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STATE OF SOD-PODZOLIC SOIL FERTILITY
LOAMY SOIL DURING LONG -TERM HAYMAKING

WHEN USING IT
Abstract

Morphological changes of sod-podzolic loamy soil during its haymaking use for 85 years are traced. The
description of soilofillets under different methods of using grass stands and their influence on plantcover, as
well as morphological changes in the sod-humus horizon, is carried out. It was found that the presence of a
sufficient amount of biomass or crop residues with the con-stant use of mineral fertilizers (N120P60K90)
contributed to an increase in the sod-illuvial horizon and a decrease in the podzolic one, but the presence or
lack of it did not significantly affect the acidic background of the soil of the experimental site. The content of
humic substances in the soil, mobile forms of phosphorus and potassium in natural conditions (reserved)
largely depended on the volume of biomass, but the highest value of these indicators in the experiment was
obtained in the variant with the use of mineral fertilizers. Migration of nitrogen, calcium, and magnesium was
observed. The maximum content of mobile forms of phosphorus and potassium was found in the humus
horizon up to 30 cm. A common feature of mineral elements is the presence of two horizons with the maximum
content: in the sodm and transitionalm to the soil-forming rock.

Key words: sod-podzolic soil, agrochemical indicators, soil profiles, haymaking, herbage, mineral

fertilizers.

Cocmosnue nnoodopoous 0epHo60-no030UCH Ol
CY2IUHUCIMOIL NOYEbL NPU OITUMETbHOM CEHOKOCHOM
UCRONb306aHUL

AHHOTAaIUSA

INpocnexens! Mopdonornueckue U3MEHEHHs AEPHOBO-
NIO30JMCTON CYIJIMHUCTOW IIOYBBI IIPU €€ CEHOKOCHOM
HCTONB30BaHUM B TeueHue 85 ner. [lpoBeneHo onucanue
MOYBEHHBIX Opo-Quied Mpu  pa3HbIX  Crocodax
UCIIONB30BAaHUS  TPAaBOCTOEB W HMX BIMAHHE Ha
PacTHUTENBHBIN 10-KPOB, X MOP(OIOTHUECKUE H3MEHEHUS
B JICPHOBO-TYMYCOBOM TOPH30HTE. YCTaHOBJIEHO, YTO
HaJlM4HMe JOCTaTOYHOTO KOJIMYECTBAa OHOMAcChl WU
NIO)KHUBHBIX OCTAaTKOB IIPU MOCTOSHHOM HPHMEHCHUH
MUHEpPaIbHBIX yIaoOpeHuit (N120P60K90)
CIIOCOOCTBOBAJIO YBEJINYEHUIO ASPHOBO-HILTIOBUAILHOTO
TOPH30HTA M YMEHBIICHHIO MOA30JHMCTOrO, HO HAJIH4ue
WIN ee HEeNOCTaTOK HE CYLIECTBEHHO OTPAXaJoCh Ha
KUCJIOTHOM  (oHE  TOYBBl  ONBITHOTO  y4acTKa.
CozepikaHue B IOYBE T'YMYCOBBIX BELIECTB, IOIBIKHBIX
¢dbopm dochopa M Kamus B ECTECTBEHHBIX YCIIOBHSX
(3amoBeHEIN) B 3HAYUTEIHHON Mepe 3aBHCEN OT 00beMa
O01oMacchel, HO HAaHOOJIbIIIEE 3HAUYEHHUE ITHX IMOKa3aTenei
B OIBITE IIOJy4€HO B BapuHaHTe C IPUMEHEHHEM
MUHEpaNbHBIX yHnoOpeHwmit. HaOmromamace Murpanms
a30Ta, KajbLUsi, MarHus. MakcHUManbHOe COIepiKaHue
TMOABWKHBIX QopMm (ochopa m Kamms HAXOOWIOCH B
rymycoBoM ropu3oHTte 10 30 cM. OTMmeuena oOmas Ams
MHHEPaJIbHBIX 3JIEMEHTOB OCOOCHHOCTh — HAIMYHE JBYX
TOPH30HTOB C MAKCHMAaJbHBIM  COZEp-)KaHUEM: B
JIEPHOBOM M IIEPEXOHOM K OYBOOOpa3yroLIeil mopoze.

