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Prospects for the introduction of ornamental plants
of the genus Sage (Salvia L.) to the Forest-Steppe
of Ukraine

0. P. Pereboichuk’, S. P. Mashkovska
M. M. Gryshko National Botanical Garden, NAS of Ukraine, 1 Tymiriazievska St., Kyiv, 03004, Ukraine, “e-mail: fiorgy@meta.ua

Purpose. Analysis of species and varietal diversity of the genus Salvia L. cultivated flora of the world, including Ukraine;
prognostic assessment and determination of the directions of ornamental representatives of the genus introduction to the
conditions of the Forest-steppe of Ukraine. Methods. Analysis and synthesis, comparison and generalization of information
data, introduction forecast. Results. The modern assortment of the genus Salvia is presented in quantitative, taxonomic,
arealogical and ecological-cenotic terms. Belonging of the species of the genus to 6 main centers of origin of cultivated
plants was determined, and a significant diversity of life forms (nanophanerophytes, microphanerophytes, hamephites,
hemicryptophytes, theophytes), naturally formed under the influence of factors determined by different geographical and
ecological-phytocenotic conditions of plant growth was reflected. Species assortment of the genus Salvia from the col-
lection fund of the M. M. Gryshko National Botanical Garden of the National Academy of Sciences of Ukraine was analyzed
in comparison with the collections of other Ukrainian botanical gardens. The list of decorative species of the collection,
found in the natural flora of Ukraine, was given. Three groups of species have been identified by origin, what determines
the conditions for plant cultivation in the Forest-Steppe of Ukraine. In terms of taxonomic structure, introduced sage spe-
cies belong to eight (according to Bentham, 1833) out of twelve sections, which represent biomorphological diversity and
confirm the high introduction potential of these plants. The species and interspecific hybrids most fully used in breeding
work and represented by a significant varietal diversity were distinguished, as well as the sage assortment of the collection
of ornamental plants of the NBG was presented. Conclusions. It has been revealed that the species and varietal diversity of
the genus Salvia of the world cultivated flora has a significant introduction potential for the Forest-Steppe zone of Ukraine.
It was determined that the main base for the introduction of the ornamental species of the genus Salvia in Ukraine is the
collection of the M. M. Gryshko National Botanical Garden of the National Academy of Sciences of Ukraine. The main direc-
tions of further introduction and breeding work with representatives of the genus Salvia in the Forest-Steppe conditions of
Ukraine were highlighted.

Keywords: cultivated flora; plant collections; life forms; habitat; breeding; introduction study.

tion of highly decorative compositions that are

Introduction resistant to a wide range of environmental

Ornamental herbaceous plants are an integ-
ral part of the green space of urbanized environ-
ments, but they are often overlooked by lands-
cape architects. In Ukraine, their assortment
remains small and monotonous in terms of
floristic composition with insignificant diffe-
rentiation of plants according to biological
and ecological characteristics. The use of new
ornamental species from different phytoce-
noses expands the possibilities for the forma-

Oxana Pereboichuk
htps//orcid.org/0000-0002-6273-6158
Svitlana Mashkovska
htps//orcid.org/0000-0001-6078-5864

factors.

Botanical gardens are the centers of conser-
vation, enrichment and research of biological
and ecological diversity of plants. For several
centuries they have been actively promoting
the development of floriculture. Collections of
introduced plants serve as a potential source
of expansion and diversity in the assortment.
The theoretical results of the introduction re-
search are used in the development of technolo-
gical maps for the cultivation of crops.

Due to persistent trends in climate change
[1-3], the issues of forming an assortment of
floral and ornamental plants characterized not
only by high decorativeness, but also by a wide

ISSN 2513-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2021, Vou. 17, No 2 91
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ecological amplitude of its representatives, are
of particular relevance today.

With the intensification of the processes of
climate aridization and xerophytization of the
vegetation cover in the Forest-Steppe zone of
Ukraine during the formation of artificial
plantations of urbanized landscapes, xeromeso-
phytes, mesoxerophytes and xerophytes ex-
hibit high resistance. Representatives of the
genus Salvia L. are promising in this case, most
of which belong to the aforementioned hygro-
morphs, and the plants are characterized by
abundant long flowering.

Now the species of the genus are widely
represented in the world floriculture, active
selection work with them expands the decora-
tive properties of plants. Today, only S. splen-
dens Sell ex Roem & Schult is found in the
landscaping of our cities., occasionally single
varieties of S. x sylvestris L., but other, more
efficient species are ignored. Considering the
small range of crops in Ukrainian floricul-
ture and persistent changes in climatic condi-
tions, which dictate the demand for ecologi-
cally plastic and drought-resistant plants,
and based on the experience of cultivating
Salvia in Western Europe and North America,
we believe that these plants are a promising
source for enriching the domestic range of
ornamental plants. This actualizes the intro-
duction research of species and varieties of
the genus, preceded by the study and analysis
of their world assortment and the assessment
of the prospects for further introduction in
Ukraine.

The purpose of the research is to analyze the
species and varietal diversity of the genus Sal-
via of the cultivated flora of the world, in-
cluding Ukraine; prognostic assessment and
determination of the directions of introduc
tion of ornamental representatives of the ge-
nus into the conditions of the Forest-Steppe of
Ukraine.

Materials and methods

We used the inventory data of the collection
funds of the NBG, the database of floral and
ornamental plants (FOP) of the botanical gar-
dens of Ukraine, reference books, and cata-
logs in the research process [4—6]. Printed and
electronic scientific periodicals and search sci-
entific bases (Pubmed, Researchgate, Science
Direct, Google Scholar) were used in informa-
tion retrieval. Methods of analysis, systema-
tization, comparison, generalization of infor-
mation data were used in the work. The intro-
duction forecast was carried out according to
the methods [7-9].

The genus size and its structure are taken
according to the taxonomic system APG III
[10, 11]. Data on the species and varietal com-
position of the genus Salvia in ornamental
horticulture were taken from the consolidated
lists and catalogs of flower producers and
trading companies around the world [12-15].
The life forms of plants were determined in
accordance with the classification of I. G. Sereb-
ryakov [16] and C. Raunkiaer [17].

Results and discussion

According to scientific sources on the deve-
lopment of world floriculture, there is a great
interest in the representatives of the genus
Salvia as ornamental plants, and the constant
expansion of their range in ornamental gar-
dening in many developed countries of the
world. Enrichment of the assortment is due to
the introduction of new species and targeted
breeding to create new interspecific hybrids
and varieties.

Salvia is the most numerous cosmopolitan
polyphyletic polymorphic genus of the family
Lamiaceae Martinov., with a complex taxo-
nomic structure. According to the results of
morphological and molecular phylogenetic
studies, it numbers about 1000 species [11, 15,
18-21]. The natural area covers tropical, sub-
tropical and temperate areas, mainly mountain
ranges and open dry plains. The genetic center
of origin of Salvia is considered to be the
mountain ranges of Southwest Asia. In the
process of area expansion, the main migration
routes, obviously, passed along the mountain
chains. Isolation and a variety of microeco-
logical conditions prompted intensive specia-
tion, which led to the formation of peculiar
phylogenetic groups in different parts of the
range and the formation of a large species di-
versity. The main directions of shaping pro-
cesses are associated with its evolution on the
way to xerophytization. Now there are three
regions with the highest species diversity:
Central and South America (about 500 species),
Central Asia and the Mediterranean (~ 250),
East Asia (~ 90) [13, 18-22]. In Europe, 36 spe-
cies grow [15, 23], in particular in Ukraine — 20
[24, 25]. Among the latter, S. scabiosifolia
Lam., S. cremenecensis Bess. (= S. nutans L.)
are included in the Red Book of Ukraine [26].

The centers of species diversity of the genus
Salvia are associated with the main world
centers of origin of cultivated plants identi-
fied by N. I. Vavilov: South, East and South-
west Asia, Mediterranean, Ethiopian, Andean,
Central American [27]. Bazilevskaya N. A. [28],
working on the development of centers of origin
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of ornamental plant species, identified another
additional region — the South African Center
for the variety of sage, in particular sections
Heterosphace and Nactosphace.

The wide range of the genus and various
ecological and phytocenotic growth conditions
have led to a significant variety of life forms
of sage. Among them are herbaceous one-, two-
and perennials, subprostrate shrubs, pros-
trate shrubs, subshrubs, and occasionally
shrubs (according to C. Raunkiaer classifica-
tion, therophytes, cryptophytes, hemicrypto-
phytes, hamephites, phanerophytes are distin-
guished). In the temperate zones of natural
flora, hemicryptophytes are mainly found.

In the world floriculture, all main types of
life forms characteristic of Salvia are now rep-
resented: nanophanerophytes, microphanero-
phytes, hamephites, hemicryptophytes, thero-
phytes. One third of the entire assortment is
made up of nanophanerophytes, microphan-
erophytes and hamephites, which are spring-
summer-autumn-winter-green, or evergreen by
phenorhythm. Hemicryptophytes, among which
taproot semi-rosette polycarpic herbaceous
plants predominate, are spring-summer-autumn-
winter-green. Rosetteless polycarpic herba-
ceous plants are spring-summer-autumn-green.

The success of the introduction of some spe-
cies of the genus into the conditions of the
Forest-Steppe of Ukraine depends on the life
form of plants. Phanerophytes prevail in the
tropical zone with sufficient uniform moisture
throughout the year. With a decrease in the
sum of active temperatures and an increase in
continentality of the climate, the percentage
of hamephites increases. Hemicryptophytes
are characteristic of the temperate climatic
zone; in the subtropics, they are found in hu-
mid areas or in high mountain zones. Thero-
phytes are present in various parts of the ge-
nus range [22]. Therefore, the most promising
for further introduction is the Forest-Steppe
of Ukraine are therophytes and hemicrypto-
phytes, which also prevail in the natural flora
of Ukraine. Hamephites are also quite promi-
sing, but they are not always winter-hardy un-
der conditions of introduction.

The lability of the life form of plants signi-
ficantly increases the introduction capacity of
sage in culture. This is most pronounced in
phanerophytes (subshrubs, shrubs, subprost-
rate shrubs), it is most stable in hemicrypto-
phytes (herbaceous polycarpics) [22]. The most
popular in floriculture are annual crops that
originate from the regions of Central and
South America and usually grow in their na-
tural range as subprostrate shrubs (S. splen-

dens) or seasonless polycarpic grasses (S. fari-
nacea Benth.). The species S. canariensis L.,
newly introduced in the NBG, endemic to the
flora of the Canary Islands, manifests itself as
an upright bush at home. In the case of its
introduction, the life form changes to a sub-
prostrate shrub. In the first year of vegeta-
tion, the plants bloom profusely and form
full-fledged seeds, but they are not winter-
hardy. Therefore, for the conditions of the
Forest-Steppe of Ukraine, we consider this
species to be a promising annual crop.

