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MOISTURE AVAILABILITY AND YIELD OF WINTER WHEAT DEPENDING
ON PREDECESSORS IN THE NORTHERN STEPPE OF UKRAINE

M. M. Solodushko
State Enterprise Institute of Grain Crops of NAAS of Ukraine, 14 Volodymyr Vernadskyi St., Dnipro, 49009,
Ukraine

Topicality. In the Steppe of Ukraine, the moisture availability of winter wheat crops, as well as other
winter cereals, is a key factor in satisfying the basic physiological needs of plants in the process of their
growth and development. Heterogeneous moisture conditions after different predecessors lead to significant
differences in plant water consumption and affect the winter wheat productivity, and this should be taken
into account in production activities. Purpose. To determine the influence of predecessors on the water con-
sumption of crops and the yields of winter wheat under different weather conditions in the Steppe zone of
Ukraine. Materials and Methods. The study and analysis of problematic issues was carried out by the La-
boratory of Agrobiological Resources of Winter Grain Crops of the SE Institute of Grain Crops of NAAS at
the Synelnykove Breeding and Research Station during growing season 2017-2022. In the experiment, win-
ter wheat of different varieties was sown after three predecessors: black fallow, peas and sunflower. Winter
wheat was grown according to generally accepted technology for the Northern Steppe of Ukraine. Results.
Moisture conditions, considering different predecessors, resulted in a significant difference in water con-
sumption of winter wheat plants. The highest moisture consumption by winter wheat crops during the au-
tumn growing season was observed after black fallow, which averaged 46.2 mm and exceeded winter crops
after peas and sunflower by 8.8 and 15.2 mm, respectively. In the spring, with the beginning of the resump-
tion of active vegetation, the productive moisture reserves in the 0-100 cm soil layer under winter wheat af-
ter different predecessors were quite significant (158.0-172.4 mm) and contributed to the formation of a re-
latively high yield. However, before harvesting, the moisture availability to plants in the 0-100 cm soil layer
decreased to an average of 29.6-38.0 mm. During the growing season, the average total soil moisture con-
sumption was 336.2 mm after black fallow, and 326.2 and 315.0 mm after peas and sunflower, respectively.
The yield of winter wheat, depending on the predecessor, and therefore on the moisture availability of plants,
was quite high and averaged 5.82 t/ha in the plots after black fallow, 6.09 t/ha after peas, and 4.29 t/ha after
sunflower. Conclusions. We found that the intensity of water consumption of winter wheat depends not only
on the amount of precipitation in the pre-sowing period and during its growing season, but is also deter-
mined by the predecessors of this crop, which are extremely important and effective factor in the moisture
supply of plants, which directly affects the level of their productivity.

Key words: winter wheat, predecessors, moisture availability, weather conditions, moisture re-
serves, water consumption, yield

Introduction. The Steppe zone has been
and remains the leading centre of winter grain
production in Ukraine. However, grain farming
in the Steppe region develops mainly under sys-
tematic droughts of varying intensity, which of-
ten recur, causing significant fluctuations in
grain yields both by territory and by year in
general [1, 2].

There is an opinion that meteorological
factors are the most variable compared to other
components of the environment. The plant de-
velopment, growth and yield formation process-
es, as well as the effectiveness of agricultural
practices are largely determined by the main
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elements of the weather in a particular year [3-5].

The arid climate in the Steppe zone is
caused not only by insufficient precipitation, but
also by their uneven distribution over the
months, high temperatures and, as a result, in-
creased water consumption for transpiration and
evaporation from the soil surface.

This nature of climatic conditions in this
region indicates that the winter wheat (Triticum
aestivum L.) yields are determined primarily by
the moisture availability of plants during the
growing season, but the decisive importance is
determined by the moisture reserves at the be-
ginning of sowing and in the early spring after
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the growth resumption. The economic perfor-
mance of each of the agricultural enterprises in
the Steppe region depends on the rational utilisa-
tion of solar heat and, especially, moisture [6, 7].

