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EFFECTIVENESS OF PREDECESSORS AT GROWING WINTER RYE (SECALE CEREALE L)
IN THE CONDITIONS OF NORTHERN STEPPE OF UKRAINE

Yu. V. Bezsusidnia
State Enterprise Institute of Grain Crops of NAAS, 14 Volodymyr Vernadskyi St., Dnipro, 49009, Ukraine

Topicality. Nowadays, the relevant issue is the influence of predecessors on the grain productivity for
the modern varieties of winter rye depending on the sowing dates and mineral nutrition, the study of which
allows to reveal the biological potential of plants to a fuller extent and to significantly increase the yield of
this crop in the Northern Steppe zone of Ukraine. Purpose. To study features for formation of grain produc-
tivity of modern winter rye varieties depending on the predecessors against the background of different sow-
ing dates and the level of mineral nutrition in the soil and climatic conditions of the Northern Steppe. Materi-
als and Methods. In the 2018-2021, the studies were conducted on the basis of Experimental Farm “Dnipro”
of State Enterprise Institute of Grain Crops NAAS in four-factor field trial. Winter rye of Pamiat Khudoierka
and Stoir varieties were sown after spring barley and sunflower against the background of different levels of
mineral nutrition of plants in three terms: early (September 5-10), optimal (September 20-25) and late (Oc-
tober 5-10). Results. According to the research results, a significant influence of predecessors on the winter
rye yield was established. The highest level of yield was obtained for the Stoir variety, which was sown in the
period from 20 to 25 September. At the same time, on average over the years of research, the highest yield
was observed in variants with nitrogen feeding plants on freeze-thawed soil: after spring barley — 6.47 t/ha,
after sunflower — 5.03 t/ha. The Pamiat Khudoierka variety also provided the highest yield in these variants of
the experiment — 6.17 and 4.72 t/ha, respectively. However, the difference in yield between varieties, taking
into account the maximum indicator, depending on the predecessors was respectively 0.30 and 0.31 t/ha.
Conclusions. According to the results of the research, it was found that sowing of winter rye after spring bar-
ley and sunflower in the most optimal terms, namely September 20-25, and the applying
45 kg a.i./ha nitrogen in early spring, ensured the formation of the highest yield in the Stoir variety, which

was 6.47 and 5.03 t/ha, respectively.
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Introduction. Increasing the production
of winter rye grain, an essential and extremely
valuable crop, is gradually rising in Ukraine and
worldwide. At the same time, the recent changes
in weather conditions require optimisation of
technological methods of winter rye cultivation
in the Steppe zone, where it has not been practi-
cally carried out, at least not for the past 2-3
decades. The correct selection of the winter rye
predecessor with the obligatory consideration of
soil and climatic, organisational, economic and
agrotechnical conditions is one of the primary
tasks. It is known that only scientifically based
crop rotations can provide this crop with good
predecessors and avoid the wide spread of pests,
diseases, weeds and, of course, to get a high
grain yield.

Determination of the complex effect of
different predecessors to obtain the maximum
possible grain productivity of modern winter rye
varieties against the background of different
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sowing dates and the proper level of mineral
nutrition is most appropriate.

Research conducted in different soil and
climatic zones of Ukraine has shown that black
and bastard fallow are the best predecessors of
winter crops. At the same time, changes in the
structure of sown areas, which led to an increase
in their share of cereals and sunflower, make it
impossible to place winter rye crops on high
agrophones, according to traditional predeces-
sors. However, winter rye is able to produce
quite high grain yields even when placed after
non-fallow predecessors [1-4].

In this regard, this study was aimed to in-
vestigate the peculiarities of grain productivity
formation of modern winter rye varieties de-
pending on their predecessors under different
sowing dates and the level of mineral nutrition
in the soil and climatic conditions of the North-
ern Steppe.

