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[IpencraBieHsl pe3yabTaThl NCCISIOBAHMA 10 U3YYCHUIO 3aBUCUMOCTH arpOXUMHUYECKUX H ar-
pOdH3UIECKIX CBOWCTB BBIMIEIIOUEHHOTO Y€PHO3EMa OT CUCTEMbl 00pa0OTKK To4BHl. PaboTa BhI-
nosHeHa B 2015-2019 rr. B AMTENEHOM CTallMOHAPHOM IIOJIEBOM OIBITE B TOCEBAX SPOBOM MATKOH
nreHunbl Cubupckuit AnbsiHe. [TouyBa ONBITHOTO y4acTKa — YEpHO3EM BBILICIOUYCHHBIN CpelHe-
MOIIHBIA CPEAHErYMYCHBIN TSHKEI0CYIMHUCTBIN. [IpeaiecTBeHHUKaMU MIICHHIIBI ObLIH YUCThIH
nap, CHepaNbHbIA map (parc), CuaepanbHbIi nap (AOHHUK). V3ydeHs! cieayromume cCucTeMbl 00-
pabOTKH MMOYBBI: OTBaJbHAS TITyOOKask (KOHTPOJIh ), KOMOWHUPOBaHHAS TITyOOKasi, KOMOMHHPOBAHHAS
MUHUMaJIbHAs, OTBaJbHASI MHHUMabHAA. OTMEUEHO MPEUMYIIECTBO MO COIEPIKAHUI0 HUTPATHOTO
a30Ta B MOYBE JO0 MOCEBa, B a3y KyIICHHUS U KOJOLICHHUS MIICHUIBI 110 MPEIIICCTBEHHUKY CHIE-
payIbHBIN map (parc) npy UCIOIb30BAHNH OTBAIBHOW MUHUMAIILHON CHCTEMBI 00paboTKU (0CEHBIO
3azienka cuzepanbHoil KynbTypbl B/1T-3). YeranoBieHo BiusiHUE cCTEMbI 00pa0OTKH Ha COIepKa-
HUE HUTPATHOTO a30Ta B Mo4Be B (a3zy KymieHus mmeHuns — 15,5%, ycmoswii roma — 12,9, B3an-
MoJieiicTBus JaHHBIX (akTopoB — 20,1%. BeisgBieHa MOI0KUTEIbHAS B3aMMOCBS3b MEXKILYy COIEp-
JKaHHEeM HUTPATHOTO a30Ta B IMOYBE M KOJIMYECTBOM ITOIBIKHOTO (pochopa Mo mpeaecTBeHHUKY
cuziepanbHbli nap (parnc), » = 0,7118-0,8917 (R = 0,9500). Beicokue nokasarenu conepxanus PO,
(ot 150 Mr/KT 1 BBIIIIE) OTMEYEHBI B CpeIHEM 32 5 JieT B a3y KOJOUIeHHUs MeHusl — oT 145,0 no
165,6 mr/kr. Makcumainbhble 3Ha4eHns P,O, BBISABIEHBI 0 CHIEPATBHOMY TIapy (parc) npu Komou-
HUPOBAaHHOW MUHUMAJIHHOW W OTBAJIHLHOM MUHUMATLHOM cHcTeMax 0O0paboTKu mouBkl. JlocToBep-
HOE TIPEBBIIICHNE CO/IePKaHNs 0OMEHHOTO Kallisl B CPABHEHUH C KOHTPOJIEM TI0 CPETHUM TTOKa3are-
nsm 32 2015-2019 T oTMedeHo npu KOMOMHUPOBAHHOM IITy0O0KOo# cucteme 00padboTku — 5,0 Mr/Kr
(HCP,,). Ilpu ocTanbHBIX M3y4aeMbIX CHCTEMax 0OpabOTKM IOKa3aTeld HaXOAWJIMCh Ha ypOBHE
KOHTpOJIsi. BrisiBeHs! Oonee BhICOKHE KOA(P(UIMEHTHI CTPYKTYPHOCTH MIPH OTBAIBHOW TITyOOKOM
cucteMe 00paboTKu (KOHTPOIb) — 2,54, KOMOMHUPOBAHHONH MUHUMANIbHOU — 2,47, OTBAJILHON MU-
HAMAaJIbHOH — 2,23 10 MpenIieCTBEHHUKY CUICPAIBHBIN Tap (parc); o cuaepasbHoMy Tapy (IoH-
HUK) — 2,98 (oTBasbHas ry6okas). [Ipu yBenmuueHnn koddummeHTa CTpyKTYpHOCTH OTMEUYEHO
CHIDKCHHE ITOKa3aTells IIIOTHOCTH CIIOKEHUS mouBkl, » = —0,3499 (R = 0,5760). BeisiBiieHa TeHaeH-
ST K CHIDKCHUIO TUIOTHOCTH CJIOXKEHHs 1o4uBkI 710 0,98 1/cM® 110 mpe/iecTBeHHUKY CHICPaIbHBIN
nap (parc) npu MUHUMAJIM3AlUKd 00PaOOTKHU MOYBbI: KOMOMHUPOBAHHOW OTBAJILHOM U MUHUMAJIb-
HOI OTBAJILHOMW; ITPH OTBAJBHOM ITyO0KO# (KOHTpOIs) — 1,02 r/cm?®. B pesynbrare KoppeasiuoHHOTO
aHaJIM3a yCTaHOBIICHO, YTO MPH YBEINYCHUN TUIOTHOCTH CJIOKEHHUS TIOYBBI CHIDKACTCS COJIepyKaHue
PO, r=-0,4898, K O, r = -0,2530.