As a result of spontaneous introduction and
purposeful introduction research, there are
currently about 200 sage species and more
than 300 of their varieties recommended for
use in the world assortment of ornamental
crops [12]. More than 17 sage species are used
in floriculture and gardening in Western Eu-
rope. Approximately 10% of the total assort-
ment of ornamental species is cultivated as a
one- or two-year culture [12-14, 29, 30].
Among the best known are S. pratensis L., S. nu-
tans, S. nemorosa L., S. sclarea L., which origi-
nate from the steppe, meadow-steppe phyto-
cenoses of Eurasia, S. glutinosa L. — from the
forests of Eurasia, S. officinalis L. — from dry
slopes, open forests and lawns of the Mediter-
ranean, S. viridis L. — from dry sandy shrub
landscapes, open forests of the Mediterranean
and North-West Asia, S. verticillata L. — from
dry meadows of the Mediterranean, naturalized
in Eurasia, S. argentea L. — from dry meadows
of the Mediterranean, North Africa, S. cacali-
folia Benth., S. chamaedryoides Cav., S. greggi
A.Gray, S. microphylla Kunth, S. patens Cav.,
S. regla Cav. — from dry rocky slopes of Central
America, S. azurea Michx. ex Vahl — from the
prairies and savannas of Central America, S. ele-
gans Vahl — from the mountain pine-oak for-
ests of Central America, S. jurisicii Kosanin —
from the mountain meadows of the Balkan
Peninsula, endemic to Macedonia. Some of
them have already been successfully intro-
duced as ornamental plants in the NBG (S. ar-
gentea, S. glutinosa, S. nemorosa, S. officinalis,
S. pratensis, S. verticillata, S. viridis), others
are promising for further introduction work
in the NBG, which have already been intro-
duced into the culture and for them the foun-
dations of agricultural technology have been
developed, but they need to be adapted to the
new conditions of the introduction of the Fo-
rest-Steppe of Ukraine.

In general, species diversity is an inexhaus-
tible genetic resource for breeding work in
order to expand the range of decorative traits
and ecological plasticity of plants and, as a
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consequence, diversity of their assortment.
Now in breeding work such species as S. cleve-
landii (A.Gray) Greene, S. coerulea Benth.,
S. elegans, S. farinacea, S. greggii, S. involuc-
rata Cav., S. madrensis Seem., S. microphylla,
S. nipponica Miq., S. officinalis, S. splendens,
S. patens, S. pratensis, S. verticillata and some
others are involved and represented by varietal
diversity. The main breeding centers were for-
med in the USA, Europe, Japan [31].

However, most of the varieties spread recent-
ly are interspecific hybrids. The first inter-
specific hybrids arose spontaneously in natu-
ral conditions; subsequently, they began to be
selected by spontaneous hybridization during
cultivation. Targeted experimental interspe-
cific crosses began to be carried out in the
second half of the twentieth century in order
to obtain both high-grade essential oil bearing
and highly decorative varieties [29, 31]. Seve-
ral groups of interspecific hybrids are widely
used in floriculture. A hybrid of S. greggii and
S. microphylla is known as S. x jamensis J.Comp-
ton. It is a natural interspecific hybrid first
found in the Mexican mountains. In decora-
tive gardening, it is represented by more than
ten highly decorative varieties. The herbace-
ous interspecific hybrid S. x sylvestris, which
comes from S. pratensis and S. nemorosa, who-
se varieties can be derived from other Eura-
sian species, is stable in the conditions of the
Forest-Steppe of Ukraine. When creating new
varieties, polyploidy methods are sometimes
also used [29, 32].

Along with intensive selection work, scien-
tific research on the introduction of new species
into culture, including local flora, especially in
regions rich in natural species diversity, re-
mains relevant at the present time [33, 34].

The introduction into culture is preceded by
the introduction and introduction research of
plants with the following recommendations for
their widespread use. The first stage in the
introduction process is the prognostic assess-
ment and formation of the collection fund of
the world diversity of Salvia, which will serve
as a source material for highly decorative
promising species and varieties in the future.

At present, 35 species of the genus Salvia
are collected in the botanical gardens of
Ukraine, of which 25 species are presented in
the collections of the NBG, and 21 species
(1.5-2.8% of the species range of the world
flora) belong to the collection of ornamental
plants [6]. By origin, these species can be at-
tributed to three groups. The first group in-
cludes representatives of the American sub-
tropics, which in temperate climates are cul-

tivated as annual plants (S. canariensis, S. fa-
rinaceae, S. splendens, S. tiliifolia Vahl., S. coc-
cinea Juss. Ex Murray). The second group
includes species of Mediterranean origin that
are more resistant to drought and cold (S. ar-
gentea, S. jurisicii, S. viridis, S. virgata Jacq.,
S. verticillata, S. officinalis, S. judaica Boiss.,
S. tomentosa Mill.) and are grown as annual
plants, covering or non-covering perennials.
S. officinalis, S. tomentosa, S. verticillata are
quite winter-hardy, grown as perennial non-
covering crops. S. verticillata has successfully
naturalized over a large area of Europe. The
third group unites cold-resistant Eurasian
species, which are perennial ornamental plants
with a characteristic abundant flowering.
Their range passes through the flat and high-
mountain steppes and dry meadows of Europe
(S. forsskaolei L., S. transsylvanica (Schur ex
Griseb. & Schenk) Schur, S. verbenaca L.), Eu-
rope and North-West Asia (S. nemorosa, S. pra-
tensis), Northwest Asia (S. atropatana Bunge,
S. cadmica Boiss.). Plants are unpretentious
to soil and climatic conditions, among them
there are shade-loving ones, for example, the
Eurasian species S. glutinosa. In nature, it grows
in humid forests, but in culture it shows suffi-
cient tolerance to drought.

Additionally, the collections of medicinal
and aromatic plants of the NBG contain sage
species such as S. aethiopis L., S. nutans, S. pa-
tens, S. sclarea. They are characterized by pro-
nounced decorative properties and can be inclu-
ded in the introduction study for further use
in landscaping.

In total, the collection funds of the the NBG
contain 10 species that are found in the natural
flora of Ukraine, some of them are naturalized
(S. aethiopis L., S. glutinosa, S. nemorosa, S. nu-
tans, S. pratensis, S. sclarea, S. tomentosa,
S. virgata, S. verticillata, S. verbenaca).

In taxonomic terms, the collections of living
plants of the the NBG include eight species
(according to Bentham, 1833) of twelve secti-
ons (Table 1), which represent the biomorpho-
logical diversity of the genus and confirm
their high introduction potential for this re-
gion.

Varietal diversity of sage of the NBG floral
and ornamental plants collection is represented
by 24 cultivars (Table 2). S. splendens with 14
varieties is the most represented species. S. coc-
cinea and S. viridis have three varieties, S. fa-
rinaceae — two. The perennial sage assortment
is less diverse: S. nemorosa and S. x sylwestris
are represented by only one cultivar.

All the aforementioned cultivars have succes-
sfully passed the introductory variety trials
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Table 1

Taxonomic structure of the collection fund of the genus Salvia L. of the M. M. Gryshko
National Botanical Garden of the National Academy of Sciences of Ukraine

Plethiosphace
Calosphace

S. verticillata L.
S. canariensis L.

Heminosphace
Hymenosphace

Section Species
Salvia S. officinalis L., S. tomentosa Mill.
Drymosphace | S. glutinosa L., S. forsskaolei L.
Horminum S. viridis L.
Aethiopis S. aethiopis L., S. argentea L., S. atropatana Bunge, S. sclarea L.

S. cadmica Boiss., S. pratensis L., S. transsilvanica Schur., S. nemorosa L., S. nutans L.,
S. judaica Boiss., S. jurisicii Kosanin, S. verbenaca L., S. virgata Jacq.

S. coccinea Juss. ex Murray, S. splendens Sellow ex Schult.,

S. tiliifolia Vahl., S. patens Cav., S. farinacea Benth.

Table 2

Varietal composition of the genus Salvia L. in the collection of floral and ornamental plants
of the M. M. Gryshko National Botanical Garden of the National Academy of Sciences of Ukraine

Species

Varieties

S. splendens

‘Aticolavander’, ‘Brasier’, ‘Bonfine’, “Jans Vuur, ‘Kometa’, ‘Libochovickyohen’, ‘Rakette’,
‘Red’, ‘Rio’, ‘Roodcopje’, ‘Scarlet Piccolo’, ‘Sizzler, ‘Sizzler White’, Violaceae’

S. coccinea ‘Coral Nimph’, ‘Rosea’, ‘Pseudococcinea’
S. viridis ‘Alba’, ‘Camate’, ‘Violacea’

S. farinaceae | ‘Blue Monarch’, ‘Belyy Lebed’

S. nemorosa ‘Rosa Konigin’

S. x sylwestris | ‘Blue Queen’

and are recommended for mass use in the lands-
caping complex of Ukraine.

Among Salvia species introduced in other bo-
tanical gardens of Ukraine, we see promising
prospects in the study of S. aucheri Benth.,
S. barrelieri Etl., S. dumetoru Andrz. ex Besser,
S. officinalis subsp. lavandulifolia (Vahl) Gams,
S. staminea Montbret & Aucher ex Benth.

According to the literature data [22], S. ama-
siaca Freyn et Bornm, S. austrnaca Jacq,
S. azurea, S. deserta Schangin, S. haematodes L.,
S. hierosolymitana Boiss., S. hispanica L.,
S. przewalskii Maxim., S. stenophylla Burch.
ex Bentham., S. taraxacifolia Coss. ex Hooker f.,
S. viscose Jacq have been successfully intro-
duced and cultivated as ornamental species in
the Forest-Steppe zone of other countries. In
the future, it would also be advisable to add
them to the NBG floral and ornamental plants
collection and to determine their prospects for
use in landscape design.

Species that have recently appeared in cul-
ture are promising for introduction. They are
very decorative and thermophilic plants distin-
guished by significant drought tolerance, in
particular S. discolor Kunth, S guaranitica
A.St.-Hil. ex Benth., S. uliginosa Benth., S. reg-
la [35, 36]. Among them, the original and exo-
tic species — S. discolor, which comes from the
Peruvian Andes forests, at an altitude of 1800—
2500 m. It is characterized by a dark blue, al-
most black color of the bracts surrounded by
silvery calyces. The South American species
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S. guaranitica and S. uliginosa belong to the
most beautiful, luxurious and tall (up to 1.5—
1.8 m) representatives of the genus, which cre-
ate a cold scale in flower gardens. S guaranitica
is characterized by textured, wrinkled leaves
with anise aroma, while S. uliginosa is charac-
terized by small (up to 7 cm) elongated leaves
dissected along the edge and bright blue-blue
flowers. The originality of the Texas species
S. regla is that it grows in diameter more (up to
100 cm) than in height. In temperate latitudes,
it is advisable to grow these plants as an annual
crop and actively use them in breeding work.

Conclusions

The species and varietal diversity of the ge-
nus Salvia of the the world cultivated flora is
characterized by a significant potential for
introduction into the Forest-Steppe of Ukraine.
The collection of the genus Salvia of the M. M.
Gryshko National Botanical Garden is a valu-
able source of donors of selectively valuable
traits for the creation of new highly decora-
tive resistant domestic varieties, as well as
the basis for further introduction research of
ornamental species of this genus. Based on the
analysis of scientific sources on the use of or-
namental species and varieties of Salvia in the
world, their distribution in the natural flora
of Ukraine and collection funds of botanical
gardens in Ukraine, the main directions of
further introduction of representatives of the
genus as ornamental crops in the Forest-Steppe

95



COmeBUB'-IeHHﬂ ma copmo3Hascmso

conditions of Ukraine are highlighted. First of
all, these are:

1) introduction of representatives of the cul-
tivated world flora, which have already gone
through the process of introduction in other
climatic zones. For them, the foundations of
agricultural technology have been developed,
but they need to adapt to the edapho-climatic
conditions of the Forest-Steppe of Ukraine;

2) introduction studies of new wild-growing
species and forms, including those from the
natural flora of Ukraine, which were not pre-
viously used for decorative purposes;

3) introduction of rare and endangered taxa
for their preservation in cultural conditions;

