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Winter Wheat Yields Depending on Preceding Crops
in the Right-Bank Forest-Steppe of Ukraine

Abstract. The article presents the results of research on the specifics of winter wheat yield
formation depending on preceding crops. It was established that in the Right-Bank Forest-
Steppe, according to the ability to provide winter wheat during the sowing period (0-10 cm soil
layer) with available moisture, the preceding crops were arranged as follows: peas - winter rape -
sunflower - soybeans - corn for silage. At the time of sowing winter wheat, sufficient reserves
of available moisture in the 0-10 cm soil layer were established after peas and winter rape,
respectively, 11.5 and 10.9 mm. Soybeans and corn for silage, as predecessors, did not provide
sufficient moisture reserves for sowing winter wheat in both the 0-10 cm and 0-30 cm soil layers.
The highest yield of winter wheat in 2019-2021 averaged 5.68 t/ha, achieved by planting it after
peas. The use of winter rape and soybeans as a precursor reduced its yield by 4.40 and 5.40%,
respectively, which in absolute terms amounted to 0.25 and 0.31 t/ha. When winter wheat was
cultivated after corn for silage and sunflower, the crop yield decreased by 0.48 and 0.67 t/ha,
respectively. The highest quality indices of winter wheat grain - protein content of 13.1 and 13.3%
and gluten content of 25.2 and 25.5% - were obtained when it was placed after legumes (peas and
soybeans). Winter rape, as a predecessor, provided grain quality indices of 13.0% protein and 24.5%
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gluten. When sown after sunflower and corn for silage, the protein content of winter wheat grain
was 12.6% and 12.8%, respectively, and the gluten content was 24.0% and 24.1%

Keywords: winter wheat, predecessor, available moisture reserves, yield

RELEVANCE

The current state of Ukraine’s economy demon-
strates that the share of agricultural production
in its structure is 15-18%, and in the case of state
support, it can increase to 25% (Kernes, 2020;
Marenych M et al., 2020). The main task of agri-
cultural production is ensuring the food security
of the state, which depends to a large extent on
the level and growth rate of grain production
(Yermolaev et al., 2011; Tanchyk § Babenko, 2015;
Petrychenko & Korniychuk, 2018). Winter wheat
isranked among the most valuable grain cropsin
terms of its high food value. In global agriculture,
itis one of the three strategically important agri-
food crops (wheat, rice, and corn). Therefore,
global food security depends on the state of de-
velopment of wheat production (Kernes, 2020).
The potential of modern adaptive technologies
for growing winter wheat is 30-50% increase
in its yield from the current level. However, the
main obstacle to the growth of wheat production
may be climate change, which will result in a
deterioration in the moisture supply. Given that
moisture reserves determine the agrochemical,
agrophysical and biological properties of the
soil, they are crucial for plant growth and devel-
opment, as well as the formation of crop struc-
ture elements. One of the determining factors
in the formation of the water regime of the soil
in winter wheat crops is the optimisation of its
placement in crop rotation after various prede-
cessors. The relevance of this issue determined
the chosen research topic.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS
Achieving the potential productivity level of
modern varieties is possible by optimising the
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placement of crops in the crop rotation after
the best preceding crop. This is determined by
a number of factors, including the quantity and
quality of plant residues left by the crop on the
field, the type of root system and its penetration
depth, water consumption, impact on phytosan-
itary conditions, harvesting time, etc. The issue
of forming optimal reserves of available mois-
ture in the soil, both at the time of sowing and
during the growing season, is particularly acute
in the context of climate change (Yeshchenko,
2014; Gamayunova et al, 2016, Panfilova et al,
2019; Petrychenko et al., 2021).

The productivity of winter wheat reaches
50-60% in the autumn period, during which it
is important to provide the crop with all the nec-
essary vital factors (moisture, nutrients, heat) in
the optimal amount and optimal proportions,
which largely depends on the preceding crop
(Davydenko, 2012; Tanchyk et al., 2015; Gamayu-
nova et al., 2016). Therefore, sowing after the best
preceding crops, namely clean (low moisture
zone) and occupied fallow (perennial legumes on
one mowing, peas, vetch-oat mixtures) is crucial
for the placement of winter cereals (Buzynnyi,
2015; Gamayunova et al, 2019; Andrii Siroshtan et
al.,2021). However, the current structure of sown
areas shows that the main areas (approximate-
ly 80%) of winter cereals in Ukraine are planted
after non-pair crops: soybeans, winter and
spring rape, corn for silage, buckwheat, cereals,
and sunflower. These crops do not provide opti-
mal conditions for the growth and development
of winter wheat, which leads to a decrease in
available soil moisture, deterioration of nutri-
tional and phytosanitary conditions, and, as a
result, a decrease in yield. Therefore, the issue
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of placing winter wheat in the crop rotation after
the most effective predecessors is relevant.