Materials and Methods. In 2018-2021,
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the experiments were carried out at the Experi-
mental Farm "Dnipro” of the State Enterprise
Institute of Grain Crops of the National Academy
of Agrarian Sciences of Ukraine (Dnipropetrovsk
region). The soil of the experimental plots is re-
presented by ordinary low-humus low-eroded
chernozem. Humus content in the topsoil is 3.1—
3.3 %, nitrate nitrogen — 18.8-29.0 mg/kg, mo-
bile phosphorus — 125-144 mg/kg, exchangeable
potassium — 69-118 mg/kg of absolutely dry soil
(according to Chyrykov).

There were four factors in the field exper-
iment during the research: factor A — predeces-
sor, factor B — sowing date, factor C — variety,
factor D — plant nutrition level. We laid out the
experiment using the systematic method of se-
quential plots. The area of the elementar%/ plot
was 60 m?, the accounting plot was 40 m*. The
experiment was replicated three times.

Crop residues of the predecessors (sun-
flower and spring barley) were chopped and
partially incorporated into the soil using disc
harrows or heavy disc harrows. The trials were
laid out on the recommended fertilisation back-
ground (NeoPeoKso), with mineral fertilisers for
both predecessors applied under pre-sowing cul-
tivation. Winter rye was sown with a SN-16
seeder in three dates: early (5-10 September),
optimal (20-25 September) and late (5-10 Oc-
tober). The sowing method was broadcast-drill
sowing, the depth of seed placement was 5-6
cm. Yield accounting was carried out by direct
harvesting, followed by weighing and recalcula-
tion of the data obtained to standard grain mois-
ture. Statistical data processing was performed
by means of analysis of variance according to
B. O. Dospekhov (1985).

The winter rye was harvested by continu-
ous threshing of the entire plot area with a Sam-

po-500 combine at full grain ripeness. The techpo-
500 combine at full grain ripeness. The technolo-
gy of winter crops cultivation, except for the tech-
nological elements studied, was generally accept-
ed for the northern part of the Steppe of Ukraine.

The research was based on generally ac-
cepted methods and recommendations [5, 6].

Results and Discussion. The weather
conditions during the research were character-
ised by high variability. With an average long-
term precipitation of 514 mm, 107.7 % of the
average long-term norm fell in the 2018/2019
growing season, and 90.5 % and 123.3 % in the
2019/2020 and 2020/2021 growing seasons, re-
spectively. At the same time, the distribution of
precipitation by months and seasons was quite
uneven, which certainly affected the timeliness
of germination, growth and development of
plants in the autumn and spring-summer periods
and, accordingly, resulted in the formation of
unequal grain yield.

As is well known, the harvesting dates of
previous crops determine the amount of produc-
tive moisture reserves in the sowing layer of the
soil, as the moisture accumulation occurs from
their harvesting to the sowing of winter rye due
to precipitation during this period.

On average, over the years of research, the
longest pre-sowing period was observed after
harvesting spring barley, which was 61 days for
sowing on 5-10 September, 81 days for sowing
on 20-25 September, and 91 days for sowing on
5-10 October. In terms of the years of research,
it was the shortest in 2020 — according to the
sowing time of 58, 78 and 88 days, and the
longest in 2018 — 63, 83 and 93 days. After har-
vesting sunflower, the pre-sowing period was
less extended and averaged from 5 to 35 days in
2018-2020 (Table 1).

