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PECULIARITIES OF BISHOFITE EFFECT ON YIELD
AND SEED QUALITY OF SPRING BARLEY VARIETIES

Horobets M.V. — Candidate for a Degree of Doctor of Philosophy,
Poltava State Agrarian University

Today, one of the promising practices in agricultural production is to increase the yield
of spring barley. To obtain the desired results we studied the effect of natural bishofite (magnesium
chloride salt) application on the phenological phases of spring barley varieties Helios, Vakula
and Parnas. Field experiments were conducted during the period of 2017-2019 in the fields
of Reshetylivka district, Poltava region.

The area of experimental crops was 1 hectare. The soil of the experimental plot was gray forest
and heavy loamy by the granulometric composition. Agrochemical evaluation of the soil was
carried out before laying the field experiment. The basic soil elements, grain quality of the studied
barley varieties and its chemical composition were determined according to the valid standards
and generally accepted methods.

The research showed that using bishofite solutions in order to stimulate growth of spring
barley plants in the concentrations of 1.5% and 2.0% had a negative effect on plant growth.
Under the influence of bishofite solution in such concentrations compared to the control,
the plant growth decreased by 7% and by 23%, respectively. It was found that the most effective
concentration of bishofite treatment was 1.0% concentration.

Treatment of barley plants of the studied varieties revealed the stimulation of growth processes
of spring barley at the early stages of ontogenesis with the spread of this effect on the further
growth and development of the crop, increasing the yield and grain quality. And it is the 1.0%
aqueous solution of bishofite that makes for the best growth rate. The stimulating factor of such
a bishofite solution on the growth indicators of barley plants (leaf surface area, weight of wet
and dry substance of the above-ground part and roots) was determined.
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A decrease in plant development was observed in the most used barley samples at higher
concentrations. The effect of growth stimulators was also significant on dry matter accumulation
in spring barley plants in the different periods of organogenesis, on elements of the structure
and yield quality of such an important crop. Consequently, the application of plant growth
stimulators is justified not only by their environmental friendliness, high efficiency, but also by
their cost-effectiveness.

Key words: spring barley, yield, seed treatment, grain weight, growth stimulators, seed
protectants.

Topobeuyv M.B. Bnnue oiwochimy na eposcaiinicmes ma AKicmv HACIHHA COPMIE APO2O
AUMEHIO

Y cmammi npeocmasneno pesyromamu 00CHiONCEHHS GNAUGY CYUACHUX (PAKMOPIE POCHY
HA NPOOYKMUBHICHb APO20 AUMEHIO Y CYHACHUX YMOBAX. YCmaHnoeneHo enius gaxmopie pocmy
HA HAKONUYEHHSI MBEPOUX PEYOBUH Y POCIUHAX APO2O AYMEHIO HA PI3HUX emanax opeaHo2eHes),
BUZHAYEHO BNIUE (DAKMOPIE pOCMY HA eleMenmu CIMPYKMypu i NPOOYKMUBHOCIE 00CHIONCYBAHOT
kynemypu. IIpoananizosano naiiegpexmugeHiuii paxmopu pocmy.

Huni oonum i3 nepcnekmusHux 3axo0i6 NiOSUUEHHS GPONCATUHOCHI APO20  AYMEHIO
€ GUKOPUCTNANHSA HACIHHA 31 CIMUMYTIAMOPAMU POCHLY, WO CAPUYUHIOIOMb NPOPOCAHHS POCTUH,
NOKpawyIoms ix monepanmuicms 00 HeCHpUSMAUGUX OIOMUYHUX MA AGIOMUYHUX Garkmopie
ma AKicms 3epua. IXHe 3acmocy8anHs 003601A€ NPUCKOPUMU HACAHHA QeHON02IUHUX (a3,
UM CAMUM CHPUSIIOHU CKOPOYECHHIO 8e2emayitino2o nepiooy 3a2aiom, a ye, y ceoio uepey, 0ae
3M02y OiNblU PAYIOHATLHO GUKOPUCINOBYBAMU CibCHKO2OCHO0APCHKY MEXHIKY niod yac 30upanHs
spooicaro. Daxmopu pocmy pociut € HeMOKCUHHUMU | 6e3neuHUMU 0151 IO OUHU MA HAGKOIUUWHBO2O0
cepedosuwya, 3 02n0y Ha ixHe noxodxcenus. Hacinnesutl mamepian abo pociunu, 06pobneni
Gaxmopamu pocmy, Kpauje peazyloms Ha HeCHPUSIIUGE YMOGU HAGKOTUWHBO20 CEPe00sULYd.

