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REDISTRIBUTION OF NUTRIENT ELEMENTS

OF GRAY FORESTAL SOIL UNDER GRAIN CROPS
IN SHORT-ROTATION CROP ROTATIONS

UNDER DIFFERENT FERTILIZATION SYSTEMS

In the conditions of short-rotation crop rotations, the influence of
fertilization systems and precursors on the nutrient regime of grey forestal soil under
winter wheat and spring barley was investigated.

It was established that the highest content of nutrients under winter wheat
and spring barley is formed in the conditions of the traditional fertilization system.
During the direct application of 40 t/ha of manure to winter wheat in combination
with mineral fertilizers in a dose of NeoPsoKoo in the phase of vegetation recovery of
the crop in the arable layer of the grain crop rotation, the concentration of alkaline
hydrolyzable nitrogen compounds was 13.51 mg kg of soil, mobile forms of
phosphorus and potassium were 14.20 and 12.00 mg kg* of soil. By the application
under spring barley of the complex NeoPeoKeo + byproducts of the precursor of
winter wheat in the grain-forage and NeoPeoKeo in the crop rotation in the seedling
phase, 12.34-12.40 mg kg of soil alkaline hydrolysis nitrogen was formed, 12.72-
12.81 and 11 .28-11.44 mg kg of the soil of mobile forms of phosphorus and
potassium

Higher values of mobile compounds of the main nutrients of plants under
winter wheat are formed after the precursors meadow clover and peas. The lowest
values are observed in repeated sowings: in the phase of recovery of crop vegetation
on unfertilized variants in crop rotation with the predecessor of meadow clover the
content of mobile forms of nitrogen, phosphorus and potassium amounted to 10.81,
10.93 and 9.71 mg kg* of soil, in grain with a predecessor of peas it was 10.72,
11.11 and 10.19 mg kg™ of soil, in repeated sowings of winter wheat in grain
rotation 10.19, 10.86 and 9.79 mg kg™ of soil.

Before the end of the vegetation season of winter wheat and spring barley,

the content of nutrients decreased and equalized by the absolute intervariant values
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due to their use by plants for growth, development and crop formation.

The use of organo-mineral fertilization systems ensured an increase in the
level of provision of the soil environment with organic substances. Under the
alternative fertilization system, the amount of by-products after meadow clover was
8.20-9.00 t/ha, corn for grain — 6.74 t/ha, winter wheat — 4.63-5.25 t/ha, and with
growing it in repeated crops — 5.06-5.27 t/ha. Potatoes grown under an alternative
fertilization system in crop rotation formed 2.43-2.56 t/ha, and buckwheat — 2.86
t/ha of by-products. Under the traditional fertilization system, this indicator was the
highest among all cultivated crops.

Keywords: short-rotation crop rotations, winter wheat, spring barley,
fertilization systems, nutrients, plant residues.
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UnctutyT cinbepkoro rocnogapcTsa Kapnarcekoro periony HAAH

2HanionanbHuii yHiBepcuTeT «JIbBIBCHKA TIOMITEXHIKa

Ilepepo3moniyl eneMeHTIB :KMBJICHHSl Ciporo JiicOBOro IPYHTY g
3epHOBMMH KYJIbTYpaMH B KOPOTKOPOTAUiiiHUX ciBO3MiHAX 3a pi3HMX cHCTeM
y100peHHsI

B ymoBax KOpOTKOpOTAaIifHMX CiBO3MIH JOCHI/)KEHO BIUIMB CHCTEM
yIoOpeHHsI Ta TONEPEIHUKIB HA IMOXKHBHUI PEXHUM CIpOTo JICOBOTO IPYHTY IIif
MIICHULEIO 03UMOI0 Ta TYMEHEM SIPUM.