Table 1. Productive moisture reserves (mm) in the soil layer of 0—-100 cm depending
on the predecessors and the pre-sowing period length of winter rye (2018-2020)

_ Pre-sowing period length, days Productive moisture reserves
Sowing dates ’ at harvesting the predecessor, mm
2018 | 2019 | 2020 | average | 2018 | 2019 | 2020 | average
Predecessor — spring barley

5-10 September 63 62 58 61

20-25 September 83 82 78 81 19.3 17.2 21.2 19.2
5-10 October 93 92 88 91

Predecessor — sunflower

5-10 September 5 6 3 5

20-25 September 25 26 23 25 7.2 6.4 9.1 7.6
5-10 October 35 36 33 35
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The productive moisture reserves in the
one-metre soil layer of winter rye predecessors
also differed significantly. Thus, on average,
over the years of research, after harvesting
spring barley, they were 152.6 % higher than
after sunflower and amounted to 19.2 mm. It
should also be noted that the productive mois-
ture reserves in the soil after sunflower in the
soil layer 60—100 cm were almost absent, as this
crop had a more developed and deeply located
root system. However, both after sunflower and
spring barley, at the harvesting date, the mois-
ture reserves in the upper layer of the soil pro-
file (0—10 cm) were very low.

The shorter pre-sowing period and signifi-
cantly lower residual reserves of productive

moisture in the soil after sunflower, respectively,
negatively affected the further growing season
of winter rye in autumn, spring and summer.

On average over the years of research,
productive moisture reserves for both predeces-
sors were not always sufficient for timely emer-
gence of friendly seedlings. More favourable
conditions were after spring barley and less
suitable after sunflower. For example, during
sowing on 5-10 September, the productive
moisture reserves in the sowing layer of soil af-
ter spring barley were 2.8 mm, which was
86.7 % higher than after sunflower during this
period. A similar trend was observed at other
sowing dates (Table 2).

When sowing on 20-25 September, the

Table 2. Influence of predecessors on productive moisture reserves in the soil and initial
development of winter rye in the autumn growing season (average for 2018—-2020)

. . Productive moisture reserves T|_me period of Field germination
Sowing dates Variety . - sowing — full seed-
in the soil layer 0-10 cm, mm . of seed, %
lings, days
Predecessor — spring barley
5-10 Pamiat Khudoierka 28 12 83
September Stoir ' 11 85
20-25 Pamiat Khudoierka 55 9 85
September Stoir ' 8 87
5-10 Pamiat Khudoierka 6.1 11 83
October Stoir ' 10 84
Predecessor — sunflower

5-10 Pamiat Khudoierka 15 12 81
September Stoir ' 11 82
20-25 Pamiat Khudoierka 26 10 83
September Stoir ' 9 84
5-10 Pamiat Khudoierka 45 11 81
October Stoir ' 10 82

difference in the initial soil moisture reserves
between the predecessors was 111.5 %, and on
5-10 October — 35.6 %. It was found that the
seedlings of Stoir variety emerged 1 day earlier
than those of Pamiat Khudoierka due to higher
seed vigour after all the predecessors and for
sowing dates. The productive moisture reserves
in the soil positively influenced the field germi-
nation of winter rye varieties studied in the ex-
periments. So, over the years of research, the
highest field germination was in Stoir variety,
which was grown after spring barley; when
sown on 5-10 September and 20-25 September,
the values of field germination of seeds were
2 % higher than the corresponding values of
Pamiat Khudoierka variety. A similar trend was
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observed in other variants.

The predecessors significantly influenced
the formation of tillers of winter rye plants in
the experiments. For example, at sowing on 20-
25 September after spring barley, winter rye
plants of Stoir variety had a tillering coefficient
of 4.2 before overwintering, while at the same
sowing date after sunflower, this indicator was
27.3 % lower and amounted to 3.3 (Table 3).