Posenanymo modciugocmi 6UKOPUCMAHHS pO3HUHY Oiuoimy O CmumMyaAyii pocmy pociuH
AuMenlo I gcmanoeieHo, wo y Konyenmpayii 1,5% ma 2,0% posuun 6iwogimy neeamusho
enausae Ha picm pociaut. I1io enausom posuumny oiwogimy y xkonyenmpayii 1,5% nopienauo i3
KOHmMpOAeM 3pOCMAnHA pOCIUH 3MeHuunocs na 7%, a 3a eukopucmanns 2,0% — na 23%.

Yemanoeneno, wo natieghexmugniuioro konyenmpayieio 3a 00poodLeHHs po3uurHom Oiuogimy
€ xonyenmpayis 1,0%. O6pobnenns pociun sAUMeHIO OOCHIONCYBAHUX COPMIB  GUABUIO
CMUMYIAYII0 POCMOBUX NPOYECIB APO20 AUMEHIO HA PAHHIX emanax OHMozeHesy, a MakKodic oo
nOOATLUI020 POCHTY | PO3GUIMKY, NIOBUWEHHS BPOJICAUHOCI, KOPMOBUX | NONCUBHUX AKOCHEll
sepra. Came 3a xonyemmpayii 1,0%-no20 600H020 po3uuny Oiwoghimy weuoKicms pocmy
€ Haubinbwioro. 3a xonyewmpayii 1,5% cnocmepizaemocs ynosiibHenHs pO36UMKY POCIUH
binbwiocmi euxopucmanux spaskie sumenio. Ilokasano cmumymoiouy oio 1,0%-1nozo pozuurny
oiuoimy Ha WEUOKICHb POCHTY POCIUH AUMEHIO (RAOWY TUCIKOBOI HOBEPXHI, MACY cUpoi i cyxoi
PeuosunU HA03eMHOT YaCMUHU Ma KOPeHis).

Yemanosneno eniue paxmopie pocmy na naxonuuenns meepooi pevogunu y pocaunax Hor-
deum vulgare na pisnux emanax opeanozenesy. Busnaueno ennue ¢pakmopis pocmy na enemenmu
cmpykmypu i npooykmuerocmi Hordeum vulgare.

3acmocysannsi pakmopie pocniy pocauH Unpasoano He minbKu iz no2isi0y Ha eKoA02IHICIb
i BUCOKY NPOOYKMUGHICMb, ane i 3 02150 Ha me, wjo 011t NepepoONenHs POCIUHAMU 60HU NOMPIOHI
¥ He3Hauniti xinokocmi. Tomy HUMi akmyanbHum € po3pobneHHs | 3aCMOCYS8aAHNs Y CIbCbKOMY
20cnooapcmsi hakmopie pocmy pociun.

Kniouogi cnoea: spuii ssumins, yposicaiinicms, npompyloeanHs HACIHHA, MAca 3epHd, CIuMy-
JAMOPU POCHTY, 3AXUCHI 3ACOOU.

Great interest in barley as an important cereal crop of modern agriculture is associated
with its versatility, because this crop provides the population with food, animal farming
with fodder, industry with a valuable protein raw material. Growth of grain production
is the key problem of agrarian sector in Ukraine. The yield potential of spring barley
varieties is quite high — more than 8.0 t/ha, but its realization is limited by the unfavour-
able climatic conditions, lodging of crops and their damage by diseases and pests.

Spring barley is of great importance in ensuring food security of our country, as it
is a crop of universal use. Today, one of the promising measures to increase the spring
barley yield is the use of various growth stimulators, which is ensured by a wide range
of their effects on plants, the possibility to regulate certain stages of development in
order to mobilize the potential of the plant organism, and therefore to increase the yield
and quality of grown products.
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The great potential for increasing yields and quality indicators is essential for obtain-
ing high and stable yields of high-quality grain crops. But, as practice shows, mineral
nutrition only by macronutrients of the first order is not enough to solve the problems.
Plants need micronutrients throughout the growing period, but most of all in the initial
phases of development, in the period from 3 to 7 leaves and grain formation. Such
periods are critical in the development of barley plants, because the level of consump-
tion of mineral nutrients increases when not only the quantity but also the stability
is important. However, the plants are susceptible to various stress factors that disturb
normal root nutrition. Therefore, even on soils with high nutrient content spring barley
plants for various reasons may experience hunger because of the lack of some or other
elements of mineral nutrition [10].

