesocosms were considered: undisturbed
samples of the TO horizon, as well as the TO horizon with underlying material
of different texture (sand and loam). The concentration of dissolved organic
carbon in the lysimetric waters of a fibric peat does not differ for the
“precipitation” and “snowmelt” simulating modes, and in the “stagnation”
mode it is 1.4 times less. Sapric peat lysimetric waters show no differences
under simulating hydrological regimes. The total export of organic carbon for
three successive extractions for fibric peat is 32% higher than for sapric peat.
An increase in carbon in the sandy material after three cycles of the
experiment was revealed, the loamy material did not show significant
differences. The carbon adsorption by mineral soil layers of the study area can
be a protective mechanism that prevents increased runoff from the soils.

Keywords: DOC, column experiment, Western Siberia, permafrost.

BBEJAEHUE

[lnomane, 3aHsATas  TOP(QSHUKAMHU, COCTABIIET  OKOJIO
4 x 10° km? mo Bcemy mupy (Tarnocai et al., 2009; Yu et al. 2010; Page
et al., 2011), 80 % w3 HUX HAXOTUTCS B XOJOAHOM KJIMMATE CEBEPHOTO
nosnymrapust (Tarnocai, 2006; Smith et al., 2007; Hugelius et al., 2020).
CeBepHbIe IMUPOTHI XapaKTEPH3YIOTCS HanboJiee BBICOKMMH, OTHOCH-
TEJNBHO JIPYTHX 00JIACTEeH 3eMHOTO Iapa, TeMITaMU U3MEHEHUS KIIMMa-
ta (Callaghan et al., 2013; Meredith et al., 2019). Co BTOpoi#i MONIOBH-
Hbl XX B. TOp(siHbIC MOYBBI, XapaKTepusyolnuecs HaauuauemM MMII,
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HaxXoIsAMMXcsA ONM3KO K TOBEPXHOCTH, MOCTEIIEHHO OTTaWBalOT, BbI-
CBOOOX/1asi 3amachl ICOHMPOBAHHOTO B 3THX TOYBAaX OPraHHYECKOTO
yrinepona (Payette et al., 2004; Camill, 2005; Akerman, Johansson,
2008; Selvam et al., 2017; Wright et al., 2022). JlanHbIil yriiepos dKc-
MOPTUPYETCS U3 TOYB TOPHSIHUKOB aTMOCc(hepHBIMU (MHUHEPATN30BaH-
eI 10 CO2 GakTepusaMHu) U BOTHBIMH (B BHJIE OPraHHYECKHUX apoMa-
THYECKUX M anudarndeckux Mosekyn) notokamu (Freeman et al.,
2001; Evans et al., 2005; Limpens et al., 2008; Gentsch et al., 2015).
BosBpanienne 3anmacoB yriaepoja B MIOOATBHBINA UK 3JIEMEHTOB MO-
JKET UMETh NOCJICACTBHUA B pa3HbIX MacmTa6ax — OT JIOKAJIbHbIX 3KOCH-
creM a0 6uochepsr B remoM (Hinzman et al., 2005; Kim et al., 2012;
Bacunwes u ap., 2020).

HavanbHbIM 3BEHOM B ()OPMHUPOBAHHMHU TJIOOATHLHOTO THIPOXU-
MHWYECKOI'0 CTOKa C TOpq)SIHI/IKOB u 60HOT SABJISAIOTCS ITIOYBCHHBIC BOJbI
(Raudina et al., 2017), xauecTBEHHBIN ¥ KOJUYECTBEHHBIA COCTaB Op-
TFaHUYECKOr0 BEIIECTBA B KOTOPBIX OTPAKAET CKOPOCTh OTBETHOU pe-
aKiuu Top(sHBIX IMOYB HAa U3MEHEHMsI OKpYJKarolieit cpeasl. Bogopac-
TBOpUMBII oprannueckuil yraepox (POY), ompenensemblii kak yrie-
POJl MOJIEKYJI, MPOXOASIIHNX Yepe3 GuibTp ¢ pazmepom mop 0.45 MM
(Kalbitz et al., 2000), urpaeT BaXHYI POJIb B (YHKIMOHUPOBAHWUHU
Ha3€MHBIX U BOAHBIX OKOCHCTEM, T. K. ¢)0pMI/IpyeT XUMHUYECKHIH COCTaB
MOYB M MOYBEHHBIX PACTBOPOB, 0OECIICUMBACT TPAHCIIOPT BEUIECTB 32
CUET BBICOKOTO CPOJICTBA K JJIEMEHTaM, BBICTYIACT CyOCTpaTOM st
MOYBEHHOW MUKPOQIIOPHl ¥ pacTUTeNbHOCTH. DKernopT POY u3 Top-
q)HHI/IKOB ONpeACIACTCAd KIIMMAaTHYCCKUMU ITapaMETpaM, XUMHYCCKU-
MU ¥ QU3UYECKUMH CBOWCTBAMHU MOYB, OMOXMMHUYECKUMH YCIOBUSIMHU
okpyxaromeit cpensr (Glatzel, 2003; Jennings et al., 2010). urencus-
HOCTh M HAlpaBJICHHOCTh TPOIIECCOB Pa3JI0KEHUs] OPraHUIeCKOro Ma-
Teprana CUWIbHO 3aBUCHT OT THAPOJIOTHYECKOro pexknuMa, TaK Kak HUC-
XOASIIMHA TOK BJIarM OOECHEeYMBACT MUIPALMIO YIJIEPOJa MO MOYBEH-
Homy nipoduiro (TTpokymikua u ap., 2008; Limpens et al., 2008; Wen
et al., 2020).

[IpensTcTBOBAaTH MOBBIIEHHOMY CTOKY YIJIEpoJa ¢ TOP(QSHUKOB
B COMNPSDKEHHBIE BOJAOTOKHA MOXET COpPOINSI OPraHMYECKOro BEIECTBa
MUHEpaIBLHBIMU MOJICTHIAOIMMU Topda rpyHTamMu. COpOIMOHHBIC
BO3MOHOCTH HX 3aBUCST OT pAfa (pakTOpPOB: MUHEPAJIOTHYECKOTO CO-
CTaBa IMOYB, COCTaBa W MOHHOM cIIbI pacTBopa (Shen, 1999), rpamymo-

214



bromnerens IlouBennoro nncrutyta um. B.B. [lokyuaesa. 2024. Bpim. 119
Dokuchaev Soil Bulletin, 2024, 119

METPUYECKOTO COCTaBa W Mpeo0ajaromero MexaHu3Ma COXpaHeHHUs
opraamdeckoro BemecTBa (OB) B mpoduie. [Tomumo BemecTBEHHOTO
CcOCTaBa MOYBEHHBIX TOPH3OHTOB M YCIOBHH IMOTJIOMICHUS, COPOIUs
3aBUCHUT OT KauecTBeHHOro cocraBa camoro OB (Kaiser, Kalbitz,
2002). B KpuOmMTO30HE, XapaKTEPUIYIOMICHCS MAaJIOMOIIHBIM Jesi-
TEILHBIM CJIOEM C HU3KOW COPOIIMOHHOM CTIOCOOHOCTEIO, a TAKXKE 3aJIe-
raHueM Ha OTHOCUTENbHO HebOonbiioi rayoune (mo 1 m) MMII, BeI-
CTYHAIOIIMX BOJOYIOPHBIM CIIO€M, COPOIMS MOXKET ObITh YMEHBIICHA
Mo cpaBHEHHUIO ¢ aBToMOp(hHBIME naHamadTamu ([Ipoxymkun u mp.,
2008). B mocnenHue roapl BBISIBHIM, YTO IMOTJIOTHUTEIbHAS CIIOCO0-
HOCTh MHHEPAIBHBIX TOPU30OHTOB MOYB ceBepa 3amaaHoir Cubupu co-
MIOCTaBUMa C KOJIMYECTBOM PAacCTBOPEHHOTO OPTaHMYECKOTO BEIECTBA,
KOTOpOE MOKeT ObITh U3 HUX BeiHeceHOo (Lim et al., 2022).

HecmoTpst Ha 3HAUMTENBHOE KOIMYECTBO PAa0OT MO MOJIEIHPO-
BaHUIO, CETOIHS HE CYIIECTBYET €IMHOTO CIIEHAPUS PA3BUTHS COOBITHIA
Mpu U3MEHEHUH KiimMaTa 1 ortauBaHnu MMII — Bce ere He 10 KOHIIA
SICEH KacKaJHBI MEXaHWU3M BIHUSIHUS THAPOXMMHUYECKHX MapaMeTpOB
TUIOCKOOYTPUCTHIX TOP(MSHUKOB M OOJIOT Ha MapaMeTphl MPsIMO B KOC-
BEHHO COMPSDKEHHBIX BOJIOTOKOB. [lyTH Tpancdopmarmu u rimodanpHas
POJIb OPraHUYECKOTO YTiepojia, BHICBOOOXKIAEMOTO U3 MEP3IIbIX TOP-
(SHBIX ¥ MUHEPAITLHBIX OTJIOKEHUH NP U3MEHEHUH KJIMMarta, OCTaeT-
Csl aKTyaJIbHBIM BOIPOCOM CoBpeMeHHo# 6roreoxumun (Frey, McClel-
land, 2009; Feng et al., 2013).

Llenp maHHOM pabOTHI — OLIGHUTh MHTEHCHUBHOCTH BbiHOCa POY
13 TOPQSHBIX ONMUTOTPOMHBIX TIOYB MPH CO3JJAHUN PA3HBIX TUIAPOIIOTH-
YECKHX YCJOBHUH, a TakkKe ONpPENeNUTh PO MHHEPAIbHBIX TOPU30H-
TOB B COPOIIMM BHIHOCHUMOI'O OPTaHHUYECKOro BellecTBa. [ mmoresa co-
CTOUT B TOM, YTO THJIPOJIOTUYECKUE YCIOBHUS TEPPUTOPUU KOHTPOIIH-
PYIOT CKOPOCTH PAa3JIOKEHHSI OPraHUYeCKOro BeELecTBA B TOP(SHBIX
noyBax u BeiHOC POY B conmpsikeHHBIE BOJIOTOKH, & MHHEPAIbHBIE T'0-
PHU30HTHI, CIIOCOOHBIE K COPOIMM OPraHUYECKOro BeIleCTBa, YMEHb-
LIaI0T OOIIMH CTOK.

OBBEKTHI U METO/IbI

Paiion uccienoBaHusi 1 oT60pP 00pa3uoB. MoHOIUTHEIE (HE-
HapylIeHHbBIE) 00pa3ibl TOP(QSHBIX TOPU3OHTOB OTOOPAaHBI B aBIYCTE
2022 1. Ha TEPPUTOPHH IIOJCBOTO cTaruoHapa “HamaeiM”, KOTOpBIi

215



bromnerens IlouBennoro nncrutyta um. B.B. [lokyuaesa. 2024. Bpim. 119
Dokuchaev Soil Bulletin, 2024, 119

pacmonoxeH Ha ceBepe 3anaanoii CuOupu, B 30HE MPEPHIBUCTOTO pac-
npoctpanennss MMII (SIHAO). CpeaHeronoBoe KOJIUYISCTBO OCAIKOB
450-600 mm, npeoOiragaroias 4acTh BbIIAAAET B TCIUIbIA IEPHO roa
(maii—okTs0ps). Cpenneromosas temmeparypa (1o -6 °C) xapakTepu-
3yeTcst KpaifHe pe3KMMH IepernasiaMu (To1oBasi aMIDIHTyAa KoieOaHui
MoxeT gocturath 95 °C). Huskoe ucnapeHne odecrieunBacT W30bITOU-
HOe yBIaKHEHHE (KO3(QQHUIUCHT YBIaKHEHUS >1) TEPPUTOPUH U paz-
BUTHE BBICOKOH 3203€pPEHHOCTH U 3a00J0YEHHOCTH MecTHOCTH. [loy-
BOOOpa3yroIIHe MOPOIbl IPEICTABICHBI BHICOKOIBINCTHIMUA TPYHTAMH
MecYaHO-CyNecCYaHOro COCTaBa, IOBCEMECTHO MOKPHITHIMH TOP(SIHBIMU
OTJIOKEHUAMH TiepeMeHHON MomtHocTH 0.5—-1.5 M (MenbHUKOB | JIp.,
1983). Haubonee xapaKTepHBIM THIIOM MOIYTHAPOMOPQHBIX IKOCH-
CTEM TEpPPUTOPHH SBISIOTCS TOP(SIHO-OOJOTHBIE KOMILIEKCHI, MPEa-
CTaBJICHHbIE SKOCHCTEMaMH TECHO CBS3aHHBIX MEP3JbIX OYIPHUCTBHIX
topdstarkoB ¢ MMII Ha rirybrHax 10 1 M ¥ OKpYXarOIIHUX UX BEPXO-
BBIX OJIMTOTPOQHBIX 00JI0T, Ha KoTopeix MMII He npocnexuBaroTcs B
tomme 2 M (Matsimak u nip., 2017). B pactutenbHOM OKpOBE BEpXO-
BBIX 0OJIOT Mpeo0IaaroT OCOKOBO-C(harHOBBIC COOOINECTBA, OyrpH-
CTble TOP(SHUKH XapaKTEepU3YIOTCS Pa3sBUTHEM HPEHMYIIECTBEHHO
KyCTapHUYKOBO-JIMIIIAMHUKOBBIX coolmiectB  (Mockanenko, 2012).
[NouBeHHBIH TOKPOB OYIpUCTBIX TOP(QSHUKOB KpaliHE HEOIHOPOJICH,
Npe/ICTaBIeH KOMOMHALMSAMU Pa3BUBAIONIMXCS MPH BIMSHUU MEP3II0-
THl OPTraHOTEHHBIX W KPHOTYPOMPOBAHHBIX THUIIOB IIOYB: TOP(MSHBIX
onmurorpodHsix (Fibric HistosolS), TopdsHBIX OMUroTpodHBIX Mep3-
norHbIx/nectpyktuBHbix  (Cryic  Histosols), TopdsiHO-kpro3eMoB
(Histic Cryosols (Dystric)) u TtopdsHo-rineezemoB (Histic Cryosol
(Loamic)) (Iumros u ap., 2004; FAO, 2014; Marsimak u ap., 2017).

B kauectBe o0bekTa MCCIIEOBaHMS MTOCTYXHIA TOPSHAS OJU-
rotpoduas mepsnotHas mouBa: 101-TO2-TTL, mepsnora ¢ 80 cm.
Ot6op 00pa3LoB NPOBOAMIN U3 HAAMEP3JIOTHBIX TOPU30HTOB B TIpe/ie-
JlaX OJIHOTO IJIOCKOOYTPUCTOTO TOP(SHUKA O] MOXOBOW pacTUTEINb-
HocThI0. HeHapymieHHble (IPUPOJHOTO CIOXKEHUs) 00pa3ibl — MOHO-
JuTHl — B (popMme npu3Mbl pazmepoM 40 x 40 x 40 cm oTOupanu B 1uia-
CTHUKOBBIE COCYIIBI ¢ IBYX y9acTKOB. OOpasIibl MOA00paHbI TaK, YTOOBI
OBUTH OTIIMYHS 10 CTETICHN PA3JI0KEHHs, KOTOPYIO B TIOJIC ONPEICIISIIN
metonoMm QoH [locra (Stanek, Silc, 1977). O6pazenr A — ciabopasio-
JKUBIIMKUCSA ONMMIOTPO(QHBIA Cc(arHoBbI CIa00CIOUCTBIH TOP(SHBIMN
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oOpasel] ¢ eMMHUYHBIMHA KOpHSIMH KycTapHuukoB. Obpazen b — cpen-
HEpa3JIOKUBIIAKUCS OMUTOTPO(HBIH 0COKOBO-C(ArHOBEIN ¢ MPUMECHIO
TUITHOBBIX (3€JIeHBIX) MXOB, CJIOWCTBIA, CHIIBHOBOJIOKHHCTHIN C He-
OONBIIMM KOJIMYECTBOM KOpPHEH KyCTapHHMYKOB. J[JIsl OLEHKH copOuu-
OHHOI CTIIOCOOHOCTH MWHEPAThHBIX TOPU30HTOB, BCTPEUAIOIINXCS Ha
HCCIIeTyeMOl TEepPUTOPHUH, OBLTH OTOOpPaHBI 00pa3Ibl CYyECYaHOTO H
CYTJIMHHCTOTO TPaHyJIOMETPHUUECKOTO COCTABA.

Jo mpoBeneHHst 3KcrepuMeHTa TOPQsHbIE 00pa3ibl XpaHHIIH
[IPU €CTECTBEHHOM BJIAYKHOCTU U MOCTOSAHHOM Temnepatype 4 °C.

Ju3aiin IkcnepuMeHTa. DKCIIEPUMEHT IO ONPEICIICHHIO 3aKO0-
HOMEPHOCTEH BBIHOCA OPTaHMYECKOTO BEIIECTBA U3 TOPQSHBIX MOYB
MIPOBOAMIIN B KOHTPOJIMPYEMBIX YCIOBHSAX C 00pa3laMy HeHapyIIeH-
HOTO cTpoeHus. CxeMa 3KCIepUMEHTa 3aKIfoYaeTcs B MHKyOaruu o0-
Pa3noB-ME30KOCMOB IIpH MOCTOSHHOM TemrepaTtype (22 °C) ¢ mobas-
JICHUEM pa3HOTO KOJIMYECTBA BOIBl M TEPUOJUYECCKAM MOIydeHHEM
JTU3AMETPUYECKUX BO/I.