At the same time, the Northern Steppe is
characterised by the most favourable heat and
moisture ratios for steppe vegetation, however,
in this sub-zone, the yield of all crops, including
winter wheat, is determined mainly by the con-
ditions of their water availability during the
growing season. The main source for recharging
the soil water reserves is precipitation. Ground-
water provides moisture only in fields located in
river valleys, where the water table is 1-2 m
below the surface.

As is well known, winter wheat is quite
demanding on moisture as seeds absorb water
by about 50-55 % of their weight during germi-
nation. Therefore, crops are often significantly
damaged by a soil moisture deficit during sow-
ing in the early autumn, as the soil layer of 0—
10 cm must contain 10 mm or more of moisture
to ensure friendly and timely seedlings of this
crop. The water scarcity also reduces plant till-
ering, spike productivity and 1000 grain weight.
In general, insufficient water supply to wheat is
the main factor that prevents wheat from full
realisation of its productivity potential [8, 9].

The water availability of winter wheat
largely depends on its predecessors, as they
leave behind heterogeneous moisture condi-
tions, which causes significant differences in
plant water consumption and affects plant

productivity [10—14]. In both dry and moderate-
ly wet years, the yield is directly related to the
level of water consumption by wheat. As a rule,
soil moisture is most efficiently utilised by
plants after their predecessors, which leave
more soil moisture content, especially in the
topsoil. The water consumption of the main
grain crop and its moisture availability are de-
termined by many factors, in particular, the
plant vegetative mass growth and the total num-
ber of plants per unit area, which largely de-
pends on technological factors (varietal charac-
teristics, predecessors, fertilisers, sowing dates,
seeding rates, etc.), as well as productive mois-
ture reserves in the soil at the sowing date, the
duration of the growing season, and precipita-
tion amount and distribution during this period,
i.e. weather conditions, which finally determine
the impact of moisture supply on the winter
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wheat productivity [15-17].

Given the dynamic climatic changes in re-
cent years, which is primarily manifested in
higher air temperatures and longer dry periods
in the spring and summer growing season, as
well as the ambiguous assessment of the im-
portance of predecessors in the moisture supply
of winter wheat during the growing season, a
balance analysis and assessment of moisture
consumption from the soil in different periods
of the growing season of winter wheat after dif-
ferent predecessors were carried out.

The research was aimed at determining
the influence of predecessors on the moisture
availability of crops and winter wheat produc-
tivity under different weather conditions of the
Steppe of Ukraine.

Materials and Methods. The scientific
work was carried out according to the existing
methodologies at the Synelnykove Selection and
Research Station in the crop rotation of the La-
boratory of Agrobiological Resources of Winter
Grain Crops of the SE Institute of Grain Crops
of NAAS during 2017/18-2021/22 growing sea-
sons [18, 19]. The soil of the experimental plot
was ordinary chernozem. The average humus
content in the topsoil was 3.9 %, and the pH of
the soil extract was 6.6. Depending on the pre-
decessor, the nitrogen content of nitrates was
2.39-4.56 mg after seven days of composting,
and the mobile forms of phosphorus and potas-
sium (according to Chirikov) were 11.9-19.9
and 11.6-16.6 mg per 100 g of absolutely dry
soil, respectively. The area of an elementary
registration plot was 50 m?, the repetition was
three times.

The experiment studied different varieties
of winter wheat, mainly of the steppe ecotype,
after three predecessors: black fallow, peas and
sunflower. Cultivation technology is common
for the Northern Steppe of Ukraine. Sowing of
winter wheat was carried out with SN-16
mounted seeder according to the experimental
scheme, immediately after pre-sowing cultiva-
tion. Sowing was carried out in a solid row
method, with a seeding depth of 5-6 cm. The
optimal sowing date was 20-25 September. The
sowing rate is 5.0 million germinated seeds per
hectare. Harvesting was carried out with the
combine harvesters ‘Sampo-130’ and ‘Winter-
staiger Delta’ (2021 and 2022).