The natural bishofite, a magnesium chloride salt extracted in the form of brine
by underground dissolution of the formation with water, was used in the research.
Bishofite is an oily liquid with a yellowish tint, odorless, with magnesium chloride con-
tent of 420-430 g/1, other impurities are 10-15 g/1. Tts density is 1.301.34 g/cm?, pH is
4.5-4.7, freezing point is (minus 20-30°C), the total mineralization is 450-460 g/1. The
composition of natural bishofite includes:

* main content (magnesium chloride) — 90-96%;

* impurities — calcium sulfate, sodium and potassium chloride, calcium sulfate,
magnesium bromide;

* microelements: boron, cadmium, bismuth, molybdenum, iron, aluminum, tita-
nium, copper, silicon, barium, strontium, rubidium, cesium, lithium.

In the last decade, positive experience of bishofite application in crop production
was collected. The application of bishofite for treatment of plants during vegetation
allows to provide them with balanced nutrition in microelements, to increase the effi-
ciency of macronutrient use (absorption by plants of macronutrients in the presence
of microelements, better development of plant root system), to increase the efficiency
of protective and stimulating mixtures used to increase plant resistance. and crop yields,
increase plant tolerance to pests and diseases.

In other words, bishofite has a complex effect on plants of twenty macro- and micro-
elements contained in bishofite, but all working concentrations and doses of working
solution of the preparation are characterized by a clear and individual approach to its
application, type of crop and period of treatment, as well as soil and climatic differences.

Analysis of recent studies and publications. As an example, let us consider
the experience of bishofite application on winter crops in 1997 on the area of 1000 ha
in 3 districts of Volhohrad region [5]. Bishofite was compared with such well-known
preparations as Agate-25 K, Fenoram, Crezacin as well as the control was laid with-
out treatment. Despite the extreme situation (drought), the yield was high. Economic
yield in variants with Agate-25 K was 21.3 centners/ha, Crezacin — 20.0 centners/ha,
Fenoram —25.3 centners/ha, Bishofite — 30.6 centners/ha; in control (no treatment) —
17.2 centners/ha. The positive effect of bishofite solution was shown in pest control
and disease control, which decrease up to 30%, as well as improvement of grain quality:
gluten increases by 4%, reaching 32-34%, i.e. all the obtained grain is food-grade.

Vasin V. H. provides data on the effective use of a mixture of growth stimulators
and fungicides for the cultivation of cereals. In particular, the treatment of spring barley
seed by Fenoram (1/2 rate of consumption) in mixture with biological preparations Rizo-
plan, Emistim, Jasol and Agate-25 K enhanced crop yield from 4.1 to 11.8 centners/ha [2].

In the work of Belopukhov S.L. the treatment of spring barley with biological prepa-
rations (Symbiot-Universal 1 ml/t and Trichodermin 5 kg/t) in wet years increased
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the yield by 3.3-5.8 centners/ha and also a healthful effect on root rot was observed,
while in dry years the application of these preparations had much less effect[1].

A significant increase in various parameters of spring barley yield structure with
the application of stimulators was established in the studies by Glukhovtsev V. V, which
were conducted in the Krasnodar Territory.

It was found that the yield increase in variants of the experiment was about 14.6-18.2%
depending on the variety, type of the preparation and method of its application. Spring
barley variety Helios with the use of the stimulator Humate K (from sapropel) provided
the largest yield increases [3].

Demidov O. A. studied the effect of treatment of spring barley seed with such stim-
ulators as Epin-extra, Zircon, Cresacin. For spring barley variety Parnas, yield increase
was 1.1 centners/ha in the variants with Epin-extra, 1.2 centners/ha in the variants with
Zircon, 1.3 centners/ha in the variants with Crezacin.