Knioueevie cnosea:  NepHOBO-NOJ30JIMCTAsE  IOYBA,
arpoXMMHYECKHE TOKA3aTelH, MOYBCHHBIC MPOQIIIH,
CEHOKOC, TPaBOCTOW, MUHEPAIBHBIE YIOOpECHHUS

C00-no0301uK MONYPAZLIHBIH ACHLIOYYYZYHYH Adanbl
Y3aK me32unoeH yen 4adyyoa 4amuax monypax
KO0J100HYYOa

AHHOTALUSA

Caznyy-nonzonuyy YOMonyy TOILYPaKThIH
MOP(}ONOTHSIIBIK ©3repyyliepy aHbl yen 4alyy y4uyH 85
KBUI  KOJJIOHYY  yuypyHzma  Oaiikanran.  Tomypax
HIpOGHIIEPHH CHIIATTOO YOIl 6CTYPYYHY KOJIOHYYHYH ap
KaHJall BIKMaJapbl jkKaHa aJaplIblH ©CYMAYK KaTMapblHA
THATU3TEH TAaaCHpH, YbIM-YHPHHIN TOPH3OHTYHIATBI
MOPQOJIOTHSIIBIK ~ ©3TepYYJIep  Y4YH  IKYPIy3YJITeH.
Munepangeik  xep cemuptkmutepan (N120P60K90)
Y3TYATYKCY3 KOJJIOHYY MEHEH OHOMAacCaHBIH K€ 6CyMIYK
KaJIABIKTApBIHBIH ~ JKeTHIITYY caHaa Oomymy 4em-
WUIIOBHAIIBIK ~ TOPU3OHTTYH  KeOeHyIIyHe  »aHa
HOI30JIyK TOPM3OHTTYH a3ailbllIblHA INapT TY3TOHY
aHBIKTANTaH, OMPOK aHBIH OONYIIYy K€ IKETHIICH3IUIH
TaXphliiba y4aCTOIYHYH KBIPTHIMIBIHBIH — KHCIIOTAJIBIK
(¢oHYyHA ONMYTTYy Taacwp TuiruzOeit. Taburslii maprra
(3amac) KBIpTHIITa TYMUHIWK 3aTTapabiH, (ocdopayH
KaHa KAIMHAWH KBIAMBUINYY (hOopManapblHBIH Ma3MyHY
HETU3WHEH OMOMAaccaHBIH KOJIOMYHe jKapama OOJTroH,
OMPOK SKCIEPUMEHTTE OYI KOPCOTKYITOPAYH 3H KOTOPKY
MaaHHCH MHHEPAIIbIK Xep CEMHUPTKHUYTEPIH KOIIOHYY
MEHEH BapHaHTTa alblHTaH. . A30TTYH, KaJlbLUUIANH JKaHa
MarHAAAWH Murpanusicel Oafikanran. ®ochop MeHeH
KTMHAWH KBIAMBUILYY (OpMallapblHBIH MaKCHMAJIyy
MazmMyHy 30 cMre 4YeWWHKA TYMYCTYH TOpPHU3OHTYHIA
TabpuraH.  MHHEpaNIpIK  DJIEMEHTTEPOHH Kbl
O3revenyry - MakCUMalgyy Ma3MyHy ©Oap 9KH
TOPU30HTTYH OONyITy OeNTHICHTEH: YOITe KaHa TOIypaK
TY3YYYYT® ©TYY9Y KBIPTHIILI..

Aukbiy ce306p: YONTYY-NOA30IAYK TOIYpaK,
arpOXUMHMSUIBIK KOPCOTKYUTOP, KBIPTHIIITHIH MPOQHIIEpPH,
yen 4alyy, 4enTep, MHHEPAIIIBIK Kep CEMUPTKUYTED
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Introduction. One of the main conditions for improving the efficiency of agriculture is the
preservation and improvement of soil fertility. First of all, this applies to sod-podzolic soils, which
are not characterizedrby good fertility. The sod process has not been actively developed and, even
with a long-term covering of grassy vegetation, a significant amount of humus and nutrients does not
accumulate in the soil. [1].