According to the analysis, during the re-
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search, the weather conditions were quite di-
verse both in terms of air temperature and pre-
cipitation amount, and had a significant impact
on the moisture availability and productivity of
winter wheat plants. As a result, reliable infor-
mation on the moisture availability and water
consumption of winter wheat, depending on the
predecessors and abiotic factors, was obtained.
The most favourable year for winter wheat in
terms of atmospheric moisture was 2021, and
the driest was 2018. Other years were moderate-
ly wet, with precipitation equal to the average
long-term norm.

Results and Discussion. The results of
the research showed that a significant difference
in water consumption of winter wheat plants at
the beginning of their development is due to
moisture conditions after different predecessors.

During the autumn growing season, the highest
moisture consumption by crops was observed in
areas after black fallow, which averaged
46.2 mm and exceeded winter crops after peas
and sunflower by 8.8 and 15.2 mm, respectively
(Table 1). First of all, this is due to the initial
reserves of available soil moisture after this pre-
decessor at the sowing date of winter wheat,
which ensured timely seedlings and further
powerful growth of aboveground mass of plants
before overwintering.

However, moisture consumption by win-
ter wheat plants during the autumn growing sea-
son varied over the years in a fairly wide range,
in particular, in fields after black fallow — from
8.9 to 80.7 mm; after peas — from 4.9 to 85.7 mm;
after sunflower — from -6.1 to 67.7 mm.

Table 1. Water balance during the autumn growing season of winter wheat
depending on predecessors, mm

Amount of pre- | Productive moisture reserves .
cipitation from in the soil layer 0-100 cm Chgnges_ n T_otal
Year Predecessor | sowing to autum- . soil mois- moisture
nal growth at sowing during autumpal ture re- consump-

cessation growth cessation serves tion

Black fallow 122 112 -10 445

2021 | Peas 34.5 90 109 +19 15.5
Sunflower 13 33 +20 14.5

Black fallow 71 92 +21 30.5

2020 Peas 51.5 31 47 +16 35.5
Sunflower 1 12 +11 40.5

Black fallow 140 126 -14 80.7

2019 | Peas 66.7 116 97 -19 85.7
Sunflower 37 36 -1 67.7

Black fallow 134 112 -22 66.6

2018 | Peas 44.6 70 69 -1 45.6
Sunflower 36 42 +6 38.6

Black fallow 115 175 +60 8.9

2017 Peas 68.9 57 121 +64 4.9
Sunflower 25 100 +75 -6.1

Black fallow 116.4 123.4 +7.0 46.2

Average | Peas 53.2 72.8 88.6 +15.8 37.4
Sunflower 22.4 44.6 +22.2 31.0

Obviously, such water consumption by
winter crops depended not only on the moisture
content remaining after a particular predecessor,
but also on the weather conditions of the au-
tumn period, primarily air temperature and pre-
cipitation, which caused not only the transpira-
tion and physical evaporation of water from the
soil, but also contributed to its intensive re-
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charge. Thus, there was a temporary excess of
soil moisture in the fields after sunflower before
overwintering in autumn 2017.

Undoubtedly, the yield of winter wheat in
the steppe zone is significantly affected by soil
moisture reserves in the spring after the end of
overwintering. At the same time, the moisture
accumulated in the soil during the autumn-
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winter period depends not only on the precipita-
tion during this period, but also on the absorp-
tion capacity of the soil, which is determined by
many factors, including its predecessors.

During the research, at the beginning of
the resumption of active spring vegetation, the

productive moisture reserves in the one-metre
soil layer under winter wheat crops after differ-
rent predecessors were on average quite high
(158.0-172.4 mm), which contributed to the
high yield (Table 2).