BcranoBneHo, mo HaWBHIIMIT BMICT €JIEMEHTIB XKHMBJICHHS M IIICHHUICIO
03MMOI0 Ta SYMCHEM spUM (OPMYETBCS B YMOBaX TpPAAULIHHOI CHCTEMH
ynoOpeHHs. 3a 6e3MmocepeTHOT0 BHECEHHS ITiJl MIICHUI0 o3uMy 40 T/ra THOWO B
MO€THAHHI MiHepansHUMH JoOpuBamMu B 11031 NeoPooKoo y ¢asi BimHOBIEHHS
BereTamnii KyJbTypd B OPHOMY IIapi 3€pHOBOI CiBO3MIHM KOHLICHTpALis CIIOIYK
JIETKOT1IPOIIi3HOT0 a30Ty cTaHoBWIa 13,51 mr xr! rpynry, pyxomux Gopm dochopy
i kamiro — 14,20 i 12,00 mr kr! rpyHry; Bim 3acTOCyBaHHS IIifil SYMiHB spMii
kommiekcy NeoPeoKeo + moGiuHa mpoayKiist monepeiHuKa MIIeHHI]i 03UMOi B 3epHO-
kopMoBiii Ta NeoPsoKeo y 1uiomo3minniil ciBo3Minax y ¢asi cxoxis ¢opmysanocs
12,34-12,40 mr xr’! rpyHTy nerkorigpofizHoro asory, 12,72-12,81 i 11,28
11,44 mr k'l rpynry pyxomux dopm pocdopy ii kaiiro.

Bumii 3HaueHHS pyXOMHX CIIOIYK OCHOBHHX €JI€MEHTIB )KHBIICHHS POCIHNH
i MIOICHUIEI0 03UMOI0 (DOPMYIOTBHCA TICHS TOTEPEIHHUKIB KOHIOMIWHA JTydHA H
TOpOX, HAWHIDKYI TTOKAa3HUKM CIIOCTEpIraloThCS B TOBTOPHHUX TIOCiBax: y asi
BIZTHOBJICHHSI BeTeTallii KyJIbTypH Ha HEYHOOpEHHWX BapiaHTaX y IUIOMO3MiHHIH
CIBO3MiHI 3 MOMEPEAHUKOM KYJIbTYpH KOHIOUIMHA JIydHa BMICT PYXOMHX (HopM
azoty, docdopy i kaniro cranosus 10,81; 10,93 i 9,71 mr kr! rpynTy, y 3epHOBiit 3
nonepeHuKoM ropox — 10,72; 11,11 # 10,19 Mr kr! rpyHTy, y OBTOPHMX MOCiBax
TILIEHNI 03UMOT B 3epHOBIH ciBo3Mini — 10,19; 10,86 i1 9,79 mr krt rpynry.

Jlo 3akiHYeHHS BereTailii MINCHUI[ O3MMOI Ta SYMEHIO SIPOr0 BMICT
CIIEMEHTIB  KHMBJICHHS 3HW)KYBaBCS 1 BHPIBHIOBaBCS 32  aOCONIOTHUMH
MDKBapiaHTHUMH 3HAQUEHHSIMHU BHACIIIOK BHKOPUCTaHHS X POCIMHAMH IJISL POCTY,
PO3BUTKY i1 (hOpMyBaHHS BPOXKAIO.
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3acTocyBaHHSI OpraHO-MiHEpaNbHUX CHCTEM YIOOpEHHS 30LIBIIyBasO
piBeHb 3a0€3MEYCHOCTI IPYHTOBOTO CEPElOBHINA OPraHiYHUMH PEYOBHHAMH. 3a
AIbTEPHATUBHOI CHCTEMH YAOOPEHHS KIIbKICTh NOOIYHOI MpoayKuii —micis
KOHIOIIMHY J1y4HOl Oyna 8,20-9,00 T/ra, Kykypya3u Ha 3epHO — 6,74 T/ra, MIICHULI
o3umoi — 4,63-5,25 1/ra, a mpu ii BUPOIIYBaHHI B MOBTOPHUX mociBax — 5,06—
5,27 rt/ra. Kapromms, BHpomeHa 3a aJbTEPHATHBHOI CHCTEMH YIOOpPEHHS Yy
ciBo3MmiHi, hopmyBana 2,43-2,56 1/ra, a rpedka — 2,86 T/ra moOIUHOI MpoayKIii. 3a
TpamumiiHOI CcHCTeMH yHOOpeHHs Ied IOKa3HMK OyB HalBHIIMM 3a BCiMa
BUPOIIYBaHUMH KYJIbTYPaMH.

KniouoBi cjoBa: KOpOTKOpOTaLiifHI CiBO3MIHHU, MIIEHUISI O3UMa, SYMiHb
SApUH, CHCTEMH YIOOPEHHS, €IEMEHTH XKUBJICHHS, POCIMHHI PEIITKH.