Epin-extra had the greatest effect on the gluten content of spring barley grain. The
amount of gluten increased by 2.7% for the spring barley variety Parnas, 12% and by
14% for the variety Helios. Gluten quality in all variants corresponded to the second
group and was characterized as satisfactorily weak. Variants of the experiment did not
have a significant effect on the grain unit and grain vitreousness [4].

Alqudah A. M., Koppolu R. in their work concluded that plant stimulators have
a significant effect on the yield of spring barley and the formation of its structural ele-
ments. In their study, the yield increase ranged from 2.3 to 23.3 centners/ha [7].

According to the data of Demidov O. A., Hudzenko V. M. and Skardak M. O.,
the treatment of spring barley plants with preparation Silk increased the yield by 3.6-3.7
centners/ha, and the gluten content in grain increased by 1.5% [4].

Sardak M.O. and Demidov O.A. in their research studied the effect of the stimulators
Zirkon, Energy M and NV-101 on growth, development, yield and technological indi-
cators of grain on the crops of spring barley and winter wheat Prykumska 140. In 2017,
the yield of spring barley increased compared to the control from 3.20 up to 3.30 t/ha.

Application of the preparation Zirkon increased spring barley yield to 3.70-3.93 t/ha,
application of the preparation Energy M resulted in the yield from 3.55 to 3.90 t/ha,
application of the preparation NV-101 resulted in the yield of spring barley yield from
3.40 to 3.70 t/ha [4].

Therefore, the analysis of modern scientific literature on the effectiveness of growth
stimulators for spring barley showed the significant prospects for their use. However,
currently insufficient study of the effect of growth stimulators on the yield formation
of spring barley varieties under the conditions of the studied farm (Reshetylivka dis-
trict, Poltava region) determines the relevance of the research in this area. The research
results are an important element of adaptation of spring barley cultivation technology
to the climatic characteristics of Ukraine, as a consequence, an important condition
for stable and high yields.

Research objectives. The aim of the research was to evaluate the influence
of bishofite on the yield level and seed quality of spring barley varieties Vakula, Parnas,
Helios.

The hypothesis of the research was that treatment of spring barley plants with bishofite
solution at the tillering stage promotes better growth, increased final yield of the barley
varieties under study, increases the content of nutrients (amino acids and vitamins) in
grain after harvesting. The research used theoretical analysis of the scientific literature
and generalizations. Statistical data and comparisons. Classification of theoretical mate-
rial and development of recommendations, field experiment. In the process of work,
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depending on the aims and objectives, the appropriate methods of analysis were used:
structural and systemic, comparative and factor analysis, based on the application
of basic principles of logical and statistical methods of source material evaluation.

The soil of the experimental plot is gray forest, loamy soils according to granulomet-
ric composition. Before laying the field experiment, the agrochemical characteristics
of the soil was as follows: pH salinity — 5.3; hydrolytic acidity — 7.28 mg-eq/100 g.;
humus content in arable layer — 3.2%; alkaline nitrogen — 122.5 mg/kg; mobile phos-
phorus — 295 mg/kg and exchangeable potassium — 100 mg/kg; total absorbed bases —
20.3 mg equivalent/100 g soil.

The main elements were determined in accordance with current standards. DSTU
ISO 14255: 2005 — Soil quality. Determination of nitrate nitrogen, ammonium nitrogen
and total soluble nitrogen in air-dry soils using calcium chloride solution for extrac-
tion. DSTU 4114-2002 — Soils. Determination of mobile phosphorus and potassium
compounds by the modified Machigin method. DSTU ISO 14254: 2005 — Soil quality.
Determination of metabolic acidity in barium chloride extracts [14].

The grain quality of the studied barley varieties and its chemical composition were
carried out according to the following standards. Mass fraction of proteins was deter-
mined by Kjeldahl method, fat content — by Soxhlet method, starch content — by Evers
method, ash content— by GOST 27494-87, sugar content — by iodometric method, die-
tary fibres content — by GOST R 54014-2010, fat — by GOST 30418-96, composition
of individual amino acids — by ion-exchange liquid chromatography on an automated
amino acid analyzer TT 339 (Czech Republic), microelements — by spectroscopy on
X-ray fluorescent analyzer, water-soluble vitamins by HPLC(high performance liquid
chromatography) method by GOST 26753.1- 93 and GOST RF 50929-96, particle
size — by GOST 27560-87, mass fraction of moisture — by DSTU 7045: 2009, acidity —
by DSTU 7045:2009, gas-forming capacity by volumetric method on an AG-1M device,
water-absorbing capacity by centrifugation.