Low natural potential fertility of sod-podzolic soils is indicated by: acidic reaction of the soil
environment (pH KCL = 4.0-5.0); predominance of fulvic acids in humus; weakly expressed non-
strong structure of the upper horizons, which can easily be sprayed, float when moistened, and form
a crust when dried [2]. In addition, the systematic use of physiologically acidic mineral fertilizers
under these conditions led to the destruction of humus, an increaseunin soil moisture content, and
depletion of its upper horizons with calcium and magnesium [3], although in numerous studies of
employees of the Federal Research Center "V. R. Williams VIC" in long-term experiments on the use
of various doses of mineral fertilizers hayfields and pastures did not have a negative impact on the
agrochemical indicators of the soil and the quality of feed [4].

The purpose of these studies is to establish the effect of long-term application of mineral
fertilizers on the lime background on the structure and agrochemical indicators mromopoaus of soil
fertility during long-term haymaking use.

Research methodology. The object of the study was sod-podzolic loamy soil with the
following initialeparameters in the 0-20 cm layer: humus content (according to Knop) — 2.03 %, total
nitrogen (according to KarlemsDahl) — 0.12 %, K20 (according to Maslova) - 70 mg / kg, P20s
(according to Kirsanov) — 60 mg / kg, pH of COPL-4.3. Other parameters were not determined.

To achieve these goals, three soil sections were laid on the hayfield, which has not been released
since 1935 re - tinning. Soil samples were selected according to variants and genetic horizons. The
experience scheme included three options:

| Option I-protected, non-portable, no lime — control.

I1 Option Il —a single application of lime at a dose of 36 t / ha, measures for the care of grass
stands;

II1 Option IIT — a single application of lime at a dose 0f 36 t / ha, annual application of N120PsoKgo
and measures to care for the grass stand.

Chemical analyses of the soil were carried out according to GOST: pH of COPL -
potentiometrically (GOST 26423-91), the sum of absorbed bases — according to Kappen-Gilkovits
(GOST R 27821-2020), humus content — according to Tyurin (GOST 26213-91), mobile forms of
phosphorus and potassium (GOST 54650-2011) — according to Kirsanov in the modification of the
TSNAO. Total nitrogen content — according to Kjeldahl (GOST 26107-84). To prepare for the
analysis, air-dry soil was mechanically crushed and sieved through a 0.25 mm sieve.

Research results. Natural sod-podzolic soil is characterized by a clear division of the profile
into genetic horizons hand the presence of felt of various densities and thicknesses on the surface.

In experiment 2, the soil profile of the "protected area” was used for control. In the soil
sectionssipakensl, 4 horizons are clearly defined:

Ao-2 cm, litter of semi-rotted plant remains with hyphae of fungi; A1 humus-eluvial 1-2-18 cm,
sod, humus-elluvial horizon of dark color, fragile lumpy structure filled with living and dead roots;
A, —18-29 cm, podzolic, eluvial, light gray, structureless, the presence of single rusty; leaves. A,/ B
— 29-53 cm, transitional between podzolic and illuvial, be-forest leaks of the podzol, single dark
nodules, compacted, dispersed into plates and lumps; C-53-128 cm, illuvial, transitionaloindentation
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horizon, red-brown color, moistened, compacted, prismatic structure; C-soil-forming parent rock-
cover loamandnoc on moraine deposits.

According to the" Classification and Diagnostics of soils of the USSR", the soil of the site is
characterized as: sod-medium podzol on the cover loam mopenusix0f moraine deposits.

Comparing the morphological differences of other soil sections with the control, it can be noted
that on the variant without fertilizers and annual biomass harvesting (Il option I1), the development
of felt-moss litter of 5 cm was observed, while the sod layer thickness reached 13 cm, which is 3 cm
less than the control variant. A negative indicator of thisuhorizon is also a more powerful podzol
content of the soil — 18 cm, whileein other experimental variants this horizon did not exceed 10-11
cm.