KuaroueBsbie cioBa: sipoBasi MsTKas IMIIEHHIIA, CUCTEMa 00paOOTKU TOYBBHI, MPEIIIECTBEHHHUK,
arpo(u3nvecKre CBOIMCTBA MOYBBI, BOAONPOUYHBIE MaKpOArperarsl, IIIOTHOCTb MOYBBI, arpOXUMHU-
YECKHUE CBOWCTBA MTOYBbI
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DEPENDENCE OF AGROCHEMICAL AND AGROPHYSICAL PROPERTIES
OF LEACHED CHERNOZEM ON SOIL TREATMENT SYSTEM
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The results of research on the dependence of agrochemical and agrophysical properties of leached
chernozem on the system of soil treatment are presented. The work was performed in 2015-2019 in a
long-term stationary field experiment in crops of spring soft wheat Siberian Alliance. The soil of the
experimental site is medium-powered medium-humus heavy-loamy leached chernozem. Wheat was
preceded by clean fallow, green fallow (rape), green fallow (cloverleaf). The following tillage systems
were studied: deep moldboard (control), deep combined, minimum combined, minimum moldboard.
There is an advantage in nitrate nitrogen content in the soil before sowing, in the phase of tillering
and earing of wheat on the preceding cereal fallow (rape) when using the minimum tillage system (in
autumn the break crop BDT-3 is planted). The effect of the tillage system on the nitrate nitrogen content
in the soil in the phase of bushing of wheat - 15,5%, conditions of the year - 12,9, the interaction of
these factors - 20,1% was determined. A positive relationship between the content of nitrate nitrogen
in the soil and the amount of mobile phosphorus on the precursor green fallow (rape), r = 0.7118-
0.8917 (R = 0.9500), was detected. High P,O; content (from 150 mg/kg and above) was recorded on
average for 5 years during the earing phase of wheat - 145.0 to 165.6 mg/kg. Maximum PO, values
were detected for green fallow (rape) under minimum combined and minimum moldboard systems.
A significant increase in exchangeable potassium content over the control average for 2015-2019 was
observed with the deep combined tillage system - 5.0 mg/kg (NSR ). With the other tillage systems
studied, the figures were at the control level. Higher soil pedality coefficients were revealed with a deep
moldboard processing system (control) - 2.54, a minimum combined - 2.47, a minimum moldboard -
2.23 according to the predecessor green fallow (rapeseed); for green fallow (melilot) - 2.98 (deep
moldboard). With an increase in the pedality coefficient, there was a decrease in the soil bulk density
index, r=-0.3499 (R = 0.5760). A tendency was revealed towards a decrease in the soil bulk density to
0.98 g/cm® according to the predecessor green fallow (rapeseed) with minimization of soil cultivation:
combined moldboard and minimum moldboard; with a deep moldboard (control) - 1.02 g / cm’. As a
result of the correlation analysis, it was found that with an increase in the soil bulk density, the content
of P,O,, r =-0.4898, K,O, r =-0.2530, decreases.

Keywords: spring soft wheat, soil tillage system, predecessor, soil agrophysical properties,
waterproof macroaggregates, soil density, soil agrochemical properties

Jas uutupoBanus: [laxyne A.JI, boowcanosa I'B., Ilakyne B.H. 3aBUCHMOCTb arpOXMMHUYECKUX U arpo(u3N4eCcKuX CBOHCTB
BBIIIEIOYEHHOTO YepHO3eMa OT CHCTEMbI 00paboTKH 1mouBbI / CHOMPCKHUI BECTHHUK CeNbCKOX03siicTBeHHOM Hayku. 2021. T. 51.
Ne 5. C. 5-19. https://doi.org/10.26898/0370-8799-2021-5-1

For citation: Pakul A.L., Bozhanova G.V., Pakul V.N. Dependence of agrochemical and agrophysical properties of leached
chernozem on soil treatment system. Sibirskii vestnik sel'skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science,
2021, vol. 51, no. 5, pp. 5-19. https://doi.org/10.26898/0370-8799-2021-5-1

KonduukT nnrepecon

ABTOPBI 3asBISIFOT 00 OTCYTCTBHH KOH(IIHKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

baaropapHocrts

Pabora BbINOIHEHA B paMKaX roCyIapCTBEHHOT0 3a1anus «Pa3paboTars 3 peKTHBHBIE CUCTEMBI OBBIILICHUS M CTa0MIN3aNH
MIPOAYKTUBHOCTH arpo()HUTOIEHO30B Ha OCHOBE ONTUMAJIBHOTO COYETAHUS XUMUUECKUX W OMOJIOTHUECKHUX CPEACTB YIPABICHHS
TUIOAOPOAUEM MTOUBBI M (PUTOCAHUTAPHBIM COCTOSHHEM MOCEBOB AJISI TPOM3BOCTBA BHICOKOKAUECTBEHHOM, SKOIOTHIECKU YUCTON
MIPOAYKIIMH HA JIECOCTEIHBIX YepHo3eMax 3anagHoit Cudupu» Ne 0533-2021-0005 B KemepoBcKoM Hay4HO-HCCIIEI0BATEIECKOM
HHCTHTYTE CEIBCKOro Xo3siicTBa — (rumane Cubupckoro deneparbHOro HaydHOTO IEHTpa arpodnorexHonorui Poccuiickoit
aKaJeMHHU HayK.

6 Siberian Herald of Agricultural Science » 2021 « 51 « 5 Agriculture and chemicalization



3aBUCUMOCTh ArpOXUMHYCCKUX U arpocbmnqecxnx CBOMCTB
BBIIICIIOYCHHOI'O Y€PHO3EMa OT CUCTEMBL O6p360TKI/I II0YBBI

IMaxyns A.JI, Boxxanosa I'.B., ITakysns B.H.

Acknowledgments

The work was carried out within the framework of the state task: "To develop effective systems for increasing and stabilizing
the productivity of agrophytocenoses on the basis of an optimal combination of chemical and biological control means of soil
fertility and phytosanitary state of the crops to produce high-quality, environmentally friendly products on the forest-steppe cher-
nozems of the Western Siberia" Ne 0533-2021-0005 at the Kemerovo Research Institute of Agriculture - Branch of the Siberian

Federal Scientific Center for Agro-Biotechnologies of the Russian Academy of Sciences.

INTRODUCTION

Agrochemical soil properties determine soil
fertility '2.

Mineral nutrition is one of the main regu-
lated factors used to target plant growth and de-
velopment. A prerequisite for high crop produc-
tivity is an optimally balanced plant nutrition
system [1-3].