4) introduction of species and interspecific
hybrids, which are used in breeding work and
characterized by a high degree of polymorphism
in terms of qualitative and quantitative charac-
teristics, as well as modern varieties that reflect
world trends in the development of floriculture.
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Meta. AHani3 BULOBOIO Ta COPTOBOrO Pi3HOMAHITTS poay
Salvia L. kynbTBOBaHOT hnopu cBiTy, 30Kkpema i Ykpainu;
MPOTrHOCTUYHA OLiHKA Ta BU3HAYEHHS HANpAMiB iHTPOAYKLiT
LEKOpaTUBHUX NpeAcTaBHWKIB popsy B ymosu Jlicocteny
YkpaiHu. Metopu. AHanis i cMHTe3, NOPiBHAHHA Ta y3aranb-
HEHHA iHdOpMaLiiHMX [aHWX, THTPOAYKUINHMA NPOrHo3.
Pesynbratn. [peactaBneHo cyyacHUW acOpPTUMEHT popy
Salvia B KinbKicCHOMY, TAKCOHOMi4HOMY, apeasnoriYHoMy Ta KO-
JI0T0-LIeHOTUYHOMY BifiHOWEeHHi. BU3HaYeHO NpuHanexHictb
BUAiB poAy A0 WeCTU OCHOBHUX LEHTPIB NOXOAXKEHHSA Ky/b-
TYPHWUX POC/IMH, @ TaKOX BifoOpayeHO 3HayHe po3MaiTTa
KutteBux ¢opm (HaHodaHepodith, MikpodaHepodiTh,
xameditn, remikpuntoditn, Tepoditn), AKi 3aKOHOMipHO
copmyBanuca nig BRNAMBOM YMHHWKIB, WO BU3HAYaNMUCH
pi3HMMK reorpadiyHUMM Ta €K0N0To-(iTOLEHOTUYHUMU YMO-
BaMu 3pOCTaHHA pociuH. lpoaHanizoBaHo BMAOBWIA acop-
TUMeHT poay Salvia konekuiiiHoro doHay HauioHanbHoro
6oTtaHiyHoro capy imeni M. M. Tpuwka HAH Ykpaiuu (HBC)
NOpiBHAHO 3 KoMeKuiaMu iHWKUxX 6oTaHiuHMX capie YkpaiHu.
HaBepeHo nepenik gekopatMBHUX BUAIB KONeKLii, wo tpan-
NATLCA B NPUPOAHIA dnopi YkpaiHu. BugineHo tpu rpynu
BUAIB 3@ MOXOMKEHHAM, IKi i BU3HAYAOTb YMOBU KyNbTU-

BYBaHHA pocnuH y Jlicocteny YkpaiHu. 3a TaKCOHOMiYHOIO
CTPYKTYpOIO iHTPOAYKOBAHi BWAM WaBNiA Hanexartb [0
BocbMu (3rigHo 3 Bentham, 1833) 3 gBaHaguaT cekuii,
AKi npencTaBasioTb GiomopdoaoriyHe pisHOMaHiTTA Ta
NiATBEPAXYIOTb  BUCOKWIA  iHTPOAYKUiHMIA  moTeHuian
UMX poCnuH. BupineHo Buan i Mixsuposi ribpuaun, ki
Ha6inblW 3afifHi B ceNekUiitHiii poboTi Ta penpeseHToBaHi
3HaYHMM COPTOBMM PO3MAITTAM, a TAKOX NPeACTaBAeHO Co-
PTUMEHT WaBNil KONEKLii KBITHUKOBO-AEKOPATUBHUX POC-
nvH HBC. BUCHOBKM. YCTaHOBNEHO, WO BMOBE Ta COPTO-
Be pi3HOMaHiTTA poay Salvia kynbTuBOBaHOi dnopu cBiTY
MA€ 3HAYHMIA THTPOAYKLiINHMI NoTeHWian ans nicoctenosoi
30HM YKpaiHu. Bu3HauyeHO, WO OCHOBHOIO 0asok Ans
THTPOLYKLiHOrO BUBYEHHA AeKOpPaTUBHUX BUAIB poay Sal-
via B YkpaiHi € konekuis HauioHanbHoro 60TaHiyHoro cagy
imeHi M. M. Tpuwka HAH YkpaiHu. BuokpemneHo oCHOBHi
HanNpsAMM WOA0 NOAANbIWOT iHTPOAYKLiNHOT Ta cenekuinHoi
poboTK 3 npeacTaBHUKamMu poay Salvia B ymosax Jlicocteny
Ykpainu.

Knioyosi cnosa: kynsmusosaHa ¢nopa; Konekyii poc-
JIUH; Xummesi opmu; apeas; cenekyis; iHmpooykuyiliHe do-
CNNIOKEHHS.
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MocyxocTiKicTb COPTiB YaMHO-riOpUAHUX TPOAHA,
B ymoBax lpaBob6eperxHoro Jlicocreny Ykpainu

C. B. BacbKiBcbKa

Yrpaincokuli iHcmumym exkcnepmu3u copmis pociuH, syn. lenepana Podumyesa, 15, m. Kuis, 03041, YkpaiHa,
e-mail: sapfira_vsv@ukr.net

MeTa. YcTaHOBUTM NOCYXOCTINKICTb COPTIB TPOSHA YaiHO-riBpMAHOT CaaoBOT rpynu y NoabOBMX i NABOPATOPHUX YMOBAX.
MeTtopaum. MonboBwit, 6ioMeTpUuHUi, NabOpPaTOPHWIA, CTaTUCTUYHUIA. [TOCYXOCTIKICTb POCIMH Y MONbOBUX YMOBAX OLiHIOBaM 3@
6-6anosoto wkanoto C. C. M'aTHULbKOrO (1961), focniau B NabopaTopHUX YMOBAX NOMATANN Yy BU3HAUYEHHT BOJOYTPUMYBANIbHOT
CMPOMOXHOCTI INCTKiB, iX BOAHOTO AedilnTy, 3LaTHOCTI BifHOB/IOBATM TYProp, OBOAHEHOCTI TKAHWH 3a YHihiKoBaHOW MeTo-
avkoto InctutyTy cagisHuutea HAAH (Kutaes Ta iH., 1998, 2009). Pe3ynbTtaTtu. 3a BisyaNbHUMU CNOCTEPEKEHHAMU B Nepiofm
3 HU3bKUM piBHEM BOJIOro3abe3neyeHHs Typrop NUCTKIB He 3HUXYBABCA, TOX Y NONbOBUX YMOBAX NOCYXOCTiHKiCTb COpTiB
YaHO-riGpMAHUX TPOAHA oLiHeHO y 5 6aniB 3a 6-6an0BoIO WKaNoio. Y NabopaTopHUX yMOBAX BUPAXOBYBanu BOAHMII fediuut
y nuctkax (y BifCOTKax Bif 3aranbHoro BMicCTy BOAM B CTaHi MOBHOMO HacM4eHHA). 3a NOKa3HWKaMW BOLJOYTPUMYBANbHO
3[aTHOCTi TKAaHWH NINCTKIB COPTiB YalNHO-TiOPUAHUX TPOSHA, BUAINEHO COPTU 3 PiBHEM BTpaTH BOJIOTU B eKCNo3uLii yepes 12
rouH — Bifl HAHMXXYOro [0 HaiBMWOro. BUCHOBKM. Yci copTu YaiiHo-ribpuaHux TposHg konekuii HBC im. M. M. Tpuwka HAH
YkpaiHu, siki Oynu y gocnigi, B NoNbOBMX YMOBAX € OCTATHbO MOCYXOCTiKMMU. 33 NOKAa3HMKAMWU NOCYXOCTINKOCTI NNCTKIB i3
44-x MOZENbHUX COPTiB BUAINEHO 9 i3 HU3bKUM (R0 22,30%), 5 — i3 cepepHim (R0 24,37%), 30 — 3 BUCOKUM i Ay)KE BUCOKUM
(27,23-46,47%) piBHeM yTpaTu BONOrM. AHani3 OTpMMaHUX pe3ynbTatiB JOCNigKeHb CBifYNTL Npo Te, Wwo ¢izionoriyHi npo-
LLecu, NoB'A3aHi 3 YTPaTolo BONOTU € COpPTOCNELUGiYHOI0, TeHETUYHO CNAaAKOBO 03HaKo. COpTH YaiHO-TiBPUAHMX TPOSHA
pi3Horo reorpacdhiyHOr0 NOXOAXEHHS, WO NOKA3anW KpUTepiil NOCYXOCTINKOCTI Bif, CepefHbOro Ao HaWBULLOTO, MOXHA PeKo-

MeHAYBaTU /1A BUpOLLyBaHHA B yMmoBax [1paBobepexHoro Jlicocteny Ykpainu.
Knrouosi cnosa: piseHs ympamu 8osiozu; 800HUU dehiyum; mypaop; MKAHUHU JIUCMKIB.

Bctyn

CyuacHa KJjaacudikamisa TposHZA, 3TigHO 3
MiskHapogauM Kartaiaorom Modern Roses 12,
nepenmbauae 36 camosux rpym. Cepen ycnoro
pisHOMaHITTA copTiB i BuAiB uaiiHO-TiOpUIHA
rpyma mHagiuye mouazn 10 tuc. copris (30% cBi-
TOBOT'O COPTHUMEHTY) cagoBuX TpoAHI [1-3].

IIpuponui ymoBu IIpaBobGepe:xkuoro Jlico-
CTeNy € 3arajioM CIPUATIUBUMU AJA BUPOIILY-
BaHHA JeKOPATUBHUX BUIB 3arajioM i TPOSHI
30KpeMma [4—6]. OgHAK HETaTUBHUMU YNHHUKA-
MU JiTHBOT'O IIepioAy AJifd BUPOIIYBAaHHSA COP-
TiB IILOTO BUAY OCTAHHIMH POKaMM € aTMocqep-
Ha ¥ I'pyHTOBa IoOCcyxa, a TaKOXK HeCTilKuii pe-
KM IIPUPOITHOTO 3BOJIOKEHHA i HepiBHOMipHUH
PO3mIOais omIamiB IIPOTATOM BereTairii.

OpgHuM 3i cI10Cc00iB ITPOTUCTOSHHS a0iOTHMUHIM
YUHHUKAM, AKi HeraTUBHO BIJIMBAIOTh Ha picCT
i PO3BUTOK POCJHH, € IiABUINEHHS iX IIOCYyXO-
cTilfikocTi — chopMoBaHOI B IIpoIleci eBOJIOIil
abo MITYyYHOTO IOOOPY POCJIUH, CIPOMOKHUX
OPHUCTOCOBYBATUCA OO [il IMOCYXU Ta PO3BUBA-
THCA U BiATBOPIOBATHUCA 34 TAKUX YMOB IIOTO M.
MosxauBocTi pocaWH [JoJiaTh BOAHUM CTpec
3poCcTaloTh 3a IX 3JaTHOCTI YHUKATU BUCHXaH-
HS 7 3HEBOJHEHHS IIPOTOILJIA3MM KJITHH 0e3

Svitlana Vaskivska
https://orcid.org/0000-0002-9890-9938

mKigmuBux Hacaiakis [7]. Ilpu nmbomy omHUM
3 BaXKJMBUX eJIEMEHTIB MOCYXOCTiMKOCTi poc-
JVHUN € BOJOYTPUMYBaJibHa Ta TYpPTrOpPOBiAHOB-
JIIOBaJIbHA 3JaTHICTP I JHMCTKIiB, SK OCHOBHOTO
doToCcuHTE3yIOUOT0 oprany. ToMy BU3HAUEHHS
aJanTUBHOL 3MaTHOCTI COPTiB YallHO-TiOpUIHUX
TPOAH] A0 MOCYXU, OI[iHIOBAaHHA IXHBOI UyTJIN-
BOCTi 1o Hel € OMHUM 3 OCHOBHUX 3aBJaHb JJIA
POBIINPEHHA BUKOPUCTAHHA 1X y JaHAIIa(pTHO-
My AusaiiHi.

