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DEPENDENCE OF THE SOFT WINTER WHEAT PRODUCTIVITY ON GROWING CONDITIONS

O. A. Zaima, O. L. Derhachov, A. A. Siroshtan, A. M. Bordiuh, T. M. Shevchenko
The V. M Remeslo Myronivka Institute of Wheat, Tsentralne village, Obukhiv district, Kyiv region, 08853
Ukraine

Topicality. The establishment of optimal previous crops and sowing dates in accordance with specific
growing conditions is relevant, because different varieties have different biological characteristics. There-
fore, an important task is to develop the best agricultural measures for each individual variety. Purpose. To
determine the plasticity of soft winter wheat varieties, as well as the share of influence of agrotechnical
measures and growing conditions on their yield level. Materials and Methods. We studied the dependence of
winter wheat yield on the following factors: A — previous crops (5): soybean, sunflower, maize for silage,
green manure fallow (white mustard), mustard for seeds; B — sowing dates (3): 25 September, 5 and 15 Oc-
tober; C — soft winter wheat varieties (11). Results. It was found that the yield level of winter wheat mainly
depended on the previous crop (35.5 %) and the interaction of such factors as year conditions and previous
crop (17.0 %), as well as on the variety (13.8 %). Under favourable growing conditions, the yield depended
largely on varietal characteristics and sowing date, and under more extreme conditions (drought, uneven
precipitation relative to the stages of crop development), the main factor was the previous crop. According
to the regression coefficient, a greater response to the change in the previous crops and sowing dates (bi =
1.44-1.46) was noted in the MIP Dovira and MIP Vidznaka varieties, a smaller one — MIP Yuvileina and
MIP Fortuna (the regression coefficient was 0.64-0.69). The varieties MIP Nika and MIP Darunok were
most responsive to changes in growing conditions, in which the yield varied in direct dependence on agro-
technical conditions (bi = 1.01-1.03). Conclusions. The realization of the productivity potential and the
production efficiency of winter wheat are especially influenced by organizational and economic techniques —
the selection of varieties, previous crops, and optimal sowing dates. Their effect on grain yields is deter-
mined by the characteristics of a certain variety and soil and climatic conditions of cultivation. Therefore,
the selection of varieties for sowing should consider their plasticity as well as the optimal previous crops and
sowing dates.

Key words: variety, previous crops, sowing dates, yield, share of influence, coefficient of variation,
regression coefficient

Introduction. The cultivation of winter a variety as the cheapest way to increase yields

wheat (Triticum aestivum L.) is of crucial im-
portance for increasing grain production. Winter
wheat is grown on 220 million hectares (15 %)
of the global arable land [1] and is one of the
most valuable grain crops. Soil and climatic
growing conditions, biological characteristics of
the variety, agrotechnical and other factors have
a significant impact on the yield and quality of
wheat grain [2, 3]. The maximum wheat yield is
formed at the optimal ratio of the impact of all
factors [4].

The realisation of the genetic potential of

Author information:

requires compliance with all the prescribed
agrotechnological measures [5]. Timely re-
placement of the wheat variety can increase the
grain yield by 40-60 % [6]. Breeders should
combine high yields with a set of economic val-
uable characteristics, including grain quality
parameters, when developing new varieties [7].
Therefore, the study of the effect of previous
crops on winter wheat grain remains an im-
portant task [8, 9].

The sowing dates of winter wheat signifi-
cantly change depending on the previous crops
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and weather conditions of a given year [10]. At
different sowing dates, winter crops overwinter
at different development stages, and therefore
are exposed to different biotic and abiotic fac-
tors, which significantly affects plant growth
and development and, in general, the level of
yields. The highest grain yields of winter wheat
are obtained at the optimal sowing date, which
is set in consideration of soil and climatic condi-
tions, variety characteristics, agricultural prac-
tices and weather conditions in the pre-sowing
period [11, 12]. Different biological characteris-
tics of varieties provide the importance of se-
lecting the best agricultural practices for each
individual variety [13]. Information on the op-
timal previous crops and sowing dates for each
winter wheat variety is of practical importance
and makes it possible to evaluate them in terms
of yield and stability [14].