The purpose of the research is to identify
the impact of preceding crops on the formation
of winter wheat productivity in the Right-Bank
Forest-Steppe of Ukraine.

MATERIALS AND METHODS
The field research was carried out in a station-
ary field experiment of the Educational and Sci-
entific Innovation Center of Agrotechnologies
of LLC “Agrofirma Kolos” in Pustovarivka, Skvyra
district, Kyivregion,during 2019-2021. The stud-
ied soil is a typical deep, coarse-dusty, medium
loamy chernozemwith ahumus content of4.5%,
hydrolyzednitrogen-184mg/kg,mobilephospho-
rus - 233 mg/kg, mobile potassium - 95 mg/kg,
pH,, 6.5, and the number of absorbed bases -
85-99%. By its composition and properties, the
soil is perfectly suitable for growing all crops
recommended for this zone. The experiment
included the study of the influence of predeces-
sors for the cultivation of winter wheat: 1. pea
(control); 2. winter rape; 3. soybean; 4. sunflow-
er; 5. corn for silage. The size of the sowing plot
was 250 m?, the accounting plot was 180 m?, the
replication of the experiment was four times,

11.5
I 3.8

Peas (control)

£ 20.0 B sowing

£ 18.0

4 16.4
3 16.0

=
»
o

12.0
10.0
8.0
6.0
4.0
2.0

Available moisture reserve

12.8
10.
8.5
3.6 I 28

Winter rapeseed Corn for silage

and the location of the plots was randomised.
Main tillage for wheat (ploughing to a depth
of 20-22 cm). The content of available mois-
ture in the soil was determined by the ther-
mostatic-weight method according to DSTU
ISO 16586:2005. The harvest was calculated by
direct combine harvesting. Crop quality indi-
ces were determined by infrared spectroscopy
using an infrared analyser NIR Systems 4500
in accordance with DSTU 4117: 2007 Grain and
products of its processing.

RESULTS AND DISCUSSION

One of the main criteria for plant growth and
development is sufficient soil moisture. Placing
winter wheat after various crops rotation creates
unequal conditions for its growth and develop-
ment, primarily due to the different amounts of
moisture they leave behind. The research results
revealed that the preceding crops had a signifi-
cantimpact on the soil moisture reserves both at
the time of sowing winter wheat and during its
vegetation. It was found that at the time of sow-
ing, sufficient moisture reserves in the 0-10 cm
soil layer were formed when winter wheat was
sown after peas and winter rape, respectively,
11.5 and 10.9 mm (Fig. ).

B yegetation restoration

149
129
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harvesting

Preceding crop

Figure 1. Available moisture reserves in the 0-10 cm soil layer
in winter wheat crops depending on the preceding crops in rotation (average for 2019-2021)
Note: LSD,, (sowing) = 1.0; LSD, (vegetation restoration) = 1.8; LSD,, (harvesting) = 0.8;

)
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It is worth noting that after sunflower, the
average moisture reserves in the 0-10 cm soil
layer in 2019-2021 were 9.9 mm. And after soy-
beans and corn for silage, the reserves of avail-
able moisture were equivalent and the lowest

compared to the studied predecessors, respec-
tively, 8.5 and 8.6 mm. Analysis of the moisture
reserves in the one-meter soil layer shows that
the difference between the studied preceding
crops and the control only increased (Table 1).

Table 1. Available moisture content in the soil by various crops
in rotation preceding winter wheat crops, the average for 2019-2021, mm

. . Moisture reserves, mm
Preceding Crop Soil layer, cm - - : .
sowing restoration of vegetation harvesting
0-30 27.4 41.1 9.1
Peas (control)

0-100 150.7 177.8 50.2

. 0-30 24.8 37.2 8.3

Winter rapeseed

0-100 94.6 160.8 47.3

0-30 21.6 32.4 7.2

Soybean

0-100 84.1 155.6 42.1

0-30 25.5 38.3 8.5

Sunflower

0-100 82.3 152.3 39.2

. 0-30 18.2 27.3 6.1

Corn for silage

0-100 88.9 164.5 44.5

LSD,, (0-30cm) = 2.4 4.4 1.3

LSD,, (0-100cm) = 11.3 18.2 5.0

The highest reserves of available moisture
were obtained after peas - 150.7 mm, after rape-
seed they were 94.6 mm, and the lowest after
sunflower - 82.3 mm, which can be explained
by both the harvesting time of the preceding
crop and biological characteristics of water con-
sumption. Further monitoring of the available
moisture content in the soil shows that even
intense autumn and winter precipitation could
not compensate for the moisture loss after such
predecessors as soybean and sunflower.