The experiment was conducted with such spring barley varieties as Helios, Vakula,
Parnas and included treatment of the studied spring barley varieties with bishofite solu-
tion in different concentrations and without treatment (control). The main properties
of the varieties are shown in Table 1. Grain quality of spring barley met the requirements
of DSTU-3769-98. Barley. Specifications. Seed germination in laboratory conditions
was determined according to DSTU 4138-2002. Sprouting energy and germination abil-
ity seed met the requirements of GOST 12038-84.

Presentation of the research material. Field trials lasted for 3 years (2017-2019)
in the fields of the farm “Horobets” — Shylivka village, Reshetylivka district, Poltava
region. The area of experimental crops was 1 ha.

The weather conditions in the research years were different. Meteorological condi-
tions of the growing season of 2017 were unfavourable for barley growth and develop-
ment. 65.9% of the norm was recorded in May, 1.6% in June and 7.8% in July. Monthly
average temperatures in all months of the growing season were above the monthly
average. 2018 was optimal in terms of temperature and moisture conditions for growth
and development of spring barley. Meteorological conditions were slightly worse in
2019. Natural light and moisture conditions were 60% of full moisture capacity (WAC).
The germination temperature was maintained between +22 and +24°C.

Spring barley plants were manually treated with a solution of bishofite. Agronomic
technique of spring barley cultivation corresponded to the recommended for the farms
of Poltava region. Sowing was carried out with a SH-16 seeder in the ordinary row
method followed by rolling with ring-crowfoot rollers. Seed that met the requirements
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of the first class of seeding standard were used for sowing. Sowing depth was 5-7 cm,
mineral nutrition background was N, P, K, . Before harvesting the experimental plot,
the density of productive stems was taken into account and sheaves were selected
to assess the main elements of the yield structure. The plots were harvested during

the period of full grain ripening using a small Wintersteiger harvester (table 1).

Table 1
Characteristics of the studied spring barley varieties

Spring | Vegetation Yield Seeding | Weight of | Resistance | Drought | Resistance
barley period, potential, rate, | 1000 grains, | to lodging, | resistance, | to shedding,
variety days centners/ha | kg/ha r grade grade grade
Parnas 84-94 85-95 180 46-54 9 8 9
Vakula 80-91 92-96 180 44-50 7 8 8
Helios 90-93 89-93 180 47-50 9 7 8

Yield is one of the main indicators of the effectiveness of growth stimulators in
the cultivation of spring barley. For the period of 2017-2019, there is a tendency to
increase the yield of spring barley after growth stimulator treatment compared with
the control.

Under field conditions, the growth and development of barley plants as well as
the phytosanitary state of the crops were monitored in order to determine the effec-
tiveness of bishofite with different concentrations according to the generally accepted
methods.

Field germination ability, density and winter hardiness were determined by counting
the number of germinated seeds on plots sown since autumn (0.25 m?). Field germina-
tion ability was calculated as a percentage of the number of seeds that sprouted normally
to the number of seeds sown. The degree of germination and growth of spring barley
depending on the concentration of bishofite in the studied fields of farm “Horobets” is
shown in table 2.

Table 2
Spring barley germination and growth rate depending on bishofite concentration
(average for 2017-2019), %

Concentration Vakula Parnas Helios
of bishofite or Seed Laboratory Seed Laboratory Seed Laboratory
without it vigour germination vigour germination | vigour germination
(x+Sx) (x£Sx) (x£Sx) (x£Sx) (x£Sx) (x£Sx)
Control 59.1+0.2 88.4+0.2 62.6 £0.5 87.6£0.3 62.5+0.1 86.2+0.1
0.1 65.2+0.3 89.2+0.4 64.5+0.1 87.6+0.2 65.2+0.2 89.2+0.2
0.2 68.9+0.4 91.4+0.2 69.1+0.2 93.7+0.4 70.5+0.5 90.6+0.3
0.5 71.0+0.2 93.240.2 73.0£0.3 95.5+0.3 70.0+0.3 91.8+0.3
0.7 72.6+0.1 94.5+0.4 74.3+0.3 93.9+0.1 71.2+0.4 93.6+0.2
1.0 77.1 0.5 99.7+0.5 75.7+0.3 96.4+0.2 | 78.6+0.3 97.4+0.2
1.2 73.240.2 91.3+0.3 73.7+0.3 90.4+0.4 74.1£0.3 90.1+0.2
1.5 69.2+0.3 89.1+0.2 69.6+0.3 90.2+0.3 71.240.1 8.6£0.3
2.0 54.2+0.4 84.2 +0.1 56.2+0.1 83.140.2 62.6+0.3 83.1+0.2