IIuTanHIO HOCHIMKEHHSA IIOCYXOCTIiMKOCTI TPO-
AHJ PiSHUX CaAOBUX I'PYII B YMOBaX BIIKPUTOTO
Ta 3aKPUTOT0 I'PYHTY NPUAIJININ yBary BUeHi
SAK B YKpaiHi, Tak i 3a ii mesxamu. B ymoBax Kue-
Ba 3a MOKa3HUKaMU BOAOYTPUMYBaJIbHOI 3[aTHOC-
Ti muCcTKiB i miigbHOCTI Tpoauxis T. O. Byiigina
[6] Buminnia HAIOCYXOCTiHKINTi COPTM BUTKUX
TpoaH. IlocyxocTiifikicTs aHIVIINCBKUX TPOAHT
y 1abopaToOpHUX i MOJBOBUX YMOBAX MOCIiIKY-
Banu II. C. T'opuienko ta iu. [8], akuMu pexo-
MEH/JIOBAaHO COPTUMEHT IIOCYXOCTiMKMX aHTJIil-
CbKUX TPOAHJ] 3a pesyJibTaTaMM [IOCJiIKeHH
nrijpHOCTI mpoauxiB Ha Juctkax. IlocyxocTiii-
KicTb TPOAHI YaliHO-TiOPUIHOI Pyl B YMOBaX
IIiBgenuoro 6epera Kpumy mocaimsxysainu C. O.
ILnyrarap [9], B. A. Bpaunko Ta iu. [10]. Cop-
TH TPOAHJ YalHO-TiOpUAHOI IpynM € HAMNIIO-
HIMPEeHIIUMN AJIA BUPOIIyBaHHA B yMOBaxX 3a-
KPUTOTO I'PYHTY, TOMY HU3Ka aBTOPiB AOCJiJ-
JKyBaJu aHaTOMilo JUCTKiB i MopdoJoriro mpo-
IUXiB Y KOHTPOJbOBAHUX YMOBaxX BUPOIIYyBaH-
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Ha [11-13]. BamkiuBe 3HaYeHHA PO3Mipy JHUCT-
KiB Ta mpoauxiB njaa (isiosorii i exoJorii, ix-
HIO POJIb B aJaNTHUBHOCTI POCJIMH 0 YNHHUKIB
moBKijana gocaimxeno F. Waleed [14], A. Het-
herington, I. Woodward [15].

Bimowmo [1], 1110 geAKi BuAM IIUIIIIINH Ta Ca0-
Bi rpynu TpoAHA (BUTKIi, edipoosiiini) € xapak-
TePHUMHU KcepoMmesdodiTaMu, sIKi 3maTHI pocTu
B YMOBaX 3 THMYacOBOIO HecTauelo IIOBiTPAHOIL
BoJioru. Boguouac, JI. II. CaBuyk [16] ycTamoB-
JIEHO 3aJIe’KHICTh TPUBAJIOCTI IBITIiHHA TPOSAH-
Iu eipooiiiHol BiJ BiZHOCHOI BOJIOTOCTi I'PYH-
Ty, ONITUMAJbHUIN MOKA3HUK AKOI Mae OyTH He
HmKye Hisk 60% . Bpanako B. O. ta im. [17],
OOCTiIKYyI0OUM MiHiaTIOPHI TPOSHAM, IiHAINLIN
BUCHOBKY, IO I'PYHTOBA I IMOBIiTpAHA BOJIOTA €
€KOJIOTiUHNMN UMHHUKAMHM, IIT0 00OMEeXKYIOTh iX-
Hi#t picT i po3BuToK y HikiTchbkomy 6oTaHiuHOMY
cany.

Komekmnia Hamiomaapraoro 6oTaHiuHOTO camy
imeni M. M. I'pumka HAH VYkpainau mocriiizo
MOIIOBHIOBAJIACS HOBMMHU COPTaMH YaWHO-TiO-
PUOHUX TPOAH[, OSHAK AOCJIiIMKEHHS II0CYXO-
CTiKOCTi copTiB, iHTpOoAyKOBaHUX y IIpaBobe-
pesxkHUit JlicocTen YKpaiHu, He IPOBOIMIIN.

Mema 0ocnidxieHb — yCTAHOBUTH IIOCYXOCTi-
KicTb cOpPTiB YaWHO-TiOPUIHUX TPOAH] ¥ TOJIHO-
BUX i Ja00paTOPHUX yMOBaX.

Matepianu Ta MeToAMKa BOCHiAKEHD

HocmimsxkeHHa 3 BU3HAUeHHA (DaKTUUHOI IIO-
cyxocTifiKkocTi mpoBogmau BHpPomoB:kK 2017—
2019 pp. y IOJIBOBUX YMOBAX, a TAKOXK Y J1abo-
paropii ¢isiosorii pocanu i mikpobiosorii Iuc-
tutyTy cagiBHuinTBa HAAH. O6’ekTom mocin-
JKeHb OyJIM IPOIIEeCH POCTY I PO3BUTKY 84 cop-
TiB 4YaWHO-TiOPUIHUX TPOAHJ KOJEKIIifiHO-eKc-
no3uIinHol giiaaku «Posapiii» HamiomaiabHO-
ro 6oramiunoro caxy im. M. M. I'pumka HAH
VYrpaiau (HBC). IlocyxocrifikicTs y 1a6opaTop-
HUX YMOBaxX BU3HAYAJN HA MOAEJIbHUX COPTaX,
mepeik AKUX HaBeIeHO B TaOJIMIIi.

ITocyxocTiiiKicTb y IOJIHLOBUX YMOBaX OIliHIOBa-
s 3a 6-6asoBoro mkasor C. I’ araunbroro [18]:

1 — pocimHa TMHE BHACJIIIOK IIOCYXU;

2 — JINCTKU OIajii, YCUXAIOTh KiHI[i MaroHis;

3 — ycuxae OLIBIN HidX IOJOBWHA JUCTKIB i
YyacTHHA IIaroHiB;

4 — ypasKeHO MEeHIIIe IIOJOBHMHU JUCTKiB i
YyacTHHA IIaroHiB;

5 — y IeHHi rOAWHU JIMCTKU BTPAYalOTh TYpP-
rop, B’AHYTH, ajie 3a Hiu H0oro BiJHOBJIIOIOTD;

6 — pocamHAa He HMOTEPIIa€ Bil ITOCYyXU.

Y pesynbTaTi HNpoBeeHUX Bi3yaJbHUX MOCIi-
I:KeHb JIMCTKOBOTO amapaTy COPTiB 4YaiiHO-Ti0-
pumHUX TPoAHA y moaboBux ymoBax HBC me Bu-
ABJIEHO POCJUH 3i BTpPaToOl0 TYypropy JHUCTKIiB,
TOMY iX OITiHEHO y 5 6aiB 3a 6-0aJI0BOIO IITKAJIOIO.

100

Hociigm B 1a00paTOPHUX YMOBAX HOJIATATIHA
y BUBHAUEHHI BOJAOYTPUMYBAJbHOI CIIPOMOXK-
HOCTi JIMCTKIiB, iX BogHOTO AedinmuTry, 3maTHOC-
Ti BiIHOBJIIOBATU TYpPIrop, OBOAHEHOCTI TKaHUH
3a yHi()iKoBaHOIO METOAMKOIO0 IHCTUTYTY camiB-
auntBa HAAH. Boguuit gedimur y miamx
JUCTKIB TposHau (3—5 IIIT.) AOCHimKyBaam B
muHaMmini (uepes 2, 4 i 12 rox) y BigcoTkax Bifg
3araJibHOTO BMICTy BOJAM B CTaHi IIOBHOTO Ha-
cuueHHA Bozmoro [19, 20]. Hna BcraHOBIEeHHSA
momiOHOCTI COPTiB 3a ITOCYXOCTiMKiCTIO BUKO-
PHCTOBYBaJIM METOH KJacTepHoro aHasisy [21].

ITocyxocTilikicTh POCIMH 3yMOBJeHA IXHBOIO
3IaTHICTIO IPOTHUCTOATH 3HEBOJHEHHIO I Ilepe-
rpiBy B IpoOIleci OHTOTeHEe3y, IPHUCTOCOBYBATHUCS
IO mii IMoCyXM i B IMX yMOBaX POCTH PO3BUBA-
THUCS A0 MTOBHOTO BimTBOpeHHA [7].

Pe3ynbTatn gocnipKeHb

HamiBuimuM 3HaYeHHSM BOLHOTO medimury
yepes eKCHO3UITiI0 6 TOAMH XapaKTepPU3yBaJIUCs
pocaunu copty ‘Kerio’ — 54,7% . Ilpu mnpomy
PiBHUILA MiK IEPIIOI0 i APYrol eKCIIO3UIIieI0
cranosmiaa 26,4%, mo ma 1,7% wmenme Bifg
nepmiol i TpeTroi. IIa 3akoHOMipHiCTH criocTe-
pirasach mMaiike B ycix COpTiB B ycix BapiaHTax
mocaimy. Hamninmumm mnmoxasHuKamMu (Ham-
MEHIIIa BTpaTa BOAU, % ) BiASHAUMINCS COPTHU
‘Dolce Vita’ ta ‘Grand Mogul’, y cepegubomy
IO JOCJIiAYy JMCTKU IXHiX POCJAWH BTPaTHUIU
17,17 i 17,57% , maiiBuinuii Boguuii medimur
sadixkcoBano B ‘Kerio’ i ‘Soffi Loren’ (46,47 i
45,77% sigmoBigmo). B iHIIMX copTiB 11i moKas-
HuKK Oyau Ha pisui 18,00-41,93%, mio cBix-
YUTh PO IIIUPOKUI CIEKTP MiK KpaiiHiMu mopo-
ramMu BeJwuuH (AuB. Ta0.).

IITomo piBHA BTpPaT! BOAM B MeKaX COPTY MiK
€KCIIO3UIIIAMU, TO CJiJ BiA3HAUNTHU BiAIIOBiIHY
3aKOHOMIipHicTh Misk BapianTamu. SIKIo JgucT-
KN COPTiB MaJii HAMHMMKYUYA BOOHUU meimuT,
AKUMN 3ad)ikcyBaJM B eKCIIO3UIIil uepes3 JBi Iro-
IWHU, TO B HACTYIIHUX BiH 30iJbIITyBaBCA He3a-
JIeJKHO Bix copty. Yum 6isbIie B pocjimHAX IIEB-
HOT'O COPTY TPOSHJI 3AJUIIAETHCA BOAM, TUM BU-
mia ¥ioro nocyxocritikicts. HaBnaku, 3i 3pocTaH-
HAM yTPaTH BOIM IIeil MOKA3HUK 3HMKYETHCA.

Ha pucynky HaBeneHO JTeHApPOTpaMy KJacTe-
pusailii copTiB YaWHO-TIOPUIHUX TPOSHA 3a
piBHeM mocyxocTifikocTi 3a MeTomoM ¥Yailabja.
VYuacaimok xjaacrepusallii c)opMoBaHO II’ATH
KJIaCTePiB TPOAH/ i3 piBHEM HMOCYXOCTiMKOCTI Bij
HaWHWIKYOr0 OO0 HAWUBUIIOTO.