However, the available moisture content

Table 2. Water balance during the spring-summer growing season of winter wheat

depending on the predecessors, mm

Precipitation from | Productive moisture reserves in the Changes Total
the resumption of soil layer 0-100 cm LS .
Year | Predecessor | spring vegetation | during resumption . m.SO” moisture
. - at full grain moisture | consump-
to full grain ma- | of spring vegeta- A ;
turity tion maturity reserves tion
Black fallow 147 3 -144 273.3
2022 | Peas 129.3 143 2 -141 270.3
Sunflower 132 0 -132 261.3
Black fallow 171 142 -29 301.9
2021 | Peas 272.9 162 131 -31 303.9
Sunflower 153 89 -64 336.9
Black fallow 190 0 -190 317.0
2020 | Peas 127.0 185 1 -184 311.0
Sunflower 162 7 -155 282.0
Black fallow 161 19 -142 290.2
2019 | Peas 148.2 167 13 -154 302.2
Sunflower 158 20 -138 286.2
Black fallow 193 26 -167 267.6
2018 | Peas 100.6 184 28 -156 256.6
Sunflower 185 32 -153 253.6
Aver- Black fallow 172.4 38.0 -134.4 290.0
age Peas 155.6 168.2 35.0 -133.2 288.8
Sunflower 158.0 29.6 -128.4 284.0

in the one-metre soil layer before harvesting de-
creased to an average of 29.6-38.0 mm. In some
years (2021), the agronomically valuable mois-
ture in the one-metre horizon in the full grain
maturity stage reached up to 142 mm under
winter wheat crops on black fallow, 131 mm —
after peas, and 89 mm — after sunflower in rainy
weather conditions during the spring and sum-
mer. However, in the dry weather of 2020 and
2022, the moisture volume consumed by plants
and lost to evaporation increased significantly,
and the residual moisture amount did not exceed
0-3, 1-2, 0—7 mm, depending on the predeces-
sors, respectively.

The total soil moisture consumption after
different predecessors of winter wheat in the
spring and summer period ranged from 290 mm
(black fallow) to 284 mm (sunflower) on average.

There is a belief that the total water con-
sumption of winter wheat depends on the initial
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moisture reserves in the soil, precipitation and
meteorological conditions during the growing
season. Most of the total water supply of this
grain crop consists of precipitation during the
growing season (except for dry growing sea-
sons) [20, 21].

In the conducted studies, the average total
moisture consumption from the soil during the
growing season of winter wheat was 336.2 mm
for its sowing under black fallow, after peas and
sunflower — 326.2 and 315.0 mm, respectively
(Table 3). Regarding the moisture consumption
by winter wheat crops in the context of a parti-
cular year of research, the highest moisture con-
sumption was in 2019/20 for winter wheat after
black fallow and peas and amounted to 397.7
and 396.7 mm, respectively.

The maximum moisture consumption du-
ring the growing season (377.4 mm) was re-
corded when winter crops were sown after sun-
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Table 3. Moisture consumption from the soil layer 0—-100 cm of winter wheat during the growing
season in different moisture conditions over the years depending on the predecessors, mm

Growing season Water consumption Predecessor
black fallow peas sunflower

autumn period 44.5 155 145

2021/22 spring-summer period 273.3 270.3 261.3
Total 317.8 285.8 275.8

autumn period 30.5 35.5 40.5

2020/21 spring-summer period 301.9 303.9 336.9
Total 332.4 339.4 377.4

autumn period 80.7 85.7 67.7

2019/20 spring-summer period 317.0 311.0 282.0
Total 397.7 396.7 349.7

autumn period 66.6 45.6 38.6

2018/19 spring-summer period 290.2 302.2 286.2
Total 356.8 347.8 324.8

autumn period 8.9 4.9 -6.1

2017/18 spring-summer period 267.6 256.6 253.6
Total 276.5 261.5 247.5

Average 336.2 326.2 315.0

flower in the extremely rainy 2020/21. At the same
time, the lowest moisture consumption by winter
wheat crops was observed in the dry 2017/18,
which was 276.5 mm in areas after black fallow,
261.5 mm — peas, and 247.5 mm — sunflower.

The analysis of the soil moisture content
showed that the highest water consumption was
observed on winter wheat crops after the best
predecessors — black fallow and peas. This is
explained by many positive factors, namely the
available initial moisture reserves at sowing
time of winter wheat, timely emergence of seed-
lings, powerful aboveground mass and well de-
veloped root system of plants, which later en-
sured the higher yield formation compared to
crops after sunflower.

