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Productivity of winter barley depending
on its predecessors in Transcarpathia of Ukraine

Abstract. Winter barley is a valuable food, fodder, and technical crop. The purpose of the study
is the establishing and developing of an economically and energetically feasible, adequate
bioresource potential for the yield of winter barley grain, depending on its predecessors in
Transcarpathia of Ukraine. Studies and calculations of the balance of available moisture in
the soil showed that in the conditions of Transcarpathia, it is negative and ranges from 250 to
1210 t/ha, or 25-121 mm. The accumulation and effective use of available moisture in the soil
depends on the amount of precipitation and its frequency, the alternation of crops in crop rotation
(predecessors), the system of tillage, fertilisation, and the extent of how weeded the fields are.
The largest reserves of available moisture in the soil during the sowing period of winter barley
were after winter rapeseed and buckwheat, the smallest — after sunflower and, especially, corn
for grain. During the autumn-winter period, the reserves of available moisture in the meter-
deep soil layer were replenished by 21-35%, but the pattern, according to its predecessors, was
preserved. The critical period of winter barley in terms of moisture occurs during earing -
grain ripening. Predecessors of early harvesting periods (winter rapeseed and buckwheat) have
a positive effect on the accumulation and preservation of moisture in the soil. Predecessors of
late harvesting periods (corn for grain and sunflower) reduce the content of available moisture
and its reserves by up to 18% compared to crops of early harvesting. On average, for three years,
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the highest yield of winter barley was after buckwheat and amounted to 5.9 t/ha, the lowest -
after corn for grain and was at the level of 4.9 t/ha, which is 0.8 t/ha lower than the control option

Keywords: available moisture content, winter barley, predecessor, yield

RELEVANCE

Winter barley is a valuable food, fodder, and
technical crop. Accordingto FAO,48% of the bar-
ley grain produced goes to industrial processing,
36% — to mixed feed, and 16% - to food purposes.
It is proved that the productivity of this crop de-
pends on providing plants with all the necessary
factors of life in the optimal amount and optimal
proportions. (Wicket § Yaloha, 2011; Moisienko &
Podolsky, 2019; Sokolovskaya & Al-Brud, 2010).

Ultimately, the investigation of the features
oftheestablishmentofproductivityofwinterbar-
ley and the degree of reproduction of soil fertility
elements, depending on the optimisation of ele-
ments of cultivation technology, is now relevant
and hasled to the choice of aresearch algorithm.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

The main task of modern agriculture is to en-
sure food security of the country by producing
the quantity and quality of products necessary
for society (Tanchyk, 2009). When growing win-
ter barley, an important task is to increase grain
production and yields, effectively use miner-
al and organic fertilisers, the best precursors,
and the preserving soil treatment. (Sinchenko &
Tanchik, 2018; Tanchik & Babenko, 2015)

The intensification of agriculture is accom-
panied by the degradation and depletion of soils,
contamination with chemical and biological
impurities, a drop in fertility, and a decrease in
the yield of cultivated crops. (Tanchik, 2009). In
modern conditions of agricultural development,
the role of crop rotations as the most effective
environment and ensuring high, stable, envi-
ronmentally, economically, and energetically
adequate winter barley yields is growing. Along

with this, modern technologies for growing this
crop have quite a few reserves of improvement,
considering not only the selection of varieties
adapted to the soil and climatic conditions of
a particular region, optimising the placement
of winter barley in crop rotations (of various
specialisations), but also the choice of effective
methods and depth of the main tillage to ensure
maximum crop productivity and cost recovery
(Tanchyk, 2009; Melnik § Govorun, 2014; Gama-
yunova § Litovchenko, 2017).

The purpose of the study consists in deter-
mining and developing regularities in the estab-
lishment of economically and energetically ex-
pedient, adequate to the bioclimatic potential of
the winter barley grain yield zone, depending on
its predecessors in Transcarpathia of Ukraine.
It was planned to solve the following tasks to
achieve this goal: establish the influence of vari-
ous precursors on the content of available mois-
ture in the soil, phytosanitary condition, and
productivity of winter barley. Provide an eco-
nomic and energy assessment of crop cultiva-
tion under different predecessors.