The preservation of plants after overwintering was calculated as the percentage
of overwintered plants to the number of plants in the complete sprouting phase. Disease
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development and spreading were accounted for using the generally accepted methods
in phytopathology. Thus, the degree of infestation of spring barley plants with pow-
dery mildew was determined according to the Peterson scale, septoriosis according
to the scale developed by M. N. Vasetska. The solution with bishofite concentration
of 1.0% had the optimum stimulating effect on germination of spring barley seeds (Fig.
1, Table 1). In this case, germination and growth of spring barley seeds were 7% higher
compared to the control, and germination energy was 30% higher.

Under laboratory conditions, the weight of grain in one ear, weight of 1000 grains,
grain unit, vitreousness, content and quality of crude gluten, crude protein content were
determined. The quality of spring barley grain was evaluated by the system of indica-
tors in accordance with the requirements of GOST according to the methods adopted in
Ukraine. Sampling was made according to GOST 12035-85, the grain unit according
to DSTU 3769-98; determination of colour and odour according to GOST 10967-75;
infection rate [DSTU 13586.6-93; GOST 13586.4-83]; content of impurities
[GOST 30483-97]; moisture content [GOST 13586.5-93]; weight of 1000 grains —
GOST 10842—-89. Grain vitreousness — GOST 10987-76; gluten content and quality —
GOST 28796-90. Crude protein content — GOST 10846-91. Grain moisture content
was determined according to GOST 13586.5-93.

Table 3
Characteristics of seed quality of the studied spring barley varieties, 2017-2019

Indicators of spring barley variety
Indicator Withou{)gle;zgaent with After treatment with bishofite
Vakula | Parnas Helios | Vakula | Parnas | Helios

Husk content, % 6.93 591 7.96 4.67 5.03 6.65
Content of impurities, % 1.6 1.2 0.9 0.7 0.8 0.7
Determination of color and odour Stand the trial
Infection rate, % 0.5 0.4 0.7 0.4 0.3 0.5
Number of plants before harvest, pcs/m? 305 303 315 332 316 327
Productive tilling capacity 1.4 1.6 1.5 1.8 1.9 1.9
agzgggz%sll’)‘ck:le“ in the car 12 11 11 15 15 14
The number of grains in the spikelet, pcs. 24 25 24 29 33 29
Ear weight (average value), g 1.10 1.17 1.08 1.16 1.23 1.18
Productive stems, pcs / m? 427 486 502 456 496 522
Grain uniformity,% 71.8 83.6 85.1 82.3 84.1 86.2
The content of small grains,% 4.5 3.6 3.8 3.6 33 32
Vitreousness of grain,% 33 65 48 36 58 54
Protein content in grain,% 14.0 143 13.9 15.2 14.8 15.7

The increase in all indicators of the studied barley varieties after treatment of plants
with bishofite solution was observed (table 3). It was also found that treatment of plants
with bishofite solution in concentration of 1.0% can significantly improve growth, yield
and preservation of plants. Thus, if in 2017 this indicator averaged 62%, in 2019 —
66.8%, in the variants with bishofite treatment its value increased respectively to 65.5%
and 69.1%.
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On average over the research years, the maximum yield was obtained in the variants

with the treatment of plants with bishofite solution in concentration of 1.0%.