Wheat producers prefer varieties that are
stable in different environments with good eco-
nomic properties. Therefore, it is important that
new varieties have these qualities in different
growing conditions [15]. Genotype yields are
significantly influenced by environmental con-
ditions in terms of stability and adaptation [16].
Wheat varieties should be studied many times
under different conditions for grain yield, plas-
ticity and genotype-environment interactions,
which play an important role in the stability of
the variety [17, 18].

Further scientific studies of the influence
of growing conditions, predecessors and sowing
dates and their share of influence on grain yields
are relevant in the context of the development of
new winter wheat varieties. The level of yield
depends and varies depending on the previous
crop, foliar feeding, and mineral nutrition and,
to a large extent, the weather conditions of the
growing year [19].

The study was aimed at determining the
plasticity of soft winter wheat varieties and the
proportion of influence of agronomic practices
and growing conditions on their yield level.

Materials and Methods. Agrotechnical
conditions were as follows: shredded plant resi-
dues, ploughing (18-22 cm), soil surface level-
ling, pre-sowing cultivation (5-6 cm). Wheat
seeds were treated with Vincit Forte SC (1.2 I/t).
The seeding rate was 5 million seeds/ha. Sow-
ing was carried out with SN-10 Ts plot drill.
The sown area of experimental plot was
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10.5 m?, the registration area was 8.11 mZ.
There was a four-fold repeating arrangement.
Podolianka variety was the standard. Sowing,
phenological observations and yield recording
are generally accepted for wheat variety testing
[20, 21].

Experimental design: factor A — previous
crops: soybean, sunflower, maize for silage,
green-manured fallow (white mustard), mustard
for seeds; factor B — sowing dates: 25 Septem-
ber, 5 and 15 October; factor C — winter wheat
varieties: Podolianka, MIP Yuvileina, MIP For-
tuna, MIP Roksolana, MIP Feieriia, MIP Vid-
znaka, MIP Nika, MIP Darunok, MIP Aelita,
MIP Aurika, MIP Dovira.

Results and Discussion. The air tempera-
ture averaged 9.8 °C during the growing season
of August 2020 — July 2021, which is 0.9 °C
higher than the long-term average (Fig. 1). From
August to November 2020, average monthly air
temperature exceeded the long-term average by
0.7-4.5 °C. In the spring-summer growing sea-
son of winter wheat, average monthly tempera-
tures were higher than long-term averages in
June and July — by 0.9 and 2.2 °C, respectively.

During the growing season from August
2021 to July 2022, the average air temperature
was 9.3 °C, which is 0.4 °C higher than the
long-term average. In August and November
2021, the average monthly air temperature ex-
ceeded the long-term average by 0.1 and 2.4 °C,
respectively, and in September and October it
was lower by 1.7 and 1.1 °C. In the spring-
summer growing season of winter wheat, aver-
age monthly temperatures were 0.1-1.5 °C low-
er than long-term data, and only in June they
were 1.4 °C higher.

The air temperature in August 2022 — July
2023 averaged 9.7 °C, which is 0.8 °C higher
than the long-term average. In August and No-
vember 2022, the average monthly air tempera-
ture exceeded the long-term average by 1.2 and
1.7 °C, respectively, and in September and Oc-
tober it was 0.5-1.6 °C lower. In general, the
temperature regime in the autumn contributed to
the normal development of winter crops.

During the growing season of winter
wheat, the average monthly temperatures in
April, May and July were 0.2-0.5 °C lower than
long-term data, while in other months they were
0.4-2.9 °C higher.