Introduction. An important condition for the efficient management
of agricultural production, the achievement of the highest possible level of
realization of the productive potential of agricultural crops and the obtaining
of significant values of ecologically and economically reasonable yields is
the provision of high soil fertility during the entire vegetation period of
plants, which is determined by a complex of water-physical, agrochemical
and microbiological properties [2, 8, 17, 18, 26]. Agrochemical
characteristics depend on the intensity of the soil processes of accumulation,
destruction, synthesis and transformation of substances and determine the
nutrient regime of the soil environment, the main management measures of
which are the implementation of scientifically based crop rotations and the
use of organo-mineral fertilization systems [3, 10, 14, 30, 33].

In crop rotation, the genetically determined productive capacity of
soils and the vyield potential of agricultural plants are most fully
implemented, it determines the systems of fertilization, mechanical tillage
and protection of crops from weeds, pests and pathogens, ensures the
natural supply of plant residues, which contribute to the return to the soil
environment of significant parts of macro- and microelements, serve as
energy material for soil microflora, determine the biogenicity of soils and
their humus content [1, 6, 13, 15, 16, 25, 36].

Organo-mineral fertilizer complexes based on both traditional (cattle
manure) and alternative (plant by-products, post-harvest siderates)
components have the highest effect on optimizing the nutrient regime of
soils, the accumulation of water-soluble and exchangeable forms of the
main nutrients, and the transformation of the biological substrate [4, 5, 7,
28, 37].

With their use, a special trophic environment is formed in the soil,
which stabilizes the organic colloidal complex, and increases the proportion
of its saturation with exchangeable forms of nutrients. Mineralization of
organic matter introduced into the soil environment by microbial cenosis,
and involvement of its decay products in the biological cycles of the
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circulation of substances contributes to the improvement of agrochemical
indicators, as well as a higher level of supply of plants with nutrients [12,
24,29, 31, 34, 35].

This is extremely important in the development of fertilization
systems, since in conditions of high anthropogenic loads on the soil, with
the harvest occurs a significant alienation of part of the created organic
matter, and therefore of the nutrients and energy contained in it, which, in
turn, leads to less bioproductivity of agrocenosis [27, 32].

Therefore, the management of the nutritional regime of plants
involves the introduction of rational, balanced fertilization systems that
would meet the needs of crops in nutrients throughout the growing season,
contribute to their return to the soil with plant residues, restore soil reserves
and ecological balance in agricultural landscapes [9, 11, 18, 19].

Materials and methods. The research was conducted during 2016-
2020 at the experimental ground of the Institute of Agriculture of the
Carpathian Region, which is located in the village Stavchany of Lviv
district, Lviv region. The study was carried out in the conditions of a two-
factor stationary experiment, which has the status of long-term and entered
into the Register of stationary experiments of Ukraine (certificate number —
053). The experiment was established in 2001 on grey forestal surface-
gleyed soil. The number of researched factors is 2 (areas of the first order —
systems of short-rotation crop rotations, second — fertilization systems).

The experiment studies 9 different field crop rotations (3-4-5-field)
with saturation with grain crops (s.g.c.) from 50% to 100%, on the options
of using traditional (combination of mineral fertilizers and manure) and
alternative (combination of mineral fertilizers, straw, harvest siderates)
organo-mineral fertilization systems and without fertilization (control). The
experimental data covered in this article were obtained from seven crop
rotations of the experiment: 1) peas — winter wheat — winter wheat — oats
(four-field grain, 100% s.g.c.); 2) peas — winter wheat — corn (grain) — oats
(four-field grain, 100% s.g.c.); 3) meadow clover — winter wheat — winter
wheat — spring barley + meadow clover (four-field grass-grain, 75% s.g.c.);
4) meadow clover — winter wheat — potato — spring barley + meadow clover
(four-field crop rotation, 50% s.g.c.); 5) buckwheat — winter wheat — potato
— spring barley (four-field grain-weed removing, 75% s.g.c.); 6) corn (green
mass) — winter wheat — buckwheat — soybean — winter wheat (five-field
grain-weed removing, 80% s.g.c.); 9) winter wheat — winter wheat — fodder
beans (triple-field, 66% s.g.c.). In the traditional system of fertilization on
the background of manure (40 tons once per crop rotation under weed
removing crops, and in the 1st and 3rd crop rotations — under winter wheat
in repeated sowings), mineral fertilizers were applied in the dose: under
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winter wheat NgoPooKao, spring barley — NeoPsoKeo, 0ats — NaoP40Kao,
buckwheat — NgoPeoKso, peas — NasPssKas, SOy — NasPasKss, potatoes —
NgoPgoKgo, corn — Ni20P100Ki00. In an alternative system with half doses of
mineral fertilizers on the background of ploughing all the by-products (bp.)
of the cultivated crops once per rotation, oil radish was sown post-harvest as
siderate (under the same crops where manure was applied in the traditional
system, at the same time, full doses of mineral nutrition were applied). In
the three-field crop rotation, one (mineral) fertilizer system was applied
with NeoPgoKgofor winter wheat, and NasP4sKas for fodder beans. The options
were repeated three times, the location was consecutive. The total area of
the site according to the crop rotation factor was 864 m? (72 m x 12 m), by
fertilizer: total area 96 m? (12 m x 8 m), accounting area — 60 m? (10 m x 6
m). The introduction of crops into the crop rotation was carried out
simultaneously on all fields.

