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OmnpeneneHo BIAMSHUE MPOAOJIKUTEILHOTO UCIIONB30BaHUS PA3IMYHBIX CUCTEM OCHOBHOM 00-
pabOTKH TEMHO-CEepOi JIECHOM MOUBHI Ha arpodu3nyeckrue CBOMCTBA, MUTATEIBHBIN PEKUM U ypO-
KaMHOCTb 3€PHOBBIX B 36pHOIAPOBBHIX ceBooOoporax. VccienoBanus nposeneHsl B ycinopusax Ce-
BEPHOTO 3aypajbs B cTallMOHapHOM onbITe B 19962018 rr. MI3yueHbl TpaauuuoOHHAsE OTBAJIbHASI U
pecypcocbeperaroiiye cCucTeMbl OCHOBHOM 00pa0oTKH 1mo4Bbl. OIBIT IPOXOAUI B TeueHHe 3—0-i
poTalMu IBYX 3€pPHONAPOBBIX CEBOOOOPOTOB, PA3BEPHYTHIX BO BPEMEHH U B IPOCTPAHCTBE: YUCTHIH
mnap — o3uMasi poXKb — SpoBast MIICHHUIA — SPOBasi BUKA — APOBOM SUMEHb; YHCTBINA Map — 03UMast
POXBb — IpOBasi MIIIEHHIIA — SPOBast MIICHUIA — SIPOBOH sSTUMeHb. [Ipy BO3IeNbIBAHUN 36PHOBOM KYJTb-
TYpBbI, 3aBEpILIAIOIIEH 36pHOIIAPOBOI CEBOOOOPOT, B YETBEPTOM II0JIE IIOCIIE I1apa 0 3e€pHO0000BO-
My TIPEIIIeCTBEHHUKY (SPOBOM BHKE) IelIecoo0pa3Ho MPUMEHEHHE CHCTEM OCHOBHOUM 00pabOTKH
MIOYBBI C JIEMEHTaMH MUHUMU3auu. K HUM oTHOCsATCS Oe30TBasIbHAst 1 KOMOMHUPOBAHHASI CHCTE-
MBI ¢ 6€30TBAILHBIM PBIXJICHHEM TLUTyToM co ctoiikamu CuoMUMD Ha 20-22 cm; auddepennupoBan-
Hasl ¢ TUIOCKOPe3HOU 00paboTkoi Ha 12—14 cM u auckoBanue Ha 10—12 cm. M3yyaembie CUCTEMBI
00paboTku obecrieunBai OIU3KHE OTBAIBHOM CHCTEME yCIOBHS BOJHOTO PEKHUMa, CIOKEHHS 110~
YBBI U IULIEBOTO pexkuma. ChopMupoBaHa NPAKTUIECKH PaBHAsI OTBAIILHON CUCTEME YPOXKAMHOCTh
AYMEHS: Ha (oHe ecTecTBEHHOTO monopoaus — 2,97-3,03 1/ra, ¢ npumenennem N, P, P, — 3,47
3,65 1/ra. [lpumenenue cucteM 06pabOTKH € HIEMEHTaMU MUHIMH3ALUH B 3¢PHONIAPOBOM CEBO00O-
pote 0e3 Hamu4uus 3¢pHOO000BOM KYABTYPHI IO AAHHYIO KYJIBTYPY 110 IIOBTOPHOH 3€PHOBOM KyJib-
Type (HILIeHHLIE) MPUBOIIIIO K CICAYIOMNM pesynbTaram. O0ecreueHHOCTh MPOYKTUBHON BIIarou
B cioe nouBsl 0—1,0 M cHu3miace Ha 8,6—28,0%, 3HAYUTENHHO YXYALIMIICS MUIIEBON PEXHM, B
0coOeHHOCTH a30THBIH (Ha 15,5-43,8%) 1 hocdopusrii (Ha 39,1-51,1%), ¢ orpuniarensHON nudde-
peHIanuei mI0A0Poans ITOYBEHHOTO Mpodus, ypoxaiftHoCTh 3epHa cHu3mIack Ha 0,09-0,40 1/Ta.