A more powerful sod horizon was distinguished by the variant with the annual application of
full mineral fertilizer (N120Ps0Koo), (111 option 111) inowhich dense sod with a thickness of about a
centimeter smoothly passed into the gumuso-elluvial horizon, the value of which at the 85th year of
the experiment was 23 cm.

Summarizing the noted morphological features of soil profiles, it can be assumed that during
the experiment in the second variant, soil-forming processes seemed to slow down further
development due to the lack of favorable conditions, that is, the lack of a sufficient amount of biomass
and mineral fertilizers that accelerate itsumineralization.

During the experiment, the acid background changed accordinguto the variation of the
experiment. The humus horizon in the reserve variant, despite the abundance of biomass, retained its
acidity at the initial level (pH 4.2-4.3). In other variants, the acidity of the humus layer was determined
by limeeintroduced during the laying of the experiment, and was — pH 4.90-4.97. Analysis of genetic
horizons for three soil profiles showed that the acidity of sod-podzolic soil has two maxima — in
podzolic (a3) and transitional to cover loam (B / C) (Table. 1), but this is especially noticeable in the
background andsyawning.

The higher acidity of the soil solution along the soil profile is probably due to the vertical
migration of the main components of lime Ca and mossg.

O seimbiBannu Ca m Mg there are various opinions about the leaching of Ca and Mg after
liming. Based on model experiments, it was found that the majority of ionic materials (Ca and Mg)
are washed out after a year, andaonly minor losses were observed in the third year [5]. Since Ca enters
one qual state with the calcium solution in the soil and becomes resistant to migration, but these
cations are washed out in different ways. Calcium is washed out 3-4 times faster, since it does not
have barriers to the formationuof secondary silicates, and it is not absorbed by clay and humus
colloids in comparison with magnesium [6].

The high mobility of Ca in soils of the leaching water regime is associatedawith a large radius
of the Ca ion (1.06 A), which does not allow it to participate in the construction of the crystal lattice
of minerals and firmly establish itself in soils, a special quality of humus, in which humic acids have
a weak bond to retain Ca in their composition, thereby creating prerequisites for rapid removal of the
humus horizon and soil profile beyond the aisles [7]. The higher content of calcareous materials (Ca
and Mg) in the transition horizon of soil profiles is also indicated by the data of the summof exchange
bases S (12-17 mg /eq.) and the degree of saturation of basesa (V). This was observed both on the
calcareous background and on the control (Table 1).
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Table 1. Agrochemical characteristics of the soil of the experimental site. 2023

Np | Nameof | Horizontal pH Humus N With | SN S Ng \Y P.Os | K20

p mountain | depths, cm CSL total
sandumb % mEq/100g %
rella
protected option
1 And; 2-18 4,30 3,07 0,17 1,78 10,4 7.3 4,82 60 64 114
(groin)
2 AND; 18-29 4,68 OF 0,30 0,64 2,1 52 2,52 67 20 34
1.13
3 AND:zIN 29-53 4,26 OF 0,12 0,62 OF TO 3,79 75 46 76
1.07 5.1 11.8
4 IN 53-85 OF 0,85 0,32 0,49 1,6 14,7 3,40 81 55 90
4,01
5 /s 85-125 5,13 0,59 0,40 0,34 0,85 17,0 of 86 84 93
2.62
without fertilizer
1 And; 5-18 4,97 2,80 0,19 1,90 9,90 11,7 3,05 79 26 39
(groin)
2 AND, 18-36 OF 1,23 0,13 0,70 5,4 53 1,03 83 16 19
5.84
3 AND:IN 36-70 5,22 OF 0,12 0,60 5,0 12,3 OF 81 67 76
1.05 2.74
4 IN/With 70-95 of 0,96 0,13 0,55 4,2 14,2 2,18 87 76 80
5.62
N120PsoKgo
1 And; 1-23 4,90 3,52 0,19 OF 10,7 8,0 5,48 60 243 55
(groin) 2.04
2 AND; 23-35 5,78 0,95 0,15 1.55 4.2 6,3 1,53 80 133 28
Vv
3 AND:IN 35-65 5,00 0,87 0,22 0,50 2,2 12,3 3,00 80 53 86
IN/With 65-95 5,68 0,80 0,24 0,46 7,90 13,2 2,60 84 80 92

The humus content in the experiment significantly differed from the method of using the grass
stand. Inthe" reserved " version, its contentcincreased from 2.03% to 3.07% during the survey period.
In the non — fertilized variants, the humus growth rate was the lowest (0.8%) against the background
of winter crops (36 t/ha). The maximum increase in the humus content to 3.52 % was observed in the
variant with the constant use of acomplete mineral fertilizer on the background of lime.