The influence of fertilization systems on changes in the nutritional
regime was studied under winter wheat of the Poliska 90 variety, spring
barley of the Kniazhyi variety.

The soil of the experimental plots — gray forestal surface-gleyed
coarse dusty light-loamy with the following agrochemical properties (before
the experiment): humus content 1.67-1.71%, the number of absorbed bases
4.4-5.0 mg-eq kg* of soil, easily hydrolyzable nitrogen 9.2-9.9, mobile
phosphorus and exchangeable potassium 10.8-11.13 and 9.3-9.5 mg kg
soil, respectively. The reaction of the soil solution is pHxci 4.70-4.84,
hydrolytic acidity 2.26 mg-eq kg™ of soil.

The selection of soil samples of experimental variants and their
preparation for laboratory and analytical work was carried out in accordance
with DSTU 4287:2004 [22] and DSTU ISO 11464-2001 [23]. The
following soil samples were determined: easily hydrolyzable nitrogen —
according to Kornfield (DSTU 7863:2015) [20]; mobile phosphorus and
exchangeable potassium according to Kirsanov (DSTU 4405:2005) [21].

The values of the listed indicators were determined from the arable
(0-20 cm) and sub-arable (20-40 cm) layers for five years (2016-2020) in 3
repetitions and in 2 analytical parallels (in general for each of the layers,
n = 30).

In the conducted research, general scientific and special research
methods were used. With the help of a field experiment, data on the
variability of nutrients under the influence of agrotechnological factors were
obtained; by the laboratory-analytical methods — quantitative characteristics
of the redistribution of mobile compounds of nitrogen, phosphorus and
potassium in the soil environment were established; by the calculation-
comparative methods — the number of changes in the studied indicators was

12



ISSN 0130-8521. Ilepenripue Ta ripchke 3emiuepo0CTBo i TBapuHHUIITBO. 2022. Bum. 72 (2)

substantiated.

Results and discussion. The nutritional regime is an important
factor in increasing the production process of agricultural crops and an
ecological indicator of maintaining soil fertility [3, 8, 25]. In order to ensure
high yields of agricultural crops, it is extremely important to provide them
with a sufficient amount of nutrients during the entire growing season. In
different periods of life and development, plants need different amounts of
them. Conditionally, this need can be represented parabolically: in the initial
phenological phases and during ripening, it is smaller, and during the time
interval of active growth and development of the plant, it gradually
increases, approaching the peak during the formation of fruits, and then
gradually decreases as they ripen.

Therefore, it is important to study the impact of agrotechnological
factors on the dynamics of mobile compounds of nitrogen, phosphorus and
potassium as the main elements of plant nutrition.

The studies conducted under the conditions of a stationary
experiment under winter wheat established (Table 1) that at the time of
sowing the crop in the arable layer on the control variants, the highest
values of easily hydrolyzable nitrogen were in the crop rotation with the
predecessor meadow clover (10.38 mg kg soil) and in grain rotation after
the predecessor of peas (10.31 mg kg soil). The maximum availability of
mobile forms of phosphorus on unfertilized variants was observed in grain-
weed removing crop rotations: after buckwheat (10.89 mg kg of soil) and
after soybeans (10.72 mg kg* of soil). Without the use of fertilizers, a
higher level of plant-available forms of potassium was noted in the grain-
weed removing rotation after the predecessor of soybeans (9.88 mg kg of
soil) and in the grain rotation after peas (9.80 mg kg of soil). In the phase
of recovery of winter wheat vegetation on the background (unfertilized)
variants, the best nutritional regime was formed in the crop rotation with the
precursor of meadow clover culture (the content of mobile forms of
nitrogen, phosphorus and potassium was 10.81, 10.93 and 9.71 mg kg of
soil) and in grain rotation with a predecessor of peas (by the nutrients,
10.72, 11.11 and 10.19 mg kg* of soil). The lowest values of the nutritional
regime (10.19, 10.86 and 9.79 mg kg* of soil) were in grain rotation in
repeated sowings of winter wheat.
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Thus, without the imposition of fertilization systems, the highest
values of the main indicators of effective fertility are provided by the
predecessor of meadow clover in the crop rotation and peas in the grain
crop rotation.