KiiroueBble cjioBa: cucteMa OCHOBHOM 00pabOTKH, CeBOOOOPOT, MPEAICCTBCHHUK, 3IEMEHTHI
IUIOIOPOANS, SPOBOH STUMEHB, YPOKAUHOCTD, SPPEKTUBHOCTH POU3BOJICTBA
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The effect of long-term use of different systems of basic tillage of dark grey forest soils on the
agrophysical properties, nutrient regime and yield of grain crops in grain-fallow crop rotations was
determined. The study was carried out in the conditions of the Northern Trans-Urals in a stationary
experiment in 1996-2018. The traditional moldboard and resource-saving systems of basic tillage
were studied. The experiment took place during the third—sixth rotations of two grain-fallow crop
rotations spread in time and space: bare fallow — winter rye — spring wheat — spring vetch — spring
barley; bare fallow — winter rye — spring wheat — spring wheat — spring barley. When cultivating
a grain crop that completes a grain-fallow crop rotation, in the fourth field after the fallow with
a legume forecrop (spring vetch), it is advisable to use systems of basic tillage with elements of
minimization. These include non-moldboard and combined tillage with subsurface loosening by
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a plow with SibIME tines to a depth of 20-22 cm differentiated with stubble-mulch at 12—-14 cm
and disk harrowing at 10-12 cm. The studied tillage systems ensured the conditions of the water
regime, soil composition and nutritional regime close to the moldboard tillage system. The yield
of barley almost equal to the moldboard system was formed: against the background of natural
land fertility — 2.97-3.03 t/ha, with the use of N, P, P, — 3.47-3.65 t/ha. Application of tillage
systems with minimization elements in a grain-fallow crop rotation without planting a leguminous
crop with a given crop for a repeated grain crop (wheat) led to the following results. Productive
moisture availability in the soil layer 0—1.0 m decreased by 8.6-28.0%, the nutrient regime worsened
significantly, especially nitrogen (by 15.5-43.8%) and phosphorus (by 39.1-51.1%), with the

negative differentiation of soil fertility, and reduction of grain yield by 0.09-0.40 t/ha.
Keywords: system of basic tillage, crop rotation, forecrop, fertility elements, spring barley,

yield, production efficiency.
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INTRODUCTION

In the Northern Trans-Urals, as well as in
other regions of the country, in field cultiva-
tion there is an increasing use of less expensive
methods of cultivation than ploughing, using
non-moldboard, flat-cut processing and disking
in basic cultivation. This is due to economic
reasons, the possibility of increasing productiv-
ity and reducing fuel costs. However, scientific
studies on this topic in the region and abroad
do not give an unambiguous answer about the
influence of technologies of different intensity
on the elements of soil fertility, as well as about
their comparative efficiency in comparison with
traditional plowing [1-3]. At the same time, it
is important to establish the peculiarities of the
influence of cultivation systems on soil fertility
during the cultivation of cereals in crop rota-
tions with precursors of different biology [4—6].

The aim of the study is to determine the ef-
fect of long-term use of various systems of the
main processing of dark gray forest soil in the
conditions of the Northern Trans-Urals on ag-
rophysical properties, nutritional regime and
yield when cultivating a grain crop grain using

forecrop (spring wheat) and leguminous (vetch
for grain) predecessors.

MATERIALS AND METHODS

The studies were carried out in 19962018
in the stationary experiment of the Scientific
Research Institute of Agriculture of the North-
ern Trans-Urals - a branch of the Tyumen Sci-
entific Center of the SB RAS. The experiment
took place during the period of the 3rd-6th ro-
tations of two grain-fallow crop rotations, de-
ployed in time and space: pure fallow - winter
rye - spring wheat - legumes (spring vetch for
grain) - spring barley; pure fallow - winter rye -
spring wheat - spring wheat - spring barley. Ob-
servations and counts were carried out in a bar-
ley field. The studied soil cultivation systems
are presented in table 1. Techniques of the main
processing were performed after harvesting the
Crops.