The research showed that the yield of win-

ter wheat, depending on the predecessors, and
therefore on the moisture availability of plants,
was high and averaged 5.82 t/ha in the variants
after black fallow, 6.09 t/ha for peas, and 4.29 t/ha
for sunflower (Table 4). Clearly, there was a
correlation between grain yields and soil mois-
ture consumption by winter crops, i.e. the higher
the water consumption of plants, the higher the
grain yield, and vice versa, the less water con-
sumed by crops, the lower the grain yield. How-
ever, if we compare two predecessors of winter
wheat that are similar in agronomic value —
black fallow and peas, we see that the crops af-
ter grain legumes utilised moisture more effi-
ciently — the moisture consumption per 1 tonne
of grain was 53.6 mm, while after black fallow
and sunflower — 57.7 and 68.3 mm, respectively.

Table 4. Winter wheat yield and efficiency of soil moisture utilisation
depending on predecessors, 2018-2022

Moisture consumption Moisture consumption
Predecessor Grain yield, t/ha during the growing sea- P
per 1 tonne of grain, mm
son, mm
Black fallow 5.82 336.2 57.7
Peas 6.09 326.2 53.6
Sunflower 4.59 315.0 68.3
Average 5.50 325.8 59.9

Conclusions. According to the results of
the conducted experiments, water consumption
of winter wheat depends both on the amount of
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precipitation in the pre-sowing period and du-
ring its growing season, and to a large extent on
the predecessors of this crop, which are ex-
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tremely important and effective in ensuring the
targeted use of water resources, significantly
determine a noticeable difference in water con-
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Conooywiko M. M. Bonozozabesneuenicms ma ypodycaiiHicms RUWEHUUL O03UMOI 3AEHCHO  6i0
nonepeonuxie y 3oni Ilieniunozo CmenyYkpainu. 3eprosi kynomypu. 2024. 8 (1). 78-84.

Hepowcasna  ycmanosa  Incmumym  3epnosux  xyaemyp HAAH, eyn. Bepuaocvkoeo  Bonooumupa, 14,
M. [[ninpo, 49009, Vxpaina