The use of fertilization systems ensured a significant increase in the
values of the nutritional regime. The highest content of nutrients in the
phase of crop vegetation recovery was observed under the conditions of the
traditional system when 40 t/ha of manure and mineral fertilizers in a dose
of NeoPgoKgo Were directly applied under winter wheat. In the arable layer in
the grain crop rotation, the concentration of easily hydrolyzable nitrogen
compounds was 13.51 mg kg of soil, mobile forms of phosphorus and
potassium — 14.20 and 12.00 mg kg of soil. When combining a complex
alternative organic component (green mass of oil radish on the background
of by-products of winter wheat) and NeoPgoKgo, the content of nutrients
available to plants in the soil environment was lower and amounted to
12.96, 13.28 and 11.65 mg kg™ of the soil, respectively, mobile compounds
of nitrogen, phosphorus and potassium (alternative fertilization system).

Applying mineral fertilizers directly under winter wheat, and the
organic component under another crop of the crop rotation, i. e. at a distance
in time, formed a nutritional regime at a lower concentration level in all
studied crop rotations. The range of variability of the content of easily
hydrolyzable nitrogen was 12.17-13.09 mg kg of soil, mobile forms of
phosphorus and potassium — 13.17-13.70 and 11.25-11.78 mg kg™ of sail,
respectively.

Before the end of the vegetation season of winter wheat, the content
of nutrients decreased and leveled off in terms of absolute intervariant
values due to their use by plants for growth, development and crop
formation, and in the phase of full maturity of the crop in the control
variants of crop rotation, it was 8.88-9.74 mg kg of easily hydrolyzable
soil of nitrogen, 10.05-10.42 and 8.67-9.36 mg kg' of soil mobile
compounds of phosphorus and potassium, respectively 10.16-11.25, 11.45-
12.29 and 9.80 on fertilized — 10.58 mg kg™ soil (traditional fertilization
system) and 9.42-10.59, 10.43-11.27 and 9.26-10.31 mg kg* soil
(alternative fertilization system).

Observations of the dynamics of the nutritional regime during the
growing season of spring barley grown in two crop rotations showed that
the highest content of plant nutrients was at the time of crop emergence
(Table 2). On unfertilized variants, the following concentration levels were
observed: 9.70 mg kg* soil of easily hydrolyzable nitrogen, 10.79 mg kg
mobile forms of phosphorus and 9.81 mg kg™ soil mobile compounds of
potassium in the grain-forage crop rotation and, respectively, 9.76, 10.63
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and 9.64 mg kg of soil in the crop rotation. On variants of the traditional
fertilization system, when NgoPsoKso Was applied to the crop during two crop
rotations, 12.34-12.40 mg kg of easily hydrolyzable nitrogen was formed,
12.72-12.81 and 11.28-11.44 mg kg of mobile soil forms of phosphorus
and potassium. Under the conditions of an alternative fertilization system,
when N3zoP30Kso was applied on the background of by-products of winter
wheat in the grain-forage crop rotation and N3oP30Kso in the crop rotation,
11.27-11.31 mg kg? of easily hydrolyzable nitrogen accumulated in the
soil, 11.47-11.64 and 10, 86-11.03 mg kg of the soil of mobile compounds
of phosphorus and potassium.

During the vegetation season of spring barley, the content of
nutrients in the soil decreased as a result of their use by plants for growth,
development and crop formation. The lowest values of plant nutrients were
observed in the phase of full maturity of the crop and amounted to 8.83-8.89
mg kg of easily hydrolyzable nitrogen soil, 9.65-9.78 and 8.96-9.06 mg kg
! of phosphorus and potassium compounds available to plants in the soil on
unfertilized backgrounds. In the variants of application of organo-mineral
fertilization systems, their amount was 10.04-10.7 mg kg, 11.16-11.25 mg
kg™ and 9.59-9.70 mg kg* and 9.27-9.40, 10.10-10.18 and 9.27-9.38 mg kg
1 of soil.