Pre-sowing treatment for all studied systems
of the main treatment consisted in early spring
harrowing with BZSS-1.0 tooth harrows in pre-
sowing cultivation with the Smaragd-6 cultiva-
tor to the depth of seeding. Sowing was carried
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Ta6a. 1. CucreMbr 00pabOTKH TTOYBHI
Table 1. Soil tillage systems

Soil tillage Tillage methods after harvesting crops
system Steam | Winter rye | Wheat Grain legumes / wheat Barley
Mouldboard Plowing with a Lemken plow to a depth of 20-22 cm
Iljlgﬁi dboard Loosening with SibIME tines to a depth of 20-22 cm
Combined Lemken SibIME tines to a Lemken SibIME tines to a depth of Lemken
to adepth |depth of20-22 cm | to a depth 20-22 cm to a depth
0f 20-22 cm 0f20-22 cm 0f20-22 cm
Differentiated | Smaragd Smaragd Lemken BDT-2,5 BDT-2,5
cultivator to a| cultivator to a to a depth to a depth of 10-12 cm to a depth
depth of depth of 0f 20-22 cm of 10-12 cm
12-14 cm 12-14 cm
Flat-cut Smaragd cultivation to a depth of
12-14 cm
Shallow BDT-2,5 disking to a depth of 10-12 cm

out with a SZP-3.6 seeder. Mineral fertilizers
(against a background with fertilizers) were ap-
plied before pre-sowing cultivation with a rate
of N, P, K, kg ai. per 1 hectare of crop rotation
area. For the destruction of weeds, herbicides
were used in all studied variants.

The area of the plots (5.5-6.0 X 63 m) is
346-378 m?, the accounting area is 100 mZ.
During the years of research on the conditions
of moisture supply of the growing season, 74%
of the years were close to average, 26% were
insufficiently provided with precipitation. The
technique of bookmarking and conducting the
experiment and statistical processing of the
data obtained were carried out according to the
method of B.A. Dospekhov' using O.D. So-
rokin?. The determination of the agrophysical
properties of the soil was carried out according
to the method of N.A. Kachinsky®. Soil mois-
ture was determined by the thermostat-weight
method in each 10-cm layer to a depth of 0-100
cm. Productive moisture reserves were calcu-
lated taking into account the bulk density and
wilting moisture for each 10-cm layer. The data
obtained were combined by layers of 0—30 and
0-100 cm. The chemical analysis of soil sam-
ples was carried out according to generally ac-
cepted methods*.

RESULTS AND DISCUSSION

Under the conditions of unstable moisture
in the Northern Trans-Urals, the yield, as well
as the possibility of effective use of intensi-
fication agents (intensive varieties, fertilizers,
protective agents, biostimulants), are largely
determined by the presence of moisture in the
soil. The need for its maximum accumulation
and preservation is due to an unfavorable bal-
ance between the intake and consumption of
moisture, especially in the initial growing sea-
son [7, 8].

One of the main practical measures to influ-
ence the most rational use of available moisture
resources is tillage [9]. In our studies, during
the sowing - seedling period of grain, the mois-
ture reserves of the 0—100 cm soil layer were
assessed as satisfactory - 90—125 mm (60-83%
of the Field Moisture Capacity), in the 0-30 cm
soil layer - 32.0-35.7 mm (52-58% of the Field
Moisture capacity).

The most consistently high moisture re-
serves during this period in grain crops seeds
(barley), completing the crop rotation for legu-
minous crops and for repeated wheat, were pro-
vided by plowing (96.8—-125.0 mm) and mold-
board-free loosening by a plow with stands of
the SibIME design (93.0 —-122.4 mm) to a depth

"Dospekhov B.A. Field experiment technique: 4th ed., rev. and add. Moscow: Kolos, 1979.416 p.
2Sorokin O.D. Applied statistics on the computer. Krasnoobsk: EPU SB RAAS, 2004.162 p.

3Kachinsky N.A. Soil physics. M.: Higher school, 1965. 318 p.

*Arinushkina E.V. Manual for Chemical Analysis of Soils. Moscow: Moscow State University Publishing House, 1970.478 p.