A similar dependence was observed at
other sowing dates for both varieties. It should
also be noted that the Stoir variety was formed a
greater number of tillers compared to the Pamiat
Khudoierka variety. According to the results of
the research, predecessors had a significant in-
fluence on the rate of aboveground mass accu-
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Table 3. Characteristics of winter rye development in the autumn growing season
depending on growing conditions (average for 2018-2020)

Sowing dates Variety - Predecessors
spring barley | sunflower
Plant tillering coefficient
Pamiat Khudoierka 4.3 3.6
5-10 September Stoir 15 37
Pamiat Khudoierka 4.1 3.2
20-25 September Stoir 42 3.3
Pamiat Khudoierka 2.8 2.3
5-10 October Stoir 2.9 24
Absolute dry weight of 100 plants, g

Pamiat Khudoierka 374 29.5
5-10 September Stoir 38.2 209
Pamiat Khudoierka 325 25.9
20-25 September Stoir 33.3 26.7
Pamiat Khudoierka 21.6 16.3
5-10 October Stoir 222 16.8

mulation by rye plants, since they had the great-
est impact on the soil nutrient status and the
moisture supply of plants. Thus, at sowing on
20-25 September after spring barley, the abso-
lutely dry weight per 100 winter rye plants of
Stoir variety at the end of the autumn growing
season was 24.7 % higher than after sunflower
and amounted to 33.3 g.

It should be noted that the predecessors
significantly influenced the accumulation of
aboveground mass by plants during the spring-
summer growing season. Higher values of this
indicator were observed in winter rye varieties

after stubble predecessor, and relatively lower
values — after sunflower. Thus, in the heading
phase, the maximum absolute dry weight of 100
winter rye plants (797.3 g) were observed in the
Stoir variety, which was grown after spring bar-
ley and sown in early terms (September 5-10)
and fertilised with nitrogen (N4s) on frozen-
thawed soil. For comparison, the absolutely dry
weight of 100 winter rye plants of this variety
after sunflower under similar conditions was
10.7 % less, and at sowing on 2025 September
this difference was 10.3 %, on 5-10 October —
14 % (Table 4).

Table 4. Characteristics of winter rye development in the spring
and summer growing season (average for 2019-2021)

Absolute dry weight of 100 plants Plant height at full
. I in heading stage, g grain ripeness, cm
Sowing dates | Predecessor \Variety control (without | Ny on frozen- | control (with- | Ny on frozen-
feeding) thawed soil | out feeding) thawed soil

spring barley 1 702.3 773.2 122.7 126.9
10 September 2 7114 797.3 124.5 128.4
> P unfloner 690.2 7115 119.8 123.0
2 699.5 720.4 120.5 124.2
spring barley 1 627.4 651.7 120.6 123.5
20-25 2 638.0 662.5 121.4 125.8
September sunflower 1 561.2 594.1 116.7 121.7
2 578.5 600.5 117.4 122.4
spring barley 1 467.6 480.3 117.1 120.8
510 October 2 473.1 498.2 118.2 121.4
sunflower 1 407.1 429.1 115.3 119.1
2 412.3 437.2 116.0 120.2

variety* — 1 — Pamiat Khudoierka; 2 — Stoir.
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Note that in the trials without fertilisation,
for Stoir variety sown in early September, this
difference was 1.7 %, on 20-25 September —
10.3 %, and on 5-10 October — 14.7 %. The ab-
solutely dry weight of 100 winter rye plants of
Pamiat Khudoierka variety sown after spring
barley was higher than after sunflower by 1.8,
11.8 and 14.9 %, respectively.

We also found out the influence of pre-
decessors on plant height depending on grow-
ing conditions. The winter rye plants, growing
after spring barley, were generally taller than
those sown after sunflower. For example, in the
control variant of the trial, without nitrogen
fertilisation, this difference was 1.8-4.0 cm
depending on the sowing date, and 1.2-4.2 cm
in the plots with Nys applied to the frozen-
thawed soil.

At the stage of full grain ripeness, the
highest height was in winter rye plants at early
sowing, with nitrogen fertilisation of crops. In
these plots, the plant height of Stoir variety
was 128.4 cm, and the plant height of Pamiat

Khudoierka variety was 126.9 cm. At the same
time, due to early spring nitrogen fertilisation,
the minimum plant height of these varieties
was observed in the plots at late sowing dates
and was 120.2 and 119.1 cm, respectively.

