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Abstract

Background. The use of well-designed agrotechnical methods allows you to harvest
winter rye, regardless of weather conditions, with minimal resource and labor costs. In ad-
dition, the correct choice of precursors and moisture standards on grain crops increases the
efficiency of crop development, optimizes the area of nutrition and solar insolation, resis-
tance to pests and diseases. The effectiveness of the choice of technology elements directly
depends on the analysis of their application, depending on the requirements of agricultural
technology, crop varieties, as well as the level of soil fertility. The issue of increasing the
productivity of winter rye in the Central Non-Chernozem region, through the development
and improvement of technology elements with subsequent introduction into agricultural
production aimed at increasing the production of high-quality grain crops, is undoubtedly an
urgent, important and promising area, which determined the implementation of these studies.

The purpose is to determine the efficiency of growing and productivity of winter
rye depending on the complex action of precursors and the seeding rate in the Central
Non—Chernozem region.

Materials and methods. The research was carried out in the period 2021-2024 in
the conditions of the Domodedovo district of the Moscow region. Three variants of the
precursor were studied: winter wheat (control), peas for grain, spring rapeseed and five
variants of crop seeding rates. The dynamics of the development of winter rye plants
against the background of the use of various precursors and seeding rates is determined;
the crop structure, yield and quality indicators are determined depending on the factors
studied; the economic efficiency of the proposed elements of winter rye cultivation
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technology is revealed. All the studies were conducted according to generally accepted
methods and the methodology of field work as described by B.A. Dospekhov.

Results. The conducted studies have shown high efficiency of placing winter rye
crops after leguminous crops, especially peas for grain, as precursors. The optimal seed-
ing rate for winter rye is 3.5-4.0 million seeds per hectare, which ensures consistently
high yields. The use of appropriate agrotechnical measures contributes to the achieve-
ment of high and reliable grain harvest rates — from 50.1 to 56.5 quintals per hectare,
depending on the weather conditions of a particular season. The average yield was 5.29 t/
ha with 3.5 million seeds per hectare and 5.35 t/ha with an increase in crop density to 4.0
million seeds per hectare. The results obtained are recommended for practical implemen-
tation in order to increase the productivity of winter crops and optimize production costs.
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Annomayusn

O6ocHoBanue. [IprMeHeHNe TPAaBUIIBHO BBICTPOESHHBIX arpOTEXHUUECKUX METO/IOB
MO3BOJISIET MOTy4aTh YpOyKail 03MMOM prKM, HE 3aBUCHMO OT IOTOIHBIX YCIOBHM, ¢ MU-
HUMaJIbHBIMU 3aTpaTaMy pecypcoB | Tpyaa. Kpome 9Toro, mpaBHIIBHEIN BEIOOD TIpeLIe-
CTBEHHHKOB M HOPM BBICEBA Ha 36PHOBBIX KYJIBTYpax MOBBIIIAET (P (HEKTUBHOCT Pa3BUTHS
KyJIBTYPBI, ONTHMH3UPYET IUIOIIA b TUTAHNS M COTHEYHOH HHCOMAIMHI, PE3UCTEHTHOCTh
K BpeAUTeIsIM 1 6ore3Hs M. D((HeKTHBHOCTH BBIOOPA HIIEMEHTOB TEXHOJIOTHUH HAMPSIMYIO
3aBHCHT OT QHAJIN3a UX NMPUMEHEHUS B 3aBUCHMOCTH OT TPeOOBaHUH arpOTEeXHOJIOTHH,
COPTOB KyJIBTYPBI, @ TAK/KE YPOBHSI IIOAOPONS ITOUBBI. BOIPOC MOBBIIEHHUS TPOTYKTUB-
HocTH 03uMoii pxu B LleHTpansHoM HedepHo3eMbe, 3a cueT pa3paboTKH U COBEPIICHCTBO-
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BaHUS IEMEHTOB TEXHOJOIUH C MOCICIYIOIUM BHEAPEHUEM B CEJILCKOX03AHCTBEHHOE
MIPOU3BOJICTBO, HAIIETIEHHOE HA yBEIMYIEHNE TTOTyYEeHHs 36pHA KYIBTYPbI BHICOKOTO Kaye-
CTBA, SIBIACTCSI, HECOMHEHHO, aKTyaJIbHBIM, B)KHBIM H TIEPCIIEKTUBHBIM HAIIPABICHUEM,
YTO U OIIPE/ICJINIIO BBIIOJHEHUE HACTOSIIMX UCCIIEA0BaHUM.