Table 4

Changes in yield and chemical composition of spring barley grain
after treatment with bishofite

Studied spring barley varieties
Indicators Without treatment After treatment
with bishofite with bishofite
Helios | Parnas | Vakula | Helios | Parnas | Vakula

Yield, centners/ha 454 41.6 438 554 52.6 53.8
Yield increase, t/ha 04 0.5 0.3 0.7 1.2 09
Starch content, % 62.4 63.2 59.3 65.3 66.7 67.0
Oil, % 2.54 2.64 2.73 2.67 2.77 2.89
B-glucans, % 6.54 6.65 6.50 6.65 6.70 6.78
Lysine, mg/100 g 3.8 3.9 4.0 4.2 4.0 4.2
Histidine, mg/100 g 2.5 2.7 2.7 2.7 3.2 3.5
Arginine, mg/100 g 3.9 4.0 3.8 4.2 4.1 43
Threonine, mg/100 g 1.7 2.0 2.2 2.4 2.5 2.7
Serine, mg/100 g 1.9 2.1 2.3 2.2 2.5 2.6
Glutamic acid, mg/100 g 26.7 27.4 26.3 27.0 27.2 27.5
Alanine, mg/100 g 5.8 6.0 5.9 6.4 6.6 6.4
Valine, mg / 100 g 2.9 3.1 3.0 3.4 3.5 3.3
Glutamine, mg / 100 g 3.9 4.1 4.0 4.2 4.4 4.4
Leucine, mg/100 g 2.0 1.9 2.2 2.3 2.6 2.8
Carotene, mg/kg 0.1 0.2 0.1 0.2 0.3 0.3
B9 (folic acid), mg/kg 0.30 0.33 0.34 0.36 0.38 0.39
B1 (thiamine), mg/kg 3.7 3.8 3.6 4.2 4.2 4.4
B3 (pantothenic acid), 451 | 456 | 463 | 473 | 463 | 472
mg/kg

B4 (choline), mg/kg 712 734 745 733 745 743
B6 (pyridoxal) mg/kg 2.1 2.3 2.2 2.6 2.8 2.7
B7 (H, biotin), mg/kg 0.08 0.09 0.10 0.12 0.13 0.15
E (tocopherols), mg/kg 20.2 21.2 20.8 23.1 22.8 22.6

Treatment of spring barley plants with bishofite solution resulted in a significant
change in grain quality after harvesting (table 4). Thus, an increase in content of starch,
vegetable oil and essential amino acids is observed for all studied barley varieties.
The increased content of water-soluble B vitamins in spring barley grain should also be
emphasised. This is explained by the fact that nitrogen is a component of the organic
molecules in the grain. A similar trend was found for barley grain of all studied varieties.

It was found that 100 g of grain of the variety Helios obtained after bishofite treat-
ment satisfied the biological need of an adult in vitamins B, and B, by 32-40% and in
carotenes by 0.2-0.4% depending on the experiment variant. The integral change in
the content of vitamins B,, B, and B, in spring barley grain after treatment with bishofite
solution increased from 16-18% to 17-37% respectively; for other vitamins — from

7-13% to 9-21%.
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Conclusions and suggestions. Positive effect of bishofite solution on growth, yield
and grain quality of spring barley varieties Helios, Parnas and Vakula was established.
Treatment with 1.0% bishofite solution is the most effective. Spraying with bishofite
solution was carried out in the tillering phase. The application of natural bishofite
(magnesium chloride salt) accelerated the phenological phases of the studied varieties
of spring barley, which contributed to the reduction of the growing season as a whole,
and this, in turn, allowed a more rational use of agricultural machinery for harvesting.

Therefore, to increase the yield and seed quality of spring barley varieties, we rec-
ommend to use 1% solution of bishofite for pre-sowing seed treatment and spraying
of crops in the tillering phase, which provides a leveled sowing area and the stable
yields. It should be noted that all the studied varieties had higher yields compared to
the control. Further research will consist of determining the peculiarities of the effect
of bishofite solutions on the ontogenesis stages and the terms of the phenological phases
of growth and development of spring barley plants.
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BrNJIUB CTPOKY CIBBU | HOPMU BUCIBY HACIHHA
HA YPOXAWHICTb CYUBITTA WABJII MYCKATHOI
B YMOBAX 3AXIAHOIO NICOCTENMY

poxonbcbka T.M. — acnipaHm kagheOpu pocruHHUUMEa, cenekuii ma HaciHHuuymea,
lModinbcbkuli OepxasHull yHisepcumem