Ha mizcraBi ogep:kaHUX pe3yJbTaTiB, MOCJIiMI-
JKyBaHI COpPTM NOAIJINJIN Ha IPynu 3a piBHEM
mocyxocrifikocri: madBuimuii — ‘Dolce Vita’,
‘Grand Mogul’, ‘Lovely Red’, ‘Imperatrice
Farach’, ‘Christophe Colomb’ (piBers yTpaTtu
Bogu — 17,17-19,43%); Bucoxkmii — ‘Claudia’,
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Tabauys
MoKasHWKN BOAOYTPUMYBAJIbHOT 3AATHOCTI TKAHMH IUCTKIB COPTIB YAMHO-FiIOPUAHNX TPOAHA,
(cepepte 3a 2017-2019 pp.)
Ne Yrparta Bogu, %
. Copr yepes | uepes i3HMUA MIXK yepes i3HMUA MIXK
3/n 2 Pon 8 [r)op, EKCI'IOF;VILl,iﬂLIJ:/IVI 218rog 12F;op, eKcnogmuiﬂam 2i12rop cepeare
1| ‘Dolce Vita’ 10,2 | 19,1 8,9 22,2 12,0 17,17
2 | ‘Grand Mogul’ 10,5 | 19,7 9,2 22,5 12,0 17,57
3 | ‘Lovely Red’ 11,0 | 20,2 9,2 22,8 11,8 18,00
4 | ‘Imperatrice Farach’ 11,4 | 21,2 98 24,3 12,9 18,97
5 | ‘Christophe Colomb’ 11,9 | 21,8 9,9 24,6 12,7 19,43
6 | ‘Claudia’ 12,5 | 23,4 10,9 27,0 14,5 20,97
7 | ‘Candlelight’ 12,6 | 24,6 12,0 28,3 15,7 21,83
8 | ‘Bob Hope’ 13,0 | 25,2 12,2 29,0 16,0 22,40
9 | ‘Utopia’ 13,1 | 253 12,2 28,5 15,4 22,30
10 | ‘Latin Lady’ 12,9 | 26,2 13,3 30,2 17,3 23,10
11 | ‘Paradise’ 13,4 | 26,7 13,3 311 17,7 23,73
12 | ‘Gloria Dei’ 14,0 | 27,9 13,9 32,4 18,4 24,77
13 | ‘Paris-2000 14,5 | 28,0 13,5 30,6 16,1 24,37
14 | ‘Burgund 81 14,2 | 28,0 13,8 30,9 16,7 24,37
15 | ‘Dame de Coeur’ 15,0 | 29,2 14,2 48,1 331 30,77
16 | ‘Ingrid Bergman’ 15,8 | 31,1 15,3 36,3 20,5 27,73
17 | ‘Traviata’ 16,0 | 31,6 15,6 34,1 18,1 27,23
18 | ‘Dolce VitaLexVoom’ (‘Dolce Vita+) | 16,2 | 31,9 15,7 34,9 18,7 27,67
19 | ‘KnumeHTnHa 16,6 | 32,9 16,3 33,8 17,2 27,77
20 | ‘Carina’ 17,0 | 333 16,3 37,8 20,8 29,37
21 | ‘Crepe de Chine’ 17,1 | 334 16,3 41,0 23,9 30,50
22 | ‘Julio Iglesias’ 17,2 | 337 16,5 37,9 20,7 29,60
23 | ‘Bel Ange’ 17,5 | 33,9 16,4 38,0 20,5 29,80
24 | ‘Black Magic’ 18,0 | 34,0 16,0 373 19,3 29,77
25 | ‘Alliance’ 18,2 | 34,7 16,5 38,6 20,4 30,50
26 | ‘Piccadilly’ 18,5 | 34,8 16,3 38,4 19,9 30,57
27 | ‘Alexandre Pouchkine’ 19,0 | 355 16,5 38,9 19,9 31,13
28 | “Electron’ 18,9 | 356 16,7 39,2 20,3 31,23
29 | ‘Red Queen’ 19,1 | 357 16,6 43,5 24,4 32,77
30 | ‘Double Delight’ 19,2 | 36,7 17,5 42,7 23,5 32,87
31 | ‘KasaxcraHckas H06uneitHas’ 20,0 | 381 18,1 41,7 21,7 33,27
32 | ‘La Marseillaise’ 20,5 | 39,7 19,2 43,0 22,5 34,40
33 | ‘Baccara’ 21,0 | 40,5 19,5 44,3 23,3 35,27
34 | ‘Laetitia Casta’ 20,9 | 40,4 19,5 43,1 22,2 34,80
35 | ‘Diamond Jubilee’ 21,2 | 41,9 20,7 44,3 231 35,80
36 | ‘Duftwolke’ 22,1 | 42,7 20,6 45,9 23,8 36,90
37 | ‘Anastasia’ 21,9 | 42,7 20,8 47,6 25,7 37,40
38 | ‘Samantha’ 22,4 | 43,2 20,8 45,5 23,1 37,03
39 | ‘Rose Gaujard’ 23,0 | 44,3 21,3 47,6 24,6 38,30
40 | ‘Kronenburg’ 23,6 | 45,7 22,1 47,5 23,9 38,93
41 | ‘Red Intuition’ 25,0 | 48,9 23,9 53,0 28,0 42,30
42 | ‘Royal Dane’ 254 | 49,1 23,7 51,3 25,9 41,93
43 | 'Soffi Loren’ 27,5 | 53,4 25,9 56,4 28,9 45,77
44 | 'Kerio’ 28,3 | 54,7 26,4 56,4 28,1 46,47
HIP, ,, 27 | 51 - 5,7 - -

‘Candlelight’, ‘Bob Hope’, ‘Utopia’ (20,97— dre Pouchkine’, ‘Electron’, ‘Red Queen’, ‘Doub-
22,30%); cepenuiit — ‘Latin Lady’, ‘Paradise’, le Delight’, ‘Kazaxcranckasa IO6uneiinas’, ‘La
‘Gloria Dei’, ‘Paris-2000’, ‘Burgund 81’, Marseillaise’, ‘Baccara’, ‘Laetitia Casta’, ‘Dia-
(23,10-24,37% ), auspkuii — ‘Traviata’, ‘Ingrid mond Jubilee’, ‘Duftwolke’, ‘Anastasia’, ‘Sa-
Bergman’, ‘Dolce Vita Lex Voom’ (‘Dolce mantha’, ‘Rose Gaujard’, ‘Kronenburq’, ‘Red
Vita+’), ‘Knumentuna’, ‘Carina’, ‘Julio Igle- Intuition’, ‘Royal Dane’, ‘Soffi Loren’, ‘Kerio’.
sias’, ‘Black Magic’, ‘Bel Ange’ (27,73—29,80%). 3rigHo 3 aHaJizoM pes3yJbTaTiB JabopaTop-
Pemira copTiB Masa HalHMKYMII piBeHb IOCYy- HUX AOCHiKeHb, YPaXOBYIOUM BeJUUUHU Haii-
xocritikocTi (30,50—-46,67%): ‘Crepe de Chine’, wmemnmroi icroruoi pisuumi (HIP), coptu uaiizo-
‘Alliance’, ‘Dame de Coeur’, ‘Piccadilly’, ‘Alexan- ri0pugHux TPOAHH, IO IIOKA3aJW PiBeHb IIO-
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‘Alexandre Pouchkine’ 27
‘Electron’ 28—
‘Alliance’ 25
‘Piccadilly’ 26—
‘Crepe de Chine’ 21
‘Julio Iglesias’ 22—
‘Bel Ange’ 23
‘Carina’ 20
‘Black Magic’ 24—
‘Traviata’ 1714
‘Dolce VitaLexVoom’ (‘Dolce Vita+) 18

‘KnumeHTuHa’ 19—
‘Ingrid Bergman’ 16
‘Dame de Coeur’ 15—

‘ITmperatrice Farach’ A
‘Christophe Colomb’ 5

‘Dolce Vita' 1
‘Grand Mogul’ 2
‘Lovely Red’ 3
‘Bob Hope’ 81
‘Utopia’ 9
‘Candlelight’ 7
‘Claudia’ 6

‘Latin Lady’ 10
‘Paradise’ 11—
‘Paris-2000’ 13—
‘Burgund 81 14—
‘Gloria Dei’ 12
‘Soffi Loren’ 43—
‘Kerio’ 44

‘Red Intuition’ 41—
‘Royal Dane’ 42—
‘Rose Gaujard’ 39
‘Kronenburg’ 40 f—
‘Duftwolke’ 36—
‘Samantha’ 38—
‘Anastasia’ 37

‘La Marseillaise’ 32
‘Laetitia Casta’ 341
‘Baccara’ 33—
‘Diamond Jubilee’ 35 b=t
‘Red Queen’ 29—
‘Double Delight’ 30
‘KasaxcTtaHckas H06uneiiHas’ 31—
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102 ISSN 2513-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2021, T. 17, Ne2



Variety studying and variety science

CYXOCTIMKOCTiI Bifi cepegHBOTO IO HAWBHIIIOTO
MOJKHA PEKOMEHAYBATH MAJIA BHPOIIYBAaHHA B
ymoBax IIpaBoGepe:xknoro Jlicocreny Ykpainu.

BuUcHOBKM
3a mokasHuKaMu JIabopaTOPHUX AOCTiAKEeHb

44 MomeJbHUX COPTiB BCTAHOBJIEHO HAMIIOCYXO-
crifikimti: ‘Dolce Vita’, ‘Grand Mogul’, ‘Lovely
Red’, ‘Imperatrice Farach’, ‘Christophe Co-
lomb’ (piBens yTpatu Bomu 17,17-19,43%).

Bucokum piBHeM I1ocyxocCTifiKoCTi

(20,97

22,30% ) Bigsuauanaucsa coptu ‘Claudia’, ‘Cand-
lelight’, ‘Bob Hope’ Ta ‘Utopia’, cepemHim
(23,10-24,37%) — ‘Latin Lady’, ‘Paradise’,
‘Gloria Dei’, ‘Paris-2000’, ‘Burgund 81°. Perrra
mocaimkyBaHux copTiB (30 I1IT.) BUABUIU HUSD-
KU piBeHb IIOCYXOCTiMAKOCTi.

CopTu YaiHO-TiOPUIHUX TPOSH] i3 pPiBHEM ITO-

CYXOCTiMKOCTi BiJ cepeaHbOr0 A0 HAWBUIIOTO
MOJKHa PEKOMEHIYBATH AJA KYJIbTUBYBAaHHA B
ymoBax IIpaBobepe:xuoro Jlicocremy Yxpainm.

CopTu yaliHO-TIOPUIAHUX TPOAH]I i3 HUBLKUM

piBHeM mocyxocrTilikocTi, ak-oT ‘Traviata’, ‘Ing-

rid Bergman’,

‘Black Magic’, ‘Bel Ange’,

‘Alexandre Pouchkine’, ‘Double Delight’, ‘Dia-
mond Jubilee’, ‘Anastasia’, ‘Red Intuition’,
‘Kerio’, € BUCOKOIeKOPATUBHUMMU B JaHAMIIA(T-
HOMY AmsaliHi Ta oTpuUMaHHA KBiTiB Ha 3pia,
TOMY iX KYJbTHBYBAHHSA TaKOK MOJKJIHBE 3a
YMOBHU JAOAATKOBOTO 3a0e3MeUeHHA JOCTATHLOTO
PiBHA BOJIOTOCTi I'PYHTY IIii Uac Bererarrii.