Heas — onpeneants 3pGEKTUBHOCT BbIPALMBAHKUSA U IPOAYKTHBHOCTD O3UMOI
PKH B 3aBUCHMOCTH OT KOMITJIEKCHOTO JEHCTBUSI TIPEIIECTBEHHUKOB U HOPMBI BBICEBA
B LlenTpansHom HeuepHoszembe.

MarepuaJibl 1 MeToabl. MccnenoBanus BoinonHensl B nepuoa 2021-2024 roast B
ycnoBusix JlomozenoBckoro paiiona MockoBckast 00macTs. Vi3ydeHo Tpu BapraHTa mpes-
IIECTBEHHHKA: 03MMas ITIIeHHUIA (KOHTPOJIb), TOPOX Ha 3ePHO, PariC SpOBOH U IIATh BapH-
AHTOB HOPM BbICeBa Ky/IbTyphl. OnpezeneHa TMHaMKKa Pa3BUTHS PACTCHUH 03UMOMN PiKHI
Ha ()OHE MCIOIb30BaHNUs Pa3IMYHbIX PEAIICCTBEHHUKOB U HOPM BBICEBA; OIIpe/ieiIeHa
CTPYKTypa ypoxasi, ypoXKaifHOCTb 1 KadeCTBEHHBIE TOKA3aTeN B 3aBICUMOCTH OT H3Y-
YaeMbIX (paKTOpPOB; BEISIBUTH SIKOHOMHYECKast 3 (HEKTUBHOCTD MpeIaraeMbIX JIeMeH-
TOB TEXHOJIOTMH BBIpAILMBAHUA 03UMOI pku. Bee nccnenoBanus npoBeeHbl CONIACHO
OOIIETTPUHATHIM METONKAM, U METOMKE TT0JIEBOTO Jiena B u3nokennn b.A. Jlocriexosa.

Pe3yabrarsl. [IpoBeseHHBIC HCCIIEOBAHNS TTOKA3AIN BBICOKYIO 3()()EKTHBHOCTD
pa3MelleHNs II0OCEBOB 03UMOM PIKH ITOCIIe 3epHOO0OO0BBIX KYJIBTYpP, 0COOEHHO ropoxa Ha
3epHO, B KaueCTBe Npe/IiecTBeHHNKOB. ONTuManpHasi HopMa BbICEBA 03MMOI PXKHU CO-
crapisteT 3,5-4,0 MITH ceMsiH Ha TeKTap, 4To 00ecreunBaeT CTadMIbHO BBEICOKHI Ypo-
BeHb ypoxkaiiHOCTH. [IpuMeHeHHEe COOTBETCTBYIOIIUX arpOTEXHUYECKUX MEPOIPUITUIL
CIOCOOCTBYET JOCTHKEHHUIO BBICOKHX M HAJIOKHBIX T0Ka3areeil coopa 3epHa — ot 50,1
110 56,5 HEeHTHEPOB C TeKTapa, B 3aBUCHMOCTH OT IIOTOAHBIX YCIOBHI KOHKPETHOTO C€30-
Ha. CpenHuH TOKa3aTens ypokalHOCTH cocTaBmiI 52,9 1y/Ta pu mocese 3,5 MITH CeMsH
Ha rektap u 53,5 1/ra npy yBeJIM4eHUH IIOTHOCTH T1oceBa /10 4,0 MIIH ceMsiH Ha reKTap.
Iomy4enHble pe3yabTaThl PEKOMEHTYIOTCS A7 TPAKTUYECKOTO BHEIPEHUSI C LIEIbIO TI0-
BBIIICHHUS TPOAYKTUBHOCTH O3UMBIX KyJIBTYP ¥ ONTUMHU3AIMH TPOU3BOACTBEHHBIX 3aTPaT.