OTto0paHHbIC B T0JIe 0OJIBIIME 00PA3Ibl pa3/Ieisiii Ha MOHOJIHU-
THI B OpME MPHU3MBI C MJIOMIABI0 TOBEPXHOCTH 5.5 X 5.5 cM U mome-
Iald B TUTACTUKOBBIE €MKOCTH B (hopMe MapauieNienueia 00beMoM
500 cm®. B HIKHIOIO 9acTh COCYJOB MOMENIANU CETYaThlii QUILTP, a
Takke OymMaxkHble (QUIBTPHI THMA “Oesast JIeHTa” i u30eraHusl mora-
JaHWsl KPYIMHOAWCIIEPCHBIX YacTHIl B coOupaemble Boabsl. KopHU u3
00pas3IoB aKKypaTHO yIAJSIIH, CTapasch HE HAPYIIUThH CIOXKEHHUE MO-
HoJIMTOB. I[Ipn cOOpKe ME30KOCMOB OBUIM OIPEICICHBI BJIAXHOCTh W
BEC OPraHOTEHHOM M MMHEpalbHOM cocrasiisiromiel. Ilepen 3amyckom
SKCHEPUMEHTa 00pa3lbl NPOMBIBATIH AWCTHIUIMPOBAHHOW BOAOH ISt
CO3JIaHHS UJICHTHYHBIX HAYaJIbHBIX YCIOBUI.

CdopmupoBano 6 BapuaHTOB ME30KOCMOB (puc. 1): onurorpod-
HBI cabopaznoxusmuiics (Al), omurorpodHsld cnabOpa3noKUB-
IUHCS ¢ MOACTUIAOLIEH MUHEPAIbHOW COCTABJISIOUICH B BHUJIE MecKa
(A2) u cyrmmaka (A3) TOopd, a Takke OMUTOTPOHBIA CpemHepaso-
xuswuiicsa (b1), onurorpodHbIil cpeaHEePa3IOKUBIINICS C MUHEPAIIb-
HoMi cocraBisttouielt — nmeckoM (b2) u cyrnmuakom (B3) Topd. Bricora
TOp¢SHOTO CJI0S TIOYB B BapuaHTax 1 coctamisuia — 13.5 ¢M, B BapHuaH-
tax 2 — 12.0 cm, a B BapuanTtax 3 — 13.0 cm. Kaxxaplii BapuaHnT coOpan
B TPEXKpPaTHOH MOBTOPHOCTH.
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Al A2 A3 b1 62

Puc. 1. Me30KocMBbI, UCTIONIB30BAaHHBIC B JTA0OPaTOPHOM KOJIOHOYHOM OIIBITE.
IT — necok, C — CyTJIMHOK.
Fig. 1. The experiment mesocosms. IT — sand, C — loam.

O6beM BoabI, M0OaBIsIEeMON K MOHOJIHMTaM, OBUT BRIOpaH Ha OC-
HOBE CPEHEMECSYHOI0 KOJIMYESCTBA OCAJIKOB Ha JaHHOH TEPPUTOPUU B
asrycte 3a 20 siet (¢ 1990 mo 2021 rr.) — 80 MM. 3Hasi, 9YTO YUCIEHHO
KOJMYECTBO OCAJIKOB B MWIJIMMETpax paBHO | Kr BBUIMBINEHCS Ha
maomaaky B 1 M? BOJbI, BBICUMTBIBAEM, UTO Ha Iwomans 30.25 cm?
(5.5 x 5.5 cm) 3a 31 cytku nocrymnaer (popmyia 1):

30.25 cm? X 80 a1

Vo = 10000 o2 x 1000 = 203 M (D
JIJIs *MUTAIIMOHHOTO OITBITA MCIIOIB30BATN HEOOIbIon (+25%)
n30bITOK. OH HEOOXO MM, T. K. BO3MOXHBI IIOTEPHU BIIAaru MpH yaepixKa-
HUU YacTH BOZABI TOPHOM (TOp(dsiHBIC MOYBBI OTIIMYAKOTCS YPE3BbIYAii-
HO BBICOKOH BJIaroeMkocTbto — 10 3 500%) u tpancnupauuu. Paccun-
TaHHBIA 00bEM HCIOJIB30BAIN JUISI HMHTAIIUN TPEX BapUAHTOB IMOCTYII-

JICHUS BJIaTH B TIOYBY.

1. “Ocanmxn”. [lepuoamyueckoe MOCTENEHHOE TOOABIEHUE CPEI-
HEMECSYHON HOpPMBI OCAJIKOB 3a 6 JHEW — TMOCTYIUICHHE
0CAaJIKOB B YCKOPEHHOM PEKUME.

2. “Cuerotasaue”’. ENMHOBpEeMEHHOE MOCTYIUICHUE CPEIHEME-
CSIYHOW HOPMBI, HMHUTHPYIOIIEE MPOJODKUTEIbHbIC JTUBHU
WJIM BECEHHEE CHETOTasHHUE.

3. “Bacroit”. Hemmpoa0/mKUTENbHBIN 3aCTOWHBIA PEXKUM — 3aJIH-
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BaJIM MOHOJIMTHI J0 MOJIHOTO BOAOHACKHIIEHUS Ha 14 CYTOK,
TIepeKphIBasl CTOK. 371eCh OBUT MCIOJB30BaH Pa3HbIN 00beM
BOJIBL.

Bo u3bexanne cToka BOIBl BJOJb CTEHOK COCy/a IMpPU MOJHBE,
MOHOJIUTHI BBIPE3aJId TOYHO 110 Pa3MEPy COCYIOB, a MOJIMB MPOBOANIN
CTPOTrO IO LEHTPY MOHOJMTOB. J7Il yMEHbLICHHS TPAaHCIUPALUH BO
BpeMs MHKYOallU MOHOJHTBHI HPUKPHIBAIN TUIACTHKOBOW KPBIIIKOM.
Bechk akcriepruMeHT ATUIICS OKOJIO MecALa.

YcTaHOBIEHO, YTO CHOCOO MOMYy4EHHUs] IOYBEHHOI'O pPacTBOpPA
BIIMSIET HA €T0 XMMUYeckue cBoiictBa (Schlotter et al., 2012; Payauna u
ap., 2016). Tak kak 0T00p IPOO OOJIOTHBIX BOJ B OOJBIIMHCTBE HCCIIC-
JOBAaHHUM MIPOBOJUTCS IyTEM 3aJI0KEHHUS IIyp(HOB U CKBAXKHH, B aHAJIH-
3upyemble 00pasipl MomafaeT rpaBUTALMOHHAS M YACTHYHO KalWj-
nsipHas Biara (Payanna u ap., 2016). Mbl coOupaii TM3uMeTpHuECKIe
BOJIbl, YTO COOTBETCTBYET I'DaBUTALIMOHHON BIIare, MO3TOMY CUHUTaeM
MIPaBOMEPHBIM CpAaBHEHHE MPUPOAHBIX U M3BJICUEHHBIX HaMH Boa. [lo-
JIydeHHBIC PaCTBOPBI OT(GUILTPOBLIBAIIN Yepe3 ‘CHHIOI0 JICHTY”, 3aTeM
yepe3 MeMOpaHHbIA GUIBTP. B monyuuBimxcs o0pasiax onpeaesisiu
cogepxxanue POY (MrC/n pactBopa) U nmepecyuThIBaIM HA BEC OpraHu-
yeckod gactu Me3okocMma (MTC/KT OpraHMYecKOl 4acTH IOYBBI) CO-
riacHo Gopmyite (2):

poy, ML = Crov X Vizo 400 )
KT me
rie Cpoy — KOHIIGHTpAIHS yTiIepo/ia B MOyUYSHHBIX BOAAX, MI/,
M — abCOOTHO-CyXasi Macca OPraHMYECKON YacTH ME30KOCMa, T
V — 00beM 100aBIEeHHOH MPH MOJIUBE BOJBL, JI.

Crnenyer oTmeTuTh, uTo Kak POY pekomeHayercs 0003HA4YaTh
WCKJIFOUUTEIBHO TE BEIIECTBA, YTO MPUCYTCTBYIOT B KHIKOW (aze
noyB in Situ (Zsolnay, 2003). Opranuyeckoe BEIIECTBO B PacTBOpE,
MOJyYEHHOM B Ja0OpaTOpHH IyTeM 3KCTPAaKIMU Yriepoja W3 3alaH-
HOW Macchl TIOYBBI, HEOOXOIMMO OIPEJNENISATh KaK BOJIHOIKCTparupye-
Moe. Ha Ham B3mis, B JaHHOM 3KCIIEpUMEHTE 00Jiee II0Ka3aTeIbHbIM
sBisieTcss BenmuurnHa Mr C/Kr MOYBBI, OJHAKO IOJyYEHHBIH HAMU YTJie-
POZ HE SABJISIETCS BOTHOIKCTPArupyeMbIM B CTPOTOM CMBICIIE, TOITOMY
B JaJIbHEHIIIEM OyeM ONeprupoBaTh BEIMYMHON Mr C/KI OpraHMYEeCKOM
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YacTH IIOYBEL, OJJHAKO Ha3bIBaTh 3T0 POY.

Onpenenenue Ppu3nyecKUX ¥ XUMHUYECKHUX CBOICTB TOP(OB.
Onpeodenenue niomnocmuy TPOBOIWIN HA OCHOBE 3HAYCHHHA OOBeMa
HEHApPYIICHHOW YaCcTH MOHOJIUTA, BECa M BIAKHOCTU. 3HAYCHUS pac-
cunThIBaIK 10 hopmye (3):

P=—, 3
V 3

rie M — abCcomOTHO-CyXas Macca o0pasa, T;

V — 06bem o6pasua, cM>.

Onpeoenenue 6naxcHocmu TMOYBEHHBIX OOPa3LOB MPOBOIUIM C
MTOMOIIIBIO M3MepuTeNs BiuaxkHoct Becoporo OHAUS MB-35.

3onbHocmes TOPGSHBIX 00Pa3IOB ONMpPEACIUIA 10 CTaHIaPTHOU
Metouke (Bopobwesa, 2006).

Onpeodenenue cmenenu pasiodcenus mopgoe TPOBOAWIN IO
CTEIIEHH JUCIIEPCHOCTH, T.€. COJIEPXKAaHUIO (PAKLKU Pa3MEPOM MEHee
250 mxwm (basun u np., 1992). [l 3TOro HCOIB30BaIN COKPAIEHHBIHA
cutoBoi aHanm3. HaBecky Topda maccoid ~15 r Ha CyTKH 3aiuBaiid
OUCTWIIMPOBAHHOM BOJIOH, 3aT€M KOJMYECTBEHHO IEPEHOCHIN B
IBYXJIMTPOBYIO KOJIOYy M B30aNThIBaJIM BPY4YHYIO B TedeHue 10 MHHYT
70 TIONyYeHHsl OJHOPOJHOM cycneH3uu. CyCIEH3WIO CIHBAIH 4epes3
curo 0.25 MM, OCTaTOK Ha CUTE MPOMBIBAJIM 10 OTCYTCTBHUS B IPOMBIB-
HOW Boje MyTH. [IpOMBITBI OCTaTOK KONWYECTBEHHO MEPEHOCWUIH B
yamky [leTpu ¥ BhICYIIUBAIHN JIO0 TIOCTOSTHHOW MacChl TIPH TEMIIEPAaTy-
pe 105 °C. Crenenb pasioxkenus R paccuutsiBanu no hopmyiie (4):

R = 60.5285><pgg‘03' 4)

rae paso, % — TOKazaTenb colepiKaHus (Gpakiuu pa3MepoM MeHee
250 MM, BeICUunTBIBaeTCs 10 opmyie (5):
(mc - mOCT)
D250 = ———— X 100, (5)
mC

rjie M — abCOMOTHO-CyXask Macca HaBECKU 00pasIia, T;
Moer — aOCOMIOTHO-CYXasi Macca Top(a, OCTABIIETOCS MOCIE CUTOBOTO
aHaim3a, T.
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Konyenmpayuro  pacmeopennozo — opeanuueckozo — yenepooa
(Croy) B TOyYEHHBIX BOJAX OMpPENCIISUTM Ha aBTOMAaTHYECKOM aHaIIH-
3atope yriepona TOC — Vepn (Shimadzu, SAnonus).

Onpeoenenue coodepoicanus odowezo yenepooa (Cosw) B MUHE-
panbHBIX 00pa3iax MPOBOAMIM MeTOaOoM TropuHa B MOAM(DHUKAIUH
Huxutiaa (Bopobbsea, 2006).

I'panynomempuuecxuti cocmas (I'C) MuHepanbHBIX 00pa3IOB
OTIpEeNeNsUIM Ha JIa3epHOM aHalu3aTope pa3MepoB uactul, Microtrac
Bluewave (Microtrac, CIIIA). [Ipo6omoaroroBky k I'C ocymmectBusim
03BYYHMBaHUEM CYCIICH3MH Ha QUcrieprarope 30oHAoBoro Tuma Digital
Sonifier S-250D (Branson Ultrasonics, CIIIA) (Yudina et al., 2022;
Sonifier S-250D (Branson Ultrasonics, CIIIA) (Yudina et al., 2022;
O auna, ®omun, 2023).

CraTtuctuyeckass o0paGoTka JaHHBIX. AHAINU3 TOJY4YEHHBIX
JAHHBIX MPOBENIEH B MPOrpaMMHOM Iakere Statistica 7.0 ¢ momMomsio
METOJIOB TapaMEeTPUYECKOH CTaTHCTUKHA. J[OCTOBEPHOCTH pPa3IHUMiA
OLIEHMBAJI METOJIOM MHOTO(aKTOPHOTO AMCIEPCHOHHOTO aHalln3a
(ANOVA). BriOpannbiii ypoenb 3HaunMoctu o =0.05. [laHHble B
TaOIMIaX ¥ B TEKCTE yKa3aHbI B (popMare CpelHee + CTaHAapTHOE OT-
KJIoHeHue. Busyanuzarus naHHeIX npoBeaeHa B cpene R 4.2.1. ¢ wuc-
nonp3oBanueM nakera ggplot2 (Wickham et al., 2016).

PE3VYJIbTATBI 1 OBCYXIEHNE

XapakTepucTuka (PM3H4YeCKUX M XHMHYECKHMX CBOWCTB, HC-
MOJIb30BAHHBIX B KOJIOHOYHOM ONBITE TOP(SIHBIX 1 MUHEPATbHBIX
o0pa3uoeB. Vcrnonb30BaHHBIE B SKCIIEPUMEHTE TOp(hsiHbIE 00pa3ibl OT-
JUYAIOTCS M0 PSAY XapaKTEPUCTHK — IUIOTHOCTH, 30JbHOCTH U, MIPHUH-
[AMTAATFHOE 71 HAaC — CTENeH! pasznoxeHus (tadmn. 1). Ctporo roBops,
00a o0Opasia sSBIAI0TCS ¢1a00Pa3IoKUBIIUMHUCS, T. K. R < 25%. OnHa-
KO OTHOCHUTENBHO JPYT APYyra OHU CHJIBHO OTIHYAIOTCA, TIOTOMY 31€Ch
MbI YCIIOBHO OyjieM Ha3bIBaTh MX CJIa00Pa3JIOKUBIIUICS U CpeIHepas-
JIO>KUBIIHHCS.

HUccnenoBannbie MUHEpalbHbIEe 00pa3Lbl OTINYAIOTCS 110 TPaHy-
JoMeTpuiecKkoMy coctaBy (Tabn. 2) CoaepikaHue WIHCTON (PpaKiuu
(<0.001 MM) B MEUHEpATBHBIX 00pa3Iiax HEBEIUKO U cocTaBisieT 0.6 +
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0.6% u 3.4 = 2.9% 1y necka U CyTrJMHKa COOTBETCTBEeHHO. [Ipeobia-
narome paknuel B mecyaHOM 00pasIle SBISETCS COOCTBEHHO IECOK
(0.05-2.00 mm), comepxanue koroporo 90.88 + 1.53%. s cyriuHu-
CTOro o0pasla XapakTepHO NpeoOiiafgaHue (QpakUuu KPYITHOHW IMBUTH
(0.01-0.05 mm), T. €. 36.3 £ 4.0%.

Ta6auna 1. HexoTopsre cBOICTBa MCCIIEIOBAHHBIX TOP(MSIHBIX 00pa3IoB
Table 1. Some properties of the studied peat soils

MokasaTein CaabopazioxuBmuiica | CpeaHepa3iioxxuBLumiicst
Topd (oOpaszen A) Top¢ (o0pasen b)
SSSEHOCT"’ 0.045 + 0.003 0.164 + 0.004
Crenenp
paznoxeHus, % 4.63 18.28
3016HOCTB, %0 2.26 +£0.30 691 +1.31

Ta6auna 2. ['paHyToMeTpU9IecKAl COCTaB MUHEPAITLHBIX 00pa3IoB
Table 2. Particle size distributions of the mineral samples

Conep:xanue ppakuuii, %; pazmep 4acTuIl, MM

Obpa3en 0.25- 0.05- 0.01- 0.005—
2.0-0.25 0.05 0.01 0.005 0.001 <0.001
Tlecox 36.6+1.8* | 54.3+3.3 4.7+0.2 1.6+0.1 | 2.2+0.8 | 0.6+0.6

CyrnuHOK 4.4+0.4 344416 | 36.3+4.0 | 9.1£0.8 | 12.5+3.0 | 3.4+2.9

Ipumeuanue. *CpenHee + craHgapTHoe oTKiIOHeHHEe (N = 3 I KaKIoro
obpa3sua).
Note. *Average + sdandart deviation (n = 3 for each sample).