AKTyaJIbHiCTb. Y CTEMNOBii 30HI YKpaiHu BOiOro3abe3neyueHicTh MOCiBiB MIICHUI 03UMOI, 5K 1 1HIIMX
O3MMHX 3EPHOBHX KYJIBTYp, BiJlirpa€e HaJ3BUYallHO BAXKJIMBY POJIb, OCKUIBKH € BU3HAYAIHHUM YHHHUKOM Y
3aJI0BOJICHHI OCHOBHUX (Pi310JIOTIYHHAX MOTPeO pOCIUH Y MPOIIECi iX pocTy Ta po3BUTKY. HeoqHOpimHI yMOBH
3BOJIOXKEHHSI, SIKi CTBOPIOIOTHCS IMICTS PI3HUX MOIMEPETHUKIB, OOYMOBIIOIOTh 3HAYHY BIJMIHHICTH Y BOJO-
CTHOXKMBaHHI POCTIVH 1 BIJIMBAIOTh HA TPOIYKTUBHICTD MIICHHUI 03UMOI, LIe HEOOXiIHO 3HATH Ta BPaxoOBYyBa-
TH y BUPOOHUUIN AisuTbHOCTI. MeTa mpoBeeHUX TOCIiKEeHb ToJsATaia y BU3HAUYEeHH] BIUTMBY TIOTIEPETHUKIB
Ha BOJOCITOKMBAHHS IMOCIBIB Ta YPOKaWHICTh MIISHUIl 03UMO] 3a piI3HUX MOTOTHUX YMOB 30HH lliBHIYHOTO
Cremy. Marepiaau i Metoau. BuBueHHs Ta aHaii3 MpoOJeMHUX MUTaHb IPOBOIINCS BIPoaoBxk 2017/18—
2021/22 pp. Ha CHHENBHUKIBCHKIN CeNeKIiHO-T0CTiIHIN cTaHwii y ciBo3MiHi TabopaTopii arpo6ioioriyHux
pecypciB o3umMux 3epHOBUX KynbTyp Y IHcturyT 3epHOBHX KymbTyp HAAH. B moc-migi mmeHuts o3uma
PI3HHX COPTIB BUCIBaNacs MiCIs TPHOX MOMEPEIHUKIB: YOPHOTO Mapy, TOPOXY Ta COHANIHHUKY. TeXHOIOTisA
BUPOLIYBaHHS - 3araJbHONPUKMHATA s HiBHIYHOT YaCTHUHU Cremy VYkpainu.
Pe3yabTaTu. YMOBU 3BOJIOKEHHS, SIKI CTBOPIOBAIIMCS IMICTS PI3HUX MOTIEPEIHUKIB, 00YMOBIIOBAIN 3HAYHY
BIIMIHHICTh Y BOJOCIOXHBAHHI POCIHMH TIIEHHUII 03MMOi. 3a 4ac OCIHHBOI BereTamii HaHOINbIN BUTpaTH
BOJIOTH TIOCIBAMHU BiMiYaJIMCs Ha JIISHKAX IiCJIT YOPHOTO Mapy, SKi CTAHOBWIIM B CepeHbOMY 46,2 MM i
MEPEBUIIYBAH 32 JaHUM MOKAa3HUKOM IOCIBM O3UMHHH TICIISl TOPOXY Ta COHSIIHHUKY BiAmMoBigHO Ha 8,8 i
15,2 mm. HaBecHi, 3 TO9aTKOM BiJTHOBJIGHHSI aKTHBHOI BEreTallii pOCIHH, 3aacy MPOIYyKTHBHOI BOJIOTH B
mapi rpyHty 0—100 cM mijx mociBaMu MIISHMIN O3MMOI MiCHs Pi3HUX MOMEPESIHUKIB OYyJIH JTOBOJII 3HAYHUMHU
(158,0-172,4 mm) Ta crpusiii (OpMyBaHHIO BHCOKOT BposkaiiHOCTI. IIpoTe mepen 30MpaHHAM KiJBKICTh
JOC-TYITHOI pOCITHHAM BOJIOTH B METPOBiH TOBIII IPyHTY 3HMXKYyBanacs a0 29,6-38,0 mm. Bipomos:x Berera-
1ii cepeHi 3araabHi BUTPATH BOJOTH 3 IPYHTY CTAHOBHIIM 3a CIBOM 110 4opHOMY Tapy 336,2 MM, Ticis ropo-
Xy 1 coHsmHuka — 326,2 Ta 315,0 MM BinoBinHO. YPpOKaHHICTh MIIEHUIII 03UMOI 3aJICXKHO BiJ MONIEPETHU-
Ka, a OTXKE 1 BiJl BOJIOr03a0€3MeYeHOCT] POCINH, BUSBIIIACS JOBOJII BUCOKOO Ta B CEPETHROMY CTAHOBHMIIA Ha
TUISTHKAX Micis YOpHOTo mapy 5,82 T1/ra, ropoxy — 6,09 T/ra, consmanky — 4,29 1/ra. BucHoBku. Beranos-
JICHO, 110 IHTEHCHUBHICTH BOJOCITOKMBAHHS IIIIECHUII 03UMOI 3aJI€KUTh HE TIJILKY BiJl KITEKOCTI OIafiB B J0-
MOCIBHUI MepioA i mpoTAroM ii BereTallii, aje i BA3HAYAETHCS MTONIEpeIHUKAMH i€ KYIbTYPH, SIKi € HaJ3BH-
YaifHO Ba)XJIMBHMHU Ta €()EeKTHBHHMHU B 3a0€3MeueHHI POCIHMH BOJOTOI0, IO Oe3MocepeHhO BIUIMBAE Ha
PiBEHB X MPOAYKTHUBHOCTI.

Kniouogi cnosa: nwenuys o3uma, nonepeoHuxu, 601o203abe3neuenicms, no200Hi yMO8U, 3anac 6010-
2U, 8000CNONCUBAHHSL, YPOICAUHICD
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