MATERIALS AND METHODS

Experimental studies on the influence of pre-
cursors on winter barley were conducted during
2018-2020intheexperimentalcroprotationofthe
separated subdivision “Mukachevo Agricultural
College of the National University of Life and En-
vironmental Sciences of Ukraine” of the Tran-
scarpathian region. The soils of the experimen-
tal field are podzolic gumbo turf, which contain
an average of 2.6% humus in the humus horizon.
With depth, the amount of humus decreases
gradually and at a depth of 100-130 cm it reach-
es1.0-1.7%. Formation on carbonate-free parent
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rocks and the influence of the podzolic process
of soil formation caused a high active and poten-
tial acidity of soils, the pH of salt extract ranges
between 5.0-6.0.

The soil under study, according to the agro-
chemical analysis of the initial samples, con-
tains available forms of nitrogen - 35-45 mg/kg,
mobile phosphorus (according to Kirsanov) -
130-160 mg/kg, mobile potassium (according to
Kirsanov) - 120-170 mg/kg. The soil is typical for
the area of the studies and is moderately pro-
vided with mobile forms of phosphorus, potas-
sium, and nitrogen. A qualitative assessment of
the surveyed soils showed that the soil requires
constant use of organic and mineral fertilisers,
liming, and the introduction of crop rotations.

The climate of the area is moderate with un-
stable humidity. The average long-term precipi-
tationrate fortheyearis 618.0 mm. Over the years
of the studies, the amount of precipitation for the
yearwas:2018-568.3mm, 2019 -558.1,and 2020 -
513.1 mm, which is 10-13% less than normal. The
following precursors were studied for the culti-
vation of winter barley: soy (control), winter rape-
seed, buckwheat, corn for grain, and sunflower.
The repetition rate of the experiment is fourfold,
the total area of one plot is 240 m?, accounting
plot — 150 m? Land plot placement is randomised.

The content of available moisture in the soil
was determined by the thermostatic-weight

method according to DSTU ISO 16586 : 2005;
actual contamination with weeds in the phase
of germination of cultivated plants and spring
restoration of vegetation was determined by
quantitative, and the earing phase - by quan-
titative-weight method. Crop accounting was
conducted by direct combining.

RESULTS AND DISCUSSION

Available moisture in the soil is one of the main
terrestrial factors of plant life. Many studies, in-
cluding this one, have established that in recent
yearsin Ukrainian agriculture, moistureisalim-
iting factor that negatively affects seed germina-
tion, the dissolution of mineral and organic sub-
stances in the soil, the maintenance of cellular
turgor, transpiration, the vital activity of micro-
organisms, and, ultimately, their productivity.

The study established that the initial re-
serves of available moisture in the soil and its
accumulation in the autumn-winter and grow-
ing seasons depend on the amount of precipita-
tion and predecessors. Thus, during the sowing
period of winter barley, the largest moisture re-
serves in 0-30 cm and a meter layer of soil were
30.0 and 121.0 mm after winter rapeseed, re-
spectively (Table 1). The smallest ones are after
corn for grain (25.0 and 109.0 mm, respectively).
This depends on the morphobiological and eco-
logical characteristics of the culture.

Table 1. Content of available moisture in 0-100 cm of the soil layer in winter barley crops, depending
on the predecessor, mm (average for 2018-2020)

Sampling period (phase)
Predecessor Soil layer, cm i i
g Sowing Spring vege.tatlon Earing Harvest period
restoration
0-30 26 32 24 21
Soy (control)
0-100 115 148 127 107
0-30 30 33 27 23
Winter rapeseed
0-100 121 147 129 111
0-30 29 32 25 22
Buckwheat
0-100 119 144 128 113
0-30 25 29 23 20
Corn for grain
0-100 109 133 113 99
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Table 1, Continued

Sampling period (phase)
Predecessor Soil layer, cm i i
E Sowing Spring vege.tatlon Earing Harvest period
restoration
0-30 27 30 24 22
Sunflower
0-100 112 140 119 109

Winter rapeseed begins the spring restora-
tion of vegetation in Transcarpathia of Ukraine,
in most cases, in the first half of April. The full
growing season ends in late June and early July.
This creates conditions for the economical use of
moisture by the crop, early releasing of the field
and promoting the accumulation and preserva-
tion of moisture for the next crop — winterbarley.