Precipitation was 905 mm from August 2020
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Fig. 1. Temperature conditions during the growing season of winter wheat in 2020/21-2022/23
(according to Myronivka meteorological station).

to July 2021 (147 % of the long-term average)
(Fig. 2). Precipitation in late September and
October contributed to the uniform wheat seed-
lings. During the spring and summer growing
season of winter wheat, moisture was sufficient,
and in May and June precipitation was 192 and
181 % of the long-term average. According to
the moisture availability indicator, the growing
season was classified as an excessive moisture
year (HTC=1.6).
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Precipitation was 663 mm from August
2021 to July 2022 (108 % of the long-term ave-
rage). Precipitation was 109 mm in August (198 %
of the long-term average), which contributed to
uniform wheat seedlings. During the spring and
summer growing season of winter wheat, a suf-
ficient amount of moisture was observed. Ac-
cording to the moisture availability indicator,
this growing season was classified as a mild
drought year (HTC =0.9).
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Fig. 2. Precipitation during the growing season of winter wheat in 2020/21-2022/23,
(according to Myronivka meteorological station).

Precipitation was 769 mm from August
2022 to July 2023 (131 % of the long-term
average). Excessive precipitation in August

96

Grain Crops. Vol. 8. No. 1. 2024. P. 94-101

and September (84.4 and 117.5 mm) created
optimal conditions for crop growth in the early
development stages of winter wheat and con-
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tributed to uniform winter wheat seedlings.
There was sufficient moisture in the spring and
summer growing season of winter wheat. This
growing season was considered to be optimal
in terms of moisture availability (HTC = 1.5).
Grain yields of winter wheat varieties

and lines varied depending on the previous
crops and sowing dates. After the sunflower at
sowing date of 25 September, the highest
yields were obtained in varieties MIP Yu-
vileina, MIP Vidznaka and MIP Aelita (5.78,
5.79 and 5.74 t/ha, respectively) (Table 1).

Table 1. Winter wheat yield depending on predecessors and sowing dates, t/ha, 2020-2022

Variety (factor C)

Predecessor S%\g/t':g g < % :g g g £ x s| £ &
(Fector ) | actorsy | £ |E2| 2 | 2 |£8| 2 | S |§5/55] 2| &
8|72z |Tgls /2|8 ¢|¢&

o S | S = s | S

2509 | 5.08 | 5.78 | 545 | 526 | 507 | 5.07 | 464 | 534 | 579 | 563 | 5.74

Sunflower | 0510 | 519 | 561 | 557 | 5.79 | 558 | 4.73 | 413 | 551 | 6.18 | 6.26 | 6.43
1510 | 484 | 509 | 494 | 542 | 508 | 475 | 431 | 510 | 528 | 590 | 6.13

2500 | 648 | 6.86 | 6.26 | 6.80 | 6.32 | 5.68 | 5.64 | 6.81 | 7.82 | 6.99 | 7.08

Soybean 0510 | 572 | 6.79 | 6.76 | 6.92 | 548 | 5.75 | 6.21 | 7.12 | 7.30 | 7.33 | 6.46
1510 | 564 | 6.35 | 6.48 | 6.66 | 6.24 | 5.38 | 5.25 | 6.66 | 6.40 | 7.26 | 6.53

Green 2500 | 7.38 | 6.70 | 7.15 | 7.59 | 7.58 | 7.48 | 7.67 | 7.41 | 9.04 | 7.62 | 8.00
manured 0510 | 6.70 | 6.79 | 6.47 | 6.90 | 7.51 | 7.14 | 7.88 | 7.32 | 8.73 | 7.18 | 7.79
fallow 15.10 | 7.08 | 6.39 | 6.30 | 6.77 | 6.93 | 6.25 | 6.76 | 7.29 | 7.78 | 7.37 | 7.74
2509 | 6.30 | 5.89 | 562 | 6.26 | 5.89 | 5.99 | 5.96 | 6.44 | 7.11 | 6.69 | 6.97

Mustard 0510 | 6.20 | 6.28 | 5.79 | 6.68 | 6.24 | 6.12 | 5.95 | 6.92 | 7.45 | 7.11 | 6.88
1510 | 6.14 | 581 | 6.10 | 6.25 | 542 | 564 | 5.89 | 6.08 | 6.72 | 6.57 | 6.27