Bausinne Tuna Topga Ha KOHIEHTPALHUIO YIjiepoaa B IMOJIy-
4YeHHBIX Bogax. CoJiepkaHue pacTBOPEHHOTO YIiiepoa B MOTyYEeHHBIX
¢wibTpaTax cocraiser oT 90 no 345 mr/kr (puc. 2). UmMuranus rua-
POJIOTHYECKHX YCIOBHH MOKAa3aa, YTO BO BCEX BapuUaHTaX COJep KaHUE
yriIepoAa B MOMYYEHHBIX BOJAX BBILIE IJIS1 CI1a00Pa3IoKHUBILIETOCS 00-
pasua.

IMony4yeHHBIN pe3ynbTaT coriacyercs ¢ xanasiMu Moore & Dal-
va (2001), rme 3a 60 nHeit mHKYOHpOBaHMS TOP(MSHBIX 00pa3IOB MPH
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22 °C ¢ nepuoaudyecKkuM cOOpOM JTU3UMETPUYECKHUX BOJI KOHIICHTpa-
[Us yTIepoaa Utk pacTBOpa ciadopasnoxusiierocs Topda Osuia B 1.5
pasa BhIIIIE.

CnabopasnoxeHHbIi CpeaHepa3snoKeHHbli
obpasey obpasey
a

400

a
400

o L i
ML I T FPer

3001 b

PQY, mrC/kr nousbl
[y)
o
o

TOopd Topch TOpCh TOph TOopdh Topch
+ Necok  + CYrMUHOK + MECOK  + CYIMMHOK

E= ocapku E= cHeroTamnve B 3acToii

Puc. 2. Cogepxanue opraHMuecKoro yriepojia B pacTBOpax U3 MOHOJHUTOB C
Pa3HOU KOHCTPYKLIMEH NPU UMHUTALUU TUAPOJIOTUYECKUX PEKUMOB. BykBbI a-
d moka3pIBalOT AOCTOBEPHBIC PA3IUUUSA MEXKAY BapuaHTaMU (TaMm, rie OyKBBI
OJIMHAKOBBIE, PA3IINUUs OTCYTCTBYIOT).

Fig. 2. Organic carbon content leached from monoliths with different
construction for the experiment. Means with different letters are significantly
different.

Kalbitz & Geyer (2002), mpoaHa u3upoBaB JaHHBIE IO TOP(HS-
HBIM TOYBaM ['epMaHWU, TONYYWIM OTPULATEIBHYIO KOPPEJIHIO
Mexnay koHueHtpauusiMu POB u cremenbro pasnmoxenusi Topdos. K
aHajioruuHoMy BbiBojy mnpunuid Biester et al. (2006), xotopeie Ha
npuMepe onuroTpodHsIx 6010T Yunu BeIsiBUIM, uTo Oojbiie POY BbI-
cBoboxnaercs u3 Topda c Beicokum 3HaueHueM C : N. CooTHomeHne
C : N uccienoBaTeny UCHONB3YIOT KaK MHIUKATOP CTENEHHU pa3jioKe-
Hus (rymudukanun) TopGoB U MOACTHIOK — HU3KHE KOI(PPUIIMEHTHI
YKa3bpIBalOT Ha BBICOKYIO TyMH(HKaLuio W HaoOopoT. UyTh mozxe
Broder et al. (2012) na nmpumepe apyrux y4acTkoB TeX ke 0osor Uunn
MOJYYUIN TIOJNIOKUTEIbHYI0 KOPPELMI0 MEXIY KOHIEHTpPALMsIMU
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POV u ungexcom rymudukanun. bonee ToUHbIe 3aBUCUMOCTH H CBS3U
Mexay comaepxanueM POY B nmpupoaHbIX BoJax U MOYBEHHBIX PacTBO-
pax M CTENEHbI I'yMH(HMKALUM OPraHOI€HHBIX II0YB Pa3HbIX TUIIOB
9KOCHCTEM €llle MPEICTOUT BBICHUTb.

Ilomy4eHHsle pe3ysbTaThl MOKHO PACCMOTPETh C TOUYKH 3PEHHS
METOAMYECKUX ACHEKTOB IIOCTAHOBKHM CaMOI0 3KCIIEpUMEHTa. TaK Kak
MBI OPHEHTHPOBAINCH HAa KOJMYECTBO OCAIAKOB M MCIIOJIL30BAU HEHa-
pYLICHHBIE 00pa3lbl, COOTHOUICHUE TI0YBA . BOJA B HAIllEeM JKCIIEpU-
MEHTE OTINYaiock (Tabm. 3). 3aKOHOMEPHO, YTO MPH TAKUX MCXOIHBIX
JAHHBIX OBUTH BBISBICHBI paznuuus. YBenunueHue Boixona POY mpu
yBelIn4YeHHH 00beMa BOJIbI ITpU padoTe ¢ cycrneH3usMu monyqmnin Kai-
ser et al. (2001), Tokapesa, ITpokymkun u [Ipokymkun (2008), KoTo-
pBI€ CBSI3BIBAIOT Tako# 3(h(PeKT ¢ BOZBMOXKHBIM yMeHbIIeHueM auddy-
3MM U MOOWJIM3alliM OPTaHHYECKOTO BEIECTBAa MPH HEJOCTATOYHOM
KOJINYECTBE BIIary.

Ta6auna 3. CooTHomIeHNHEe 00BEMOB TI0YBA : BOJIa B paCCMaTPUBACMBIX ME30-
kocMmax 1 —Ttopd, 2 — Topd + mecok, 3 — Topd + CyrImHOK.

Table 3. The soil : water ratio the experimental mesocosms. 1 — peat, 2 — peat
with the sand, 3 — peat with loam

Pexum « OCaicH  u i “3acToit”
CHeroTasiHue
Tumn Topda 1 2 3 1 2 3
C1aGopasoKUBIIHIICS 1:11 | 1:17 | 1:13 | 1:6 1:8 1:5
CunbHOpa3I0XKUB- 1:3 1:4 1:3 1:1 1:1 1:1
HIMHcs

Ecnmu paccmarpuBath monydeHHbIE (WIBTPATHl B BEIMYMHAX
KOHIIEHTPAIMH JTM3UMETPHUUECKUX BOA (MI/J), Kak 3To AenarT Miiller,
Alewell & Hagedorn (2009) u Wang et al. (2016) nipu pabote ¢ MOHO-
JUTHBIMU 00pa3laMu, Mbl UMEEM TPSIMO MPOTHUBOIIOJIOKHYIO KapTHHY.
KoHnenTpamusi opraHn4eckoro yriepoja BhIIIE I CpeIHepasiio-
xuBLIerocs Topda u cocrasiser oT 24.7 mr/n no 168.6 Mr/n npu pasz-
HBIX pexkumax. [ cnabopasioKuBLIETOCs] BEIMYMHBI MEHbIIE B 2—5
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pa3 u cocTaBustoT ot 17.2 mr/n no 34.0 mr/n. Takue gaHHBIE MONTyYa-
FOTCS 3a CUET OOBEMHOTO Beca — CpeIHepa3IoKUBITHICS 00pasern B 3.7
paza 6oJjee TUTOTHBIHN, YeM CITa00pa3IoKUBIIHICS U ITPH PaBHBIX 00be-
MaXxX MCXOAHO COAEPKUT Ooible yriaepoaa. [Ipy oqMHAKOBBIX YCIIOBH-
SIX 3KCTPAKIIMK B COOMPaEeMbIe BOJIBI U3 MOHOJHTA C OOIBIINM 3a1acoM
yriepoaa BeiHOCHTCA Oonbiie POY mo cpaBHEHHWIO ¢ TeMm, Tie Macca
MOHOJIHTA (2 3HAYUT U Macca yriepoJia) MeHBIIIE,

BiinsiHue TN BOJHOIO pPe;KMMa HAa KOHLIEHTPALMIO yIJlepo-
Aa B MoJy4eHHBbIX Bogax. /s cnabopasznoxusiierocs Toppa He BbI-
SIBJICHBI OTJIMYMS 10 KoHIeHTpauuu POY nmus pexxumoB “ocaiku’ U
“cHeroTasHHE”, 32 NCKIIIOUEHNEM BapuaHTa 3 (Topd ¢ CYTJIMHKOM), T1Ie
npu “CHEroTasHUd’” KOHLIEHTpauuu yriepoia MeHeiie B 1.4 pasa
(puc. 2). IIpx 5TOM BO BCEX BapHaHTaX MPU PEKUME “3aCTOi’” KOHIICH-
tpanwst POY B monmyueHHBIX (unbTpaTax HIKe B 2 pasa. Jis cpemue-
pasnoxuBiierocsi Topa BapuaHTbl C MHUHEPAJbHBIM TOPH30HTOM HE
OTJIMYAIOTCS MEXy cOOOM MPH pa3HBIX THAPOJIOTHIECKUX PEKUMAX, B
TO BpeMsl KaK BapHaHT “Topd’ BhIIIE MOYTH B 2 pa3a MpU BCEX PEIKU-
Max.

YMeHbIIeHNE BBIXO/a yTiepoa B GUIBTPAThl IPH “3aCTOHHOM”
BOJHOM pEXHME MOXET OBITh CBSI3aHO C Pa3BUTHEM aHA3POOHBIX
YCIIOBHH, MHTHOUPYIOLIIMX MHUKpOOHOE pasioxeHue. Takoe oObscHe-
HHE, OJTHaKO, MPOTHUBOIOCTABIISIETCs pe3ysibTatam Preston & Basiliko
(2016), xoTOpBIC YTBEPXkAAIOT, YTO MUKPOOHOIIEHO3 TOP(MSIHBIX MOYB
XapaKTepU3yeTcsl BBICOKOH aganTanueidl K KpaTKOCPOUYHBIM M JOJTO-
CPOYHBIM M3MEHEHUSIM OKpyXkaromei cpensl. Paynuna u ap. (2016)
OTMEYAIOT, YTO BpeMsi IpeObIBaHUS BOJIbI B TOP(E YBETHUUUBACT BHIXO]]
POY B Bogotoku. CorsacHo 3Toii toruke 3a 14 qHei TeCHOro KOHTaK-
Ta BOJBI U TIOUBHI BBIXOJI YIITIEPOA AOJKEH yBEIMYUTHCS, YTO HE COOT-
BETCTBYET HAITUM JaHHBIM. B TO e Bpems coolmraercst 00 yBenmde-
Huu KoHueHnTpauud POY npu Haceimenuun topga Bomoit (Clark et al.,
2009; Dieleman et al., 2016). IIpu pexume “3acToi” ME30KOCMBI WH-
KyOHpOBAJINCH NPU €CTECTBEHHOM OCBEILEHMU B TeueHHe 14 cyTok —
BO3MOJKHO, MMella MecTO (poToxerpamaiyst, HHAUUAPYIONIas B CBOIO
odepens Omozperpaganuio Omaromaps TpaHCHOPMAIMU MOJICKYIISPHBIX
crpykryp POB B Oonee noctynusie popmer (Cory, 2018). B atom ciy-
gae gacte POY moxer paznararees no CO», yBenmnumBas atMochep-
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HBIW MOTOK YIJIEPOAA.

B pamkax Hamrero skcnepuMeHTa ObUla HCIOJIb30BaHA IOCIEN0-
BaTeNbHAasl SKCTPAKLUS, T. €. THIPOJIOTUUYECKUE PEKUMBI ObUIN CHIMH-
THPOBAHbI HAa OJHUX U T€X K€ MOHOJUTaX. MBI MoCTapaich HUBEIHU-
POBaTh 3TO BIAMSHKE ITyTEM NEPBUYHOM IMPOMBIBKH BCEX 00pa3LoB Iu-
CTHJUTUPOBAaHHOMW BOMOM. JlabopaTOpHBIME SKCIIEpUMEHTAMH Ha pPas-
HBIX THIaX MOYB IOKa3aHO, YTO MepBasi SKCTPAKLUA XapaKTepU3yeTcs
MaKCUMaJlIbHBIM BeIHOCOM yriepoaa (IIpokymkun u np., 2008). Mox-
HO OBUTO OBI MPENIIOIOKUTE, YTO TIOITOMY TIpH “‘ocafkax’  “‘CHerora-
SITHUH, KOTOPBIE COOTBETCTBOBAJIM MEPBOM M BTOPOM IKCTPAKIUU CO-
OTBETCTBEHHO, KoHIIeHTpauusa POY Beime. OfHaKko BEIHOC TpY NEPBOM
U BTOPOH DKCTPAaKLHUAX JOCTOBEPHO HE OTIIMYACTCS Kak Uil CpeIHe-
PAa3NOXXUBLIETOCS, TaK U IS C1a00pa3IoKUBIIErocst TOp(HoB — CHIDKE-
HUE COJepXKaHUs YIJiepoa B JJaHHOM Cilydae BpSA[ JIM MOXKHO HHTEp-
[IPETUPOBATH Y€pe3 METOAMYECKHE acleKThl. TakuM 00pazoMm, TpyIHO
BBIJICJIUTh NPEUMYIIECTBEHHBIN (PakTop, KOTOPBI OKa3ayl BIMSAHUE Ha
yMEHbIIIEHHE KOJIMYECTBA BHIHECEHHOTO YIIIEPO/ia B PEKUME “3acTOi”.

OtcyrctBue paznuuuii B coaepxkanun POY mpu pexunmax
“ocamkn’” W “‘CHETrOTasHHE” HE MPOTUBOPEYHT TOMY (PAKTY, YTO YBEIH-
YeHHe KOJMYECTBA OCAJKOB TMPHUBOJUT, KaK MPaBUJIO, K CHU)KEHHUIO
koHueHTpauu POY 3a cuer pa3z6asnenus pactBopoB (IIpokymkus u
ap., 2005). HecmoTpst Ha OTCYTCTBHE JOCTOBEPHBIX PA3INYHA TCH]ICH-
LM K YMEHBIICHHUIO KOHIIEHTPALUU B PEXXUME “CHEroTasiHue” BCE Ke
€CTb.

Binsinue moacTH/IAaIONEr0 MaTepuajia HA BBIHOC YIJiepoaa
3 ToppsHbIX mouB. [0 00CYyXJeHHsT BONPOCOB BBIHOCA YIIIEPOJa
XO0YeTCsl BHECTH SICHOCTh TI0 HEKOTOPBIM TOHSTHSM, KOTOpbIE OyIyT
WCTIONB30BaHbl B padote fpanee. Cymmaphslil 6bIHOC — KOIUYECTBO YT-
nepojia (MT), KOTOpOe pealbHO OBUIO BRIHECEHO M3 ME30KOCMa 3a DKC-
MEPUMEHT TIPU TPEX MOCIIEIOBATEILHBIX UMHUTAIMSIX BOJAHBIX PEXKUMOB.
Yoenvuwiil pinoc — konudecTBo yriepoaa (MI/T), KOTopoe ObUIO BbIHE-
CeHO U3 Me30KocMa B nepecuere Ha 100 r abcoOTHO-CyX0ro OpraHu-
YeCKOro MaTepualia 3a JIKCHEPUMEHT NpPHU TPeX IOCIENOBATEIbHBIX
MMUTAIMSIX BOJHBIX PEKUMOB. Y AETBHBIA BBIHOC OPraHWYECKOTO YT-
JIepoAa B MHAUBUAYAIBHBIX 00pasnax coctaBui ot 23 mo 92 mr C/100
r Topda (puc. 3). s cnabopaznoxusmerocst TopdstHoro odpasiia xa-
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PaKTEPHO YMEHBIIICHUE KOJUYECTBA BHIHECCHHOTO yIiIepo/ia B BapuaH-
T€ ¢ CYIJIMHKOM B KauyecTBE MOJCTHJIAIOIIETO MaTepualna, 1o cpaBHe-
HUIO ¢ 9ucTBIM Topdom, Ha 20%. OTiamuuil MeXITy BapHUaHTaAMH
“Topd” u “ropd ¢ meckom” mns ClabOPa3TOKUBIIETOCS TOPGha BhISIB-
JieHo He ObUI0. JIist cpeHepa3ioKUBIIErocsl Topda BISBICHO YMCHb-
IICHUE yJIENILHOTO BBIHOCA YIIIEpOJia B BAPUAHTAX M C TIECKOM, U C CY-
[JIMHKOM B Ka4€CTBE TMOJICTIIIAIONICr0 MaTtepuana Ha 45% mo cpaBHe-
HUIO C YUCTBIM TOP(OM.

A o [ \ .