Scientific studies have proven that plant residues of agricultural
crops are an important factor influencing the nutrient regime and
redistribution of organic substances in the soil [29, 27]. During their
mineralization, a significant part of nitrogen, phosphorus and potassium,
used by plants from fertilizers and soil, is returned to the soil. The amount
of plant residues that accumulate in the soil depends on the range of crops
grown in crop rotations, their productivity, biological and morphological
features, weather conditions and nutrition levels.

As the results of our research showed (Table 3), in the variants
without fertilizer application, the highest amount of plant residues
accumulated in the soil after meadow clover (7.60-8.00 t/ha), corn for grain
(5.15 t/ha) and winter wheat (3.97-4.45 t/ha). When sowing winter wheat in
repeated sowings, this indicator was lower — 3.82-3.91 t/ha. The least
amount of organic matter entered the soil after potatoes (1.41-1.46 t/ha) and
buckwheat (2.55 t/ha).

The use of organo-mineral fertilization systems ensured an increase
in the provision of the soil environment with organic substances. Under the
alternative fertilization system, the number of by-products after meadow
clover was 8.20-9.00 t/ha, corn for grain — 6.74 t/ha, winter wheat — 4.63-
5.25 t/ha, and with growing it in repeated crops — 5.06-5.27 t/ha.
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Potatoes grown under an alternative fertilization system in crop
rotation formed 2.43-2.56 t/ha, and buckwheat — 2.86 t/ha of by-products.
Under the traditional fertilization system, this indicator was the highest
among all cultivated crops. In particular, after meadow clover remained
9.85-11.34 t/ha, corn for grain — 7.77 t/ha, winter wheat — 5.65-5.97 t/ha,
winter wheat in repeated sowings — 5.90-6.27 t/ha of organic substances. On
the background of this fertilization system, the number of by-products in
potatoes and buckwheat increased to 2.88-3.00 t/ha and 3.40 t/ha.

The analysis of the accumulation of plant residues by crop rotation
showed that, in general, during the rotation, the largest amount of them
entered the soil environment in the grain-forage (19.36-27.41 t/ha) and crop
(17.31-25.05 t/ha) rotations, the smallest — in grain-weed removing with
75% saturation with grain crops (11.81-17.00 t/ha). Accordingly, based on
the calculation per hectare of crop rotation, this indicator was: 4.84-6.85,
4.33-6.26 and 2.95-4.25 t/ha. The amount of accumulation of plant residues
in other crop rotations acquired intermediate values.

Conclusions

The formation of the nutrient regime of the soil under grain crops in
short-rotation crop rotations is influenced by the fertilization system and
precursors.

Without the introduction of fertilizers during the recovery of winter
wheat vegetation, the higher values of the indicators of the nutritional
regime are formed in the crop rotation with the precursor of the meadow
clover culture (the content of mobile forms of nitrogen, phosphorus and
potassium was 10.81, 10.93 and 9.71 mg kg of soil) and in grain with a
predecessor of peas (according by nutrients, 10.72, 11.11 and 10.19 mg kg
of soil); the lowest (10.19, 10.86 and 9.79 mg kg soil) — in grain rotation in
repeated sowings of winter wheat.

Accumulation of the highest content of nutrients in the soil takes
place on variants of the traditional fertilization system with the application
of a fertilized complex with 40 t/ha of manure and mineral fertilizers in a
dose of NeoPgoKgo directly under winter wheat, and NeoPsoKeo under spring
barley.

The largest amount of plant residues accumulate in the soil under the
traditional fertilization system after meadow clover (9.85-11.34 t/ha), corn
for grain (7.77 t/ha), winter wheat — (5.65-5.97 t/ha), the lowest — after
potatoes (2.88-3.00 t/ha) and buckwheat (3.40 t/ha).

The highest level of accumulation of plant residues by crop rotations
in the soil environment occurs in grain-fodder (19.36-27.41 t/ha) and crop
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(17.31-25.05 t/ha) rotations, the lowest — in grain-weed removing crop with
75% saturation with grain crops (11.81-17.00 t/ha).
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