3emiieiene U XUMH3AIHs

CuOHPCKHii BECTHHK CEIBCKOXO3SHCTBEHHOM Hayku * 2021 513 17



Agrophysical and agrochemical properties of dark grey forest soils
under different systems of basic tillage

Perfilyev N.V., Vyushina O.A.

of 20-22 cm. When using leguminous crops
as a predecessor, resource-saving processing
systems (dump-free, combined with the use of
SibIME tines) provided moisture reserves in a
meter layer during the sowing period - barley
shoots similar to the plowing option. The de-
crease in moisture reserves for small treatments
(flat-cut cultivator Smaragd to a depth of 12-
14 cm and disking BDT-2.5 to a depth of 10-
12 cm) in comparison with the option of plow-
ing was 4.2-7.1 mm, or 4, 3-7.7% in relation to
the control (see Fig. 1).

When placing the final crop rotation of a
grain crop (barley) on a repeated grain crop
(wheat), an increase in the negative impact of
resource-saving systems and methods of pro-
cessing on moisture reserves was noted in com-
parison with plowing. So, according to the an-
nual plow-free tillage to a depth of 20-22 cm,
the decrease in moisture reserves in the meter
layer of soil in relation to the option of plowing
reached 10.3 mm, or 8.2% in relation to it, for
flat-cut processing - 8.6%, according to disk-
ing - 28%. In the 0-30 cm soil layer, all studied
cultivation systems for both predecessors pro-

ditions for moisture supply for deep moldboard
and non-moldboard treatments are explained
by the fact that in systems with predominantly
shallow treatments, there was a more signifi-
cant compaction of the soil layer 0-20 cm (by
0.03-0.04 g/ cm’) in the layer 10-30 cm - by
0.03-0.07 g / cm? [10], which worsened the
conditions for assimilation of moisture from
precipitation in these treatments. In addition,
in most years of the research, the precipitation
provision was close to the average long-term,
the soil during the treatment period had good
moisture. Moisture reserves before treatment
were 80 mm or more. According to researchers,
in these conditions, deep treatments have ad-
vantages in moisture accumulation in compari-
son with shallow treatments® [11]. The increase
in the negative impact of shallow treatments
on moisture accumulation in barley crops for
re-wheat compared to crops for grain predeces-
sor (re-wheat) is explained by the shorter post-
harvest period.

The composition of the soils of the ex-
perimental plot does not have quite favorable
properties. Their equilibrium density (1.36—

vided equal moisture conditions. The best con- 1.41 g / cm?) is far from optimal (1.00—
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Fig. 1. Effect of basic tillage on moisture availability of grain crops during sowing — sprouting period

*Moschenko Y.B. Improvement of the elements of the farming system when growing spring wheat on the chernozems of the
steppe zone of Western Siberia: author. dis. Dr. Of Sciences in agriculture. Omsk, 1990.32 p.

18  Siberian Herald of Agricultural Science ¢ 2021 51 « 3

Agriculture and chemicalization



Arpod)mnqecm/le 1 arpoOXuMHu4eCcKue CBOMCTBA TEMHO-CEPBIX
JICCHBIX ITOYB IIPU PA3JIMYHBIX CUCTEMAX OCHOBHOM O6pa60TKI/I

ITepdubes H.B., Berommaa O.A.

1.25 g /cm?) [12]. In this regard, it is important
to assess the effectiveness of soil cultivation
systems and cultivation methods in the studied
systems on the formation of the soil composi-
tion regime.

Our data indicate that the density of the top-
soil, regardless of the cultivation method and
the predecessor, was close to the upper limit of
optimal values (1.00-1.25 g / cm®) for a grain
crop (see Fig. 2) [13, 14].

An increase in soil density by 0.03 g / cm’
was noted in the treatment of BDT-2.5 by disk-
ing by 10-12 cm with a differentiated system
for the legume predecessor, for a repeated grain
crop - by 0.04 g / cm?® in comparison with the
variant of the moldboard processing system.