Topd ‘32.3 ‘ 17.8 ab
+ Necok

Topg ‘30‘8 ‘ be
+ CYrMUHOK
2) Topch ‘20.2 ‘ ¢

TOpPp | {128 -1014 d
+ necok
TP, [121 -9.4 d
+ CYIMUHOK
0 25 50 75
Macca BblHeceHHoro yrnepoga, mMrC/100r noysbl

Ml 3acToii [0 cHerotasHue [] ocagkm

Puc. 3. YaensHbII BBIHOC OpPraHMYECKOTO yIiepoJa 3a BeCh OMBIT. A —
cnabopasznoxusmuiicss Topd, b — cpennepaznoxusmmiics topd. Lndpamu
0003HaUYeHa BEJIMYMHA BBIHOCA Ipyu UMUTAIIUN OJHOI'O pEKUMaA. BYKBLI a—d
TMOKa3bIBAOT JOCTOBECPHLBIC PA3JIMYHd MCKAY BapUaAHTAMU.

Fig. 3. Organic carbon leaching from monoliths for the experiment. A — peat
with low decomposition degree, B — peat with medium decomposition degree.
The numbers within barplot indicate the amount of organic carbon content
leached for the only one simulating hydrological regime. Means with different
letters are significantly different.

Paccmotrpum cymmapHsbIii BeIHOC yriepona. Ilpu mpoBeaeHun
PETHOHANBHBIX PACYETOB II0 SKCIOPTY YIJIEPOAa C 3aJaHHON TEPPUTO-
PHUH ONEPUPYIOT, Kak mpasmio, Beanunnoit T C-rat-ron™ u paccuurs-
BalOT Ha ykazanHywo tommy (0.2, 0.5 mwmm 1.0 m). B Hamewm ciyuae
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BBUy TOTO, YTO 0OBEMBI MOHOJHTOB B TPEX BapHAHTAaX OTIMYAIHCH,
MOJKHO CPaBHUBATH MEXY COOOH TOJBKO MOHOJMTBI OJTHOTO BapUaHTa
T.e. “ropd” crmabopaszIoXHUBIIMKHCI C “TOphoM” CpemHepasIoKNB-
muMcst, “Topd + mecok” ciabopasnoxusiierocs oodpasma ¢ “ropd +
Iecok” cpemHepa3IoKuBIIerocs obpasma u T. A. M3 MOHOIMTOB co
cJ1a00Pa3NOKHUBIIMNMCS U CPETHEPAIOKHUBIIAMCS TOPHOM CyMMapHO
3a TPW IHUKJIA UMHTAIMH BOJHOTO PEXHMa ObLIO BhIHECeHO 19.2 + 3.2
u 47.6 £5.1 mr C coorBeTcTBeHHO. IIpH 3TOM 3aKOHOMEPHOCTH BIIHSI-
HUS BOJHBIX PEXKUMOB COXPAHSFOTCS.

HecmoTpst Ha yMeHbIIeHHE BBIHOCA yTiiepoja U3 TopdoB B Bapu-
aHTax C MHUHEpPAJIbHBIM TIOPU30OHTOM B HIDKHEH YacTu MOHOJIMTa, 3a-
KperuieHHe (CTAaTHCTHYECKH JTOCTOBEPHOE YBEIWYCHUE COJCPIKAHHMS
yriepo/ia) BhISBICHO TOJIEKO B MECKE, HCIOIh30BAHHOM B KOMOMHAIHH
co cpeaHepasnoxuBmuMcs Topdom (tadu. 4). B Bapuante “ropd c
CYTJIUHKOM” JIJIsl CPeHEPa3NOKUBIIETrocs Topdha JOCTOBEPHBIX OTIIHU-
YU He BBISBICHO, HO HAOMIOACTCS TEHACHIMS K 3aKPEIUICHUIO yIJie-
pona.

Ta6auna 4. CoxepkaHue OpraHHYECKOTO yTiepoja B MUHEPAIBHBIX 00pas3-
ax a0 1 nocjie MaHUIMYJIAIAOHHOT'O OIIbITa

Table 4. The total organic carbon in mineral samples before and after the
manipulation experiment

Tun MOHOJIHTA Cno, r/100r Cnocie, r/100r
Crnabopa3noKuBIIHIACS 0.39 + 0.05a 037+011a
C ITIECKOM
Crnabopa3noKuBIIHIACS 026+ 007a 020+ 0053
C CYTJIMHKOM
CpenHepas/jioxuBIINICSA 0.39 + 0.05a 064 +0.16b
¢ ECKOM
Cpennepaszno>KuBIIUICS 026 + 0.07a 031+ 0.09a
C CYTJIMHKOM

IMpumeuyanue. *Cpennee + cTaHIAPTHOE OTKIOHEHHE.
Note. *Average + sdandart deviation.

COp6LII/IOHHa$I CMKOCTh IIOYBbBI B OTHOIICHHWU PACTBOPCHHOI'O
OPraHruYCCKOro BCHICCTBA HAIIPAMYIO 3aBUCHUT OT COACpXKaHUA HIIU-
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croii ppakuuu (Shen, 1999; Kahle et al., 2003), koTopas noriomaer
OONBLIYI0 YacTh MOCTYMAKOLIEr0 B IOYBY MaTepuana — A0 95%
(Freeman et al., 2004). Ograko MHHEpadbHBIC MOYBHEI 00JIATAIOT HE
TOJIBKO COPOLMOHHBIMM CBOWCTBAMH B OTHOILUCHHWH OPraHUYEeCKOTro
BEIIeCTBa, HO W CaMU MOTYT OBITh ero mcrouHukoMm. Lim, Loiko,
Pokrovsky (2022) ycraHOBWIHM, YTO TOTJIOTHUTENbHAs CHOCOOHOCTH
MUHEpaIbHBIX TOPU30HTOB ceBepa 3amaaHoii CHOMpH comocTaBUMa C
kosinuecTBoM POB, xoTOpOoe MOXET OBITh BBIMBITO U3 IIEPEKPBIBAO-
IMUX TOPQSHBIX TOPU3OHTOB. YTJEPOd B MHUHEPAIbHBIX TOPHU30HTaX
MOXET TaK¥XK€ JICTKO IleCOp6I/IpOBaTLC5[, B TOM YHCJIC U IIpU YBCJINYC-
HUM [ITyOUH JEsITENBHOTO CIIOSL.

3AKJIIOYEHUE

Crenenp pasnoxeHus: Topda U TUAPOIOTHIECKUE YCIOBHS Tep-
PUTOPUH ONPENEIIAIOT BEIMYMHBI BEBIHOCA COSAMHEHUH yTiepoa ¢ BO-
JaM{ U3 IJIOCKOOYTPUCTBIX TOP(SIHUKOB. Y eNbHO Oonbliee Konude-
ctBo POY, kak mokasan 3KCHEpHMEHT, BHIHOCHUTCS M3 MEHee pasiio-
KUBIIUXCSI MaTepUaIOB, HO CYMMapHBIA BBIHOC U3 00beMa Topda ais
CpelHepa3NoKuBILIErocsi Bolmie B 2.5 pasza. [lapameTrpoM, KOTOpBIi
MOJKET CITIOCOOCTBOBATH YMEHBIICHUIO OOIIEr0 BEIHOCA OPTaHHUECKOTO
BEIIEeCTBA 3a Tpenenbl NMpoQuis B COMPsDKEHHBIE BOABI BBICTYMAET
HINYME MHMHEPAJIbHOTO TIPYHTa HENOCPEACTBEHHO IO TOP(SIHBIMU
TOPU30HTaMH. 3a cYeT COpOLMHN OPraHUYECKOTO BELIECTBA MHHEPAIb-
Hasl 4acTh MOYBEHHOTO MPOQUIIS MOXKET 3aKPENUTh BEIHOCUMBIN yTJIe-
pox. OHaKo ecTh BEPOATHOCTh BBIHOCA YIJIepoJia U U3 CaMOro MUHe-
PAJILHOTO TPYHTA, TOITOMY OLICHUBATh JAaHHYIO BEJTMUUHY HYKHO TIpH-
HUMasi BO BHUMaHHE JIOKAJIbHBIE 0COOEHHOCTH TEPPUTOPHH.

TakuM 00pa3zoM, yUUTHIBasl TEHIEHIIUH TOCIETHUX JIET K YBEIIN-
YEHUIO KOJIMYECTBA OCAIKOB M IOBBILICHUIO TEMIIEpaTypbl BO3AyXa
(Ioxnuaposa u np., 2023) kak MOCIECACTBUN TI00ATHEHOTO M3MEHEHUS
KJIMMaTa, CTOUT OXKWJATh YBEIWYEHHS MOIIHOCTH JESTENHOTO CIIOS
Ha MEp3JbIX TOp(SIHUKAX. DKCIIOPT COEANHEHNUH yIiIepoaa 3a CUeT BO-
BJICUCHHS HOBBIX TTyOWHHBIX TOP(SHBIX CIOEB MOMKET YBETUUUTHCA.
Onnako orranBanne MMII MokeT BCKPBITh MHHEPATbHBIC TOPU3OHTEI,
CrocoOHbIE K COPOIMH OpPraHMYECKOTO BEIIECTBA, YTO ITO3BOJIUT
YMEHBIINTH 00LIHMe TOTEPH yIiepoaa U3 MOYBEHHON TOJIIIH.
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Abstract: Intensive industrial development in the form of metallurgical plants
and quarries for mining of mineral resources in the vicinity of the city of Yazd
resulted in significant dustiness of the ground layer of atmosphere and
accumulation of industrial dust on the soil surface. At the locations of alloy
steel production facilities, dust composition was dominated by particulate
matter less than 1 um (PM1), while near sand quarries, dust particles less than
10 um (PM10) were predominant. The dust from these sources also differs in
chemical composition (iron/silicon content ratio, pH). Registration with a
pyranometer with a dark green filter with transmittance at a wavelength of 550
nanometers with a time interval of 20 seconds at a speed of 30 km/h during the
movement along the specified routes allowed authors to identify zones with a
stable increased content of particles of different sizes in the near-surface
atmosphere. Sampling soil pits in these zones confirmed the presence on their
surface of layers of dust deposits with a thickness of more than 5 cm, which
allows them to be attributed to Technosols in accordance with the WRB soil
classification. The soil map of the research area was compiled at a scale of
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1: 25000 with the reflection of Technosols participation in the soil patterns.
According to the map, more than three quarters of the study area are soil
complexes including Technosols. Arid climatic conditions of the region lead
to the accumulation of dust on the soil surface, which are practically not
transformed and not removed from the soil, which results in their degradation
and deterioration of the environmental conditions. Dust accumulation on the
soil surface affects the state of vegetation cover of the region, which serves as
a basis for indirect satellite indication of dusting zones. The method of
revealing the dust layer on the soil surface based on the assessment of
dustiness of the near-surface atmosphere using pyranometer can serve as a
good complement to remote sensing methods.

Keywords: industrial dusts; pyranometer; Yazd city; desert; Technosols.

BoisiBi1eHHe TexXHOCO0J1ei, CPOPMUPOBABIINXCS U3
NPOMBIIILIEHHOI NBLLIN B paiione ropoaa Hesn
(HenTpansubiii Upan), ¢ nomoubo
HAa3eMHOM PaJMOMETPUH

Pesiome: WHTeHCUBHOE  pa3BUTHE IPOMBIIIIEHHOCTH B BUJIE
METALTYPrHYeCKuX MNPEANpHATHH W KapbepoB IO JI0ObIYE TMOJIE3HBIX
HCKOTIAaeMBIX B OKPECTHOCTSX Topoja Ve3n mHpuBeno K 3HAUYMTENbHOM
3aIBUIEHHOCTH NPU3EMHOM aTMOC(Ephl U HAKOTUICHNIO TIPOMBIIIIIEHHOH MBIIH
Ha TIOBEPXHOCTH TIOYB. B MecTax pacmojokeHus NPeANpHsITHH o
IIPOM3BOJICTBY JISTUPOBAHHOM CTallM, B COCTaBE IbUIM IPeoOagail TBEpAbIe
gacTuipl pasmepom mMeree 1 Mkm (PMI1), B To Bpems Kak OKOJO NECUaHBIX
KapbepoB — 4acTHIBI MbLIH pazmepoM MeHee 10 mxm (PM10). ITbutb ot aTHX
HMCTOYHHUKOB OTIMYAETCS TaKXKe M 10 XUMHYECKOMY COCTaBy (COOTHOIIEHHIO
coJiepkaHus kene3a U kpemHus, pH). Perncrpanus nupanoMeTpoM ¢ TEMHO-
3eNIeHbIM (PUILTPOM C TMPOIMYCKaHWEM Ha JJIMHE BOJHBI 550 HAaHOMETPOB ¢
BpPEMEHHBIM HMHTepBajioM B 20 cexyHa Ha ckopoctd 30 KM/4ac BO BpeMs
IOBIDKEHUSI 10 33JaHHBIM MapuipyTaM II03BOJIWJIA BBIACIUTH 30HBI C
YCTOWYMBBIM TOBBIIIEHHBIM COAEp)KaHWEM B IPU3EMHON aTMocdepe JacTHil
pasHoro pasmepa. BribopodHsle pas3pesbl MOYB B ITHX 30HAX ITOITBEPIIIH
HaJIMYie Ha WX MMOBEPXHOCTHU CJIOEB IBIIEBHIX OTIOKEHHWH MOIIHOCTBIO OoJiee
5 cM, YTO TO3BOJIIET HMX OTHECTH, corjacHo kiaccudukammum WRB, x
texHocoisiM  (Technosol).  ITloctpoena  mouBeHHass  kapta  paiioHa
uccinenoBanuii B macirrade 1 :25 000 ¢ oTpakeHHEM yd4acTHs B [MOYBCHHOM
MIOKpPOBE TexHOcosieH. B cooTBercTBMM C KapToi, Oojee Tpex ueTBeprTei
HCCIEOYyeMOH  TEppPUTOPHH  COCTaBJISIIOT ~ IIOYBCHHBIE  KOMINUIEKCHI,
BKJIIOYAOIUE TEXHOCOIH. 3acyIIIMBBIE KIMMATHUECKUE YCIOBUS PErHOHA
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MPUBOAAT K HAKOIUICHHWIO TIBUIEBBIX BHIOPOCOB Ha MOBEPXHOCTH IIOYB,
KOTOpPBIC MPAKTHYCCKH HE TPAHCPOPMHUPYIOTCS M HE YIANSIOTCS W3 MOYBEHI,
YTO MPHUBOINUT K WX JETPajallii M YXYALIICHUIO KOJOTHYECKONH 0OCTaHOBKH.
Hakomnenne mnbulM Ha TIOBEPXHOCTHM TMOYB  BIMAET Ha COCTOSIHUE
PACTUTENFHOTO IOKPOBA PETHOHA, YTO CIYXKUT OCHOBAaHHEM MIJIsi KOCBEHHOM
CITyTHUKOBOW WHAMKAIIMKU 30H 3ambUIeHHUs. MeTOoJl BBISBICHUS CIOS MBUIM Ha
MMOBEPXHOCTH TIOYB II0 OIEHKE 3albUICHHOCTH TIPH3EMHON aTtmochepsl C
HCTOJIb30BAaHUEM IMHUPAHOMETPAa MOKET CIYKHTh XOPOIIMM JOMOJHEHUEM K
MHACTAaHIIMOHHBIM METOIaM.

Knrwueevle cnosa: TPOMBIIUICHHAS TBUIE, HTHPAHOMETP; TOPOI Uesn;
Ty CTBIHS; TEXHOCOJIH.