Orpumani maHi TOIBOBUX i Ja60PATOPHUX MTOC-

JimKeHb OyAyTH ypaxoBaHi mim yac ¢opMyBaH-
HA peKOMeHJAIlill 14 o3eJleHeHHA TEepPUTOpiil 3
IOTPUMAHHAM IIPUHITUIIB J0OOPY Ta CTBOPEHHS
KBITKOBUX Kommosuiliti. PesyapTatu mocyxo-
CTifIKOCTi COPTiB YaWHO-TiOPUIHUX TPOSHI MO-
JKYTh OyTHM BpaxoBaHiI TAKOMK y CeJIeKITifHii
MPaKTHUIL I 1000py 0aTbKiBCBbKUX (hopM.
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Ukrainian Institute for Plant Variety Examination, 15 Henerala Rodymtseva Str., Kyiv, 03041, Ukraine, e-mail: sapfira_vsv@ukr.net

Purpose. To reveal drought resistance of hybrid tea rose
varieties of garden group in field and laboratory conditions.
Methods. Field, biometric, laboratory, statistical. The drought
resistance of plants in the field was assessed according to S. S.
Pyatnitsky 6-point scale (1961); experiments in the laboratory
were to determine the water holding capacity of leaves, their
water deficiency, the ability to restore turgor, hydration of tis-
sues according to the unified method of the Institute of Hor-
ticulture NAAS (Kytaiev et al., 1998, 2009). Results. According
to visual observations in periods with low moisture supply, leaf
turgor did not decrease, so in the field, drought resistance of
hybrid tea roses was estimated at 5 points on a 6-point scale.
In the laboratory, water deficiency in the leaves was calculated
(as a percentage of the total water content in the state of full
saturation). According to the indicators of the water-holding
capacity of leaf tissues, varieties with the level of moisture loss

in the exposure after 12 hours from the lowest to the highest,
were selected. Conclusions. All varieties of hybrid tea roses
from the collection of M. M. Gryshko NBG of NAS of Ukraine,
included in the experiment, in field conditions were rather
drought-resistant. According to the indicators of drought re-
sistance of leaves from 44 model varieties, 9 with low (up to
22.30%), 5 with medium (up to 24.37%), 30 with high and very
high level of moisture loss were identified (27.23-46.47%).
Analysis of the research results shows that the physiological
processes associated with water loss are a variety-specific, ge-
netically inherited trait. Varieties of hybrid tea roses of different
geographical origin, which showed the criterion of drought
resistance from medium to highest, can be recommended for
cultivation in the Right-Bank Forest-Steppe of Ukraine.

Keywords: the level of moisture loss; water shortage; tur-
gor; leaf tissue.

Haoitiwna / Received 18.05.2021
loeodxeHo do Opyky / Accepted 14.06.2021

104 ISSN 2513-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2021, T. 17, Ne2



TA HACERHUTRO

UDC 633.522:631.52:577 https://doi.org/10.21498/2518-1017.17.2.2021.236514

Breeding of industrial hemp with a high content
of cannabigerol by the case of ‘Vik 2020’ cultivar

S. V. Mishchenko®, I. M. Laiko, H. I. Kyrychenko

Institute of Bast Crops, NAAS of Ukraine, 45 Tereshchenkiv St., Hlukhiv, Sumy region, 41400, Ukraine,
‘e-mail: serhii-mishchenko@ukr.net

Purpose. To create an industrial hemp variety of the Central European ecological and geographical type with a high
cannabigerol content and universal application. Methods. Breeding (self-pollination, creation of artificial populations,
selection), field, biochemical (thin-layer and gas-liquid chromatography of cannabinoid compounds), instrumental and
technological assessment of fibre quality, and statistical methods. Results. Variety ‘Vik 2020" was obtained as a result
of creation of artificial populations. The plants are characterized by higher content of cannabigerol (1.034 + 0.0323%),
and almost zero of other secondary metabolites, such as cannabidivarin, cannabidiol, cannabichromene and psychotropic
tetrahydrocannabinol (0.003 + 0.0011; 0.018 + 0.0080; 0.012 + 0.0027, and 0.005 + 0.0012%, respectively). The trait of
cannabigerol content is quite stable within the population and is not correlated with the trait of tetrahydrocannabinol
content (r=-0.23). TLC showed that cannabigerol accumulated mainly in the form of cannabigerolic acid and to a lesser
extent as a neutral compound, which is consistent with the theory that this substance is a precursor for the synthesis
of other cannabinoids. According to the results of the competitive variety test, when growing to obtain fibre and seeds,
the variety features short height, specifically significantly lower total (206.4 cm) and technical stem length (135.6 cm)
compared to the standard variety, significantly higher inflorescence length (70.8 cm), which determine the formation of
the significant yield of biomass suitable for pharmaceutical use and high seed yield (0.98 t/ha). The yield of total fibre
was the same as in the standard variety (29.0%), but its quality and technological value for primary processing were higher.
The variety had a homogeneous sex structure, resistance to bioltic and abiotic environmental factors. Plants reached
biological maturity in 116 days (BBCH 89). This cultivar is recommended for obtaining seeds, quality fiber and potentially
cannabigerol (on condition of changes in legislation). Conclusions. The efficiency of using self-pollinating lines in
breeding with their subsequent combining into a synthetic population and improving selection was proved by the case
of a new variety of industrial hemp ‘Vik 2020’, characterized by an increased content of cannabigerol and the absence of
psychotropic properties.

Keywords: hemp; cultivar; self-pollination; selection; crossing; cannabinoids; correlation; productivity.

and the number of glands in industrial hemp

Introduction

Cannabinoids are specific substances of can-
nabis plant (Cannabis sativa L.), belonging to
the class of aromatic compounds and are main-
ly accumulated in glandular trichomes [1, 2].
Biosynthesis of cannabinoids occurs on the
surface of the plasma membrane or in the cell
wall that border the secretory cavity. These
compounds play a protective role in a plant,
while a decrease in the content of cannabinoids
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does not change this physiological function,
since their synthesis in small amounts by other
plant cells is sufficient [2].

The most common cannabinoids in the glan-
dular hemp trichomes are tetrahydrocannabi-
nolic (THCA), cannabidiolic (CBDA), and can-
nabigerolic (CBGA) acids. The bioactive forms
of cannabinoids — tetrahydrocannabinol (THC),
cannabidiol (CBD), and cannabigerol (CBG) —
are formed as a result of a decarboxylation
reaction under the influence of external condi-
tions. Other decarboxylated derivatives as can-
nabichromene (CBC) and cannabinol (CBN)
were found in small amounts [3]. The precur-
sors of cannabinoid biosynthesis are formed in
two different biosynthetic pathways: polyke-
tide, which produces olivetholic acid, and plas-
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tid, which produces geranyl diphosphate; of
them, with the participation of prenyltrans-
ferase, CBGA is synthesized, which is the main
precursor of at least eight different cannabi-
noids [4]. Specific synthases that ferment a
certain cannabinoid compound are also identi-
fied and characterized [5]. In particular, THCA
synthase converts CBGA into THCA [6], re-
spectively, CBDA synthase — into CBDA [7]
and CBCA synthase — into CBCA [8].

An analysis of the features of chemotypes
inheritance made it possible to conclude that
the genes for THCA and CBDC synthase are
codominant alleles at the same locus. This co-
dominance is due to two alleles for different
isoforms of the same synthase, which has dif-
ferent specificity for converting the CBGA pre-
cursor to CBDA or THCA, respectively [9], while
the gene for the CBCA synthase is located at an
independent locus. In other studies [10], a varie-
ty of sequences for THCA and CBDC synthase
was observed, which may be due to the presence
of several linked loci for these genes.

Among the main cannabinoid compounds,
the features of the genetic control of the trait
of CBGA content are the least studied. Genetic
analysis of the offspring of two variants of
hybrids created as a result of crossing a varie-
ty with a predominance of CBGA with a varie-
ty with a predominance of THCA, as well as a
variety with a prevalence of CBGA with a va-
riety with a predominance of CBDA, showed
that the trait of a high CBGA content is inheri-
ted as a result of the action of a single reces-
sive gene, potentially determined a non-func-
tional allelic variant of the THCA synthase
gene. The so-called “null” THCA synthase con-
tains a single nucleotide polymorphism (SNP),
which makes the synthase unable to convert
CBGA to THCA, what leads to a significant
accumulation of the first compound. SNP can
be used as a molecular marker in breeding for
an increase in the CBGA content [11].

The accumulation of cannabinoid compounds
in cannabis is well understood. In particular,
their content increases at the generative stage
of development, the concentration of these sub-
stances decreases from the top to the lower
part of the plant, and the chemotype of the
sample (variety) is relatively constant during
individual development. The accumulation of
CBGA in ontogenesis, in contrast to CBDA and
THCA, has its own peculiarities, since CBGA
is a precursor for the synthesis of CBDA,
THCA, and CBCA. Significant increases in
CBDA and THCA within 5-6 weeks after the
onset of flowering can result in a decrease in
CBGA and thus neutral CBG from the total
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CBG + CBGA cannabinoids. After reaching a
peak on the 7Tth week of flowering, the total
amount of CBG + CBGA decreased significant-
ly — by 43.5; 37.9 and 65.3% for two weeks,
and the content of neutral CBG remained rela-
tively constant until aging of the plants [12].

Interest in cannabis as a culture of medical
use is constantly growing. Most often, CBD is
used for therapeutic purposes [13], but recent-
ly, clinical studies on the possibilities of using
CBG, which has significant potential have
been actively carried out [14], and in the near
future it can compete with CBD with a high
probability. CBG reveals clearly expressed me-
dicinal properties; in particular, it demon-
strated effectiveness in the fight against onco-
logical diseases in experiments on animals and
in the culture of isolated cells and tissues of
various organs in vitro [15]. CBG together with
THC reduced the viability of cancer cells, but
the combination of CBG and CBD, two non-
psychotropic compounds, was more effective
[16]. CBG is characterized by an antioxidant
effect and can be used not only as a neuropro-
tector [17, 18], but also in the treatment of
neurological disorders [19]. This compound al-
so has a mild analgesic, antifungal, and anti-
bacterial effect [15, 20].

Methods for creating varieties of industrial
hemp with medicinal properties remain insuf-
ficiently developed; family-group selection is
used both to increase the CBG content and to
simultaneously improve valuable economic
traits [21]. This method is quite effective in
cannabis breeding, but it takes a long time to
stabilize the traits; therefore, acceleration of
the process of creating the initial material, the
development of a selection methodology in this
direction and the practical creation of varie-
ties are becoming urgent. Medicinal hemp va-
rieties, in our opinion, should have a high con-
tent of CBD, CBG or other non-psychotropic
cannabinoids, and at the same time be free of
THC (or contain in quantities that do not ex-
hibit psychotropic properties).

The purpose of the research is to create a
variety of industrial hemp of the Central Euro-
pean ecological-geographical type of universal
direction of economic use with a high content
of CBG.

Materials and methods

The material for the research was the sepa-
rate self-pollinating lines of ‘Hlukhivski 58’ va-
riety, characterized by a CBG content of more
than 0.5%. Then, an improvement selection was
carried out for this trait up to the sixth gene-
ration. To stabilize the traits, homogeneous in-
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bred lines were used to create the initial bree-
ding material by synthetic selection according
to the developed scheme and method [22].

The creation of synthetic populations inclu-
ded several stages:

1) self-pollination and selection of lines (ac-
cording to the results of the study in the assess-
ment nursery) with the lowest degree of depres-
sion, the desired manifestation of breeding
traits, the absence of harmful mutations and
THC, a stable trait of monoeciousness (I,-L,)

2) self-pollination and selection of lines (ac-
cording to the results of the study in the assess-
ment nursery), which, as a result of closely re-
lated reproduction, form a small, and in the ab-
sence of spatial isolation and free pollination —
a large number of seeds (I,-I)); additional self-
pollination, if there is a need to achieve inbred
minimum, increasing the degree of homogeneity
and stability of the lines (I,—I,);

3) crossing under a group isolator 5—7 self-
pollinating lines (syn-1) similar in characteris-
tics and studying the offspring in the assess-
ment nursery, selection of the same number of
seeds from 3-5 best self-pollinating lines in
terms of combination ability, sowing a mixture
of seeds, free cross-pollination under group
isolator (syn-2) and offspring reproduction
(syn-3) [22].

The work resulted in a sample ‘VIK CBN’
(National Catalog Number of Plant Genetic Re-
sources Collection UF0600718), improved by
family-group selection for performance traits
and registered under the name ‘Vik 2020°.