Corn for grain develops a powerful root
system that intensively uses moisture and nu-
trients dissolved in it throughout the growing
season. With the appearance of panicles, the
need for corn moisture increases sharply and
reaches its maximum from the beginning of
flowering to the beginning of milk ripeness.
This study proved that during this period, corn
uses approximately 70% of the total amount of
moisture consumed. All this leads to intensive
consumption of moisture from the soil and re-
duces its reserves, which negatively affects the
growth, development, and productivity of the
subsequent crop - winter barley.

Buckwheat is one of the hygrophilous
plants. The transpiration coefficient of buck-
wheat is 500-600. Buckwheat plants absorb
the greatest amount of moisture during mass
flowering - fruit formation. This period in buck-
wheat is critical in terms of moisture. Neverthe-
less, buckwheat is one of the precocious field
crops, the duration of the growing season is in
the range of 70-80 days. All this contributes to
the economical use of moisture from the soil, its
accumulation, and preservation of it for subse-
quent crops of crop rotation.

Soy is a hygrophilous short-day plant. After
sowing, soybean seeds consume at least 130-
160% volume of moisture compared to their

own mass. It is necessary to have a reserve of
moisture in the soil of about 30 mm in a soil lay-
er of 0-20 cm to get full shoots. The critical peri-
od of soybeans in terms of moisture is the period
of flowering - the formation and development
of beans. Hence, soybeans most intensively use
moisture from the soil in the second half of the
growing season. This usage is incurred by soy-
bean plants for transpiration and photosynthe-
sis, and soil evaporation, especially during the
ripening period of the crop.

Thus, soy, as a legume crop, has preserved
the properties of the legume plant to increase
soil fertility, especially the fixation of biological
nitrogen. However, soybeans are not a moisture
accumulator and in dry years do not provide
full shoots of winter barley, which leads to a de-
crease inits yield.

Sunflower is one of the controversial pre-
cursors of winter crops, including winter barley,
in Ukraine. This study established that sunflow-
er seeds takes approximately 250 kg of NPK per
1 ton of dry matter. During the growing season,
the root system penetrates the soil to a depth of
1.5-2.0 m or more. In the initial periods (before
the formation of 5-6 leaves), moisture and nutri-
ents of the sunflower plant are used from a soil
layer of up to 40 cm. During the period of basket
formation and flowering, the root system pene-
trates to a depth of more than 2.0 meters. It was
identified that at the beginning of the growing
season, the most active root system of sunflow-
ers is in the upper layer of the soil, while in the
second half of the growing season - in the low-
er layers. Hence, the most active soil factors of
plant life in the first half of the growing season
are used from the upper layers of the soil, which
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are renewed due to the introduction of mineral
and organic fertilisers for the main, pre-sowing
treatment and plant care, and moisture is re-
newed due to spring-summer precipitation.

In the second half of the growing season, the
mostactiverootsystemofsunflowersisatadepth
of 60 cm and deeper. Hence, sunflower plants in-
tensively use the life factors of the soil, especially
moisture and nutrients. During this period, due

to precipitation, the application of mineral fer-
tilisers during plant care, the high activity of mi-
croorganisms, etc., the soil factors of plant life of
the upper 0-40 cm of the soil layer are restored.

Consequently, sunflower seeds use nutri-
ents and moisture more actively from the lower
layers during the growing season than from the
upper ones. Due to this, sunflower is not a criti-
cally negative precursor of winter barley.