Analyzing the results obtained, it can be noted that the growth of humus in the sod layer was
influenced by the volume of biomass and root residues.oHowever, according to a number of scientists,
plant mass is the main, but not the only factor. In addition to stocks of plant residues, decomposition,
which depends on microbiological activity, is important.

Many researchers have paid attention to the role of lime in the process of humus formation.
Some of them note the fact that it stimulates the decomposition of fresh plant residues due to a
decrease in soil acidity and an increase in microbiological activity. The latter (exchange Ca*™) delays
the decomposition of humic substances due to the formation humates of Ca humates and the formation
of organo-mineral compounds. Depending on their mobility, humus andsrelated minerals accumulate
in the upper soil horizons or migratecfrequently along the soil profile [8]. The amount of
accumulation of humic substances for each soil is different and is determined by the absorption
capacityuof the m and oral colloidal fraction [9].
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From the results obtained in the experiment, it follows that humus substances are mainly found
in the sod horizon at a depth of 0-20 cm. The migration ofyhy-fungal substances according to the
experimental variants was observed up to a depth of 30 cm. At this level, the content of humic
substances was (0.95-1.13 %). However, esignificant amounts of humic substances (0.59-0.80 %)
were recorded deep in the profile upoto the cover loam.

Layer-by-layer studies of the sod horizon in variant No. 3 showed that up to 68% of humus
substances are concentrated in the upper layer of 0-10 cm. Theohumus content in it was 3.88 % versus
2.65 % in the 10-23 cm layer. It can be assumed that the migration of some more mobile compounds
of humus substances along the soil profile still takes place.

One of the main indicators of humus quality is theeratio of carbon to nitrogen (with: N), the
lower it is, the more nitrogen-rich the humus is. For sod-podzolic medium loamy soils, this
indicatorsis 9, 5-11, 0. The presented research results (tab. 2) showed that the value of this indicator
for the sod horizon of 0-20 cm according to the experimental variants is at the level of 9, 9-10, 7,
which can be considered optimal. Down the profile, the C: N ratio decreases dramatically. The reason
for this is a decrease in the carbon content of humus and an increase in the nitrogen concentration in
the lower soil horizons.

Table 2. Agrochemical characteristics of the soil of the experimental site. 2023

Npp Nameaof Horizontal | pH | Gumus | N C |[CN| S Ng | W | P.Os | K;O
mountainsandumbrella depthm, CSL total
cm % mg- %
eq/100g
N120Ps0Kgo
1 Az groin 0-10 4,2 388 | 019 225|113 | 85 |548| 60 | 318 | 67
2 Az groin 10-23 4.9 2,65 | 015 | 154|103 | 80 |280| 74 | 147 | 39

The total nitrogen content in sod-podzolic loam soil ranges from 0.10-0.18 %. In the
experiment, the total nitrogen content in humus horizonswas at the level of 0.17-0.19 %. Its higher
concentration (0.32-0.40 %) was observed in the control (reserve) variant in the lower horizons of the
soil section. The use of mineral nitrogen (N120PsoKoo) did not affect its accumulation in the sod
horizon, but, as in the control, an increase in its content was observed in the lower horizons of the
soil profile. Therefore, it can be noted that the main source of soil nitrogen replenishment in natural
conditions is plant aboveground and root residues and their subsequent humification. The difference
in nitrogen content between the control — 3.07% and the mown variant without6fertilizers on the
background of lime — 2.8 % is probably associated with different biovolumes of biowass between the
variants involved in the formation of humic substances.