According to the results of the research, a
significant influence of predecessors on the win-
ter rye yield was found. In particular, the crop
cultivation after the stubble predecessor ensured
the formation of higher grain crop yield com-
pared to the crops sown after sunflower. Under
such conditions, the maximum yield was pro-
vided by Stoir variety, which was sown from 20
to 25 September. At the same time, on average
over the years of research, a higher yield was
observed in variants with nitrogen fertilisation
on frozen-thawed soil (Ngs): on crops after
spring barley — 6.47 t/ha, after sunflower —
5.03 t/ha. The Pamiat Khudoierka variety also
provided the highest yield in the indicated vari-
ants of the experiment — 6.17 and 4.72 t/ha, re-
spectively (Table 5).

Increase of 11.2 % in winter rye yield of

Table 5. Yield of different varieties of winter rye depending
on the growing conditions (t/ha) (average for 2019-2021)

. . Yield, t/ha
Sowing dates Variety I ition level (f
(factor B) (factor C) _p ant putrltlon evel (factor D) _
control (without feeding) | N4s on frozen-thawed soil
Predecessor —spring barley (factor A)
Pamiat Khudoierka 5.00 6.05
5-10 September Stoir 5.40 6.19
Pamiat Khudoierka 5.53 6.17
20-25 September Stoir 5.82 6.47
Pamiat Khudoierka 5.21 5.40
5-10 October Stoir 5.42 553
Predecessor — sunflower
Pamiat Khudoierka 3.01 4.42
5-10 September Stoir 3.26 453
Pamiat Khudoierka 3.47 4.72
20-25 September Stoir 3.60 5.03
Pamiat Khudoierka 3.00 4.16
5-10 October Stoir 3.10 4.25
LSDos, t/ha, for: predecessor (factor A) - 0.11-0.13; sowing dates (factor B) - 0.09-0.11;
varieties (factor C) — 0.10-0.12; plant nutrition level (factor D) — 0.12-0.15; interactions of AB —0.11-0.14; AC —
0.12-0.14; AD -0.13-0.16; BC —0.13-0.15; BD — 0.15-0.18; CD — 0.13-0.16; ABCD — 0.18-0.21

Stoir variety grown after spring barley and
39.7 % — after sunflower confirms the effec-
tiveness of fertilisation of winter rye crops at
the optimal sowing date (20-25 September),
compared to the variants without fertilisation in
early spring, and only background fertiliser
was applied, which was provided for by the
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experimental scheme.

Our experimental data indicate that win-
ter rye plants grown after sunflower had a sig-
nificant deficit of agronomically valuable
moisture required at almost all development
stages, which undoubtedly affected the overall
yield level, which was significantly lower than
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that of winter crops grown after spring barley.