INTRODUCTION

Dust absorbs solar radiation and scatters it to space and the bal-
ance between dust absorption and scattering (Fraser, Kaufman, 1985)
determines its ability to counteract greenhouse warming and atmos-
pheric heating, but at present the amount of radiation to be absorpted
by dust is uncertain (Sokolik, Toon, 1996; Alpert et al., 1998). Accord-
ing to Kaufman et al. (2001), dust absorption is expressed by its imagi-
nary index of refraction, which had been recommended by the world
meteorological organization (WMO, 1983). Cattle et al. (2009) in a
semiarid zone of Australia, at the central location, where a Calcisol has
formed in lacustrine lunette sediment, found that local dust of the same
size as the dominant silt of the topsoil continues to be deposited, while
minor topsoil is represented by very fine-grained silt matching regional
and long-distance dust deposited at the site. Any suspended material
with different size and shape in the air has defined as particles. Among
all particles suspended in the atmosphere, the particles with diameters
of 10, 2.5 and 1 micron and less are considered as air pollutants and
environment health threat (DEQ, 2014). Zia-Khan et al. (2015) during
the experiment found that dust deposits could block the stomata on the
top of the leaf surface of a cultivated cotton, and, in addition, the cano-
py temperature of the dust-covered leaves was always higher than the
control treatment. There are many factors provoking the emergence of
the phenomenon of dust, so they can be classified into two major cate-
gories: natural and human factors. Natural factors include climate
change, volcanic activity etc., and human or man-made factors include
drying up of wetlands, desertification, the loss of underground water
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and industrial activities such as metal and non-metal industries, mining,
urban activities like as civil engineering and road construction. Due to
the important influence of the dust pollution on soil, which is an essen-
tial parameter of environment, and on human health, identification and
control of dust pollution is necessary. According to the report of Beine
et al. (2017) ambient particulate matter is a major health hazard, caus-
ing ~3 million premature deaths annually. It is also widely known that
PM affects incoming solar radiation, and hence, it is routinely included
in assessment of climate change. It logically follows that PM will also
affect solar energy generation, yet there have been only a few local
studies of the effect of PM deposited on solar panel surfaces, and none
that have explored the impact of ambient and deposited PM, including
dust and anthropogenically produced particles. According to Interna-
tional Standard ISO 9060:1990 and the World Metorological Organisa-
tion (WMO) a pyranometer is the designed type of instrument of hemi-
spherical form to measure global or diffuse solar radiation integrated
over the wavelengh range from 0.3 to 3 pm (300 to 3 000 nm) (Kipp,
Zonen, 2016). Gu et al. (2019) studied the perturbation of phosphorous
emements from dust sediments to soil surface, and according to their
study, dust contained abundant amount of Ca-P, which is consistent
with its alkaline and calcareous nature and with previous studies on
dust, derived from dry-lands. Karta (2020) after experiment showed the
impacts of soil disturbances by human activities on the soil aggregation
and dust fluxes and provided quantitative estimates of soil loss over
time, thus, substantial loss of PM10 (particulate matter, that is less than
10 micrometers in diameter) was recorded in most experimental condi-
tions. According to Giltrap et al. (2021), harmful emissions from soil
can be increased or decreased by anthropogenic activity, while climate
change is likely to modify future emissions patterns, both directly and
in response to human mitigation and adaption actions. It corresponded
to the scattering albedo (ratio of scattering to scattering + absorption).
Khalesi Doost and Akhlaghi (2014) in estimation and comparison of
solar radiation intensity by some models in a region of Iran mentioned
the effect of factors such as altitude above sea level, the number of
dusty days during month and seasonal changes of Sun-Earth distance.
Eger (2011) in the research on the super humid and tropical soils re-
vealed, that the increase of ecosystem fertility in correlation with aeoli-
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an processes was reflected by an increase of fertility-demanding spe-
cies with dust flux, which was, however, not capable of maintaining
vegetation suites characteristic of earlier stages of dust-free succession.
Rashki (2012) emphasized the role of dust aerosols in atmospheric pro-
cesses, i. e. the Earth’s radiation balance and cloud microphysics, that
strongly depends on a variety of physico-chemical parameters, such as
size distribution and dust sources. Javadi and Moeini (2019) in Iran, by
using the pyranometric stations solar radiation data and the daily sun-
shine hours and also by Angstrom equations classified five climate re-
gions, that in our research the area related to the total solar radiation
(TSR) according to sunshine hours located in the highest class of TSR.
Mohammadi et al., Aghasi et al. (2019) in relationships of soil physical
and chemical properties with seasonal and annual dust deposition rate
in Gavkhouni swamp sub-basin, Central Iran, found areas with high
ecological complexity and complex nonlinear relationships among in-
put and output data, the nonlinear methods were superior to linear
methods. Adebiyi et al. (2021) showed that the cement dust particles
entering the soil increased the pH of the soil, it is more alkaline on a
forest tropical topsoil. Mohammadi et al. (2022) in their research aimed
to identify and prioritize suitable locations for constructing photovolta-
ic power plants from the perspective of dust in some of the cities in
Iran. Due to the geographical location and cold and dry climate of
Mashhad, the city is exposed to the dust of the deserts of Turkmenistan.
But due to high temperature in Abadan, as one of the tropical regions in
Iran, the dust affects the performance of solar systems and significantly
reduces the output power. Also, Mohammadi et al. (2022) reported that
in Rasht city, near the Caspian Sea, with a temperate and humid cli-
mate the dust was negligible and in Sanandaj, in north-west of Iran, due
to its cold and humid climate and with significant number of snowy
days, dust load was low and insignificant. This study was conducted to
investigate the effect of dust on the soils in the industrial zone of Yazd
with desert and semidesert climate.

MATERIALS AND METHODS

For determination of dust effects on sun irradiation the sun pyra-
nometer Kipp & Zonen model of CMP 3 with dark green filter with
transmissions at 550 nanometers was used. After installation of the py-
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ranometer on the roof of a car, data were collected with data logger
model of combilog LT 1021 manufuctured by Teodor Friendrichs &
Co. Data were collected within 20 seconds of time intervals (equal to
ground distances of about 167 meters), when the car was moving with
30 km/h speed. The concentration and diameter of dust in PM10,
PM2.5 and PM1 were analyzed with Haz-Dust portable instrument,
model: epam-5000, manufactured by environmental device corpora-
tion. Sampling flow rate in Haz-Dust was 5 liters/minute. Sampling
program was planned for rate of 1 minute, and the averaging was con-
tinued up to one hour with every PM filter and for each measured
point. The accuracy of Haz-Dust, dust analyser, was +10% for filter
gravimetric SAE fine test dust (Figurel).

Fig. 1. Pyranometer installation on the car and the used Haz-Dust instrument.

On the collected dust from topsoils, x-ray imagery and total ele-
ments analyses were performed with scanning emission microscopy
(SEM) with a SEM TESCAN instrument and combination with EDS
mapping, Bruker X Flash. The location of study area, about 400 km?,
was shown in Figure 2. Soil description in the field included morpho-
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logical parameters and such routine physical and chemical analyses as
vegetation status, soil color, soil structure, soil texture, soil reaction and
organic matter percentage. The soils were classified according to WRB
2014 (FAO, 2015).

Y

Fig. 2. The red rectangle shows research area in southwest of Yazd City.

According to Schad (2018), the Technosols as a Reference Soil
Group in the WRB, after the version in 2014/15, seem to have provided
a satisfactory scheme for classifying technogenic soils. In 2014 version
of WRB, only little changes were made to the definition of the arte-
facts: “deposits in an environment, where they do not commonly oc-
cur” and “properties” were changed into “chemical and mineralogical
properties”. Also, in third version of WRB, related to its previous ver-
sion, the technic hard rock was renamed technic hard material, because
it is substantially different from natural rock.

RESULTS AND DISCUSSION

In Figures 3 and 4 Google images in the time series from 2005
till 2023 and an exponential curve of spatial expansion of steel town in
the northwest of the study area were shown.
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Fig. 3. The monitoring of steel town development on the Google images in
2005, 2015 and 2022.
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Fig. 4. The curve of steel town development from 2005 till 2023.
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For comparison of two types of dust derived from steel and
gravel industries the SEM images of dust, collected from topsoils, were
shown in Figure 5. The left image in Figure 5 showed PM of bigger
size in gravel mining areas in relation to the right image, demonstrating
dust formed near steel combination industries. The EDS analyses of
dust revealed that the samples taken near steel industries contained
more Fe and less Si compared to the ones taken near gravel industies
(Figure 6).

Moreover, dust quantitative analyses, performed by means of
Haz-Dust portable instrument (Figure 7), confirmed the increase in fine
particles (PM1) content near steel industries, where the ratio of Fe/Si
(based on EDS analyses) increased as well.

The location of dust sampling points and track line of irradiance
data using mobile pyranometer within the study area are shown in Fig-
ure 8.

Figure 9 shows variation of the irradiance intensity at track
points with a Max. 619.44, a Min. 362.27, an Ave. 587.32 and a
St. Dev. 26.62 values.

The results of Kriging analysis in Arcmap 10.4.1 of recorded py-
ranometer data are shown in Figure 10.

SEMMAG: 350Kk WD: 4 99 mm Ll MIRA3 TESCAN| SEM MAG: 35.0 kx WD: 6.64 mm
Det: SE SEM HV: 150KV 1pm Det: SE SEMHV: 150kV | 1ym
Date(m/dly): 05/23/23 Date(m/dly): 05/23/23

Fig. 5. SEM images of dust derived from two sources: steel (right) and gravel
(left) industries.
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cosfev

=

cpsfev

6

-

EI AN Series unn. C norm. C Atom. ¢ Er_ror El AN Series unn. C norm. C Atom. ¢ E(ror
(1 Sigma) (1 Sigma)

[wt., %] [wt., %] [at., %] [wt., %] [wt., %] [wt., %] [at., %] [wt., %]
C 6 K-series 54.50 54.50 62.10 8.86 C 6 K-series 69.40 49.16 60.22 11.62
O 8 K-series 41.96 41.96 35.89 7.89 O 8 K-series 51.67 36.60 33.65 9.32
F 9 K-series 1.59 1.59 1.15 0.93 Ca 20 K-series 4.75 3.37 1.24 0.21
Si 14 K-series 0.78 0.78 0.38 0.08 Fe 26 K-series 4.72 3.34 0.88 0.23
Ca 20 K-series 0.73 0.73 0.25 0.09 Si 14 K-series 4.70 3.33 1.74 0.25
Al 13 K-series 0.32 0.32 0.16 0.06 Al 13 K-series 2.57 1.82 0.99 0.18
Mg 12 K-series 0.06 0.06 0.03 0.04 Mg 12 K-series 1.49 1.06 0.64 0.15
Na 11 K-series 0.06 0.06 0.03 0.04 K 19 K-series 0.71 0.50 0.19 0.07
Total: 100.00 100.00 100.00 Na 11 K-series 0.67 0.48 0.30 0.11

Cl 17 K-series 0.24 0.17 0.07 0.05

S 16 K-series 0.21 0.15 0.07 0.05

Ti 22 K-series 0.03 0.02 0.01 0.03

Total: 141.16 100.00 100.00

Fig 6. EDS analyses of dust derived from two sources: steel (right) and gravel (left) industries.
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Fig. 7. Dust quantitative results, obtained by means of Haz-Dust portable in-
strument, and Fe/Si ratio resulting from EDS analyses.
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Fig. 10. Geostatistical analysis of radiation fluxes (W/m?) by Kriging method
in Arcmap 10.4.1, recorded by pyranometer on the tracking GPS line.

Due to the changes in the chemical composition of the sediments
that came from the dust of metal industries or sand mines, the color of
the soil surface had also changed. All soils had the same Munsell Hue
10YR. All natural soils had Munsll color of 10Y/R 6/3 or pale brown.
In the area affected by sand and gravel mines, color value 1 degree in-
creased and Munsell color changed to 10YR 7/3 or very pale brown.
The steel and complex industries changed Munsell color of topsoils to
10YR 7/1 or light gray. The semidesert plant coverage, where affected
by industrial and mining activities, decreased to 50% (from 30% on the
natural soils to 15% on the Technosols). The surface horizon of the
soils near the metal industries had a slightly acidic soil reaction
(pH = 6.5) in contrast to the soil reaction of other natural or sand mine
areas (pH = 7.5). This difference in hydrogen ion concentration of the
soil could be due to acid rain or the presence of acid chemical com-
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pounds in the dust of these areas. The percentage of organic matter in
the surface horizon of industrially affected soils was reduced to less
than 0.1%, compared to organic matter content in the surface horizon
of natural desert soils, wich is about 0.6-0.8%. The texture of all sur-
face soils was sandy loam, and noticeable changes were not observed
in them. The structure of the soils in the areas affected by the industry
had changed from a weak medium size blocky to a massive unstruc-
tured soils. The usual natural soil great groups were: Fluvisols on the
alluvial depositions in desert zone with gentle slope (4-8%); and at
upper slopes: Leptosols on highlands to the pedimonts direction in
semidesert (Sirezems) zone with moderate slope (8-12%). In study ar-
ea consolidated and relatively continuous material was found, resulting
from industrial process, and identified as technic hard material called
‘Technogenic diagnostic materials of WRB (2015)’. Therefore, accord-
ing to the definition of Ekranic (ek): having technic hard material start-
ing <5 cm from the soil surface (in Technosols only); in Figure 11 it is
possible to determine the Ekran layer on the soil surface, which con-
firm the identification of Technosols in the study area.

Fig. 11. The example of profile of Technosol (soil pit) nearby the steel factory
in the study area.

In the study area the soil great groups (Table 1) were classified
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according to WRB (FAO, 2015).

Table 1. The soil great groups in the study area (FAO, 2015)

Soil code Description
FL Fluvisols
TCFLCI Technosols-Fluvisols-Complex industry
TCFLGI Technosols-Fluvisols-Gravel industry
TCFLSI Technosols-Fluvisols-Steel industry
TCLPGI Technosols-Leptosols-Gravel industry
TCLPSI Technosols- Leptosols -Steel industry
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Fig. 11. The soil great groups, formed after industrial activities in the desert to
semidesert areas, Yazd, Iran.
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According to the dust (Figure 7) and irradiation (Figure 10) data
the industry affected soils were classified (Table 1 and Figure 11).

Although the industrial sediments have had a chemical and phys-
ical effect on the surface horizon, it is not possible to determine the
thickness of a new horizon layer, which is supposed to bury the under-
lying profile. The reason for this can be due to the wind erosion, which
takes place at the same time as the wind blown materials are accumu-
lated in the studied area. The main indicators, which helped to distin-
guish metal industry dust from sand mines one, were smaller size of the
particles and greater Fe/Si ratio recorded near metal industries. These
differences can be due to the escape of smaller dust particles from the
filters of metal industries and the type of processes carried out in alloy
steel industries compared to sand mines. However, the dust formed in
the air remained suspended and with light breezes from the plain to the
mountain during the day and from the mountain to the plain at night
covered the entire area. The role of fine dust in reducing the emission
of solar radiation to the earth in Iran was also reported by Rashki
(2012) and Javadi and Moeini (2019). Yazd, belonging to subtropical
and dry climate, could be a region with high potential for dusty air sim-
ilar to Abadan in the research of Mohammadi et al. (2022). Although
the pyranometer is designed to be installed at synoptic meteorological
stations, in this research it was used as a mobile device to perform the
relative comparison of radiation levels around polluting industries. Be-
cause of a variety of physico-chemical parameters such as size distribu-
tion (PM10 and PM 2.5 vs PM1) and dust sources, adapted to Rashki
(2012), a dark green filter (550 nm) was used in the pyranometer to
distinguish and separate relatively the areas with different types of dust
in the study area (Figure 10). Dust deposits on native vegetation may
reduce the percentage of green cover, which was found by Zia-Khan et
al. (2015), becuse dust can block the stomata on the top of leaves. As
far as vegetation is one of the main factors of soil formation and evolu-
tion, this effect can lead to changes in the type of soil compared to its
natural state. Also, acording to the research of Adebiyi et al. (2021)
about dust effects on the chemical properties of soils, the soils of the
study area were classified on the basis of the collected radiation data
(Figure 11). As a result, in the area affected by the industry, more than
three quarters of soil cover is represented by soil complexes, including
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Technosols. Finally, the soil map was designed at the scale 1 : 25 000,
where the accuracy of soil groups boundaries was ensured and verified
by the field study results.

CONCLUSIONS

The rapid industrial development in the study area has exceeded
the environmental capacity in the desert and semi-desert regions of
Yazd. The use of a mobile pyranometer contributed to distinguishing
high-risk areas from low-risk areas in terms of environmental pollution,
including soils affected by industry. It is necessary to prevent the inten-
sity of pressure on the environment through industrial development or
even to relocate it to other areas, characterized by lower risks. If the
industrial dust in some regions have been able to increase the vegeta-
tion by increasing some nutrients concentration (Eger, 2011), but in the
same regions, the change in the environmental conditions has led to a
change in the type of vegetation, and, as a result, they have transformed
the natural soils into Technosols. The relative increase of Technosols
area, like what happened in Yazd, is a proof of unsustainable develop-
ment in the considered region, because with the reduction of natural
soil areas, the plant and animal species dependent on them are likely to
be destroyed. This method can be used as a supplementary one to the
satellite remote sensing method. For example, Landsat 9 satellite is
able to image the entire Earth every 16 days, and when combined with
Landsat 8 the entire planet can be scanned in 8 days. Therefore, when
there is an information gap in the high-resolution satellite remote sens-
ing data, additional information can be obtained through pyranometer
as a complementary method. Using this method, it will be possible to
be informed about the state of fine dust in the protected areas every
hour of a sunny day under the supervision of an environmental expert.
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Highlights:

Now the Brazilian Soil Spectral Library is open to the community.

The BSSL has been a diffuser of technology in Brazil and the world.

Soil spectroscopy is a method that brings together several disciplines.

Soil satellite images can be validated using the BSSL database.

BSSL has served many purposes, from research to public policy and private
initiatives.
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Abstract: Among the various repositories of soil spectral data, the Brazilian
Soil Spectral Library (BSSL, https://bibliotecaespectral.wixsite.com/english),
created and maintained by the GeoCiS research group, is representative of the
pedodiversity of the region, since it combines soil spectra from agricultural
and environmental research. The BSSL database contains 16,084 observations
with soil-harmonized surface layer physicochemical and spectral data in the
visible, near-infrared, short-wave infrared (Vis-NIR-SWIR, 350-2,500 nm)
and mid-infrared (MIR, 4,000-600 cm-!) ranges from all 26 Brazilian states
and the Federal District. The idea of creating the BSSL was born in 1995,
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completed in 2019 and opened to users in 2023. This database is currently
available online at https://zenodo.org/records/8361419. During oppening
process, data filtering was performed to ensure reliable and valuable
information provided to society. Then consistency and quality assessments
were executed using Pearson's correlation and the Cubist algorithm in the R
environment. Modeling analysis revealed the robust predictive power of the
spectral database, facilitating the modeling of key soil attributes. An open-
access BSSL will help researchers validate their results by comparing
measured data with predicted data, enabling the development of new models
or the improvement of existing ones. The BSSL is a globally significant
spectral library due to its broad coverage and representation of different
tropical soil classes. Soil spectral data can help governments and corporations
by providing information to decision-makers regarding the conservation or
exploitation of natural resources to monitor soil health.