KiroueBbie ci10Ba: 03uMasi poiKb; IPEIIIECTBEHHUK; HOPMa BbICEBA; yPOXKANHOCTD
3epHa; HeuepHo3emHas 30Ha

Jas uutupoBanus. Llkypkuna, A. C., Bunorpanos, /1. B., 3yoxosa, T. B., & Ca-
3ouknH, K. 1. (2026). YporkallHOCTb 03UMOH PXKH B 3aBUCHMOCTH OT HOPM BBICEBA U
npezamecTBeHHUKOB B [enTpansHom Heueprosemse. Siberian Journal of Life Sciences
and Agriculture, 18(2), 374-387. https://doi.org/10.12731/2658-6649-2026-18-2-1449

Introduction

Despite the advantages of winter rye in terms of its economic, morphologi-
cal, and biological characteristics, there has been a decline in the area sown with
this crop in the Russian Federation [1]. At the end of the last century, winter rye
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occupied 12-15 million hectares in some years, with the main areas concentrated
in the Non-Chernozem, Central Black Earth, and Volga regions. Currently, crops
in Russia cover less than 1 million hectares (in 2023, 830 thousand hectares). Ac-
cording to data from regional ministries, in 2024, less than 5,000 hectares were
allocated for winter rye in the Moscow region and about 9,000 hectares in the
Ryazan region, which is insufficient for this crop and commercial demand for it.

The capacity of winter rye is more stable than that of other crops, especially
cereals in the region. Analyzing data on winter rye yields over the past decade
in the Non-Chernozem region, we note that yields are still insufficiently high
at 2,5-3,5 t/ha, which can be explained by significant direct violations in grain
crop production technology.

Choosing a precursor for winter cereals, including winter rye, is a very chal-
lenging task in modern crop production. An essential condition for obtaining high
yields of winter rye is its placement in crop rotation after the best precursors, which
are largely determined by the timing of harvesting, the amount of organic matter left
behind, and the phytosanitary background [3; 6; 7]. For the conditions of the Central
Non-Chernozem regions, it is recommended to harvest early-maturing crops, such
as winter crops for green-cut fodder and perennial grasses, plow to a normal depth,
and then keep the soil loose and free of weeds until sowing. After legume-oat mix-
tures of peas, processing can be carried out in different ways: in wet years, plowing
is advisable, in dry years, surface treatment is advisable. After late-harvested row
crops, surface treatment should be used primarily [2; 4; 5; 8; 10; 16; 23].

In order to ensure high-quality soil cultivation in occupied fallow fields, it is
very important to preserve moisture from excessive evaporation [9]. To this end,
the period between the start of harvesting fallow-grown crops and soil cultivation
should be as short as possible [13; 15; 17; 20]. Among the techniques that improve
the quality of soil cultivation for winter crops in occupied fallow fields, increas-
ing the speed of soil cultivation units deserves attention [11; 14]. Increasing the
speed significantly improves soil crumbling, reduces ridging and fluffiness, and
also shortens the time required to prepare the soil for sowing [12; 21].

Combined plowing units are crucial for processing after harvesting precur-
sors. When processing with such units, a number of operations are overlapped,
better soil cutting quality is ensured, and moisture losses are reduced [18; 19].

Combining proper soil preparation before sowing winter crops with the use
of herbicides facilitates weed control in the future.

Measures to improve soil quality and achieve high yields of winter rye also
include variety selection, fertilization, choosing the right sowing dates based
on soil and climate conditions, and soil cultivation.



378 Siberian Journal of Life Sciences and Agriculture, Vol. 18, Ne2, 2026

Therefore, the aim and objectives of the research were to determine the
effectiveness of cultivation and capacity of winter rye depending on the com-
bined effect of precursors and seeding rates in the Central Non-Chernozem
Region.

Materials and methods

The research was conducted between 2021 and 2024 at the experimental
field of the All-Russian Research Institute of Agrochemistry, Barybino micro-
district, Domodedovo district, Moscow region.

Experimental design: factor A (previous crop in the crop rotation) — three
variants: 1) winter wheat (control), 2) grain peas, 3) spring rapeseed; factor B
(winter rye seeding rate) —five variants: 1) 2.5 million grains per 1 ha (control),
2) 3.0 million grains per 1 ha, 3) 3.5 million grains per 1 ha, 4) 4.0 million grains
per 1 ha, and 5) 4.5 million grains per 1 ha.

Agrotechnical measures in the experiments are generally accepted for the
central part of the Non-Chernozem zone. After harvesting the previous crop,
disc harrowing to a depth of 12-14 cm; after 1.5 weeks, plowing to a depth of
18-20 cm; after 1 week, pre-sowing cultivation to a depth of 6-8 cm. Sowing
is carried out using the continuous row method to a depth of 2-3 cm, with the
seeding rate according to the scheme. Sowing time — first ten days of Septem-
ber. After sowing, rolling was carried out. Seed treatment immediately before
sowing with Tercia, SC, 2.5 1/t, consumption 10 I/t. The protection system in-
cluded the use of insecticide and fungicide treatments.