Table 2. Yield of winter barley depending on its predecessors in Transcarpathia of Ukraine, t/ha

Predecessor Years Average for Deviation

2018 2019 2020 2018-2020 t/ha %

Soy (control) 6.2 5.7 5.3 5.7 0 0

Winter rapeseed 6.0 5.8 5.4 5.7 0 0
Buckwheat 6.3 5.8 5.7 5.9 +0.2 +3.5
Corn for grain 5.0 4.9 4.8 4.9 -0.8 -14.1
Sunflower 5.4 5.2 5.0 5.2 -0.5 -8.8

HIP,,, % 1.9

Thus, the accumulation of moisture in the
soil and its effective use is influenced by many
factors - the amount of precipitation, the intro-
duction of crop rotations, tillage, fertilisation,
etc. The correct strategy and tactics for manag-
ing the reserves of available soil moisture allow
for reducing unproductive costs to a minimum.

An intensive indicator of the effectiveness
of various predecessors for growing spring
barley is its productivity. The highest yield of
winter barley, on average for three years, was
after buckwheat and amounted to 5.9 t/ha, the

lowest — after corn for grain and was at the level
of 4.9 t/ha, which is 0.8 t/ha lower than the con-
trol option (Table 2).

CONCLUSIONS
In Transcarpathia of Ukraine, on turf-podzolic
winter soils, barley sown after buckwheat, soy-
beans, and winter rapeseed had the best indica-
tors of available moisture throughout the grow-
ing season. The crop spent it most economically
and efficiently during the growing season
compared to the predecessors of late harvesting
periods - sunflower and corn for grain.

REFERENCES
[1] GamayunovaV,§ Litovchenko A.(2017).Yield and water consumption of winterwheat depending
on varietal characteristics, precursors and nutritional background in the steppes of Ukraine.
Moldova: Agricultural Science, 1, 23-27. URL: http://sa.uasm.md/index.php/sa/article/view/529.
In creasing the resilience to climate change in the agricultural sector of the South of Ukraine.
(2015). Sentendre, in Hungary, 74.
Melnik AV, § Govorun S.A. (2014) Water consumption and yield of sunflower depending on
varietal characteristics and predecessors in the conditions of the north-eastern Left-Bank
Forest-Steppe of Ukraine. Bulletin of Sumy National Agrarian University, 3(27), 173-175.
Moisienko V.V, § Podolsky 0.M. (2019) Productivity of winter barley Highlight depending on the
elements of cultivation technology«Scientific Horizons», 10(83), 13-19. doi: 10.33249/2663-2144-
2019-83-10-13-19.
Sinchenko. V.V, § Tanchyk S.P. (2018). Soybean productivity depending on predecessors in the
Right-Bank Forest-Steppe of Ukraine. Scientific bulletin, 286, 107-111.

(2]
(3]

(4]

(5]

Plant and Soil Science (12)2 27



Productivity of winter barley depending...

[6] Sokolovskaya IN, & Al-Brud M.M.S. (2010). Influence of predecessors on grain yield of winter
barley. AKM Scientific Bulletin. NUBIP, 130, 38-41.

[7]1 Tanchyk S.P.(2009). Agriculture is the food, energy and economic security of Ukraine. Bioresursy
and pryrodokorystuvannya, 1, ¥4, 80-94.

[8] Tanchyk S.P.(2009). No-till and more. Modern farming systems. K.: Univest Media, 159.

[9] Tanchyk S.P, & Babenko A. 1. (2015). Productivity of winter wheat depending on predecessors in
the Right-Bank Forest-Steppe of Ukraine. Agriculture, 1,19-22.

[10] Wicket V.V, & Yaloha T.N. (2011). Yield of winter barley under the action of various precursors and
growth regulator. AKM Scientific Bulletin. NUBIP, 162, 89-93.

C.MN. TaHumK

LOKTOP CinbCbKOrocnoaapcbKkMx Hayk, npodecop, 3aBiaysay Kadeapu
HauioHanbHMIA yHiBEpCcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHM
03041, syn. lrepois O6opoH#u, 15, m. Kunis, YkpaiHa

H.l. babina

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

A.l. BabeHKo

KaHamaaT CinbCbKOrocnoaapcbkux Hayk, CTaplnii BUKnaaay kabeapm
HauioHanbHWI yHiBEpCUTET Biopecypcis i MPUPOAOKOPUCTYBAHHSA YKpaiHu
03041, syn. lrepois O6opoH#K, 15, m. Kunis, YkpaiHa