Field studies were carried out at the experi-
mental base of the Institute of Bast Crops of
the National Academy of Agrarian Sciences of
Ukraine (Hlukhiv, Sumy region), located in the
northeastern part of Ukraine on the southern
border of the mixed forest zone within the low-
est area of the Ukrainian Polissia. Soil type is
dark and light gray forest soils, weakly pod-
zolized loams formed on moraine clay. Weather
conditions over the years of research were va-
ried and characterized by deviations from the
average annual air temperature, precipitation
and relative humidity (2018 and 2020 were hot
and dry during the cannabis growing season,
and 2019 was characterized by excessive rain-
fall in May-July). This made it possible to com-
prehensively evaluate the economic indicators
of the new variety according to the method [23].

To identify cannabinoid compounds during
threshing of hemp plants grown in the field in
the assessment nursery (phase BBCH 89) [24],
a pooled sample of plant material sufficient for
analysis was taken from each plot (1 m? area),
dried and stored at laboratory temperature.
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Before the analysis, the samples were dried to
constant weight at a temperature of 105 °C in
an oven, ground to a powdery state and tho-
roughly mixed, samples weighing 0.5 g were
taken in duplicate, and 5 ml of methanol was
added (the ratio of “plant sample : extractant” —
1 : 10). The extraction time was 24 hours, then
extract was filtered using a paper filter. In the
obtained methanol extracts of hemp samples,
the quantitative content of cannabinoid com-
pounds was determined by gas-liquid chromato-
graphy on a chromatograph with detection.

Chromatography conditions:

— device — HP 6890 Series GC System, serial
No. US00008158;

— capillary column — Agilent Technologies
19091J-413 (HP-5), length — 30 m, diameter —
0.320 mm, phase — 0.25 pm, SN: USN493366H,
constant flow — 1.5 ml/min, carrier gas — he-
lium;

— injector — auto injectors 7683, Split 20 : 1,
evaporator temperature — T = 250 °C; oven —

it — 100 °C, hold for 2 minutes, heating —
15 °C/min, T, . = 280 °C, hold for 11 minutes;
— detector — flame ionization;

— sample — 1.0 pl.

Compounds were identified by retention
time. The concentration of cannabinoids was
determined by the internal standard method,
which was the methyl ester of stearic acid (con-
centration — 0.392% of the sample), based on
the processing of the Chemstation data pro-
gram, the ratio of the areas of the chromato-
graphic peaks of the internal standard and the
compounds that are identified.

Thin layer chromatography conditions:

— extractant — ethanol;

— solvent system - “petroleum ether (60—
95 °C) — diethyl ether” (40 : 10);

— painting with strong blue BB dye;

— standard witness — hemp variety ‘YUS 9’.

Statistical data processing was carried out
according to the method of a field experi-
ment [25].

Results and discussion

Plants of the created industrial hemp variety
“Vik 2020’ are characterized by an increased con-
tent of CBG — 1.034 = 0.0323%, which belongs
to the non-psychotropic components of cannabi-
noid compounds, and an almost complete absence
of other secondary metabolites — cannabidivarin
(CBDV), CBD, CBC and psychotropic THC (0.003
+ 0.0011; 0.018 = 0.0080; 0.012 = 0.0027 and
0.005 = 0.0012%, respectively). At the same
time, the sign of CBG content is quite stable, its
minimum value within the population is 0.8538,
and the maximum is 1.2242%, the coefficient of
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variation is 12.1%, which indicates an average
variability, which is close to low. A large number
of plants of the studied cultivar have no CBDV,
CBD, CBC, and THC at all; they cannot be iden-
tified within the sensitivity of the gas-liquid
chromatograph and used research methods. The
maximum THC content was found at the level of
0.0124% (Table 1). Thus, the developed scheme
for the selection of synthetic populations of mo-
noecious hemp is effective for creating varie-
ties with medicinal properties.

Table 1
The content of cannabinoid compounds in elite plants
of the ‘Vik 2020’ variety, compared to the ‘Hliana’
standard (average for 2019 and 2020)

Content, %

‘Hliana’ ‘Vik 2020’

Compound —
minimum-

average average maximum
CBDV 0.001 +0.0010| 0.003 + 0.0011 |0.0000-0.0138
CBD 0.021 + 0.0085| 0.018 + 0.0080 |0.0000-0.0658
CBC 0.007 + 0.0016| 0.012 + 0.0027 |0.0000-0.0523
THC 0.003 £ 0.0012| 0.005 + 0.0012 |0.0000-0.0124
CBG 0.002 +0.0010|1.034 + 0.0323*%0.8538-1.2242

*Significant difference at a significance level of 0.05.

As evidenced by the results of thin layer
chromatography of cannabinoid compounds,
CBG accumulated mainly in the acid form -
CBGA, and to a lesser extent as a neutral
compound, consistent with the theory that
this substance is a precursor for the synthesis
of CBDA, THCA, and CBCA. R, CBG on ave-
rage was 0.68 (Fig. 1). As a result of decar-
boxylation of acidic forms of cannabinoids
into neutral compounds during gas-liquid
chromatography combustion, CBGs have been
identified.

In addition, a significant weak negative re-
lationship was found between the signs of CBG
and CBDV, CBG and CBC, CBG and THC con-
tent. Pair correlation coefficients are -0.17;
-0.11 and -0.23, respectively. Positive for bree-
ding science and production is the actual ab-
sence of a relationship between non-psycho-
tropic CBG and psychotropic THC. On the one
hand, there are prerequisites for a further in-
crease in the CBG content without a rapid in-
crease in the THC content, and on the other
hand, there is the possibility of multiplying
the variety in the seed production system in a
number of successive generations without ex-
ceeding the THC level permitted by the cur-
rent legislation (0.08%). We assume that the
process of biosynthesis of cannabinoid com-
pounds is interrupted in the created variety of
industrial hemp for medical use. In this case,
the inactivated corresponding synthases con-
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Fig. 1. Manifestation of CBG and CBGA
on chromatographic plates

vert CBGA to CBDA or THCA, and therefore
CBG predominantly accumulates. The presence
of a significantly strong positive correlation bet-
ween the CBG and CBD content trait (r = 0.84)
in this cultivar indicates only the presence of
both the B allele with a low degree of activity,
since the CBD content is very scarce, and the
B, allele (Table 2).

Table 2

Coefficients of pairwise correlation between the traits
of the content of cannabinoid compounds in elite
plants of the ‘Vik 2020’ variety

CBD CBC THC CBG
CBDV -0.01 -0.16* 0.04 -0.17*
CBD - -0.26* -0.16* 0.84*
CBC - - 0.00 -0.11*
THC - - - -0.23*

*Significant difference at a significance level of 0.05.

Cumulative graphs of the frequency distri-
bution of the cannabinoid content trait values
show that the lion’s share of plants (40.0%)
was characterized by the absence of THC and
their scanty amounts, which did not exceed
0.0012%. Basically, the level of expression of
the trait of THC content was within the classes
0.0000-0.0049 and 0.0087-0.0124%, and CBG
content was within 0.8538-1.0390 and 1.1131-
1.2242% (Fig. 2 & 3). A negative kurtosis coef-
ficient was revealed for both investigated
traits, which is generally positive for breeding
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and primary seed production, since there are pre-
requisites for selecting elite (parental) plants
with a high CBG content and the absence of
THC.
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THC content, %
Fig. 2. Cumulative graph of the frequency distribution

of the values of the THC content trait in elite plants
of ‘Vik 2020’ variety (average for 2019 and 2020)
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Fig. 3. Cumulative graph of the frequency distribution
of the values of the CBG content trait in elite plants
of ‘Vik 2020’ variety (average for 2019 and 2020)

Variety ‘Vik 2020’ belongs to the Central Euro-
pean ecological-geographical type. The gro-
wing period to biological maturity (BBCH 89),
according to the average data of three-year
studies, was 116 days. It is recommended for
cultivation in order to obtain seeds, relatively
high-quality fiber and, potentially, for the pur-
pose of obtaining leaves and inflorescences as
raw materials for the pharmaceutical industry,
but only in case of changes in the legislation
of Ukraine regarding the use of hemp for the
manufacture of medicines and application in
medical practice. According to the results of
competitive variety testing when growing to
obtain fiber and seeds (for double-sided use),
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the variety combines short stature, namely,
the indicators of the total (206.4 cm) and tech-
nical length of the stem (135.6 cm) are signi-
ficantly less than in the standard variety, with
significantly higher indicators of the inflores-
cence length (70.8 cm), which determine the
formation of a significant biomass suitable for
use on for pharmaceutical purposes, and seed
yield (0.98 t/ha). The total fiber yield is, like
that of the ‘Hliana’ variety, 29.0%, but it is
characterized by high quality and processing
value: linear density — 45.5 tex, breaking load —
32.0 dan, fiber number — 5.0, fiber grade —
elite (Table 3).

The sex structure of ‘Vik 2020’ variety is
dominated by a monoecious feminised pistil-
late (approximately 77.5% of the total number
of sexual types), which has a compact inflo-
rescence (predominantly diamond-shaped)
and more than 75% of female flowers in it.
This sexual type is the most productive and
stable in terms of monoeciousness. Mono-
ecious staminate hemp (male plants), which is
a destabilizer of the signs of monoecious, is
absent. Resistance to damage by pests and
pathogens at the level of the standard variety
is from medium to high. The variety is re-
sistant to seed shedding. It is characterized
by the content of THC within the limits per-
mitted by the current legislation [according
to the conclusion No. 19/11/2-13-ED/20 dated
11.11.2020 of the State Research Forensic
Center of the Ministry of Internal Affairs of
Ukraine (Kyiv) within the sensitivity of the gas-
liquid chromatograph and applied research
methods].

Included in the State Register of Plant Va-
rieties Suitable for Distribution in Ukraine
since 2021 [26], ‘Vik 2020’ industrial hemp
variety is competitive, as evidenced by the
results of a comparative competitive variety
trial and characteristics of a number of mono-
ecious non-psychotropic hemp created at the
Institute of Bast Crops of the National Acade-
my of Agrarian Sciences of Ukraine [21, 22,
27, 28]. It is also advisable to grow this varie-
ty in order to obtain a non-psychotropic com-
pound — CBG, but the use of leaves, inflores-
cences or corresponding preparations in me-
dical practice has not yet been regulated and
prohibited by the current legislation of Uk-
raine, therefore, the possibilities of ‘Vik 2020’
variety are potential. There is a hope that in the
future, when the legislation changes, it will
occupy its niche in the hemp and pharmaceu-
tical markets of Ukraine, and the develop-
ment of the new breeding direction will con-
tinue.
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Table 3

Valuable economic traits of the ‘Vik 2020’ variety, compared to ‘Hliana’
standard variety (average for 2017-2019)

The level of traits
Traits manifestation in varieties
‘Hliana’ ‘Vik 2020’

Productivity and its elements:

- stems, t/ha 6.59 5.37
- seeds, t/ha 0.72 0.98*
Vegetation period, days 113 116
Total stem length, cm 233.1 206.4*
Technical stem length, cm 168.8 135.6*
Inflorescence length, cm 64.3 70.8*
Fiber quality:

— fiber yield, % 29.0 29.0
- linear density, tex 64.8 45.5*
- breaking load, dan 23.6 32.0*
— fiber number 4.1 5.0
— fiber grade nongraded elite
Resistance against biotic factors:

— flea beetle, ball 5 5

— European corn borer, ball 7 7

— Fusarium wilt, ball 7 7

- dendrofomosis, ball 5 5
Resistance to abiotic factors:

- seed shedding, ball 5 7

- lodging, ball 7 7
Sexual structure of the population:

- content of monoecious feminised pistillate, % 77.2 77.5
— content of monoecious staminate hemp, % 0 0

*Significant difference at the significance level of 0.05.