During the mineralization of soil organic
matter, nitrogen is mobilized through absorp-
tion by microflora and binding of ammonia [4,
5]. Nitrogen is one of the elements whose com-
pounds play an enormous role in biomass cre-
ation, natural and anthropogenic systems func-
tioning [6—8]. Optimization of mineral nutrition
is closely linked to nitrogen uptake, transport
and metabolism, which determines the size and
quality of the crop. With sufficient nitrogen in-
take from the soil, plants accumulate consider-
able biomass during the tillering phase, when
the numerical side of the crop is established
during the 4th-5th stages of organogenesis in
cereal crops (number of spikelets and flowers
in the spike) [9].

Wheat experiences phosphorus deficiencies
earlier than nitrogen deficiencies. It responds
to additional phosphorus fertilization even be-
fore the tillering phase. If wheat is supplied
with phosphorus before earing, its yield is not
reduced even if no phosphorus fertilizer is ap-
plied in later phases’.

The content of mobile forms of phosphorus
and potassium is one of the most important ag-
rochemical indicators of soil fertility. A good
phosphorus supply improves carbohydrate me-
tabolism, leads to the accumulation of sugars,

which contributes to frost and winter hardi-
ness, ensures economical use of moisture and
increases drought tolerance of plants. A lack of
available phosphorus slows down protein syn-
thesis and increases nitrate nitrogen in plant tis-
sues [10-12].

Optimum potassium availability in arable
soils is one of the prerequisites for high crop
productivity and sustainable agroecosystems
[13, 14].

P.A. Chekmarev and P.V. Prudnikov, consid-
ering the role of potassium in farming, explain
that fundamental, physiological-biochemical
and ecological studies not only confirm the
known, but also discover new functions of
this element: it enhances the process of photo-
synthesis and assimilation of CO,, promotes a
greater accumulation of assimilants in the spare
organs of plants [15].

Tillage in the farming system is regarded by
many scientists as a powerful factor influencing
its agrochemical and agrophysical properties.
There are many examples of the effectiveness
of minimum tillage systems and direct sowing
in Russia. Inthe Novosibirsk region, the Rubin
and Novomayskoye farms in Krasnozersky dis-
trict and the Stepnoye farm in Iskitimsky dis-
trict use the direct sowing technology on tens
of thousands of hectares and produce high and
stable yields annually [16].

Academician V.I. Kiryushin made a major
contribution to the study of tillage methods and
systems at different levels of intensification.
Under his leadership at the Siberian Research
Institute of Farming, stationary multifactorial
experiments were set up in practically all soil
and climate zones of the Novosibirsk Region®.

'Afonchenko N.V. Influence of tillage methods on mineral nitrogen content. Actual problems of farming and soil protection
from erosion: collection of reports of international scientific and practical conference. Kursk, 2017. pp. 87-90.

2Karaulova L.N. Nitrogen and potassium content in the soils of Kursk region. Adaptive-landscape farming: challenges of the
XXT century: Proceedings of the International Scientific and Practical Conference. Kursk, 2018. pp. 189-191.

3Yagodin B.A., Zhukov Y.P., Kobzorenko V.I. Agrochemistry. Moscow: Kolos, 2002. 216 p.
“Kiryushin V.I. Methodological concept of agricultural development in Siberia: Methodological recommendations. Novosi-

birsk, 1989. 45 p.
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Generalization of the results of the conduct-
ed experiments has shown that under optimi-
zation of mineral nutrition of plants and phy-
tosanitary situation the yield capacity of grain
crops at different tillage from deep tillage to
zero tillage on different types of soil (southern
heavy loamy chernozem, ordinary heavy loamy
chernozem, leached heavy loamy chernozem,
meadow-chernozem soil) was not different’.

The mechanical factors of structure forma-
tion are particularly strong during tillage. Till-
age implements produce the greatest amount
of macro-aggregate when the soil is physically
ripe [17].

The purpose of the research is to study the
dependence of agrochemical and agrophysical
properties of leached chernozem on the tillage
system.

MATERIAL AND METHODS

The work was carried out in a long-term sta-
tionary field experiment at the Kemerovo Re-
search Institute of Agriculture, a branch of the
Siberian Federal Research Centre of AgroBio-
Technologies of the Russian Academy of Sci-
ences.

The soil of the experimental plot is medium-
powered medium-humus heavy-loamy leached
chernozem with a humus content of 8.2% in the
arable layer. The research was carried out in a
four-field cereal fallow rotation (fallow - wheat
- pea - barley) using the following tillage sys-
tems: mouldboard deep, combined deep, com-
bined minimum, mouldboard minimum.

Tillage systems:

— mouldboard deep: annual main tillage for
all crops - ploughing with plough PN-4-35 to
a depth of 25-27 cm, spring moisture closure
with BZT-1, C-11, pre-sowing cultivation with
AKP "Leader-2,1";

— combined deep: annually for all crops
shallow tillage to a depth of 25-27 cm with the
KPG-250 subsurface cultivator, in spring mois-

ture closure with BZT-1, C-11, pre-sowing cul-
tivation with KPS-4,2;

— combined minimum: annually under all
crops shallow main tillage to a depth of 12-14
cm with the KPG-250 subsurface cultivator, in
spring moisture closure with BZT-1, C-11, pre-
sowing cultivation with KPE-3,8;

— mouldboard minimum: annually, on fore-
crops, complete and green manure fallow au-
tumn processing BDT-3, in spring direct sow-
ing with a sowing complex.

Sowing in all variants was carried out with
the Tom-5.1 seeding complex with a simulta-
neous application of 1.0 c/ha of ammophos
(N,,P,,). Experimental plot area by tillage was
4720 m?, record area - 100 m?, four times rep-
etition. The spring wheat variety Siberian Alli-
ance was sown on three different predecessors:
complete fallow, green fallow (rapeseed) and
green fallow (melilot).

Soil moisture was determined by thermo-
static weight method in a meter layer accord-
ing to spring barley development phases®, agro-
physical properties of soil - according to N.A.
Kachinsky method’, bulk density or density
volume (dv) - as the mass of absolutely dry soil
(M) in the unit of soil volume (V) with all natu-
ral soil voids (g/cm®) (dv = M/V). The density
of the soil was set by layer, then calculated for
a layer of 40 cm. The aggregate composition of
the soil was determined by the method of N.I.
Savvinov, which is based on the possibility of
dividing the soil into fractions on sieves with
holes of different diameters (see footnote 7).