XowmiHa B.51. — 0.c.-2.H., npoghecop,

3aesidysay kaghedpu pocriuHHUUMea, cenekuii ma HaciHHuymaea,

lModinbcbkuli OepxasHull yHisepcumem

Y cmammi nagederno pezynomamu nonbosux ma 1ab6opamopHux O0CIi0NCeHb GNIUEY CIMPOKY
ciebu i HOpMU BUCIBY HACIHHA HA 8PONMCAUHICIb CYYBIMb WAGIIT MYCKAMHOI Y pO3pI3i mpbox
POKI6 Q0CNIONCEHHS, BUKOHAH020 8 ymosax 3axionozo Jlicocmeny. 3a pezynbmamamu 00ci-
0ICEeHHS BCMAHOBNEHO, WO HAUCHPUAMAUSIUUMU OTISL POCHTY, PO3GUMKY POCIUH | hopMySaHHs
nPOOYKMUHOCmI waenii. myckamuoi sussuiucy ymosu 2020 poky, ki 3abe3nequunu 6posicaii-
Hicmb cyygime y medicax 3,3-6,5 m/za 3anexncHo 6i0 sapianmy 0ocaioy.

Jloseoeno, wjo ceped cmpoxie ciebu Oiibul eekmueHUM UABUBCS GeCHAHUL (Opyea Oekada
KGIMH5), 34 pe3ynomamamy 6U3HAYeH s MIHIUGOCI anpodayiiHux 03HAK Yell YUHHUK 6NAU6A8
Ha 26-27%.

Hocniooicennamu 6cmanosneno, wjo 3a pokamu cnocmepiedandcv aHAN02IYHA MeHOeHYis
BNIUBY OOCHIONCYBAHUX (PAKMOPIE HA YPOXICAUHICMb CYyYsimb wiasnii myckamuoi. Onmumanvui
3HAYeHHs Yy CepeOHbOMY 3a MpU POKU OMPUMAHO 6 Medxcax 5,5 ma 5,2 m/2a na eapianmax eec-
HAHO20 CMPOKY ciebu 3a Hopmu eucigy Hacinusa 8 ma 10 ke/ea 8i0nogiono. IlokasHuxu Ha yux
8apiaHmax nepesuwysan KOHMporbHul eapianm eionosiono na 17 ma 10,6%. Ha ecix inwux
00CTI0ACYBAHUX BAPIAHMAX CNOCMEPI2aANOCs 3MEHUeH s epodicatinocmi Kynomypu Ha 8,5-38,2%
NOPIGHAHO i3 KOHMPONLHUM BAPIAHMOM (8€CHAHUL CMPOK CiBOU HOPMOIO 8UCI8Y HACIHHA 6 Ko/
2a). Minimanvhe 3HUNMCEHHS BPONCAUIHOCMI GIOMIYEHO 3a HOPMU BUCIBY HACIHHA 4 Ke/2a AK Y pa3i
BECHAHO20, MAK I IIMHbO20 CMPOKY ciedu. Jucnepcitinuti ananiz nokazas, wo Gaxmopu 0ocui-
0diCenHs OOCMOBIPHO GNIUBANIU HA BPONCAUHICIG CYYBIMb WABLI] MYCKAMHOI NPOMA2OM YCiX
mMpbOX POKIE.

3a ompumanumu excnepumeHmarbHUMU NOKASHUKAMU 3DOONIEHO UCHOBKU, WO 8 YMOBAX
3axionozo Jlicocmeny OOYinbHO BUPOWYEAMU WABNIIO MYCKAMHY SK e(IPOONItiHY, NIKAPCoKY
ma apoMamuyHy pociuny. 3a 6upowjy6aHHs wWasiii MycKamHoi 6 yMoeax 30Hu Ha (ori 000pus
N,y g0 P oo BHECENUX NIO KyTOMUGaYiI0 Ma nidocusnens (N, P, —y nepwuii pik y ¢pazy ymeo-
penns posemku aucms, Ny, . P, Ha Opyeuil pix y nepioo éionoenenns eecemayii), ciamu wag-
10 MyCKammuy cuio HasecHi (y 5py21u dekadi keimus) Hopmoro sucigy 8 ke/ea, wo 3abesneuye
epoorcatinicms cyyeimo y medxicax 4,2—6,5 m/z2a.

Knrwwuoei cnosa: wasniss myckamua, cmpox cieou, HOpMa BUCIBY, BPONCAUHICMb CYYBIMb,
MIHAUBICMb ANPOOAYIUHUX O3HAK.