These field studies were conducted on sod-podzolic heavy loam soil of me-
dium cultivation with the following agrochemical characteristics of the plow
layer (0-20 cm): soil reaction: pH KCl - 5.46 (moderately acidic); N-NO, - 9.6
mg/kg; N-NH, - 1.9 mg/kg (low); P,O, — 160 mg/kg (elevated); K,O — 173 mg/
kg (elevated); humus — 2.0-2.2% (low).

The climate of the area is temperate continental. The growing season of
2021/2022 was warm with above-average air temperatures in all months except
September and May, and wet in all months except October, March, and June
(hydrothermal index of the growing season was 2.71). The growing season of
2022/2023 was relatively warm, with autumn and winter temperatures exceed-
ing the long-term average and close to normal in the spring and summer. Au-
tumn was extremely wet, with a dry August; dry April and moisture deficit in
May (hydrothermal index 2.16). The growing season of 2023/2024 was closest
to the long-term average, with a very warm and dry September and an exces-
sively wet spring and summer (hydrothermal index 1.76).
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Results and discussion

The studies highlight the effect of precursor factors and seeding rates on
the overwintering and survival rates of winter rye plants. In different years, the
overwintering rate of winter rye ranged from 79.6% to 80.6% and averaged
80.0%, exceeding the control (previous winter wheat) by 2.2 to 3.0 (2.8-3.9%)
at LSD , by factor A, which was in the range of 0.48-0.49 and thus determined
a significant difference (Fig. 1).
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Fig. 1. Field germination, preservation, and overall survival rates depending
on factors (example: precursor — winter wheat)

The previous spring rapeseed crop had a significant impact on the overwin-
tering of winter rye, but not in all years, only in 2022 by 0.9 (1.2%) and in 2023
by 1.0 (1.3%). In 2024, the difference between the variant and the control was
insignificant, at 0.2 (0.3%). The differences in winter rye overwintering accord-
ing to the seeding rate factor between all variants and the control did not exceed
1.0% in all years of the study. At LSD , by factor B ranging from 0.61 to 0.63%
in different years, the overwintering index significantly exceeded the control
(seeding rate of 2.5 million grains per 1 ha) with a difference of 0.7-0.8% only
for variants with a seeding rate of 3.5 million grains per 1 ha in 2022 and 2024
and a variant with a seeding rate of 4.0 million grains per 1 ha in 2024.

In terms of the seeding rate for spring-summer preservation, a complete-
ly opposite relationship was observed: as the seeding rate increased from the
control rate of 2.5 million grains per hectare to a high rate of 4.5 million grains
per hectare, the preservation rate fell sharply. On average over three years, the
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indicator decreased from 93.0% in the control to 67.0% at a seeding rate of 4.5
million grains per 1 ha. Obviously, the large feeding area of winter rye plants
with a low seeding rate and low seeding density served as a reliable protection
for the crop from death. On average, increasing the seeding rate from 2.5 to 3.0
million grains per hectare increased plant losses by 9.1 (9.8%), with a seeding
rate of 3.5 million grains per hectare, losses increased by 17.3 (18.6%), and with
seeding rates of 4.0 and 4.5 million, the decline in survival exceeded 20% and
amounted to 22.2% and 28.0%, respectively.

Hence, analysis of the stages of the growing season for winter rye plants in
an experiment studying various seeding rates for winter rye with optimal pre-
cursors allows us to conclude that in the first half of its development in the fall
after sowing, the crop primarily responds to its precursor. With a small mass of
developing seedlings, the seeding rate has a negligible effect on the overwin-
tering of winter rye. In autumn, the best conditions for crop preservation are
created after grain peas.

The studies present and analyze data on winter rye yields at various seeding
rates for winter grain (winter wheat), legumes (grain peas), and oilseeds (spring
rapeseed) precursors by year and on average for the study.

In 2022, based on all factors and variants, the lowest winter rye yield in all
years of the study was obtained, averaging 4.44 t/ha according to the experi-
ment. Among the precursors studied, the best crop for winter rye was legumes
(peas), with an average yield of 4.89 t/ha in 2022. The increase over the control
(previous winter wheat) for this variant was significant, amounting to 0.67 t/ha
or 15.9% at LSD , by factor A 0.119 t/ha. Spring rapeseed was insignificantly
lower than the control by 0.03 t/ha (0.7%).