The importance of the influence of the main
processing systems on the peculiarities of the
formation of the nutritional regime and the need
to study it in relation to zonal and soil conditions
have been noted by many scientists [15, 16].
Our research on the nutritional regime has also
established a significant effect of tillage and its
predecessor on the provision of the arable and
sub-arable soil layers with available nutrients
(see Table 2). It was revealed that the cultivation
of cereals in a grain-fallow crop rotation with the

presence of leguminous crops against the back-
ground of the application of fertilizers N, P, K |
provides favorable conditions for the nutritional
regime in the field that closes the crop rotation.
On the contrary, in the fourth field of a grain crop
after fallow in a crop rotation without a legumi-
nous crop, the content of nitrate nitrogen in the
arable layer decreased in comparison with the
field with a legume predecessor by 15.5-43.8%,
P, O, by 39.1-52.1, K, About 15.1-26.4%. This
is due to legumes and spring crops differing in
nutrient removal, partial compensation of nitro-
gen removal by legumes due to symbiotic nitro-
gen fixation, and a longer period of nitrification
in the post-harvest period.

According to both predecessors, the best nu-
tritional conditions, both in the arable layer of
0-0.2 m and in the layer of 0.2-0.4 m, were
formed with the moldboard cultivation system,
which was facilitated by the better conditions
for the agrophysical properties of the soil. Long-
term application of treatment without formation
turnover, treatment systems with predominant-
ly small treatments led to a decrease in the con-
tent of N — NO, in the arable layer by 12-42%,
P, O, by 7.1-19.9, K, O by 6.5-17.1%, which
increased in sowing of repeated grain crops.

Forecrop

Vetch

Wheat

Soil density, mm

-] Mouldboard
Non-mouldboard

Combined

Differentiated

Puc. 2. IInotHOCTH MaxoTHOTO (0—0,2 M) CJIOS TOYBBI B IEPUOJT TOCEB — BCXOBI B CPeIHEM 3a 3—6 poTa-

Ui ceBOOOOPOTOB

Fig. 2. Density of arable (0—0.2 m) soil layer, in the period of sowing — sprouting on average 3—6 crop

rotations
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Taoa. 2. Coz[epn(aHI/Ie MUTATCIIBHBIX 3JIEMCHTOB B IMOYBEC MICPE ITIOCEBOM 3€PHOBBIX (B CpeaHeM 3a

3—6 poraruii ceBO0OOPOTOB)

Table 2. Nutrient content before sowing of grain crops (on average for 3—6 crop rotations)

N-NO,, P,O, K,0,
mg / kg soil mg /100 g soil mg /100 g soil
Soil tillage system Forecrop Soil horizon 0-0.2 m

0-20 2040 0-20 2040 0-20 2040

Mouldboard Vetch 8,84 6,26 28,10 17,26 22,85 16,00
Wheat 6,51 5,21 15,60 9,00 17,20 11,80

Non-mouldboard Vetch 7,78 435 25,26 8,81 22,55 14,70
Wheat 5,13 4,46 13,20 5,60 16,60 11,10

Combined Vetch 6,24 4,15 25,30 11,09 21,25 14,90
Wheat 5,27 4,29 15,40 6,40 17,75 10,80

Differentiated Vetch 6,24 4,60 26,08 10,08 20,55 13,60
Wheat 3,78 3,55 12,50 5,20 16,80 11,30

Shallow Vetch 6,88 5,07 25,70 9,96 20,35 13,70
Wheat 5,25 3,87 15,40 6,60 15,67 9,81

Flat-cut Vetch 7,58 4,87 25,70 8,50 18,95 13,20
Wheat 4,26 3,30 13,70 6,60 16,08 11,58

LSD,, On vetch 0,96 0,93 1,95 1,56 1,40 1,15
Partial effects On wheat 0,84 0,81 1,12 0,87 1,00 0,73

The general differentiation of the fertility
of the arable and sub-arable soil layers for all
studied cultivation systems showed the follow-
ing. There was a decrease in the content of nu-
trients in the soil layer 0.2—-0.4 m in relation to
the 0-0.2 m layer: N - NO, by 13.1-44.1%, P,
O, by 38.6-66.9 and K, O by 28.0-39.2%. The
highest negative differentiation was noted in the
content of P2 OS5, and it was the smallest for the
dump processing system - 38.6—42.3%, while
for resource-saving systems - 51.8-66.9%.