_ 2509 | 5.98 | 593 | 5.66 | 6.48 | 5.89 | 5.76 | 543 | 6.24 | 6.94 | 6.09 | 6.32
?gf‘szifage 0510 | 555 | 582 | 542 | 556 | 5.14 | 5.03 | 487 | 558 | 6.08 | 584 | 6.11
1510 | 564 | 535 | 571 | 5.12 | 481 | 520 | 5.14 | 6.03 | 5.64 | 5.66 | 5.82

Average on variety | 5.99 | 6.09 | 598 | 6.30 | 594 | 5.73 | 5.71 | 6.39 | 6.95 | 6.63 | 6.69

Notes: LSDgs for predecessors, t/ha: sunflower - 0.88, soybean - 0.97, green manured fallow - 1.05,
mustard - 0.82, maize - 0.85, for all predecessors - 0.94.

The Podolianka standard-variety had a
yield of 5.08 t/ha, and its yield increased to
5.19 t/ha at the 5 October sowing date. The se-
cond sowing date also contributed to higher
yields for most genotypes, except for MIP Yu-
vileina, MIP Nika and MIP Dovira, which had
higher yields when sown on 25 September.

The highest yields after the predecessor
soybean were obtained in the varieties MIP Vid-
znaka (7.82 t/ha) and MIP Aelita (7.08 t/ha)
when sown on 25 September, and MIP Darunok
(7.12 t/ha) and MIP Aurika (7.33 t/ha) when
sown on 5 October. The grain yield of Podo-
lianka variety decreased from 6.48 to 5.64 t/ha
due to the shifting of sowing dates to later ones.
The first sowing date (25 September) contribu-
ted to the higher yields of MIP Yuvileina, MIP

Grain Crops. Vol. 8. No. 1. 2024. P. 94-101

Roksolana, MIP Nika, MIP Aelita, MIP Vid-
znaka.

Sowing on 5 October resulted in higher
yields for the other varieties. After green-
manured fallow, Podolianka had the highest
yield (7.38 t/ha) when sown on 25 September,
which was the most favourable date for most
varieties. The yields of MIP Dovira and MIP
Yuvileina varieties increased the most after
sowing on 5 October. The highest yields after
this predecessor were in the varieties MIP Aelita
(7.74-8.00 t/ha) and MIP Vidznaka (7.78-
9.04 t/ha).

The highest yield was 7.45 t/ha in MIP
Vidznaka variety sown on 5 October after mus-
tard. This sowing date also provided higher
yields for almost all varieties, with the excep-
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tion of MIP Podolianka, MIP Dovira and MIP
Aelita, for which the best sowing date was 25
September, and MIP Fortuna — 15 October. Af-
ter the maize for silage, the highest yields were
obtained in the MIP Vidznaka (6.94 t/ha) and
MIP Fortuna (6.48 t/ha) varieties when sown on
25 September. This sowing date was optimal for
all varieties.

year-variety-
predecessor; 4.6 date; 1.0

predecessor sowing
date; 1.1
variety- sowmg date; \

year-sowing date; O 3
variety-predecessor;

35
year-predecessor; _
17.0

year-variety; 5.9/

{4}sowing date; 2.3

year-variety-sowing year-predecessor-*
sowing date; 2.0

The influence of agrotechnical factors on
the level of winter wheat yield was determined
by analysis of variance. In 2020/21-2022/23,
the yield level of winter wheat mainly depended
on the previous crop (35.5 %) and the interac-
tion of the factors ‘year’ and ‘previous crop’
(17.0 %), as well as on the variety (13.8 %)

(Fig. 3).

variety-predecessor-
sowing date; 2.8

year-variety-

predecessor-sowing
date; 4.2
{1}year; 5.1

{2}variety; 13.8

{3}predecessor; 35.5

Fig. 3 Shares of factor influence on the grain yield of winter wheat, 2021-2023.

The largest share of influence in the inter-
action of factors was ‘year — variety’ (5.9 %),
‘year — variety — previous crop’ (4.6 %), and
‘year’ (5.1 %), while other factors had a minor
effect on yields and ranged from 0.3-4.2 %.