Conclusions

The results of the research have shown
that the difference between the predecessors of
winter rye such as spring barley and sunflower
lies in different conditions for germination and
plant development in the autumn and spring-
summer growing seasons, which affected their
productivity and the quantitative indicators of
yield. Sowing winter crops after spring barley
had a positive effect on the formation of bio-
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AKTyalIbHiCTh. Bu3HaueHHs BIUIMBY NOINEPEAHUKIB HAa PiBEHb 3€pPHOBOI MPOIYKTUBHOCTI Cy4acHHX
COPTIB JKHTa O3MMOTO 3QJIEKHO BiJl CTPOKIB CiBOM Ta MiHEpabHOTO XHBIICHHS € JOBOJI aKTyaJIbHUM,
OCKIUTBKHM JIO3BOJISIE y OUTBIN MOBHIM Mipi pO3KpUTH O10JIOTIYHUN MOTEHINa]d POCIUH, CYTTEBO MiIBUIIATH
BPOXKaWHICTP Li€l 3epHOBOI KynbTypH B 30H1 IliBHiuHOro Creny Ykpainu. Merta Hallmx A0CIDKeHb NOJISTaia
Yy BUBUYEHHI 0COOJMBOCTEN (DOpMYBaHHS 3€pHOBOI TMPOIYKTHBHOCTI CY9aCHHUX COPTIB JKUTa O3UMOTO 3aJIEKHO BiJT
TIOMEpE/THUKIB Ha ()OHI PI3HUX CTPOKIB CIBOM Ta PiBHS MiHEPAILHOTO >KHMBJICHHS B IPYHTOBO-KIIIMaTHYHHUX YMOBaX
[Mipniunoro Cremy. Matepiaam i meromam. [{ocmimkeHHs MPOBOAMIM Ha 0a3i JOCTIIHOIO TOCIIOAAapPCTBA
«Hduimpo» VY I3K HAAH B nonboBoMy uyotupboxdakropHomy gociaini Buponosxk 2018-2021 pp. Copru
xuta ozumoro Ilam’ste Xynoepka ta CToip BUCIBaIM MO MONEPEAHUKAX SUMIiHb SIPHH Ta COHSIIHUK Y TPH
crpoku: paHHiii (5-10 BepecHs1), ontumanbHui (20-25 BepecHs) Ta mi3Hii (5—10 sxoBTHS) Ha oHI pi3HOTO
PiBHS MiHEPaJILHOTO >KMBJIEHHS pOciuH. PedynabTaTn. 3a pesynbTaraMu JOCIHIIKEHb BCTAHOBICHO BarOMHI
BIUIMB TOTIEPETHUKIB Ha YPOXKaHHICTh XKHUTa 03UMOr0. MakcUMaIbHUN PiBEHb BPOXKAHHOCTI OYJI0 Ofiep kaHo 3a
BupoIyBanHs copty Croip, ciBOa sikoro nmpoBoauiacs B repiof 3 20 mo 25 BepecHs. [Ipu boMy, B cepeHbOMY 32
POKH JIOCII/DKEHb, HAWOUTBIITY BPOXKAMHICTH BIIMIYAIIM Y BapiaHTaX i3 MPOBEJACHHSIM a30THOTO ITiDKUBJICHHS POC-
JIMH TI0 MEP3JIOTATIOMY IPYHTY: Ha MOCiBaX MiCIst S’AMEHIo siporo — 6,47 T/ra, micis coHamHuKy — 5,03 1/ra. Copr
[Mam’saTe Xynoepka HAWBUIIMK PiBEHb BPOKAHHOCTI TaKOX 3a0e3reuyBaB y 3a3HAYEHUX BapiaHTax JOCIiITy
— 6,17 ta 4,72 1/ra BianoBinHO. Pa3zoMm 3 THM, pi3HHIIS B YPOKaWHOCTI MiXK COpTaMH, SKIO OpaTH J0 yBaru
MaKCHMaJlbHI BEIMYMHU JAaHOTO TOKa3HHKA, 3aJIe)KHO Bij MONEpeqHUKIB cTaHOBWia BiamoBigHo 0,30 i
0,31 1/ra. BucHoBKH. 3a pe3yIbTaTaMu JOCIIPKEHb BCTAHOBIICHO, 1110 CiBOA YKHMTa 03UMOTO TICIIS TYMEHIO SIPOTO i
COHSIIIHUKY B HAHOUIBIII ONTUMAJIbHI CTPOKH, a came 20—25 BepecHs, Ta 3aCTOCYBaHHS a30Ty PaHHBOK BECHOIO 13
po3paxyHKy 45 Kr/ra 1. p., 3a0e3nedyBaii GpopMyBaHHS HaWBHIIOI BpokaiHOCTI y copry Croip, sika cknajgaia
Bi/IMOBITHO 70 ionepennuka 6,47 15,03 1/ra.

Knrouoei cnosa: sicumo o3ume, nonepeoHuKU, COpmu, CmMpoKU Cieou, NiONHCUGTEHHS NOCIBIG, YDOUCAUHICMb
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