Keywords: soil spectroscopy; soil database; pedometry; hybrid laboratory; soil
attributes analysis.

OTKpbITast OM0JIMOTEKA CHIEKTPAJIbHBIX IOYBEHHBIX
AaHHbIX bpasuiun

Abstract: Cpeau pasiuyHbIX penosutopueB bpasmibckas OGuOmHOTEKA
CHEKTPATbHBIX MTOYBEHHBIX JTAaHHBIX (BSSL,
https://bibliotecaespectral.wixsite.com/english), CO3[IaHHAas u
nojJiepXKUBaeMas uccieoBarenbckoi rpynmoid GeoCiS, oTpaxaer B HOJIHOM
Mepe Neopa3Hoo0pa3ue yKa3aHHOI'O PEeTHOHA, TaKk KaK OHa COYeTaeT B cebe
MIOYBEHHBIE CIIEKTPHI, TOJY4YEHHbIE B PE3YJIbTAaTEe KaK CEIbCKOX03IHCTBEHHBIX,
TaK M JKOJIOTHYECKUX HccienoBanuii. basa manusix BSSL comepxur 16 084
HaOJIOZICHUs], BKIIIOYAIOIIMX CBEJCHUS O (HU3MKO-XUMHYECKHMX CBOHCTBAX
MOBEPXHOCTHOTO  CJIOSI TOYBBI, T'aPMOHMU3UPOBAHHBIE CO CIEKTPaMH B
BUIIUMOM, OJNVKHEM HH(PPaKpacHOM, KOPOTKOBOJHOBOM HH(ppakpacHoM (Vis-
NIR-SWIR, 350-2 500 um) u cpeauem undpakxpacuaom (MIR, 4 000-600 cm-')
JIManasoHax, sl 26 OpaswibckMX mTaToB M 1 denepanbHOro okpyra. B
HACTOSIIMA MOMEHT 3Ta 0a3a JaHHBIX HaXOAUTCS B OTKPBITOM JIOCTYIE —
https://zenodo.org/records/8361419. Nnes co3nanus BSSL Bo3Hukia B 1995 r.
Pabora Opima 3axoHueHa B 2019 T., u OblTa OTKPBITA JJISI TOJL30BATENICH B
2023 roxy. B mpouecce coznanus ocymecTBisuiach (GUIbTpays JaHHBIX, YTO
o0ecriedmio  JOCTOBEPHOCTh W ILEHHOCTh IPENOCTaBiIsAeMON uH(popManuu.
Bbuta mpoBenieHa olEHKa COTJIACOBAHHOCTH M KayecTBa C HMCHOJIb30BaHUEM
koppensiiun [Tupcona u anroputma Cubist B cpeme R. Anamms mopgenei
MOKa3all HaJIeKHYI0 IPOIHOCTUYECKYIO CIIOCOOHOCTH CHEKTpaibHOW 0a3bl
JAHHBIX, OOJIETYaloNIyl0 MOAEIHPOBAHUE KITIOYEBBIX MOYBEHHBIX CBOWCTB.
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OTKpEITEIN HocTyn K Bpasunbckoit OMOIMOTEKE MOYBEHHBIX CIEKTPAIBHBIX
nanHbix (BSSL) momosker mccnenoBaTensiM MOATBEPIUTh CBOM PE3YJIBTAaTh
MyTEM CpaBHEHHSA JAHHBIX TMPSAMBIX HW3MEPEHHH C MPOTHO3UPYEMBIMH
3HAYCHUSAMH, YTO OyIET CHOCOOCTBOBaTH Pa3pabOTKE HOBBIX MOJCICH HITH
YIIyqIIeHUIO yKe cymecTByroumx. BSSL npencrasmseT coboif criekTpaibHYIO
OubnroTeKy Ti00ankHOrO YpOBHS Onarojaps LIMPOKOMY OXBary W
0TOOPaKEHHIO PA3IMYHBIX THUIIOB TPOMMYECKHX 1MOYB. CEKTpanbHbIC TaHHBIE
0 TOYBE MOTYT MOMOYb IIPABUTEIBCTBAM M KOPIOpALUSM, IMPEIOCTABISA
nHpopmManuio, HEOOXOAMMYIO Ui TPHHATHSA PpEIICHHH, KacarolIuxcs
COXpaHEHHMs WIH OKCIUIyaTallid IPHPOAHBIX PpECYpCOB, a TaKKe JIs
MOHHUTOPHHIA COCTOSIHUS TTOYB.

Knroueevte cnosea: mouBEHHas CIEKTPOCKOINS, TOYBEHHAas 0a3a JaHHBIX;
TIeIOMETPHSL; THOpHUIHAS Tab0opaTOpHsI; aHAJIN3 CBOHCTB ITOYBHI.
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INTRODUCTION

Since the mid-twentieth century, researchers have recognized
and discussed the importance of observing the electromagnetic energy
behavior when it reaches a target such as the soil, aiming to investigate
the physicochemical compounds of this material (e.g., Obukhov, Orlov,
1964; Bowers, Hanks, 1965; Stoner, Baumgardner, 1981). Since then,
reflectance spectral signatures of different soil classes and attributes
have remained a topic of discussion. According to Stenberg et al.
(2010), spectral intervals from Visible (Vis) to InfraRed (IR) can pre-
dict the soils' properties through electromagnetic reflectance analysis
both quantitatively (Viscarra Rossel et al., 2014) and qualitatively
(Dematté et al., 2014). The spectral signature is, by analogy, a “DNA”
of the soil sample, from which several properties can be inferred, such
as clay, sand, soil organic matter (SOM), soil hydrogen ion potential
(pH), cation exchange capacity (CEC), and mineralogy (Nocita et al.,
2014).

Various types of soil data are produced and stored in a decentral-
ized manner, restricted to the researchers' purposes only, making the
data out of reach for other researchers. Therefore, the BSSL data open-
ing initiative makes this information accessible to advance research on
soils and other natural resources. However, such initiatives need to be
curated to improve their quality and applicability. Open data policies
require information to be readily accessible in a user-friendly and ed-
itable format, preferably downloadable via the Internet to enable re-
mote access from the data server (Harris, Baumann, 2015). In addition,
data must be provided under conditions that ensure reuse and redistri-
bution, including combination with other datasets.

Many researchers agree that scientific data must be available to
society observing intellectual property protection policies. It is empha-
sized that everyone should be able to use, reuse, and redistribute with-
out distinction between areas of action by or against individuals or
groups (Dematté et al., 2022). Open-access data has the potential for
different systems and organizations to work together, achieving in-
teroperability (Poppiel et al., 2022). Therefore, this work aimed to dis-
cuss the trajectory of BSSL from conceptualization to openly and
freely available data to the scientific community, demonstrating its us-
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ability and insights. Making it public, we intend to release the wide-
spread dissemination of a refined version of the BSSL database, ensur-
ing its accessibility to a broader audience. It is noteworthy that the
number of self-citations is high since this work shows the history of
this project, its benefits for society, and its perspectives.

MATERIAL AND METHODS

History of the BSSL

After Stoner and Baumgardner (1981) in the United States, Bra-
zil was the second country to construct an SSL, considering the State of
Sao Paulo through a report published by Epiphanio et al. (1992), fol-
lowed by Formaggio et al. (1996). The BSSL project began with
Dematté (1995), by sampling and soil analysis in the Department of
Soil Science from the Luiz de Queiroz College of Agriculture (Esalq)
of the University of Sdo Paulo (USP). Since then, there has been a huge
divulgation for the Brazilian community about the importance of SSL
construction as a legacy for the future of the Pedology discipline.
Dematté (1999) continued drawing attention to the necessity of the dis-
cipline of Pedology to advance to a new level by encompassing ge-
otechnologies.

In this research line, Dematté and Garcia (1999) pioneered the
study of soil spectra in Brazil when related the soil reflectance patterns
with weathering in the state of Parana. Following this tendency,
Dematté et al. (2004) produced the first digital soil map using spectral
data. Subsequently, Bellinaso et al. (2010) performed an SSL covering
8 Brazilian states. The amount of these and other subsequent studies
generated a vast database scattered across laboratories and research
institutes, resulting in the first approximation of the BSSL performed
by Sato (2015).

Based on these studies, Terra et al. (2015), created the term
“spectral pedology”, which tried to highlight the relevance of pedolo-
gists in the assessment process to use these tools and go after the sci-
ence between energy and matter for results interpretation. The primary
idea was to involve as many Brazilian researchers as possible, covering
all regions. In this sense, the Geotechnologies in Soil Sciences research
group (GeoCiS, https://esalggeocis.wixsite.com/english, accessed in
September 2023) led the challenge to create an extensive database con-
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taining soil spectra from different parts of Brazil, later called the BSSL
(Dematté et al., 2019). Thus, from conception to implementation, the
BSSL has lasted about 27 years, of which, 18 have been taken only for
its dissemination throughout Brazil.

After many lectures, meetings, workshops, conferences, inter-
views, and contacts to convince the scientific community of the rele-
vance of an SSL for Brazil, finally, GeoCiS achieved the primary goal
regarding this initiative through the publication of the article “The Bra-
zilian Soil Spectral Library (BSSL): a general overview” (Dematté et
al., 2019), together with the Portuguese and English website launching
(http://besbbr.com.br, accessed in September 2023). The dynamic of
BSSL compilation was as follows: once the researchers agreed to the
proposal, we set up a reception protocol at Esalq/USP, where each col-
laborator sent soil samples for spectral measurements and standardized
registration in the database. As feedback, the spectra were returned to
the users since they did not have the equipment. This dynamic was cru-
cial for the success of the initiative because it served as a reward for the
adoption and creation of new research groups throughout Brazil.

Covering, impact, and usefulness of BSSL for society

As an impact in the Academy, it created the discipline “Remote
Sensing Applied to Soils” for full professors, raising the geotechnolo-
gies to outstanding levels in Pedology. During this period, a staff was
formed to train and disseminate spectroscopy knowledge using the
BSSL by the GeoCiS (https://esalggeocis.wixsite.com/english). Anoth-
er result, for the scientific community, was the formation of a network
of collaborators from all over Brazil, with sufficient data and empirical
knowledge to compile the BSSL as a representative spectral database,
including the pedodiversity of the entire Brazilian territory with about
8.5 million km? (IBGE, 2021).

The BSSL started with the Vis-NIR-SWIR spectral range, but
looking to the future, it created a new task on which the region of the
Middle InfraRed (MIR) had to be measured as well. This spectral re-
gion has fundamental spectral bands and is rich in information about
the soil properties due to more detailed spectra. Therefore, the GeoCiS
group also created and published the Brazilian MIR Spectral Library
(Mendes et al., 2022b). Both spectral ranges are part of the archive of
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the BSSL establishing an even larger SSL (Figures 1a and 1b).

The validity of the BSSL data has already been demonstrated
even before its release. Several studies have applied the spectral data to
model soil classes, attributes, and digital soil mapping (e.g., Gallo et
al., 2018; Novais et al., 2021; Poppiel et al., 2019; Rizzo et al., 2016;
Rosin et al., 2023) and for equipment calibration (Romero et al., 2018).
In addition, it served as part of a project to understand the remote sens-
ing dataset (Dematté et al., 2020, 2018), both studies were aimed to
produce a Synthetic Soil Image, called SySl, processed by the Geospa-
tial Soil Sensing System (GEOS3) technique developed by GeoCisS.
Table 1 lists the main research, on local, regional, and global scales,
based on BSSL data.

The BSSL has also contributed to transfer soil techniques, such
as those performed by Tziolas et al. (2020), and is becoming part of the
World Soils Initiative. Nevertheless, the applied BSSL generates the
Brazilian Soil Spectral Service (BraSpecS, http://www.besbbr.com.br/)
(Dematté et al., 2022). This web platform was the first initiative in
which the user could determine their soil attributes by uploading the
soil spectrum. In the BraSpecS, models are applied to deliver the pre-
dicted soil attribute values. It is the first online system for soil analysis
modeling available to all users.

Figure 2 illustrates the step-by-step construction of this project,
e.g., conceptualization, construction, dissemination, teaching, data
opening, and the services’ impact on society (green arrow). This
scheme demonstrates that there was a reverse move in terms of retak-
ing the initial concepts, driving it to the next goal of the BSSL imple-
mentation which was to create a hybrid wet soil analysis laboratory
protocol, as stated by Dematté et al. (2022). Indeed, Poppiel et al.
(2022) discussed the relationship between soil spectroscopy and tradi-
tional laboratory analyses for future soil analyses.

After the BSSL launching, a second step was initiated: teaching
courses to the leading scientists and commercial users in soil spectros-
copy for soil analyses under the Brazilian Program on Soil Spectral
Analysis, ProBASE (Paiva et al., 2022)
(https://esalggeocis.wixsite.com/geocis/probase).
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Fig. 1. Sampling locations of the Brazilian Soil Spectral Library: a) samples analyzed in Vis-NIR-SWIR range and
b) samples analyzed in MIR spectral ranges data. Source: adapted from: a) Dematté et al. (2019) and
b) Mendes et al. (2022).
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Table 1. List of research that utilized the BSSL as a database

Authors

Title

Study area

Dematté et al.
(1998)

Comportamento espectral de materiais de solos e de
estruturas biogé€nicas associadas

Piracicaba City, State of Sdo
Paulo, Brazil

Dematté and
Garcia (1999)

Alteration of Soil Properties through a Weathering
Sequence as Evaluated by Spectral Reflectance

State of Parana, Brazil

Dematté et al.
(2004)

Visible-NIR reflectance: a new approach on soil
evaluation

State of Sdo Paulo, Brazil

Campos and
Dematté (2004)

Cor do solo: uma abordagem da forma convencional de
obtengdo em oposi¢do a automatizacdo do método para
fins de classificagdo de solos

State of Sdo Paulo, Brazil

Dematté et al.
(2007)

Spectral reflectance for the mineralogical evaluation of
Brazilian low clay activity soils

State of Sdo Paulo, Brazil

Dematte et al.

Soil density evaluated by spectral reflectance as evidence

State of Sdo Paulo, Brazil

(2010) of compaction effects
Nanni et al. Optimum size in grid soil sampling for variable rate ~ .
(2011) application in site-specific management State of So Paulo, Brazil

Dematté and
Terra (2014)

Spectral pedology: A new perspective on evaluation of
soils along pedogenetic alterations

Piracicaba, state of Sdo Paulo,
Brazil
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Table 1 continued

Authors

Title

Study area

Araujo et al.
(2014)

Soil contaminated with chromium by tannery sludge and
identified by vis-NIR-mid spectroscopy techniques

State of Sdo Paulo, Brazil

Ackerson et al.

Predicting clay content on field-moist intact tropical soils
using a dried, ground VisNIR library with external

State of Sdo Paulo, Brazil

Geology

(2015) parameter orthogonalization
Gallo et al. Multi-Temporal Satellite Images on Topsoil Attribute
(2018) Quantification and the Relationship with Soil Classes and State of Sdo Paulo, Brazil

Dematté et al.
(2018)

Geospatial Soil Sensing System (GEOS3): A powerful
data mining procedure to retrieve soil spectral reflectance
from satellite images

State of Sdo Paulo, Brazil

Novais et al. Digital soil mapping by multispectral modeling using ‘s :

(2021) cloud-computed landsat time series Federal District, Brazil

Mendes et al. A remote sensing framework to map potential toxic ~ .

(2022a) elements in agricultural soils in the humid tropics State of Sdo Paulo, Brazil
Bellinaso et al. : : : : : e States of Sdo Paulo, Goias, Minas
(2010) Soil spectral library and its use in soil Classification Gerais and Mato Grosso do Sul
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Table 1 continued

Viscarra Rossel

et al. (2016) A global spectral library to characterize the world's soil World

Dematté et al. Spectral regionalization of tropical soils in the estimation Sdo Paulo, Minas Gerais, Goias,
(2016) of soil attributes Amapa and Mato Grosso do Sul
Dematté et al. Genesis and properties of wetland soils by Vis-NIR- States of Mato Grosso, and Minas
(2017) SWIR as a technique for environmental monitoring Gerais, Brazil

(Poppiel et al. Mapping at 30 m Resolution of Soil Attributes at Multiple . :

(2019) Depths in Midwest Brazil Midwest Brazil

Predicting carbon and nitrogen by visible near-infrared

(Sggégi etal. (Vis-NIR) and mid-infrared (MIR) spectroscopy in soils Northeast Brazil
of Northeast Brazil
Souza et al. Ratio of Clay Spectroscopic Indices and its approach on : :
(2020) soil morphometry Southeastern and Midwest, Brazil
Safanelli et al. Multispectral Models from Bare Soil Composites for Europe
(2020) Mapping Topsoil Properties over Europe P
Dematté et al. Bare Earth’s Surface Spectra as a Proxy for Soil Resource World
(2020) Monitoring
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Table 1 continued

Authors Title Study area
Carnieletto Soil environment grouping system based on spectral,
Dotto et al. climate, and terrain data: a quantitative branch of soil Regions of Brazil
(2020) series
Mello et al. Remote sensing imagery detects hydromorphic soils : :
(2023) hidden under agriculture system Regions of Brazil

Note. Source: the authors.
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Fig. 2. The step-by-step sequence of the BSSL project from conceptualization
in 1995 to opening data to society in 2023.