In the conditions of excessively wet grow-
ing season 2020/21, the winter wheat yield
mainly depended on the factor ‘variety’ and
‘sowing date — variety’ interaction, the influence
shares were 11.9-41.1 and 2.6-15.7 %, respec-
tively, depending on the previous crop.

In 2021/22, under conditions of mild
drought, winter wheat yields mainly depended
on the previous crop, with its share of influence
amounting to 48 %, and the share of influence
of the variety — 14 %. In 2022/23, winter wheat
yields depended largely on the previous crop
(34 %), with the share of the influence of the
variety and sowing date at 10.6 % each. The
winter wheat growing season of 2022/23 was
classified as a year with optimal moisture sup-
ply. As a result, we can conclude that under
favourable growing conditions, winter wheat
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yields depend on varietal characteristics and
sowing date, while under more extreme condi-
tions (drought, uneven precipitation relative to
the stages of crop development) the main factor
is the previous crop.

The coefficient of variation (V) of yield of
winter wheat varieties ranged from 9.0 to
19.3 % (Table 2). The varieties MIP Yuvileina
and MIP Fortuna were stable in terms of this
indicator (V was 9.0 and 9.8 %, respectively).
The MIP Dovira (V = 19.3 %) and MIP Vid-
znaka (V = 15.8 %) varieties were the most res-
ponsive to changes in growing conditions.

The regression coefficient (b;), which
shows the average response and plasticity of the
genotype to changes in environmental factors,
ranged from 0.64 to 1.46 in the experiment. A
higher response to the change of previous crops
and sowing dates (b; = 1.44-1.46) was observed
in the MIP Dovira and MIP Vidznaka varieties,
they require a high level of agrotechnology,
which will ensure maximum vyield.

The lowest response to changes in growing
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Table 2. Response parameters of winter wheat varieties to changes
in environmental factors in terms of grain yield, 2021-2023

Yield, tha Standard | Coeficient Regression

Variety deviation O.f varia- coefficient
2021 2022 2023 (c) tlor(l)/(V), )

0

MIP Yuvileina 6.37 5.81 5.81 0.55 9.0 0.64
MIP Fortuna 6.56 5.40 5.4 0.59 9.8 0.69
MIP Aurika 6.79 6.18 6.93 0.69 10.4 0.87
Podolianka ( standard) 6.19 5.44 6.36 0.72 12.1 0.91
MIP Aelita 6.61 6.14 7.26 0.71 10.6 0.91
MIP Feieriia 6.31 6.05 6.53 0.72 11.4 0.92
MIP Darunok 6.25 6.00 6.92 0.77 12.0 1.01
MIP Nika 6.19 5.35 5.65 0.79 13.9 1.03
MIP Roksolana 6.05 5.53 6.26 0.87 14.6 1.11
MIP Dovira 6.29 5.29 6.14 1.10 19.3 1.44
MIP Vidznaka 6.49 6.84 7.5 1.10 15.8 1.46
average 6.37 5.82 6.43 0.78 12.6 1.0
max 6.79 6.84 7.50 1.10 19.3 1.46
min 6.05 5.29 5.40 0.55 9.0 0.64

conditions was observed in the varieties MIP
Yuvileina and MIP Fortuna, with regression
coefficients of 0.64-0.69. The varieties MIP
Nika and MIP Darunok had the best response to
changes in growing conditions, their yields va-
ried in direct relation to agronomic conditions
(bj = 1.01-1.03).

Conclusions. The realisation of the winter
wheat productivity potential and the efficiency
of grain production are particularly influenced
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AKTYaJIbHICTb.

B.M. Pemecna HAAH, c.