The migration of nitrogen along the soil profile to the lower mountain sand umbrellas noted in
the experiment was observed in the studies of many authors. Some of them, based on the obtained
data, claim that mineral nitrogen in infiltrate solutions is represented by up to 80% of the nitrate form
(NOg), which easily migrates up to ground water [11-0].

The content of mobile phosphorus in the soil was largely indetermined by the way the herbage
was used.

In the non-portable variant, the content of mobile phosphorus was atanacute level (60-64
mg/kg) from the time of the experiment. According to some data, grass mixtures with a phosphorus
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content of 0.2-0.3 % during their mineralizationaare not able to replenish its supply in the soil, since
these amounts of phosphorus are completely used by microorganisms, and there are no other sources
ofyphosphorus deposition in the soil, except for the use of mineral fertilizers exists [11, 12].

In the variant without fertilizers and the annual alienation of grass stands, the concentration of
mobile phosphorus did not exceed 25 mg/kg, which indicates that theosoil is enriched with this
element.

Systematic application of phosphorous fertilizers (pso) has enriched the humus horizon to a high
level (243 mg / kg). An increased contentaof mobile phosphorus was also observed in the podzolic
horizon (133 mg / kg) at a depth of up to 35 cm, although in other variants of the experiment, its
minimum was noted at this level (16-20 mg / kg).

Many scientific papers have been published on the interaction of phosphorus with soil. On sod-
podzolic loamy soila, the migration of phosphorus along the profile down every 5 cm to a depth of
60 cm and from bottom to top from 85 to 60 cm was studied. In both cases, it was found that
phosphorus does not move more than 10-12 cm from the application site.

There are a number of other studies that were conducted during crop rotations. The authors
noted that with prolonged use of phosphorous fertilizers and a sufficient amount of atmospheric
precipitation, phosphorus from the humus horizon can migrate along the profile up to 50 cm.
Analogsuof these studies in the conditions of hayfields and pastures were not found.

The experimental studies on the distribution of phosphorus over the soil profile showed that in
the I and Il variants without fertilizers, two of its maxima are observed: in the humus and transition
(WI/S) to the soilo-forming zone, the upper horizon is inferior in terms of mobile phosphorus
contentcto the lower one, where its concentration is 75-80 mg/kg.

In the variant with constant use of phosphorous fertilizers (pso), the concentration of mobile
phosphorus in the humus horizon increased to 243 mg / kg. An increased level of mobile forms of
phosphorus was observed in both the illuvial horizon at a depth of up to 35 cm. Further, the
phosphorus mobility decreased to the transition horizon (W / S) to the soil-forming rock. The second
maximum of phosphorus content in the soil was recorded at a depth of 80-95 cm. At this level, all
three soil sections showed a decrease in the acid content of theusolution to pH 5.1-5.7 and a sharp
increase in the amount of exchange mineral deposits to 12-17 mg /eq. x is mainly represented by
calcium and magnesium. This explains the decrease in soil acidity and increased phosphorus mobility.
However, for many types of meadow and field crops, mobile phosphorus is not readily available at
this depth. Individual roots in the soil profile were marked only at the level of 50 cm when describing
soil sections. Analysis of the humus horizon in layers 0-110 and 10-20 cm showed that more than
55% of mobile phosphorus is concentrated in the 0-10 cm layer. The content of its mobile forms was
recorded at the level of 390 mg / kg. Below, but with rakthe same high content (143 mg / kg), a layer
of 10-20 cm was characterized (Table 2). Consequently, the main amount of phosphorus supplied
with mineral fertilizers in haymaking conditions is recorded by humus substances of the soil in the 0-
20 cm layer. With the constant use of phosphorous fertilizers up to 60 kg / ha, its migration along the
soil profile in conditions of haymaking andchay use is possible up to 30-35 cm.