This program aimed to convince commercial laboratories of this
issue’s importance and the future of soil analyses. So, Poppiel et al.
(2022) detailed the systematic of ProBASE diffusing techniques from
collecting soil samples by contributors up to teaching courses for data
processing.

Subsequently, the GeoCiS group considered society mature
enough to take the next step. Thus, Dematté et al. (2022) launched the
Brazilian Soil Spectral Service (BraSpecS). The system allows users to
upload their spectra in the cloud, where a model will run and deliver,
by email, the soil analysis values. This concept shows the power of soil
sensing as a friendly idea for normal users. It is no more a matter of
science only; any user can make it happen. On the one hand, the BSSL
is exclusive to scientists, and they have generated many papers. On the
other hand, this did not reach the community. However, BraSpecS
brought the concept of society-oriented service through more infor-
mation given to scientists, a spin-off. In the next section, we describe
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the methods utilized to improve the database quality, filtering discrep-
ant or incomplete data and, so, making it available to the public. As
soon the collaborators sent their soil samples to Esalg/USP, they were
submitted to spectral readings and stored in the GeoCiS’ internal data-
base together with their respective soil attributes analysis results. These
data are made available now, with suitable data consistency analyses
for availability.

Methodology

The collaborative network, consisting of 81 researchers repre-
senting 69 institutions in the 26 Brazilian states and the Federal Dis-
trict, resulted in the extensive database of BSSL. Figure 3a illustrates
the basic framework of the BSSL compilation, starting with data sam-
pling in the field in which, voluntarily and with a mutual commitment,
the collaborators collected soil samples according to Schoeneberger et
al. (2012) and Teixeira et al. (2017) and sent them to Esalg/USP. Af-
terward, spectral analyses and processed data were returned to the col-
laborators, who transformed them into products for society, such as
thematic maps and predictive models of soil attributes. Figure 3b
shows the workflow to data opening sequence to the public.

Thus, we registered and organized the samples at Esalg/USP Soil
Laboratory. The data analyzed included granulometry (Sand and Clay),
SOM, soil pH in water, and CEC, representing the calcium (Ca), mag-
nesium (Mg), and sodium (Na) content. For some samples that do not
have any analysis data, we followed the recommendations of Teixeira
et al. (2017) to achieve the attributes missed. Regarding reflectance
spectroscopy, Poppiel et al. (2019) provided detailed methods for sam-
pling, preparation, and soil analyses.

In summary, the steps for Vis-NIR-SWIR readings were: a) the
soil samples were passed by a preliminary treatment, drying in an oven
at 45 °C for 48 hours, grinding and sieving through a 2 mm mesh; b)
they placed in Petri dishes with a diameter of 9 cm and height of 1.5
cm; c) the surface of the samples was homogenized and flatted, reduc-
ing the shades caused by other bigger particles or foreign bodies, be-
coming ready for spectral readings; d) the spectral analyses occurred in
a darkened room, avoiding natural light interference,
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Fig. 3. Framework of BSSL. a) starting with collaborators sending the results of analysis and soil samples to Esalg/USP
where the spectral readings performed return to the researchers as they were indexed in the database, b) storage in an in-
ternal database with analyses of consistency for data opening to society. Source: adapted from Dematté et al. (2019).
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in which a computer registers the electromagnetic pulses throughout an
optical fiber connected to the sensor obtaining the spectral response of
the soil sample; €) reflectance data in the Vis-NIR-SWIR range were
obtained with a FieldSpec 3 spectroradiometer (Analytical Spectral
Devices, ASD, Boulder, CO), which operates in the spectral range from
350 to 2 500 nm; f) the spectral resolution of the sensor has of 3 nm —
from 350-700, and 10 nm — from 700-2 500 nm, automatically inter-
polated to 1 nm spectral resolution in the output data, resulting in 2 151
channels (or bands); g) two 50W halogen lamps (power source) were
positioned at 90° to each other and 35 cm away from the sample with
30° of zenith angle. It is noteworthy that for every sample, three read-
ings were taken at different positions, rotating the Petri dish by 90°. So,
every reading results from the mean of 100 scans made by the sensor.

For the analysis in the MIR spectral range, we followed Mendes
et al. (2022b). The soil fraction smaller than 2 mm was milled, sieved
to 0.149 mm, and scanned using a Fourier Transform InfraRed (FT-IR)
alpha spectroradiometer (Bruker Optics Corporation, Billerica, MA
01821, USA) equipped with a DRIFT accessory. Alpha Sample Com-
partment RT-DLaTGS ZnSe sensor (Bruker Optik GmbH) with the
Drift accessory read the samples installed in the Geotechnology labora-
tory of the Department of Soil Science at Esalg/USP. This device
measures the diffuse reflectance, in which it is applied the Fourier
transform on the spectral range from 4 000 cm™ to 600 cm™?, with a
resolution of 2 cm™. A mean of 32 successive readings has derived one
soil spectrum. Sensor calibration took place before each reading of the
sample set, standardizing the measurements based on the maximum
reflectance of a gold plate as the usage protocol recommends.

Since the soil samples were spectrally measured, we indexed the
results in the sheets in .xIsx format and made them available to the re-
searchers, who provided the respective samples. After performing da-
tabase harmonization and consistency tests, we compiled the refined
BSSL in a repository prompt to download via Zenodo data repository
in the link https://zenodo.org/records/8361419 (Dematté et al., 2023).
Following the initiative dynamic, we consulted all the collaborators
regarding their contentment to make the database available to the pub-
lic. In summary, we went from the BSSL to ProBASE and BraSpecS to
reach all communities.
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We compiled all traditional and spectral analyses in specific
sheets generating a database available for discussion and review. The
descriptive statistics of the dataset demonstrated the main soil attribute
distribution through boxplots, as well as the spectral Vis-NIR-SWIR
and MIR spectral ranges by scatterplots revealing the spectral patterns
of datasets. Afterward, we filtered the dataset by samples from 0 to 20
cm depth to verify the consistency of the following soil attributes data:
Sand, Clay, SOM, pH in water, CEC at pH 7, as well as Vis-NIR-
SWIR and MIR spectral data. The filtering occurred by boxplot and
backscattering observation, aiming to verify unjustified outliers. Thus,
Descriptive statistics by boxplots helped us to observe the parameters
of datasets. Afterward, we modeled the soil attributes using the Vis-
NIR-SWIR spectral ranges as predictor covariates by the Cubist meth-
od in the R studio software (R Core Team, 2019).

The Cubist model is a machine learning algorithm for rule-based
regression and classification that combines decision trees and linear
models to make predictions. This function is an adaptation of Quinlan’s
aka M5 model (Quinlan, 1992) with additional corrections based on
nearest neighbors in the training set, as described in Kuhn and Johnson
(2013). The cubist method was developed for handling complex da-
tasets with multiple predictors (features) and interactions between
them. It employs a technique called “cubist decomposition™, which
breaks down the problem into smaller subproblems and builds a set of
rules for each subproblem. Kuhn and Quinlan (2018) updated the cub-
ist model through a package in the R programming language by the
Caret library.

During the modeling in R, we generated charts with the twenty
most important Vis-NIR-SWIR bands covariates for dataset prediction
based on the dataset to be modeled. The algorithm resampled the BSSL
Vis-NIR-SWIR data frame (Dematté et al., 2023) for every 20 columns
remaining 510 spectral covariates in view to provide efficiency to pro-
cessing. Afterward, we divided the resulting data frame into two da-
tasets: training and validation with 70 and 30% of the data, respective-
ly. So, we established 150 repetitions of soil attributes prediction to
take the mean avoiding underrated or overrated models.

The metrics used to validate the modeling used the Coefficient
of Determination (R?). However, it’s important to note that a high R?
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value by itself does not guarantee model adequacy. Sometimes, a high
R? can be misleading if the model is overfitting the data and fails to
generalize well to new data. Therefore, it is crucial to assess R? along-
side other metrics, considering the specific context of the problem
when interpreting its results. These metrics are available and were em-
ployed to assess the performance of regression models, with Root
Mean Square Error (RMSE), gauging the overall quality of predictions
and Ratio of Performance to Inter-Quartile range (RPIQ), providing a
relative comparison against a reference model. In general, models with
lower RMSE and higher RPIQ are deemed superior in terms of predic-
tion. Thus, we compared our results with other studies, aiming to sus-
tain the discussion about the pillars of data open source and insights
regarding applications of BSSL for society.

RESULTS AND DISCUSSION

During the contact with collaborators, there was broad ac-
ceptance and encouragement regarding BSSL database availability to
the public. However, not all collaborators of the BSSL initiative agreed
with the purpose, justifying it for several reasons such as copyright and
conflict of interest. In the supplementary material, there is a table iden-
tifying only those who have authorized their data for open use. In this
chart, we show the collaborators’ names according to their position in
their respective institutions, contact email and the number of samples
that they have contributed to this publication.

Data description

The collection, available in Dematté et al. (2023), contains envi-
ronmental, physicochemical, and spectral data of soil surface layer
from 16,084 sites throughout the Brazilian territory, covering all re-
gions of Brazil, including 26 states and the Federal District, where
about 95% of soil samples were sampled in agricultural and pasture
areas and 5% others on natural vegetation lands. The table is in a .xlsx
format, has a 300 Mb size, and is structured through five sheets with
16,084 rows and columns representing various soil attributes in the sur-
face layer, from 0 to 20 cm depth.

The first sheet contains 20 columns including environmental ob-
servations such as location, land use and land cover, biome, geology,
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and physicochemical attributes. Following, there is a sheet named Vis-
NIR-SWIR with 2 151 columns related to Fieldspec Pro spectral bands,
which covers all IDs of the key soils sheet (16,084 rows). Withal, the
MIR’s sheet has 681 columns from device channels with 1 783 rows
(Dematté et al., 2023). It is noteworthy that not all cells are filled in
turn contributors did not provide homogeneous data (Table 2). Never-
theless, we make them available because they have important observa-
tions. Moreover, several geographic coordinates are missing, but they
can be requested directly from the data owner.

Statistical parameters

Regarding the statistical analyses, Figure 4a demonstrates suita-
ble values for the soil attributes excluding outliers’ values and showing
only from the first to fourth quartiles, corroborating with the primary
pedological studies (cf. Dematté et al., 2019; Mello et al., 2023; Novais
et al., 2021; Poppiel et al., 2019; Rosin et al., 2023). The soil dataset
presented a sandy-clayey texture and a typical lower CEC, despite fer-
tilization practices and maintenance of SOM up to a depth of 20 c¢cm,
commonly adopted in Brazilian agriculture.

Table 2. Amount and percentage of soil data available

© w

S| 8| 3| %] S s| o |eg E
=] o © n O S —
n o

é‘ Te) M~ N~ © (2} © <t
g S = & & < S| 3| < 2 3
< ) 5 ™ 3 N ~ © ~ 3 )
O — — — — — — —
% |94.04 93.93|82.98|21.66|77.69|77.71|4.11|77.69 |42.64| 100

Note. Source: the authors.

The means for key attributes were: 541.7 g kg™ of sand content
and clay content with 311.5 g kg, acidic pH (mean of 4.6), and CEC
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levels with mean of 53 mmol kg?), characteristics mainly inherited
from the parent material. Most of the Brazilian soils have mineralogy
with a predominance of kaolinite and Fe and Al oxides, which indicates
highly evolved soils (Schaefer et al., 2008; Tiessen et al., 1994). The
natural fertility values are below that recommended for most commer-
cial crops, which can be circumvented by soil management (Buol,
2009). Due to these properties, SOM plays a fundamental role in the
increase of CEC (Ramos et al., 2018).

Figure 4a also shows the SOM mean (21.1 g kg), representing
Brazilian lands’ carbon content. The sampling comes from areas under
natural vegetation or within no-tillage agricultural systems, where
straws cover the soil surface during specific periods, increasing the
SOM contents, as related by Nocita et al. (2014). Furthermore, Novais
et al. (2021) stated that Brazilian soils have a typical dystrophic charac-
ter with low natural fertility and are highly weathered, while the higher
exchangeable base contents are consequences of no-tillage soil man-
agement.

The graphs shown in Figures 4b and 4c display the relationship
between the reflectance factor and the wavelength (nm) (wavenumber
in cm? for MIR data) with superior limits, 3rd quartile, 2nd quartile
(median), 1st quartile, and mean values (Figure 4b and 4c). Such rela-
tionships demonstrate the spectral curve patterns in both databases. The
spectral curves statistics showed the Vis-NIR-SWIR-MIR reflectance
patterns of Brazilian soils as cited by literature (e.g., Mello et al., 2023;
Mendes et al., 2022; Poppiel et al., 2019).

Regarding the pattern of the spectral curves, we observed an as-
cending form from 350 to 1400 nm; flattened between 1400 and
1 800 nm, and descending from 1 800 to 2 500 nm, with peaks of mean
albedo around 3.2 of reflectance factor. The spectral behavior also in-
dicates the obliterating action of organic matter, added to the clayey
texture, which is responsible for the low albedo of the curves. Regard-
ing the main features, we observed absorption peaks related to oxides,
typical of weathered soils which predominate in the database. We also
noted the specific features of kaolinite at 1 400 nm and 2 205 nm; wa-
ter and hydroxyl groups at 1 400 nm and 1 900 nm; as well as gibbsite
at 2 265 nm. These absorption peaks are another characteristic of high-
ly weathered soils (Novais et al., 2023).
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Fig. 4. BSSL database statistics. a) key soil attributes; b) spectral patterns of
the Visible, Near-Infrared, and Short-Wave Infrared range; and c) spectral
patterns of the Middle InfraRed range. CEC — cation exchange capacity; SOM
— soil organic matter. Source: the authors.

Data consistency analysis

Regarding the suitability of the dataset, Figure 5 shows Pearson's
Correlation (r) with soil attributes and mean reflectance through in the
Vis-NIR-SWIR wavelengths. The first correlogram (Figure 5a) exhibits
the correlation between the main soil attributes. This representation
demonstrated the validity of the dataset because they fitted the trend-
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lines expected for the soil attributes presenting r values, in which -1
represents directly proportional; 0 is not related; and 1 is inversely pro-
portional covariates.

a) Sand Clay SOM pH Ca Mg Na CEC
Sand
Clay
SOM
pH 0.19

Ca -0.32 0.20 0.33
Mg -0.31 0.17 0.26
Na -0.13 0.00 -0.11 -0.23 0.17

CEC | -046 040 036 -0.18 056 044

b) Wavelength (nm)
350 500 650 800 950 1100 1250 1400 1550 1700 1850 2000 2150 2300 2450

CEC - )

Fig. 5. Pearson’s Correlation graphs: a) between key soil attributes and
b) Vis-NIR-SWIR mean spectra. SOM - soil organic matter; pH — soil
hydrogen ion potential; Ca — calcium; Mg — magnesium; Na — sodium and
CEC - cation exchange capacity.

For example, sand content was negatively correlated with all
other key soil attributes. This illustrates that the higher the sand content
in the soil, the lower the values of other attributes, mainly Clay (-0.88),
SOM (-0.59), and CEC (-0.46). On the other hand, clay content demon-
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strated a direct relation with the SOM (0.52) and CEC (0.40) levels,
typical characteristics of Brazilian soils (Terra et al., 2015). This be-
havior occurs because the cations are directly associated with the minor
particles of soil (Novais et al., 2021). We also observed the CEC and
PHw20 reached an r of -0.18, demonstrating that the more acidic the soil
is, the lower the availability of exchangeable cations reflecting the
lower natural soil fertility.

Figure 5b also exhibits the spectral ranges, represented by a
mean dataset curve, correlating with the main soil attributes. Values
tending toward red indicate an inverse relationship; white values repre-
sent no relationship between the variables, and values tending toward
blue indicate a direct connection between the attributes and the verti-
cally aligned spectral range. Similar results were obtained by Novais et
al. (2023) when they characterized soils in the Brazilian Federal Dis-
trict highlighting the relationship between Vis-NIR-SWIR spectra and
the key soil attributes. For example, Figure 5a exhibits that sand con-
tent had a positive correlation along all spectra, showing that as one
increases the other also increases. The higher the sand content, the
higher the albedo by quartz. This occurs since bigger-sized soil parti-
cles shadow the sample on the surface of samples less than smaller
ones. However, clay presented the opposite behavior (Novais et al.,
2023). SOM is a soil attribute characterized by absorbing the light due
to its composition, so increasing SOM, the reflectance falls in the spec-
tral curve, evidenced by the negative correlation demonstrated.