NMpoayKTUBHICTb AYUMEHIO 03UMOro
3aneXHo Bia nonepeaHuUKIiB B yMoBax 3aKapnaTtTs YKpaiHu

AHoTauia. uMiHP 03UMUM - IiHHA IIPOZOBOJIbYA, KOPMOBAa Ta TEXHIYHA KyJIbTypa. MeToro
IOCTI)XKeHHS € BCTAHOBJIEHHS Ta pO3poHKa EKOHOMIYHO Ta eHEepreTMYHO O6IPYHTOBAHOTO,
IOCTaTHBOTO 6iOpecypCHOTO TIOTEHIiay BPOKAMHOCTI 3epHA SUMEHI0O O03MMOTO 3aJIEJKHO Bif,
TIOTIEPEIHUKIB B yMOBaxX 3aKapIiaTTsd YKpaiHu. [oCTigKeHHA Ta po3paxyHKU 6aIaHCy JOCTYITHOI
BOJIOTM B I'PYHTI [IOKA3aJIH, III0 B yMOBAaX 3aKapIIaTTs BiH Bi/l €eMHMIT i KOJTMBaEThCA Bim 250 101210 T/ra,
a6025-121 MM. HarormueHHs Ta ebeKTUBHE BUKOPUCTAHHSA JOCTYITHOI BOJIOTY B TPYHTI 3aJIEKUTh Bif
KiJIBKOCTI OMafiB Ta ix MepioANYHOCTI, YepryBaHHA KyJIBTYp Y CiBO3MiHi (ITOTepeqHUKIB), cUCTeMU
06pOobITKy I'PyHTY, YOOOPEHHS, a TaKOX Bif cTymeHsa 3abyp'sHeHOCTI momiB. Haibinbii 3amacu
IIOCTYITHOI BOJIOTH B TPYHTI Ha I1epiof ciB61 03MMOT0 TYMEHIO 6YIIH ITiCIIs1 03MMOTO PillaKy Ta IPevKH,
HaMMEHII — TIiC/IA COHALUTHUKY i, 0CO6IMBO, KYKYPYZA3U Ha 3€pHO. 3a OCIHHBO-3UMOBUH IEpPiof
3ar1acy JOCTYITHOI BOJIOTH B METPOBOMY IIapi I'PYHTY NOIIOBHUNNCA Ha 21-35%, ajie 3aKOHOMIPHICTh
TI0 TIOTIEPeIHUKAX 36eperacsa. KpUTUUHUM Mepiof] 03UMOro SIYMEHIO 33 BOJIOr03abe3reyueHicTio
MIpUIIafac Ha Iepiofl KOJIOCIHHA - HOo3piBaHHA 3epHa. [IolepeIHUKY paHHIX CTPOKIB 36upaHHA
(03uMuI pimax Ta rpeyka) MO3UTUBHO BIUIMBAIOTh HA HAKONMYEHHS Ta 36epe)KeHHA BOJIOTH B
rpyHTi. [TonepeqHUKY ITi3HIX CTPOKIB 36MpaHHa (KyKypyZ[3a Ha 3epHO Ta COHSILIHWK) 3HIKYIOTh
BMICT JOCTYITHOI BOJIOTM Ta ii 3armacu [1o 18% MOpiBHAHO 3 Ky/IbTypaMU paHHIX CTPOKiB 36upaHHs. B
cepeIHbOMY 3a TPU POKY HAMBUIIA BPOJKAMHICTh TYMEHIO 03MMOTO 6yJ1a ITic/if rpevyKy i cTaHOBUIIA
5,9 T/ra, HAWHIKYA — IIiC/IA KYKYpPyZA3U Ha 3epHO i 6yna Ha piBHi 4,9 T/ra, mo Ha 0,8 T/ra HIDKUYe
KOHTPOJIBHOTI'O BapiaHTy

Kno4oBi cnoBa: BMiCT IOCTYITHOI BOJIOTH, TUMiHb O3UMUH, TTOTIEPEIHUK, YPOIKAMHICTD
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