BcranoBneHHss onTUMalbHUX HOHepe,Z[HI/IKiB i

Lenmpanvne, O6yxigcokuii  p-H.,

CTPOKIB CiBOM 3aJIe)KHO BiJX

KOHKPETHHX YMOB BHPOIIYBaHHS € aKTyallbHUM, a/pKe€ pi3HI COPTH MarTh HEOJHAKOBi O0i0JOTiuHi
0COOJIMBOCTI, TOMY B&XXJIMBO BiIHANTH HalKpail NMPUHAOMH arpOTEXHIKW JJIsi KOXKHOTO OKPEMOTO COpTY.
Merta. Bu3HaunTi MIacTUYHICTH COPTIB MIIEHUI[I M'IKOT 03UMOT Ta YAaCTKH BIUIMBY arpOTEXHIYHUX 3aXOJIiB 1
YMOB BHPOII[YBaHHS Ha pPiBeHb iX ypokaiiHocTi. MaTepianu i meToau. Bupuanu 3anexHiCTh ypOXKaNHOCTI
MIICHHII 03UMOI BiJ Takux (akTopiB: A — mnomepexHuku (5): cos, COHSIIHUK, KykKypyaza/MBC,
cuniepanbHuil ap (ripuunis 6ina), ripuuis/Hacinas; B — ctpoku ciou (3): 25 BepecHst, 5 1 15 sxopths; C —
COpTHU MuIeHui M'skoi o3umoi. PesysabsTaTu. BetanosneHo, 110 piBeHb yporkaHOCTI MIIEHML 03UMO] 3alie-
KaB TepeBayKHO Bix monepeanuka (35,5 %) i B3aemonii dakropiB «pik» 1 «monepenuux» (17,0 %), a Takox
Big copty (13,8 %). 3a crnpusTiaMBHX YMOB Bereralii ypo)kallHICTh HaHOiibIIe 3aliexana BiJi COPTOBHX
0c00IMBOCTEH Ta CTPOKY CiBOM, a 3a OLIbLI eKCTpeMaJbHUX YMOB (IIOCYXH, HEPIBHOMIPHOCTI BUIaJaHHS
ONajiB BITHOCHO NEpIOAiB PO3BUTKY KyJbTYpH) TOJOBHUM (AKTOPOM BHCTYIAaB IMOMEPEIHHUK. 3a
Koe(illieHTOM perpecii OiIbIITy peakiiito Ha 3MiHy MONepeaHUKIB Ta cTpokiB ciBou (b; = 1,44-1,46) BcTaHOB-
neHo y coptiB MIIT Jlosipa i MIII Bigzuaka, menmry — MIIT FOgineitna ta MIIT ®opryHa (koedimieHT pe-
rpecii cranoBuB 0,64—0,69). Haiikpamie Ha 3MiHy ymMoB BupouryBaHHs pearyBanu coptu MIII Hika i MIIT
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JlapyHOK, y SIKHX YPOXKaWHICTh 3MIHIOBAIaCh B TPsAMIl 3ajeKHOCTI Bif arporexuiunux ymoB (b = 1,01-
1,03). BucnoBku. Ha peanizariito moTeHIfiaay mpoayKTHBHOCTI i e()eKTUBHICT, BUPOOHHUIITBA 3epHA IIIIe-
HUII O03MMOI OCOOJMBUIl BILUTUB MArOTh OpraHi3aIlifHO-TOCIOJApChKI MPUHOMU — A00Ip COPTIB, MOMepe-
HUKiB, ONTUMANBHUX CTPOKIiB CiBOM. IXHilf BIUIMB Ha ypoKaiHiCTh 3epHa BM3HAYAETHCA OCOOIUBOCTAMH
MEBHOTO COPTY Ta IPYHTOBO-KIIIMAaTHYHIMH YMOBaMH BHPOIIYBaHHs. ToMy Ipu BHOOPI COPTIB JUIA MOCIBY
MOTPIOHO BPaxOBYBATH X TUIACTUYHICTS 1 MiI0MpPATH ONTHMAIBHI TIOMIEPETHIKHN Ta CTPOKH CiBOM.

Knwuoei cnosa: copm, nonepeoHux, Cmpox cigOu, YpodcauHicmb, 4acmKa Gnaugy, Koepiyicum
sapiayii, koegiyicnm pezpecii
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