Grain harvesting was carried out by solid
harvesting using a Sampo-130 plot harvester.
Grain yield figures are given for 100% purity
and 14% moisture content according to GOST
13586.5-9368. Statistical processing of the ob-
tained data was carried out by the method of
analysis of variance according to B.A. Dospe-
khov’ using computer programs of O.D. So-
rokin'’.

*Vlasenko A.N. Scientific foundations of minimum tillage systems in the forest-steppe of Western Siberia. Novosibirsk, 1994. 76 p.
‘Practical training on soil science / edited by Kaurichev L.S.; 3rd edition, revised and extended. M.: Kolos, 1980. 272 p.
’Kachinsky N.A. Physics of soils. Moscow: Higher School, 1965. 318 p.

$Interstate Standard. Grain. Methods of analysis: Collection of State Standards. MOSCOW: PPC, 2001.

*Dospekhov B.A. Methodology of field experience. Moscow: Kolos, 1979. 415 p.

1Sorokin O.D. Applied statistics on computer. Krasnoobsk: EPA SB RAAS, 2004. 162 p.
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RESULTS AND DISCUSSION

Over the years of the study (2015-2019), the
nitrate nitrogen content in spring soft wheat
crops varied during the growing season (see Ta-
ble 1). The specific behavior of nitrate nitrogen
in the soil is such that its presence should be
monitored annually before sowing. Nitrate ni-
trogen is in the soil solution, so its fluctuations
in the arable layer during the growing season
are significantly influenced by moisture condi-
tions [18].

Over the years of the surveys, the average
pre-sowing nitrate nitrogen content was 13.6
mg/kg soil in 2015, 2016 - 10.0, 2017- 21.8,
2018 - 12.0, 2019 - 11.9 mg/kg. The proportion
of the influence of the conditions of the year
on the nitrate nitrogen content before sowing -
48.6%, tillage system - 7.7% was detected.

Prior to sowing, N-NO, content averaged
10.6-17.5 mg/kg of soil in 5 years for the com-
plete fallow preceding crop, with the advantage
of minimum tillage systems - combined and

Ta6a. 1. Conepxanne N-NO,
0-40 cm (2015-2019 rr.), MI/KT TIOYBBI

mouldboard: 17.5 and 17.4 mg/kg of soil, re-
spectively. This trend continues for the preced-
ing green manure fallow (rapeseed) and green
manure fallow (melilot). For rapeseed, a reli-
able advantage in N-NO, content was given by
the minimum mouldboard tillage system, ex-
ceeding the control (deep tillage) by 2.1 mg/kg
of soil (LSD,, = 1.83).

The content of nitrate nitrogen increased
compared to the control for the forecrop with
green manure fallow (melilot) at combined
deep tillage by 2.1 mg/kg, combined minimum
by 3.6 and mouldboard minimum tillage by
5.4 mg/kg.

The application of ammophos (N ,P.) si-
multaneously with sowing and the nitrification
processes in the soil increased the nitrate ni-
trogen content in the soil by the tillering phase
of spring soft wheat. The highest content of
N-NO, was noted for the forecrops of green
manure fallow (melilot) and green manure fal-
low (rapeseed) when using the minimum tillage

B [TOCEBAax SPOBOM MATKOH MieHUIbl CHOMPCKUIT AJTBSHC B CJIO€ MTOYBBI

Table 1. The content of N-NO, in crops of spring soft wheat Siberian Alliance in the soil layer is

0-40 cm, mg/kg of soil (2015-2019)

Soil tillage system Before sowing Tillering phase Earing phase
Complete fallow forecrop
Deep mouldboard (control) 10,6 16,3 15,4
Deep combined 14,5 22,0 11,7
Minimum combined 17,5 22,2 14,3
Minimum mouldboard 17,4 21,8 14,9
Green manure fallow (rapeseed grass)
Deep mouldboard (control) 12,5 19,9 14,5
Deep combined 13,7 20,6 14,5
Minimum combined 13,5 19,3 15,5
Minimum mouldboard 14,6 28,3 16,8
Green manure fallow (melilot)
Deep mouldboard (control) 10,3 19,1 12,2
Deep combined 12,4 19,8 11,7
Minimum combined 13,9 21,7 13,6
Minimum mouldboard 15,7 27,9 11,9

Average by factors, N-NO

mg/kg of soil; tillage system: deep mouldboard - 14.5, deep combined - 15.7, minimum com-

bined - 16.8, minimum mouldboard - 18.8; development phases: pre-sowing - 13.9, tillering phase - 21.6, earing phase - 13.9;
forecrop: complete fallow - 16.5, green manure fallow (rape) - 17.0, green manure fallow (melilot) - 15.9; LSD , by factors, mg/
kg soil: tillage system - 1.83, forecrop - 1.59, development phases - 1.59.
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system (in autumn the BDT-3 was embedded in
the green manure fallow) - 27.9 and 28.3 mg/kg
of soil, respectively.

Increased nitrate nitrogen content in the til-
lering phase was observed in 2015-2019 when
combined deep and minimum tillage systems
were used: for the forecrop complete fallow -
22.0-22.2 mg/kg soil, green manure fallow
(rapeseed) - 20.6 and 19.3, green manure fallow
(melilot) - 19.8 and 21.7 mg/kg respectively. In
the mouldboard deep tillage system, the N-NO,
content is 16.3-19.9 mg/kg of soil, depending
on the predecessor. The effect of the tillage sys-
tem on the nitrate nitrogen content in the soil
during the tillering phase of spring soft wheat
was 15.5%, the effect of the conditions of the
year was 12.9, and the interaction of these fac-
tors was 20.1%.

The influence of the year's conditions was
largely determined by moisture availability.
A positive correlation has been established
between the hydrothermal coefficient (HTC)
during the vegetation period and the nitrate ni-
trogen content during the waxy maturity phase
of spring soft wheat. For the complete fallow
forecrop this correlation was observed in 2015-
2018: r = 0.5315-0.9736* (* - hereafter in the
text means above the confidence threshold), for
rapeseed in 2017-2018 r = 0.3204-0.8690, for
melilot in 2015-2016 r = 0.7313-0.9730*.