Modeling performance assessment

The models behaved satisfactorily for all attributes, returning
predicted values from the collection of both data sets. The metrics,
shown in Table 3, demonstrated that the training dataset reached better
performance than validation, as expected. According to Kuhn and
Johnson (2013), it is common for the training dataset to exhibit seem-
ingly better performance than the validation dataset due to several fac-
tors. However, the primary goal is to assess how well the model gener-
alizes to new data, which is why performance on the validation set is
more important for measuring the model's real predictive capability.
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Table 3. Metrics of cubist modeling on key soil attributes

Train

Key Soils Unit R? conc | MSE RMSE bias | MSEc RMSEc | RPD | RPIQ

Sand gkg? 0.88| 0.93| 10019.84| 100.10| 4.86| 9996.21 99.98 | 2.82 3.47
Clay gkg? 0.87| 0.93 6 248.77 79.05| -6.04| 6212.34 78.82| 2.73 1.39
SOM g kg? 0.88| 0.92 36.78 6.06 | -0.06 36.78 6.06| 2.68 0.97
pH 0.57| 0.70 0.16 0.40| -0.01 0.16 0.40| 1.52 1.26
CEC mmol kg 0.65| 0.73 732.81 27.07 | -3.05 723.50 26.90| 1.61 0.51

Validation

Sand g kg? 0.80| 0.89| 16155.43| 127.10| 4.38| 16136.26| 127.03| 2.23 2.73
Clay g kg? 0.82| 0.90 8751.51 93.55| -6.85| 8704.53 93.30| 2.32 1.18
SOM g kg? 0.65| 0.74 97.58 9.88 | -1.11 96.36 9.82| 1.63 0.60
pH 0.45| 0.62 0.20 0.45| -0.01 0.20 0.45| 1.35 1.11
CEC mmol. kg! 0.49| 0.63 1055.17 3248 | -3.17| 1045.10 32.33| 1.38 0.43

Note. Metrics: R% — determination coefficient; conc. — concordance; MSEc — mean square error calibration; RMSEc — root
mean square error calibration; RPD — relative percent difference; RPQI — ratio of performance to inter-quartile.
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If there is a significant disparity in performance between the two
sets, it may be indicative of overfitting, requiring investigation and po-
tential model adjustments.

The R? values varied from 0.45 (for pH) to 0.82 (for clay con-
tent) in the validation dataset, indicating that the results were consistent
(Kuhn, Quinlan, 2018). Observing the other metrics, the data validation
reached low values for RMSE and RPQI compared to studies that
modeled soil attributes using machine learning algorithm to predict soil
attributes (e.g., Dematté et al., 2022, 2019; Mendes et al., 2022a; No-
vais et al., 2021; Poppiel et al., 2022). They achieved similar values for
SOM content using other algorithms to model soil attributes via spec-
troscopic data reinforcing the validity of the results.

Figure 6a-e demonstrates a comprehensive data consistency
analysis through a covariate importance ranking and R?, using graph-
ical representations, to assess the relationship between the observed
and the predicted soil attribute, considering a depth of 0-20 cm. This
analysis was performed separately for both the training and validation
datasets. Specifically, we examined the (Figure 6a) sand content, (Fig-
ure 6b) clay content, (Figure 6¢) SOM, (Figure 6d) pH, and (Figure 6e)
CEC as key variables in this assessment.

Sand, clay, and SOM contents listed visible wavelengths as the
most important covariates to model them, as also found (Novais et al.,
2021). However, the near-infrared and short-wave infrared bands were
among the best ranges for predicting pH and CEC. These results
demonstrate the potential of soil reflectance spectroscopy for modeling
soil attributes and classes (Dematté et al., 2022). The typical range for
NIR is from about 700 to 2 500 nm. The most common modeled attrib-
utes in the NIR range are SOM, water, clay, sand, and silt content, soil
pH, nutrient content (e.g., nitrogen, phosphorus, potassium), and other
physicochemical soil parameters (Paiva et al., 2022).

Based on the results, we could demonstrate the usability of the
BSSL, which has disseminated knowledge for many disciplines as sci-
entists and commercial parts, from laboratory to remote sensing tech-
niques (Poppiel et al., 2022). Going further, before this initiative, Bra-
zil had only two soil research centers with spectroscopy equipment.
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Fig. 6. Data consistency analysis by assessment in graphs: column (I) covari-
ate importance ranking and coefficient of determination between observed and
predicted soil attributes for training (1) and validation (1) datasets; a) sand
content; b) clay content; c) soil organic matter content; d) soil hydrogen ion
potential and e) cation exchange capacity metrics of cubist model for clay con-
tent at 0-20 cm depth.

From the beginning to the end of the BSSL project, a total of 20
other research centers acquired the spectroscopy equipment disseminat-
ing the technique throughout the country. The adoption of the spectros-
copy technique has grown, showing the potential and importance of
this analysis for soil, agriculture, and environmental monitoring.

Ten insights from the BSSL for society

The BSSL is national, however, it has a continental-scale soil
spectral library (SSL) and is comprised of spectral data collected from
diverse geographic regions across a vast area, which can provide a
range of valuable insights into various fields of study. Here are some
examples of insights (in alphabetic order, not by importance) that can
be derived from a spectral library of this magnitude:

1. Agriculture, Land Use, and Land Cover: Spectral data can map
crops suited for certain soils such as sugarcane (Saccharum of-
ficinarum, indicated to fertile soils) or cassava (Manihot escu-
lenta, suitable for sandy soils). They also serve to monitor plant
health, estimate agricultural productivity, and optimize agricul-
tural management zone practices from a global to local scale
(Chabrillat et al., 2019).

2. Climate Change Monitoring: The use of an SSL can be applied
to study climate change by identifying changes in soil organic
matter, vegetation, temperature, and climatic conditions across
various continental regions (Dotto et al., 2020).

3. Environmental Monitoring: A spectral library can be used to
monitor environmental changes over time. For example, it can
demonstrate patterns of vegetation cover, changes, and available
water, as well as deforestation and exposure effects on soil (No-
vais, Lacerda, 2021).

4. Geological Studies: In geology, SSL data can be used to identi-
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10.

fy geological formations, minerals, and geological structures on
a large scale, supporting mineral exploration and plate tectonics
by and even continental drift research (Rosin et al., 2023).
Management of Water Resource: The SSL can support to as-
sessment of water quality, identifying sources of pollution,
monitoring river and lake water levels, and aiming for sustaina-
ble water resource management (Mendes et al., 2022a).

Natural Resources: We can help identify the distribution of nat-
ural resources through the SSL such as mineral deposits, oil and
gas, groundwater, and ecologically valuable areas or under risk
from an environmental view (Dematté et al., 2020).

Soil Degradation Identifying: The BSSL can be used to assess
the land conditions detecting soils susceptible to erosion or
floods for example (Mello et al., 2023).

Soil Fertility Assessment: A continental-scale spectral library
can be utilized to assess soil fertility by analyzing spectral sig-
natures related to nutrient content, organic matter, and pH lev-
els. This information is invaluable for optimizing agricultural
practices and increasing crop yields on a large geographical
scale, as performed by Greschuk et al. (2023).

Soil Health: Spectral data can be used to map the pedoenviron-
mental condition, maintaining or intervening them to make the
ecosystem healthy (Lehmann et al., 2020).

Teaching and Technical-scientific Research: Researchers from
various disciplines can utilize this library for a wide range of
studies, from climate research to ecology, geology, agriculture,
and more (Poppiel et al., 2022).

In summary, the BSSL is a powerful tool that can be applied to a

variety of research, environmental monitoring, natural resource man-
agement, and planning applications (Poppiel et al., 2022). It provides
valuable insights into the Earth’s surface at local, regional, national, or
continental scales, representing a significant contribution to the under-
standing and management of large-scale terrestrial systems. In addition,
it helps educate across various disciplines, such as physics, fertility,
precision agriculture, and environmental sciences in all society sectors,
government, corporations, and non-governmental organizations aiming
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the sustainability.

What has BSSL provided?

The impact on society gradually unfolded from the conceptual-
ization of BSSL, during which researchers from various parts of Brazil
came to Esalg/USP to learn how spectroscopy worked. As they gained
understanding, this technique was implemented in their institutions,
spreading throughout the country. In the 1990s, there were only two
labs in Brazil using this technology, but today it boasts several research
centers. As a result, it has been widely adopted by the scientific com-
munity, uniting numerous soil spectroscopy researchers, who produced
numerous high-impact scientific papers, as cited in this manuscript.

After years of communication, the private sector, specifically
wet soil analysis laboratories, became interested. Due to concerns
about the environment and the waste of contaminant products, coupled
with the increased use of soil analysis in agriculture, labs started incor-
porating this technology. For example, many labs began establishing
hybrid laboratories that combine spectroscopy with traditional anal-
ySes.

Initially, many pedologists had reservations regarding this sub-
ject and its significance in soil science. However, papers and practical
results have demonstrated to the technical and scientific community
that this is a technology meant to assist, not replace, human decision-
making. Consequently, pedologists began adapting their knowledge to
incorporate spectroscopy, a trend that has been seen in several other
disciplines as well. Researchers may be apprehensive at first, but once
they comprehend the technique, they readily embrace it.

In terms of public policies, there have also been significant ad-
vances related to the BSSL concept. A prime example is the
PronaSolos (Programa Nacional de Levantamento e Interpretacdo de
Solos do Brasil), the Brazilian National Soil Survey and Interpretation
Program. This multi-institutional and governmental initiative aims to
map the entire territory (8.5 million km?) by 2048, with scales ranging
from 1: 25,000 to 1: 100,000 (Polidoro et al., 2016). This program
now includes the use of spectroscopy for soil analysis and other appli-
cations, a concept that would have been considered unconventional in
the 2000s. Two decades later, this has become a reality, with BSSL
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playing a pivotal role in introducing this technology, revitalizing ob-
servation techniques, and challenging conventional beliefs.

CONCLUSIONS

The Brazilian Soil Spectral Library (BSSL) database is now
readily accessible and freely available to the scientific community and
soil enthusiasts across society. In addition, to soil attribute analysis, we
have unlocked two significant spectral ranges, namely the Vis-NIR-
SWIR and MIR, which cover a significant portion of the Brazilian ter-
ritory and make possible the modeling of various soil components, in-
cluding texture, SOM, and CEC. Moreover, these spectral ranges facili-
tate the generation of thematic maps such as soil health assessment,
utilizing these data with other covariates.

This substantial contribution is expected to benefit users across
diverse fields, including environmental sciences, microbiology, geolo-
gy, pedology, soil conservation and pollution, mineralogy, geochemis-
try, physics, fertility, genesis, pedometry, and beyond. The BSSL data-
base will serve scientists, students, professors, consultants, commercial
soil laboratories, agricultural systems, and various stakeholders in ad-
dressing crucial issues such as precision agriculture, soil management
zones, soil health assessment, environmental monitoring, public policy,
and other essential decision-making processes.

By making this comprehensive spectral database available, we
expect to provide users with valuable information and tools to meet the
pressing demands of their respective domains, fostering advancements
in research, sustainable practices, and informed decision-making. Fur-
thermore, the availability of the BSSL database also offers significant
support to the implementation of nature-based solutions, as it provides
valuable insights into soil properties and composition, enabling the de-
velopment and implementation of effective strategies for land restora-
tion, ecosystem management, and sustainable land use planning.
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JACO Aug coblinskijoao@gmail.com Rio Grande do Sul - 66 66 RS
Coblinski
UFRGS
~ . . . Universidade Federal de
JLLA  Jodo Luiz Lani lani@ufv.br Vigosa - UFV 69 0 MG
Escola Superior de Agri- SP, MS,
José Alexandre . cultura 'Luiz de Queiroz' - MT, MG,
JAMD Dematté jamdemat@usp.br Universidade de Sao Paulo 4919 0 GO, RO,
- Esalg/USP PR, AP
José Jodo Lelis Leal Universidade Federal do
JILE jjlelis@gmail.com Rio Grande do Norte - 67 9 AM, MG
de Souza
UFRN
Escola Superior de Agri-
Karina Patricia . cultura 'Luiz de Queiroz' -
KPMA Marques karina.marques@usp.br Universidade de Sao Paulo 89 0 SP
- Esalg/USP
LHAN Lucia Helena Cunha lanjos@ufrrj.br Universidade Federal Ru- 2 2 RJ
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dos Anjos ral do Rio de Janeiro -
UFRRJ
Empresa Brasileira de
. . o Pesquisa Agropecuaria
LEVI  Luiz Eduardo Vicentluiz.vicente@embrapa.br EMBRAPA — Meio Am- 129 0 MS
biente
. . . Instituto Federal do Sud-
Mzs|  Nareelo Zozimo da. marcelo 202IMOGISIAESt ogyo o Mings Gerais - IF 50 1 MG,R]
g.edu. Sudeste MG
Marcio Rocha . . Universidade Federal de
MRFR Erancelino marcio.francelino@ufv.br Vicosa - UFV 416 41 RR, BA
. Universidade Estadual de
MRNA Marcos Rafael Nann mrnanni@uem.br Maringa - UEM 776 0 PR
Maria de Lurdes P. . . Museu Paraense Emilio
MLRU RUIVO ruivo@museu-goeldi.br Goeldi - MPEG 4 0 PA
Maria Socorro B, de Universidade Federal do
MSBA Araujo socorro@ufpe.br Pernambuco - UFPE 5 0 AL
Marilusa Pinto . Universidade de Brasilia -
MPCL Coelho marilusa@unb.br UnB 60 0 DF
MABR Marny A. Brait marny@Ilabexata.com.br Laboratério Exata 82 0 GO
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Norberto Cornejo  norberto.noronha@hotmai Universidade Federal Ru-
NCNO Noronha .com ral da Amazonia - UFRA 9 1 FA
Norton Roberto . Universidade Federal de
NRCA Caetano norton@unir.br Rondénia - UNIR 4 3 RO
. . Universidade Federal do
PMED Pedro Medeiros geocis@usp.br Ceard - UEC 137 0 CE
Escola Superior de Agri-
Rafael Ciprianoda . . cultura 'Luiz de Queiroz' - CE, RN,
RCSI Silva ciprianors@usp.br Universidade de Sao Paulo 10 6 PB
- Esalg/USP
Raimundo Humbertc humbertoclima@ufam.edu Universidade Federal do
RHLI Lima br Amazonas - UFAM 6 0 AM

Escola Superior de Agri-
cultura 'Luiz de Queiroz' -
Universidade de Sdo Paulo
- Esalg/USP

Escola Superior de Agri-
cultura 'Luiz de Queiroz' -

RRPO Raul R. Poppiel raulpoppiel@usp.br 119 119 GO, DF

RCCM RCC Maranhio geocis@usp.br Universidade de Sio Paulo 15 15 MA
- Esalg/USP
RCCR RCC Roraima geocis@usp.br Escola Superior de Agri- 59 0 RR
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cultura 'Luiz de Queiroz' -
Universidade de Sdo Paulo
- Esalg/USP
Ricardo Simao Diniz . Universidade Federal de
RSDD Dalmolin dalmolin@ufsm.br Santa Maria - UFSM 590 22 RS
. . Instituto Agronémico de
RMCO Ricardo M. Coelho rmcoelho@iac.sp.gov.br Campinas - IAC 103 0 SP, DF
Centro de Energia Nuclear
RRIZ  Rodnei Rizzo rodnei.rizzo@gmail.com na Agricultura - CENA, 179 0 SP
Universidade de Sdo Paulo
C e as . Universidade Estadual do
SOSA  Sandra Oliveira Sa geocis@usp.br Maranhio - UEMA 37 0 MA
Universidade Federal do
SFSO Sara Fernandes de souzafsara@gmail.com  Rio Grande do Norte - 15 15 PE
Sousa
UFRN
Uemeson Jose dos . . Universidade Federal do
UJSA Santos uemeson.jose@gmail.com Pernambuco - UFPE 124 122 PE
. . . - Universidade Federal Ru-
VSSJ Valdomiro Severino valdomiro.souzajunior@ui ral do Pernambuco - 6 1

de Souza Jr rpe.br UFRPE
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EBSI Ehsa.ngela Benedet elisangelasilva@epagri.sc. Agropecuaria e Extensao 1526 218 RN
da Silva gov.br Rural de Santa Catarina -
Epagri
VIGO  Viviane Gomes vivigomes2406@gmail.co Universidade Federal do 10 0 PE
m Pernambuco - UFPE
Walter Antonio P. . Universidade Federal de
WAPA Abrahiio wabrahao2@gmail.com Vigosa - UFV 617 0 MG
Total 47 29 16084 1783 27
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Hayunoe nznanue

bronnerens [louBeHHOrO HHCTUTYTA
nmenu B.B. [lokyuyaeBa
Bemyck 119
I'naBuslit penaxrop 4./1. Heanos
3amecTurens rnaBHOTro pepakropa M.10. Casun

Penaxrop, kommnbrorepHas Bepctka A.10. Pomanosckas

denepanbHOE TOCYIapCTBEHHOE OIOPKETHOE HAyIHOE YUPEKACHNE
ITouBennslit uHCTUTYT UMeHH B.B. [lokyuyaeBa
119017, Mocksa, IIppkeBckuit ep., 7, ctp. 2
https://bulletin.esoil.ru

e-mail: bulletin@esoil.ru

Cnano B Habop 25.06.2024 r.
[Noanucano B nevars 25.06.2024 r.
dopmar 60x84/16. Bymara odpcernasi.
Ve new. 1. 18 Tupax 75 7k3. 3aka3 Ne

L[eHa JAOTOBOpHas“.

OTnedaTaHo ¢ TOTOBOIO MaKeTa MO 3aKa3y
ITouBenHnoro uncruryra umenu B.B. JlokydyaeBa
UII Epxosoit U.M. (OI'PHUII 319774600080241)
Ten. (495) 799-48-85

e-mail: apr-rpa@list.ru
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