Analysis of the influence of the studied soil
cultivation systems on crop yields showed that
in a grain-fallow crop rotation, when placed
on a legume crop, resource-saving cultivation
systems provided almost equal barley yields
to the moldboard cultivation system. Against
the background of natural fertility, it amounted
to 2.57-3.03 t / ha, with the use of fertilizers -
3.47-3.65 t/ ha (see Fig. 3).

After the legume predecessor in the mold-
board and resource-saving processing systems,
favorable conditions for agrophysical proper-
ties, nutritional regime and, in particular, nitro-
gen nutrition for leguminous crops developed:
nitrogen in the soil was replenished both due
to the current nitrification due to a longer post-
harvest period, and due to the symbiotic fixa-

tion of air nitrogen. In this regard, they obtained
indicators of economic and energy efficiency,
which are close to the variant of the moldboard
processing system. The differences in net in-
come between the moldboard and resource-
saving processing systems did not exceed 0.6—
3.7% against the background without the use of
fertilizers, and 2.6-6.0% with fertilizers.

The highest efficiency was noted for the
moldboard processing system: net income
amounted to 14.67 thousand rubles / ha against
the background without fertilizers and 22.75
thousand rubles / ha against the background of
their application; the energy coefficient is 2.65
and 2.75, respectively [17].

In the crop rotation without the presence of
leguminous crops, where barley was cultivat-
ed on repeated wheat, there was a significant
decrease in its yield according to resource-
saving processing systems: against the back-
ground of natural fertility by 0.09-0.27 t / ha
(by 3.8-11.4%) , with the use of fertilizers by
0.07-0.40 t / ha (by 2.0-11.1%). This led to
a decrease in net income in the cultivation of
barley in comparison with the legume prede-
cessor by 31-44.1% [17]. This decrease is due
to a decrease in the content of nitrate nitrogen,
mobile phosphorus and potassium in the soil by
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Forecrop

Vetch
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Yield, t/ha

Without fertilizers With fertilizers Without fertilizers With fertilizers

Mouldboard
Non-mouldboard
Combined

' Differentiated
Shallow
Flat-cut

Puc. 3. YporkallHOCTB STIMEHS B CpeIHEM 3a 3—6 poTariii CEBOOOOPOTOB

Fig. 3. Barley yield on average for 3—6 crop rotations

non-moldboard and shallow tillage, especially
in crop rotation without the presence of legu-
minous crops. In this case, in the cultivation of
barley on recycled wheat, a stable advantage of
the dump system was noted, which is explained
by more favorable conditions for providing
moisture, soil composition and nutrient content.

CONCLUSIONS

1. On the dark gray forest soils of the
northern forest-steppe of the Northern Trans-
Urals in grain-fallow crop rotation during the
cultivation of a grain crop - the fourth crop af-
ter steam for the legume predecessor (spring
vetch) - it is recommended to use the main pro-
cessing systems with minimization elements -
moldboard-free and combined with moldboard-
free loosening by a plow with stands SibIME
by 20-22 cm, differentiated with flat-cut pro-
cessing by 12—14 cm and disking by 10-12 cm.
These processing systems after leguminous
plants for barley provided conditions of the wa-
ter regime, soil composition, nutritional regime
close to the moldboard system, the formation
of an almost equal moldboard system yield
processing: against the background of natu-
ral fertility - 2.97-3.03 t / ha, with the use of
N P, P -3.47-3.651t/ha, as well as economic

40" 40" 40
efficiency.

2. The use of resource-saving processing
systems in grain-fallow crop rotation without
leguminous crops for grain crops for repeated
wheat led to a decrease in the reserves of pro-
ductive moisture in a meter layer of soil by
8.6-28.0%, a significant deterioration in the
nutritional regime, especially nitrogen (by 15,
5-43.8%) and phosphorus (by 39.1-51.1%),
with a negative differentiation of the fertility of
the soil profile, a decrease in the yield of barley
grain by 0.09—0.40 t / ha, a decrease in net in-
come by 31-44%.

3. To increase the potential of soil fertil-
ity and productivity of cereal crops, completing
the link of crop rotation along the moldboard
and resource-saving systems of basic process-
ing, it is advisable to place and sow them on the
legume predecessor.
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