According to the 5-year averages (2015-
2019), reliably high content of productive
moisture in the soil layer 0-20 cm in the period
of sowing was noted in the forecrops complete
fallow and green manure fallow (rapeseed) at
mouldboard minimum tillage - 29.7 mm, at
mouldboard deep tillage (control) - 26.3 and
27.4 mm respectively (see Table 2).

According to the average values for 2015-
2019 the highest content of productive moisture
in the 0-20 cm layer of the soil was noted in the
tillering phase for the forecrop green manure
fallow (rapeseed) at mouldboard minimum till-
age system (27,3 mm) compared to the control
(mouldboard deep tillage, 22,7 mm), for the
complete fallow forecrop at combined mini-
mum - 25.4 mm (control - 20,2 mm). For com-
plete fallow, the reserves of productive mois-
ture in the minimum tillage system are higher

by 3.2 mm compared to the control. For green
manure fallow (melilot), stocks of productive
moisture in all tillage systems are at the con-
trol level - 23.9-24.2 mm (control - 20.3 mm,
LSD,, = 4.69). The results of the analysis of
variance showed that the highest (21.3%) influ-
ence on the content of productive moisture in
the root layer of the soil was caused by tillage
systems, the influence of the forecrop was not
established.

The annual precipitation in the phase of
earing of spring wheat in the northern forest-
steppe of the Kuznetsk Depression was noted.
The content of productive moisture in the root
layer of the soil on the average indicators for
2015-2019 is high enough for grain filling: 29.5
mm for complete fallow, 29.9 mm for green
manure fallow (rapeseed), 31.0 mm for melilot.
The influence of tillage system on the content
of productive moisture in the tillering phase in
the soil layer 0-100 cm - 4.6%, in the earing
phase of this influence is not established.

The use of minimum technologies with the
introduction of green crops and perennial grass-
es in the crop rotation, preservation of stubble
backgrounds increases the biological activity of
the soil in the rhizosphere, mineralization of or-
ganic matter with the release of available forms
of nutrients, in particular nitrate nitrogen [19].

When spring soft wheat plants used nitrate
nitrogen from heading stage to earing stage, its
content decreased on average by 35.7% (from
21.6 to 13.9 mg/kg of soil). The effect of the
tillage system on the nitrate nitrogen content
in the soil during the earing phase was 10.7%,
while the effect of the forecrop was not detect-
ed. The highest content of nitrate nitrogen was
found in this phase with mouldboard minimum
soil tillage system for rapeseed forecrop - 16.8
mg/kg of soil, control - 14.5 mg/kg.

The mobile forms of phosphorus practically
do not move through the soil profile; therefore,
its content in the root-containing soil layer (0-
40 cm) is most important in assessing the avail-
ability of phosphorus in plants. Classification of
soils in terms of the content of mobile phospho-
rus compounds in soils according to Chirikov
is as follows: less than 20 mg/kg soil - very low
content; 20 to 50 - low; 50 to 100 - medium;
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Tabua. 2. 3anacel IPOLYKTUBHOM BJIard B OCEBaX APOBOM MSTKOM MIIEHUIBI B cjioe mouBbl 0—20 cMm

(20152019 1), Mm

Table 2. Reserves of productive moisture in crops of spring soft wheat in the soil layer 0-20 cm

(2015-2019), mm

Soil tillage system Sowing Tillering Earing
Complete fallow forecrop
Deep mouldboard (control) 26,3 20,2 27,7
Deep combined 25,8 21,4 31,1
Minimum combined 26,9 254 29.9
Minimum mouldboard 29,7 234 29,2
Green manure fallow (rapeseed grass)
Deep mouldboard (control) 27,4 22,7 29,5
Deep combined 27,6 19,0 30,6
Minimum combined 27,7 21,3 30,8
Minimum mouldboard 29,7 27,3 28,8
Green manure fallow (melilot)
Deep mouldboard (control) 24.8 20,3 30,4
Deep combined 25,5 23,9 30,5
Minimum combined 26,1 242 31,8
Minimum mouldboard 26,7 24,0 31,4

LSD,, by factors (sowing): tillage system - 2.0, forecrop - 1.74.
LSD,, by factors (tillering): tillage system - 4.69, forecrop - 4.06.
LSD,; by factors (earing): tillage system - 1.75, forecrop - 1.52.

100 to 150 - increased; 150 to 200 - high; over
200 mg/kg - very high [20].

The content of mobile phosphorus on aver-
age for 2015-2019 in the crops of spring soft
wheat Siberian Alliance regardless of the fore-
crop is characterized as elevated: before sowing
from 132.6 to 148.8 mg/kg soil, in the tillering
phase from 137.4 to 150.0 mg/kg (see Table 3).

High P,O, content (from 150 mg/kg and
above) was recorded on average for 5 years
during the earing phase, from 145.0 to 165.6
mg/kg. The maximum values were obtained for
green manure fallow (rapeseed) with combined
minimum soil tillage system - 160.6 mg/kg of
soil - and mouldboard minimum - 165.6 mg/kg,
with mouldboard deep (control) - 150.6 mg/kg.
The share of the influence of the soil tillage sys-
tem on the content of mobile phosphorus was
5.1% and that of the forecrop - 2.8%.

The high content of mobile phosphorus dur-
ing earing stage - 161.6 mg/kg of soil (control -
151.0 mg/kg) was also observed with mould-

board minimum tillage system for the green
manure fallow forecrop (melilot).

Correlation analysis based on our results
showed a positive relationship between the
content of nitrate nitrogen in the soil and the
amount of mobile phosphorus on the forecrop
of green manure fallow (rapeseed), r = 0.7118-
0.8917 (R = 0.9500). In accordance with the
increase of phosphorus availability, the micro-
biological activity of the soil increases and the
content of nitrate nitrogen increases [21, 22].