In particular, after the winter wheat vege-
tation resumed, the highest moisture reserves
in the one-meter soil layer were observed fol-
lowing peas and corn for silage (177.8 and 164.5
mm, respectively), and the lowest - following
soybeans and sunflower (155.6 and 152.3 mm).
During the spring and summer vegetation pe-
riod, moisture reserves decreased by half. The
maximum moisture retention in the soil both in
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the 0-10 cm layer and in the 0-100 cm layer was
observed when winter wheat was grown after
peas and winter rapeseed.

The yield of a crop is an integral indicator of
the performance of its cultivation technology.
According to the results of standard studies con-
ductedin2019-2021onchernozem, winter wheat
yielded the highest after peas (5.68 t/ha) (Fig. 2).

Sowing wheat after winter rape reduced its
yield by 4.4%, which in absolute terms amounted
to 543 t/ha. After soybeans, it amounted to 5.37,
and sunflower - 5.20 t/ha. The lowest yield of the
crop compared to the control variant (peas) was
obtained following corn for silage, where it was
5.01t/ha.

One of the main indicators of the quality of
the product is the protein and gluten content of
winter wheat grain. They show the value of the
resulting products. It is worth noting that the
protein and gluten content of winter wheat grain
is not only a genetically determined indicator,
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but can also vary depending on growing condi-
tions and technological practices. In particular,
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the protein content, depending on technological
factors, can range from 10-12 to 20-25%.
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Figure 2. Winter wheat yields depending on preceding crops in rotation (the average for 2019-2021)
Note: LSD,, (sowing) = 1.0; LSD, (vegetation restoration) = 1.8; LSD,, (harvesting) =

The main part of the protein is made up
of amino acids, of which lysine, tryptophan,
methionine, phenylalanine, leucine, isoleu-
cine, threonine, and valine are essential for
humans, as they are not synthesised in the hu-
man body and must be supplied with food. It
has been established that 400-500 g of wheat
bread and bakery products cover about a third
of a human’s daily food needs, half of the car-
bohydrate needs, a third (40%) of complete
proteins, 50-60% of B vitamins, and 80% of
vitamin E. Wheat bread almost completely
meets human needs for phosphorus and iron,
and 40% of calcium. Based on the analysis, the

average protein and gluten content in winter
wheat grain varied from 12.6% to 13.3% and
from 24.0% to 25.5%, respectively, depend-
ing on the predecessor (Fig. 3). The highest
protein content (13.3%) of winter wheat grain
was achieved through sowing it after peas.
Rapeseed and soybeans, as predecessors, had
an equivalent effect on the protein content
of winter wheat grain (13.0-13.1%). The lowest
protein content in winter wheat grain was ob-
tained when placed after sunflower and corn
for silage, 12.6% and 12.8%, respectively. In
terms of gluten content, the general trend of
the influence of precursors continued.
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Figure 3. Protein and gluten content in winter wheat grain depending
on the preceding crop in rotation (the average for 2019-2021)

Note: LSD . = 04 (protein); LSD = 1.0 (gluten);

2)
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CONCLUSIONS

1. During the sowing period of winter wheat, the
largest reserves of available moisture in the 0-10
cm soil layer were formed after peas (11.5 mm)
and winter rapeseed (10.9 mm). When winter
wheat was sown after soybeans and corn for si-
lage, the available moisture reserves were min-
imal compared to other preceding crops and
amounted to 8.6 and 8.5 mm, respectively.

2. In the Right-Bank Forest-Steppe of
Ukraine on common chernozems, winter wheat
produced the highest yield of 5.43-5.68 t/ha after
peas and winter rapeseed. Soybeans, as a prede-

cessor, provided a wheat yield of 5.37 t/ha. When
sown after sunflower, the yield of wheat de-
creased by 8.4% compared to peas, and for corn
for silage by 11.8%.