The content of exchangeable potassium in humus horizons in all threeavariants of the
experiment largely depended on the method of using grass stands. In the reserve variant, the
concentration of exchangeable potassiumswas 114 mg / kg, while in the non-fertilized variant and
the annual increaseyin herbage, this indicator of soil fertility was three times lower — 39 mg/kg. The
variant with systematic application of potash fertilizers was also characterized by a low potassium
contenta. The use of mineral fertilizers (K fertilizers (K90) contributed to an increase in the content
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of exchangeable potassium in the Humus horizon (Table 1). 1) from 39 to 55 mg / kg, but remained
very low.

Consequently, in natural conditions (protected) grass stands without depletionxare able to
provide annually the level of exchangeable potassium in the soil sufficient to feed subsequent grass
stands without reducing soilofertility. Other options for using grasslands, even with the use of mineral
fertilizers at a dose of K90, do not provide even the average level of exchangeable potassium in the
soil. This indicates a high demand of meadow grasses for potassium. According to research conducted
by the All-Russian Research Institute of Feed, plants can use up to 70 % of the applied potash
fertilizers in the first year of the experiment [13]. Some part (14-82 %) of potassium is permanently
absorbed, and a very small amount of it can migrateoto a depth of 60 cm [14]. To maintain the initial
content of exchangeable potassium in the soil, taking into account the removal of plants, it is required
to annually apply 130 kg/ha of potash fertilizers.

The analysis of genetic horizons showed that the exchange potassium content has two maxima
— in the humus horizon (A) and in theetransition horizon (B/C) to the soil-forming rock, where the
potassium content can increase to 80-95 mg / kg. A distinctive feature in the distribution of potassium
along the profile is that the exchange potassium is practically not fixed in the illuvial horizons. Its
content was determined at the level of 19-28mg / kg. This is probably due to the low content of clay
minerals that can fix potassium in the mountain and umbrella.

Conclusions. Methods of using grass stands in long-term experiments on haymaking had a
significant impact on vegetation and morphological features of the sod-humus horizon:

There was a modification of the top layer of sod in the version with out fertilizers and the
annual alienation of the grass stand. The development of felt-moss litter up to 5 cm thick was
observed.

The presence or sufficient amount of crop residues of grass andopermanent use of mineral
fertilizers during long-termause of hay contributed to an increase in sod-humus and a decrease in the
size of the illuvial horizons by 1-3 and 5 cm, respectively.

The presence or lack of vegetation in the experiment did not affect the value of the initial acid
background of the hay field soil (pH 4.2-4.3). Its value was determined by liming at a dose of 36 t /
ha before starting the experiment, owhich continues to maintain the acidity of the humus horizont ue
a pH of 5.0 for 85 years.

In the experiment, the acidity of the sod-podzolic soil of the hay field had two maximum values
— in the illuvial (a2) and transition (B / C), and the value increased down the soil profile to pH 5.5-
5.7, which is explained by the migration of calcium and magnesium.

All the studied methods of long-term use of grass stands in the experiment contributed to the
accumulation of humus in the sod horizon, but its maximum content was determined in the variant
with the systematic use of mineral fertilizers (from 2.03 % to 3.52 %).

Humus substances in the haymaking soil are unevenly distributed. More than 80 % of them are
recorded in the 0-10 cm soil layer. Humus migration was observed only up to a depth of 30 cm. A
very small amountyof humic substances (0.59 %) was determined over the entire soil profile up to
the cover of loam.

The content of mobile forms of phosphorus and potassium in naturaluconditions was largely
determined by the volume of biomass.

In the variant without alienation of the grass stand, the value of mobile forms of fo with fo
remained at the same level during the entire observation period. The presence of biomass also had a
positive effect on the content of exchangeableapotassium. Its reserves are marked at an average level.
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In the case ofumineral fertilizers, the mobility of phosphorus and potassium was determined by the
peculiarities of the interaction of each of them with the soil: the main amount of phosphorus was
fixed by the humus horizon in the 0-20 cm layer; the potassium dose (K90) contributed very slightly
to its accumulation in the upper horizon, which is associated with significant consumption by plants
and probably nota sufficient dose. A common feature of mineral elements is the presence of two
maxima of content, in the sod (Aa1) and first (B/C) horizons to the soil-forming rock. Both elements
are prone to minor migration along the profile to a depth of no more than 0-30 cm.
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