The content of exchangeable potassium
varied between the test variants. On average
(2015-2019), the K20 content in mouldboard
deep soil tillage system (control) was 107.8 mg/
kg soil, combined deep tillage was 112.8, com-
bined minimum tillage was 110.0, and mould-
board minimum tillage was 106.2 mg/kg (see
Table 4).

A significant increase in the content of ex-
changeable potassium in comparison with the
control was noted with the combined deep till-
age system - 5.0 mg/kg (LSD,), with the other
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Ta6a. 3. Conepxanne P,O, B moceBax spoBoi MATKon nureHUIbl CHOMPCKUI AJIBSHC B CJIO€ OYBBI
0-40 cm o dazam pazeutus pacteruit (2015-2019 rr.), MI/KT TOYBBI

Table 3. P,O, content in spring soft wheat crops Siberian Alliance in soil layer 0-40 cm, mg/kg of soil,

by plant development phases (2015-2019)

Soil tillage system | Before sowing | Tillering phase | Earing phase
Complete fallow forecrop
Deep mouldboard (control) 132,6 137,4 154,8
Deep combined 140,0 143,0 1524
Minimum combined 144.,4 147,2 154,6
Minimum mouldboard 139,6 141,0 156,0
Green manure fallow (rapeseed grass)
Deep mouldboard (control) 144,2 1434 150,6
Deep combined 143,6 143,0 150,4
Minimum combined 147,0 147,6 160,6
Minimum mouldboard 139,8 147,2 165,6
Green manure fallow (melilot)
Deep mouldboard (control) 148,8 149,2 151,0
Deep combined 141,6 1424 145,0
Minimum combined 144,0 141,0 147,2
Minimum mouldboard 143,4 150,0 161,6

Average by factors, mg/kg of soil: P,O,, soil tillage system: mouldboard deep - -145.8, combined deep - 144.6, combined

275

minimum - 148.2, mouldboard minimum - 149.4; development phases: pre-sowing - 142.4, tillering phase - 144.4, earing phase -
154.1; forecrop: complete fallow - 145.3, green manure fallow (rapeseed) - 148.6, green manure fallow (melilot) - 147.1; LSD
by factors, mg/kg soil: tillage system - 3.23, forecrop -2.80, development phases - 2.80.

studied systems of cultivation indicators are at
the control level. The influence of the tillage
system on the exchangeable potassium content
was 7.5%, that of the forecrop 18.5, and the in-
teraction of these factors was 12.3%.

The content of exchangeable potassium in-
creased during the vegetation period of spring
soft wheat with the combined deep tillage sys-
tem: by the forecrop complete fallow before
sowing - 113.2 mg/kg, during tillering - 101.2,
earing - 117.0 mg/kg, by the control - 108.8;
95.2; 106.2 mg/kg, respectively. The same ten-
dency was found with the combined minimum
tillage system: the excess to the control was
3.8-7.6 mg/kg of soil. For green manure fallow
(rapeseed), the increase in exchangeable potas-
sium content compared to the control was either
absent or negligible under all tillage systems.

M.L. Tsvetkov and A.F. Kolesnikov note
from their studies that the roots of melilot plants
are able to assimilate hard-to-reach forms of
plant mineral nutrients (potassium and phos-
phorus) from deep soil layers due to a well-
developed root system. The content of mobile

phosphorus and exchangeable potassium in the
soil increases when sowing in the crop rotation
on the preceding green manure fallow (melilot)
[23].

According to the content of K O before sow-
ing spring soft wheat on the green manure fal-
low (melilot) forecrop the advantage had the
combined deep tillage system - by 4.2 mg / kg,
the mouldboard minimum - by 6.4, the com-
bined minimum - by 12.4 mg / kg ( in the con-
trol - 107.6 mg / kg) in the tillering phase - by
6.6; 12.2; 8.0 mg / kg, respectively (control -
106.2 mg / kg).

Changes in the agrophysical parameters of
the soil characterize the processes occurring in
the soil under the influence of the system of its
cultivation. When assessing the structural state
of the soil, it was revealed that the average in-
dicators for the content of agronomically valu-
able aggregates most resistant to the erosion ef-
fect of water (1-3 mm), depending on the con-
ditions of the year, varied within insignificant
limits: 2015 - 33.1%, 2016 - 34, 2, 2017 - 34.5,
2018 - 35.5, 2019 - 33.8% (see Table 5).
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Ta6a. 4. Conepxanne K,O B noceax sapoBoi MArkoi mueHnnbl CHONPCKUi AJIBSHC B CIIO€ TTOYBBI
0-40 cm o dazam pazeutus pacteruit (2015-2019 rr.), MI/KT TOYBBI

Table 4. K O content in spring soft wheat crops Siberian Alliance in soil layer 0-40 cm, mg/kg of soil,

by plant development phases (2015-2019)

Soil tillage system | Before sowing | Tillering phase | Earing phase
Complete fallow forecrop
Deep mouldboard (control) 108,8 95,2 106,2
Deep combined 113,2 101,2 117,0
Minimum combined 112,6 102,8 110,0
Minimum mouldboard 105,2 92.4 104,2
Green manure fallow (rapeseed grass)
Deep mouldboard (control) 102,0 116,4 111,6
Deep combined 108,6 120,8 113,6
Minimum combined 105,6 104,0 110,4
Minimum mouldboard 89,0 105,0 111,0
Green manure fallow (melilot)
Deep mouldboard (control) 107,6 106,2 116,0
Deep combined 111,8 112,8 116,0
Minimum combined 120,0 114,2 110,8
Minimum mouldboard 114,0 118,4 116,6

Average by factors, mg/kg of soil: KO, tillage system: deep mouldboard -107.8, deep combined - 112.8, minimum combined -
110, minimum mouldboard - 106.2; developmental phases: pre-sowing - 108.2, tillering phase - 107.4, earing phase - 111.9; fore-
crop: complete fallow - 105.7, green manure fallow (rapeseed) - 108.2, green manure fallow (melilot) - 113.7; LSD 05 by factors,
mg/kg soil: tillage system - 4.39, forecrop -3.80, development phases - 3.80.

The influence of the soil cultivation system
on the content of agronomically valuable ag-
gregates is noted - 10.1%, the interaction of the
soil cultivation system and the predecessor en-
hances this effect to 40.6%.