It is particularly essential to note that only with legumes as the precursor
crop was the yield of winter rye higher than 5 t/ha — 5.01 t/ha with a seeding
rate of 3.5 million grains per 1 ha and 5.06 t/ha with a seeding rate of 4.0 mil-
lion grains per 1 ha.

In 2023, the average annual yield of winter rye significantly exceeded the previ-
ous year’s average by 0.44 t/ha (10.0%), reaching 4.88 t/ha. As in 2022, the best pre-
cursor crop for winter rye yields exceeding 5 t/ha was grain peas at all seeding rates
except the control rate. The average yield increase compared to the control (winter
wheat) was quite significant: 0.53 t/ha or 11.4% at LSD , by factor A 0.129 t/ha.

Although the yield of winter rye in 2024 was the highest in all years of the
study — 4.98 t/ha, it only slightly exceeded the average value of the previous
year —by 0.1 t/ha (2.0%). The average yield of the most unsuccessful year, 2022,
was significantly exceeded in 2024 — by 0.54 t/ha or 12.2% of winter rye grain.
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The differences between the field trial variants in 2024 differed slightly from
those described in previous years. As expected, the best precursor was legumes,
with an average yield of winter rye of 5.46 t/ha and a yield increase of 0.74 t/
ha or 15.7% compared to the control precursor winter wheat. Spring rapeseed,
unlike in 2022, was comparable, but slightly exceeded the control by 0.03 t/ha
(0.6%) at LSD, by factor A 0.126 t/ha. The average winter rye yields over the
years, depending on the factors, are presented in Table 1.

Table 1.
Winter rye yield at different seeding rates for optimal precursors (t/ha),
average for 2022-2024

A - precursor B — seeding rate (million grains per 1 ha) Average for A
2.5 3.0 3.5 4.0 4.5
Winter wheat 4.36 4.44 4.61 4.68 4.53 4.52
Peas 4.99 5.08 5.29 5.35 5.15 5.17
Spring rapeseed 4.45 4.52 4.66 4.74 4.62 4.60
Average for B 4.60 4.68 4.85 4.92 4.77 4.76

LSD_, t/ha, average: AB —0.278; A —0.124; B—0.161.

05°

The average yield of winter rye in field trials over three years was 4.76 t/ha.
In terms of the precursor crop factor, legumes (grain peas) significantly exceed-
ed the control (the precursor crop was winter wheat) by an average of 0.65 t/
ha (14.4%), showing an average winter rye yield of 5.17 t/ha. Spring rapeseed,
with an average winter rye yield of 4.6 t/ha in the study, exceeded the control
variant by only 0.08 t/ha (1.8%).

In terms of seeding rate factor, the variant that showed the significant results
with an average winter rye yield of 4.92 t/ha and a 0.32 t/ha increase over the
control (4.6 t/ha with a seeding rate of 2.5 million grains/ha) (7.0%) was the
variant with a seeding rate of 4.0 million grains per hectare. Less dense sow-
ing with a seeding rate of 3.5 million grains/ha was slightly inferior to the best
variant, providing an average winter rye yield of 4.85 t/ha and a yield increase
0f 0.25 t/ha (5.4%) compared to the control.

Dense sowing with a seeding rate of 4.5 million grains/ha also exceeded
the control in terms of winter rye yield, however, the average values for the
experiment were lower than for the variants presented above — yield 4.77 t/ha;
yield increase of 0.17 t/ha (3.7%). Increasing the seeding rate from 2.5 million
to 3.0 million grains/ha on average in the study slightly increased the yield by
0.08 t/ha (1.7%).
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Conclusion

Thus, for practical application by agricultural producers, it can be confi-
dently recommended to plant winter rye after a legume precursor (grain peas)
and to use seeding rates of 3.5 million and 4.0 million grains per hectare. By
combining these elements of winter rye cultivation technology, it is possible to
obtain high, stable yields ranging from 5.01 t/ha to 5.65 t/ha in different years
of the study and an average of 5.29 t/ha at a seeding rate of 3.5 million grains/
ha and 5.35 t/ha at a seeding rate of 4.0 million grains/ha.
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