3. The highest values of the protein content
of 131 and 13.3% and gluten content of 25.2 and
25.5% in winter wheat grain were obtained when
sown after legumes (peas and soybeans). Winter
rapeseed, as a predecessor, contributed to grain
quality indices of 13.0% protein and 24.5% fat.
When cultivated after sunflower and corn for
silage, the protein content was 12.6% and 12.8%,
and the gluten content was 24.0% and 24.1%.
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AcnipaHT

HauioHanbHMI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHK
03041, Byn. lrepois O6opoH#n, 15, m. Kunis, YkpaiHa

N.B. LeHtnno

JOKTOp CiNbCbKOrocnoAapCbKMX HayK, AOLEHT

HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lepois ObopoHu, 15, m. Knis, YkpaiHa

A.l. BabeHko

KaHanAaaT cifibCbKOrocnoAapCbKMxX HayK, CTaplnii BUKAadau
HauioHanbHMI yHiBEpcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHM
03041, syn. lrepois O6opoH#u, 15, m. Kunis, YkpaiHa

Ypo)XaMHicTb 03MMOI NIeHMLI 3aN1eXHOo Big nonepeaHUKIB
y NpaBo6epexHomMmy JlicocTeny YKpaiHu

AHoTauif. Y cTaTTi HaBeZeHO Pe3yIbTaTH JOCTiIKeHb OCOBIUBOCTEN GOPMYBaHHS BPOJKAMHOCTI
TIIIEHHULi 03UMOI 3aJIEJKHO Bifl, TTOTIepeIHUKIB. BcTaHOBIEHO, 10 B IIpaBobepeskHoMy JlicocTerry
3a 3[aTHICTIO 3a6e3MeyyBaTy MIIEHULI0 03UMY B Tepiof, ciB6u (0-10 cM wiap IpyHTY) JOCTYITHO
BOJIOTOIO IIOINepeJTHUKY PO3TAILIOBYBAJIKCA TAKUM UMHOM: TOPOX — pillaK O3UMUU — COHALIHUK —
cosl - KyRypyZ3a Ha Crtoc. Ha MOMEHT ciB6U 03MMOi IIIIIEHULT] IOCTATHI 3aI1acy JOCTYIIHOI BOJIOTU B
wmapirpyHTy 0-10 CM BCTaHOBUIJIUCA ITiCJIl FOPOXY Ta 03UMOT0 pinaKy, BigrosigHo 11,5 ta 10,9 Mmm. Cost
Ta KYKypyZA3a Ha CHUJIOC, K MTOMIEPeIHUKY, He 3a6e3MMeurii JOCTaTHIX 3armaciB BOJIOTH AJis [TOCIiBY
03UMOI [TIIeHU1i AK y mapi rpyHTy 0-10 cM, Tak i 0-30 cM. HariBulla BposKalHiCTb 03MMOI ITIIIeHUIIi B
2019-2021pp. B cepemHbOMY 5,68 T/ra 6y71a HOCATHYTA 3a CiB6U i1 Ticsia ropoxy. BUKOpUCTaHHS B AKOCTI
ronepegHUKA 03UMOI0 pillaKy Ta col 3HDKyBasIo ii BposkariHicTh Ha 4,40 Ta 540% BinIoBiIHO, 1110
B ab6COJIIOTHOMY BHUpaskeHHi cTaHoBWIO 0,25 Ta 0,31 T/ra. [Ipy BUPOIIyBaHHI 03UMOi MIIEHUII] MTiCA
KYKYPYyZ31 Ha CWJIOC Ta COHSAIIHWKY BPOKAMHICTh 3MeHInmiaaca Ha 0,48 Ta 0,67 T/ra BiAmoBigHo.
HariBuilli TOKa3HUKY SKOCTi 3epHa 03MMOI ITIIeHUIIi - BMicT 6inka 13,1113,3% Ta KiIelKoBUHU 25,2 i
25,5% - 6y OTpHUMaHi Ipy posMileHHi ii micyig 6060Bux KynbTyp (ropoxy Ta coi). O3UMUI pimax,
SIK TTOTIepeIHUK, 3a6e3M1eYnB ITOKa3HUKU SKOCTi 3epHa Ha piBHi 13,0% 6inKka Ta 24,5% KIeMKOBUHU.
[Tpu po3MillleHHi ITiCJIg COHSIIHUKY Ta KYKYPYA3U Ha CHJIOC BMICT 6i7Ka B 3€pHi 03MMOI MIIeHULI
cTaHOBUB 12,6% Ta 12,8% BiAII0BiAHO, 2 BMIiCT KJIEMMKOBUHU - 24,0% Ta 24,1%

Krno4voBi cnoBa: IieHuIls 031Ma, II0IIepeqHIUK, 3aI1acy JOCTYITHOI BOJIOTY, YPOKANHICTh
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