On average for 2015-2019, depending on the
tillage system, the figures for the content of ag-
ronomically valuable aggregates are as follows:
mouldboard deep tillage - 36.0%, combined
deep tillage - 31.9%, combined minimum -
35.1, mouldboard minimum tillage - 34.0%;
by forecrops: complete fallow - 32.9%, green
manure fallow (rapeseed) - 34.5, green manure
fallow (milelot) - 35.3%.

There is now a clear trend towards minimal
tillage and direct seeding [24]. Tillage minimi-
zation did not worsen the state of soil aggregate
composition: with combined minimum and
mouldboard minimum systems, the number of
agronomically valuable aggregates was at the
control level (mouldboard deep). Soil texture
can be characterized not only by the number
of valuable aggregates, but also by the texture
coefficient, which shows the ratio of agronomi-

cally valuable aggregates to the sum of the
clumpy and dusty fractions. Higher coefficients
of structure with mouldboard deep system (con-
trol) - 2,54, combined minimum - 2,47, mould-
board minimum - 2,23 on preceding green ma-
nure fallow (rapeseed) (see table 6).

An increase in the coefficient of soil struc-
ture for the complete fallow forecrop was
found when using combined and mouldboard
minimum tillage systems - 2.21 and 2.11 re-
spectively, when using mouldboard deep tillage
(control) - 1.66. The effect of the tillage system
on the soil structure coefficient was 19.3% and
that of the forecrop - 3.65. The greatest influ-
ence is determined by the interaction of these
two factors - 34.4%. By applying organic mat-
ter, the use of green manure crops improves soil
structure. For the preceding complete fallow
(rapeseed) when using mouldboard deep soil
tillage the coefficient of structure was 2.54 and
for melilot it was 2.98.

With the increase of the coefficient of struc-
ture there was a decrease of the density of the
soil, r =-0.3499 (R = 0.5760), which is impor-
tant in assessing its agrophysical properties.
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Taodua. 5. ConepkaHue arpoHOMUYIECKH LEHHBIX arperatoB (1-3 Mm), % OT BO3LyLIHO-CYyXOH ITOYBBI
Table 5. Content of agronomically valuable aggregates (1-3 mm), % of air-dry soil

Soil tillage system | 2015 [ 2006 [ 2017 | 2018 2019
Complete fallow forecrop
Deep mouldboard (control) 32,8 30,7 23,0 31,2 31,9
Deep combined 31,8 32,6 32,3 333 32,2
Minimum combined 33,9 35,8 34,4 36,0 36,2
Minimum mouldboard 20.8 34,4 37,2 34,1 34,4
Green manure fallow (rapeseed grass)
Deep mouldboard (control) 32,4 32,0 39,6 37,7 38,1
Deep combined 29,7 33,8 31,1 31,9 31,6
Minimum combined 37,5 40,0 34,8 35,2 36,9
Minimum mouldboard 29,7 28,5 35,2 37,0 37,7
Green manure fallow (melilot)

Deep mouldboard (control) 40,5 422 48,5 46,2 33,2
Deep combined 30,4 33,2 30,5 33,4 30,8
Minimum combined 32,7 31,6 33,6 34,6 32,9
Minimum mouldboard 36,2 36,1 34,4 35,2 29,9

Average by factors, %: agronomically valuable particles 1-3 mm: soil tillage system: deep mouldboard -36.0, deep combined -
31.9, minimum combined - 35.1, minimum mouldboard - 34.0; forecrop: complete fallow - 32.9, green manure fallow (rapeseed) -
34.5, green manure fallow (melilot) - 35.3; research year: 2015 - 33,1, 2016 - 34,2, 2017 - 34,5, 2018 - 35,5, 2019 - 33,8. LSD 05

by factors, mg/kg of soil: tillage system - 2.4, forecrop -2.1, years - 2.7.

Tada. 6. KosdpdunueHnT cTpyKTypHOCTH OYBBI

Table 6. Soil pedality coefficient

Soil tillage system | 2015 | 2016 | 2017 | 2018 | 2019 | 2015-2019
Complete fallow forecrop
Deep mouldboard (control) 2,1 1,55 1,34 1,70 1,60 1,66
Deep combined 1,94 1,58 1,78 1,75 1,57 1,72
Minimum combined 2,1 2,24 2,15 2,15 2,39 2,21
Minimum mouldboard 1,58 2,1 2,68 2,05 2,16 2,11
Green manure fallow (rapeseed grass)
Deep mouldboard (control) 1,97 2,39 2,78 2,32 3,22 2,54
Deep combined 1,58 1,62 1,44 1,47 1,56 1,53
Minimum combined 2,87 3,03 1,90 1,86 2,69 2,47
Minimum mouldboard 2,60 1,57 2,26 2,26 2,45 2,23
Green manure fallow (melilot)
Deep mouldboard (control) 2,82 3,01 3,89 3,20 1,98 2,98
Deep combined 1,59 2,12 1,69 1,72 1,98 1,82
Minimum combined 1,75 1,82 1,75 1,78 2,00 1,82
Minimum mouldboard 2,28 2,08 2,19 2,25 1,60 2,10

Factor average, coefficient of structure, soil tillage system: deep mouldboard -2.39, deep combined - 1.69, minimum com-
bined - 2.16, minimum mouldboard - 2.14; forecrop: complete fallow - 1.93, green manure fallow (rapeseed) - 2.19, green manure
fallow (melilot) - 2.17; year of research: 2015 - 2,10, 2016 - 2,09 ,2017 - 2,15,2018 - 2,04,2019 - 2,10. LSD 05 by factors: tillage
system - 0.30, forecrop -0.34, year - 0.26.
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Ta6a. 7. [lnotHoCTh ciioskenus moussl (2015-2019 rr), r/cm?

Table 7. Soil bulk density (2015-2019)

Soil tillage system

Soil density in the soil layer 0-40 cm

Complete fallow forecrop

Deep mouldboard (control)
Deep combined
Minimum combined

Minimum mouldboard

1,00
1,01
1,00
1,04

Green manure fallow (rapeseed grass)

Deep mouldboard (control)
Deep combined
Minimum combined

Minimum mouldboard

1,02
1,05
0,98
0,98

Green manure fallow (melilot)

Deep mouldboard (control)
Deep combined
Minimum combined

Minimum mouldboard

1,00
1,07
0,98
1,02

Average by factors, soil density: tillage system: deep mouldboard - 1.01, deep combined - 1.04, minimum combined - 0.99,
minimum mouldboard - 1.01; forecrop: complete fallow, green manure fallow (rapeseed) -1.01, green manure fallow (melilot) -

1.02. LSD 05 by factors: tillage system - 0.05, forecrop - 0.04.

The optimum equilibrium bulk density
for the main subtypes of chernozems is 1.00-
1.25 g/cm’. At these values, it is possible to use
minimum tillage technologies [25].

The bulk density of the soil was between
1.00 and 1.04 g/cm?® for the complete fallow
crop. An increase of 0.04 g/cm’® was noted
with the mouldboard minimum tillage system
(see Table 7).

There is a tendency to reduce the bulk den-
sity of soil to 0,98 g/cm’ on the forecrop green
manure fallow (rapeseed) at minimum tillage:
combined and minimum mouldboarding, and
at mouldboard deep (control) - 1,02 g/cm’. An
increase in soil bulk density by 0.01-0.07 g/cm’
was recorded for all studied forecrops when us-
ing a combined deep tillage system. The con-
ditions of the year had a significant impact on
soil bulk density - 55.9 %, the tillage system -
11.1 %. As a result of the correlation analysis it
was found that a decrease in P,O, content, r =
-0.4898; K, O, r =-0.2530, occurs with increas-
ing soil bulk density.

CONCLUSIONS

1. The highest content of nitrate nitrogen
before sowing of spring soft wheat in the fore-
crop of green manure fallow (rapeseed), green
manure fallow (melilot), complete fallow when
using the mouldboard minimum tillage system
exceeded the control (mouldboard deep tillage)
by 2.1; 5.4 and 6.8 mg/kg of soil, respectively.

2. The advantage in the content of N-NO3
during the tillering period of spring soft wheat
was noted in the forecrop of green manure fal-
low (melilot) and green manure fallow (rape-
seed) with the use of the mouldboard minimum
tillage system (in the autumn it was embedded
in green manure fallow BDT-3) - 27,9 and 28,3
mg/kg of soil, respectively. The influence of the
tillage system on the nitrate nitrogen content in
the soil during the bushing stage of the spring
soft wheat was 15,5%, the influence of the con-
ditions of the year was 12,9, and the interaction
of these factors was 20,1%.

3. When spring soft wheat plants used nitrate
nitrogen from heading stage to earing stage, its
content decreased on average by 35.7% in the
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experiment (from 21.6 to 13.9 mg/kg of soil).
The effect of the tillage system on the nitrate
nitrogen content in the soil during the earing
phase was 10.7%; the effect of the forecrop was
not detected. The highest nitrate nitrogen con-
tent was recorded under mouldboard minimum
tillage for forecrop rapeseed - 16.8 mg/kg, the
control - 14.5 mg/kg.

4. High PO, content (from 150 mg/kg and
higher) was found on average for 5 years dur-
ing earing phase, from 145.0 to 165.6 mg/kg;
maximum values were obtained for green ma-
nure fallow (rapeseed) with combined mini-
mum tillage - 160.6 mg/kg and mouldboard
minimum - 165.6 mg/kg, with mouldboard
deep (control) - 150.6 mg/kg of soil. The share
of the influence of the tillage system on the con-
tent of mobile phosphorus was 5.1% and that of
the forecrop 2.8%. A positive relationship be-
tween the content of nitrate nitrogen in the soil
and the amount of mobile phosphorus on the
forecrop green manure fallow (rapeseed), r =
0.7118-0.8917 (R = 0.9500) was revealed.

5. A significant increase in the content of
exchangeable potassium compared to the con-
trol average for 2015-2019 was observed with
the combined deep tillage system - 5.0 mg/kg
(LSD,,), with the other studied systems the in-
dicators were at the control level. The effect of
the tillage system on the exchangeable potassi-
um content was 7.5%, that of the forecrop 18.5,
and the interaction of these factors was 12.3%.

6. The effect of the tillage system on the
content of agronomically valuable aggregates
most resistant to the erosive action of water
(1-3 mm) - 10.1% was noted. The interaction
of tillage system and forecrop increases this ef-
fect by up to 40.6%. On average for 2015-2019,
depending on the tillage system, the rates of ag-
ronomically valuable aggregates content were
as follows: mouldboard deep tillage - 36.0%,
combined deep tillage - 31.9%, combined mini-
mum - 35.1%, mouldboard minimum tillage -
34.0%; by forecrop: complete fallow - 32.9%,
green manure fallow (rapeseed) - 34.5%, green
manure fallow (melilot) - 35.3%.

7. Higher coefficients of structure at mould-
board deep tillage (control) - 2.54, combined
minimum - 2.47, mouldboard minimum - 2.23

on the forecrop green manure fallow (rape-
seed), green manure fallow (melilot) - 2.98
(mouldboard deep tillage) were noted.

8. The effect of the tillage system on the soil
structure coefficient was 19.3% and that of the
forecrop 3.65%. The greatest influence is deter-
mined by the interaction of these two factors
- 34.4%. With the increase of the coefficient of
structure there was a decrease of the bulk den-
sity of the soil, r =-0.3499 (R = 0.5760), which
is important in assessing its agrophysical prop-
erties.

9. A tendency has been revealed to reduce
the bulk density of soil to 0.98 g/cm?® for the
forecrop green manure fallow (rapeseed) with
minimum tillage: combined and minimum
mouldboarding tillage, deep tillage (control)
- 1.02 g/cm®. An increase in soil bulk density
by 0.01-0.07 g/cm? was recorded for all stud-
ied crops when using a combined deep tillage
system. Annual conditions had significant in-
fluence on the soil bulk density - 55,9 %, and
the tillage system - 11,1 %. As a result of corre-
lation analysis, it was found that P O, content,
r = -0.4898, KO, r = -0.2530 decreases with
increasing bulk density of the soil.
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