Conclusions

The efficiency of using self-pollinating lines
in the breeding process with their subsequent
combining into a synthetic population and impro-
ving selection has been proved on the example
of a new variety of industrial hemp ‘Vik 2020’

with an increased content of CBG and the ab-

sence of psychotropic properties.
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MeTta. CTBOPUTM COPT NPOMUCIOBUX KOHOMENb CEpPeaHbO-
€BPONENCbKOro ekonoro-reorpaciyHoro TMny yHiBepcanbHoOro
HanpsMy rocnofapcbKOro BUKOPUCTAHHA 3 MiABUILEHUM yMic-
TOM KaHabirepony. Metogu. CenekuiiiHi (camo3anuneHHs,
CTBOPEHHS CUHTETUYHUX Monynsuil, [obip), nonbosi, Hioxi-
MiyHi (TOHKOWapOBa Ta ra3opiAMHHa xpomatorpadis kaHa-
GiHOTHMX CNOMYK), THCTPYMEHTaNbHO-TEXHOMOTiYHE OUiHI0-
BaHHA AKOCTi BOJIOKHA, CTaTUCTUYHi. Pe3ynbratu. Y pesyns-
TaTi CMHTETUYHOT cenekuii ctBopeHo copT ‘Bik 2020°, pocnu-
HU SIKOrO XapaKTepu3ylTbCA NiABULEHUM YMIiCTOM KaHabi-
repony (1,034 + 0,0323%), WO Ma€ HU3KY NiKyBanbHUX BAAC-
TUBOCTEN, i MaliXke NMOBHOK BiACYTHICTIO iHWNX BTOPUHHUX
MeTabonitie — KaHabigiBapiHy, kaHabigiony, kaHabixpomeHy
i ncuxoTponHoro TeTparigpokaHabinony (0,003 + 0,0011;
0,018 + 0,0080; 0,012 + 0,0027 i 0,005 + 0,0012% Bigno-
BigHO). O3Haka BMicTy KaHabirepony € BocUTb cTabinbHOW
B MEXax nonynauii i He B3aEMONOB’A3aHa 3 03HAKOI0 BMiCTY
TeTparigpokaHabiHony (r = -0,23). MpoBeAeHHs TOHKOWApPO-
BOi xpomaTorpadii nokasano, o kaHabirepon HaKonMyyBaBs-
A nepeBaXHo y hopMi kKaHabireposoBoi KNCNOTU i MEHLOD
Mipolo fIK HeiTpanbHa CONYKA, WO LiNKOM Y3rofKy€eTbCA 3
TEOpi€lo, 3rifHO 3 AKOIO LA PpeyoBMUHA € NONEPESHUKOM s
CUHTE3Y THWMX KaHabiHOiAiB. 3a pe3ynbTaTaMi KOHKYPCHOO
CoOpTOBMNPOOYBaHHSA B pasi BMPOLWYBAHHA ANA OTPUMAHHSA

112

BOJIOKHA 11 HACIHHA COPT NOEAHYE HU3bKOPOCNICTb, @ CaMme ic-
TOTHO HUXYi NOPIBHAHO i3 COPTOM-CTaHAAPTOM NOKA3HUKM 3a-
ranbHoi (206,4 cM) i TexHi4HOT LOBXMHM cTebna (135,6 cm), 3
iCTOTHO BMIMMM MOKA3HMKaMU LOBXUHU cyuBiTTA (70,8 CM),
AKi jeTepMiHyloTb hopMyBaHHsA 3Ha4YHOT Giomacu, npuaaTHoi
OISl BUKOPUCTAHHA Ha apMaLleBTUYHI Lini, Ta BPOXANHOCTI
HaciHHA (0,98 T1/ra). Buxig 3aranbHOro BOJIOKHA CTAHOBMB,
AK i B copTy-cTaHaapTy, 29,0%, ane BOHO XapaKTepu3ysano-
CA BULLOKO AKICTIO i TEXHOJIOMYHOI LiHHICTIO 3@ NEPBUHHO-
ro nepepobneHHs. CopT MaB OAHOPiAHY CTAaTeBY CTPYKTYPY,
CTilKicTb g0 6io- Ta aGiOTMYHMX YMHHUMKIB cepefoBula. Be-
retauiiiHuii nepiop fo 6ionoriyHoi cturnocti (BBCH 89) -
116 pi6. PekomeHROBaHWIA [N BUPOLLYBAHHA 3 MeTOM
OTPUMAHHA HACiHHSA, AKICHOTO BOMOKHA I NMOTEHLINHO — Ka-
Habirepony (3a yMOBM 3MiHM 3aKoHOAaBcTBa). BUCHOBKM.
JloBeeHo etheKTUBHICTb 3aNy4YeHHA [O CeneKkuiiiHoro npo-
Lecy camo3anuieHux NiHii i3 noganswum ix o6’efHaHHAM
y CUHTETMYHY nonynauito i noninwysanbHUM J06OPOM Ha
npukNagi HOBOro COpTy NPOMUCNOBUX KoHonenb ‘Bik 2020°,
L0 XapaKTepu3yeTbCA NiaBULLIEHUM YMiCTOM KaHabirepony i
BiACYTHICTIO NCUXOTPONHMUX BRacTMBOCTEN.

Knro4osi cnosa: KoHonai; Kynbmusap; camo3anunieHHs;
0006ip; cxpelyBaHHs,; KaHabiHoiOU, Kopenayis; npooyKkmus-
Hicms.
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Pe3ynbTatv oLiHIOBAHHA CAMO3aNMAEHUX CKOPOCTUTAINX
NiHi KyKypyA3u 3BMYainHoi (Zea mays L.)

32 OCHOBHMMM rocnofapCcbKo-UiHHMMM 03HAKaMK

3a B BOX CTPOKiB CiBOM

M. C. OnbxoBuk®’, 0. JI. lanpgaw?, 0. 0. Kynap?, M. M. TaraHuoBa?

1Y Incmumym 3epHosux kynemyp HAAH Ykpainu, syn. BepHadcbkozo, 14, m. [JHinpo, 49000, Ykpaixa,
‘e-mail: maksimusgall@ukr.net
2YkpaiHcekul iHCmumym exkcnepmu3u copmis pociuH, sya. lenepana Podumyesa, 15, m. Kuis, 03041, Ykpaina

Meta. KomnnekcHe BUBYEHHS, [06ip, OUiHIOBAHHA i cMCTeMaTMU3alLlia camo3anuneHux NiHiil KyKkypya3u 3BUYaiiHOT (Zea
mays L.), oTpMMaHux Ha 6a3i marepiany pi3HOT reHETUYHOT CTPYKTYPU 3 KPEMEHUCTUM Ta 3ybonoaibHMM TUNOM eHZoCTEpMY,
33 OCHOBHWUMMU rOCNOAAPCbKO-LiHHUMM NOKa3HUKAMM i1 03HAKaMW CKOPOCTUINOCTI 3 METOI0 BUAINEHHSA HAWAINWMX reHOTMNiB
ONs cenekuii ynsTpackopocTurux ribpupis. Metogu. M6puansauis, iHUYXT — y npoleci CTBOPeHHs BUXiAHOro MaTtepiany;
Bi3yanbHuWit — deHonoriyHi cnocTepexeHHs; NabopaTopHO-N0ALOBUIA — BU3HAUYEHHS MOP(O-6i0N0riyHMX 03HaK camo3anu-
JIEHNUX NiHIA KYKYpYA3uW; BUMipIOBabHO-BAroBuil — BU3HAYEHHA BPOXAMHOCTI Ta METPUYHUX O3HAK POCIMH; MATeMaTU4Ho-
CTATUCTUYHI — BU3HAYEHHSA AOCTOBIPHOCTI pe3ynbTaTiB, NOKa3HUKIB BapiabenbHOCTi 03HaK, KOPENALiHOT 3aN1eXHOCTI 03HaK;
AWCNepCiiiHUiA aHani3; KOMNJeKCHe OUiHIoBaHHA MOp]0-6i0J0riYHNX Ta rocnofapcbKo-LiHHUX XapaKTepUCTUK CaMo3anu-
NEeHNX NiHINA KYKYPYA3M HAUMOWMPEHiWMNX 3apoiKOBKX Nia3M. PesynbTatu. Y pesynbtaTi OLiHIOBAHHA CaMO3anuieHux NiHii
KYKYPYL3W, CTBOPEHUX Ha 6asi pi3HUX 3apofKOBUX Mia3M, YCTAHOBEHO, WO HaWBULLA BPOXaHICTb 3epHa 3a 060X CTPOKiB
CciBOM NpuTamaHHa niHiam Bif 3aponkoBoi nnasmu Iodent; MiHiManbHy 36MpanbHY BONOriCTb 3epHa Manu NiHiT 3apofKoBUX
nnasm Flint Ta Mix; HalimeHwa cepefHs TpUBanicTb nepiofy cxoau—LuBiTiHHA (50% 40/0BiYMX Ta KiHOUMX CYLBiTb 32 060X
cTpokiB ciBbu) BnacTuea niHisam 3apogkosoi nnasmu Flint; cTabinbHO BUCOKi 3HaUEHHS NOKA3HWUKA «BMCOTA POC/MHY» 3@ ONTU-
ManbHOrO CTPOKY CiBOM xapaKTepHi ana NiHii KyKypya3u 3MilaHoi 3apokoBoi nnasmu Mix, 3a nisHboro CTpoKy — Ans niHii
nna3mu Iodent. CTabinbHO BUCOKI 3HaYeHHs NOKa3HMKA «BUCOTA NPUKPINNEHHA KayaHa» 3a 060X CTpoKiB ciBOM Big3HayeHo
B iHiN, AiKi cTBOpeHi Ha ocHoBi nia3mu Iodent. BucHoBku. JliHii K239 (nna3ma Flint), AK7174, 1K2285, 1K305, [K2613 i
[IK5568 (nnasma Iodent), AK2332 1a 1K2659 (nna3ma Mix) 6ynu HaitGinbw CKOPOCTUIMMM Ta HAUNINWMMKU 33 KOMMIEKCOM
rocnofapcbKo-LUiHHUX 03HaK. BOHU € NnepcneKTUBHUMU A1l BUKOPUCTAHHSA B CENEKLiT ybTPacKopoCTUINX riGpuaiB KyKypya-
31, apanToBaHux ao ymos Creny YkpaiHu.

Knrwoyosi cnosa: kykypyo3sa 3s8uyaliHa; camo3anuieHi AiHii; 3apooKosa naasma; CKopoCmuzaicme,; ypoxaiiHicms 3epHa; 36u-
DAsbHA BONIO2ICMb 3ePHA.

KU AKMM MOYKHA OTpUMAaTU ABa BposKai Ha DpikK,
cepen; HAOOPy TiOPHUAIB KYKYPYA3U HATAETHLCS
mepeBara CKOPOCTHUIVIUM Ta YIbTPACKOPOCTUTIAM

Bctyn
Croronui Kykrypyzasa (Zea mays L.) € ogaiero

3 HaNOIJBIIT BUCOKOMPOAYKTUBHUX Ta €KOHO-
MiYHO KOHKYPEHTHOCIIPOMOYKHUX B3€PHOBUX
KYJIBTYP, 10 00yMOBJIIOE IIiIBUINIEHNI iHTEpPEC
o Hel arpoBupoOHUKIB [1, 2]. Bommouac rio-
0aJibHI 3MiHM KJiMaTy BHOCATH IIEBHi 3MiHU B
arpoTexHiKy ii BupoImyBaHHs. 30KpeMa CIIOC-
TepiraeTbcsl 3MIiIlIeHHS CTPOKiB ciBOM Ta paHi-
e 30MpaHHA BPOKAIO, 30LILINYETHLCA IIiJb-
HiCTH arporeHosy. ¥ BUPOOHUIITBI HaOyBaiOTh
HOMYJIAPHOCTI HeTPaAUIliiiHi ciBo3MiHU, 3aBIA-
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dopmam, AKi € MeHIII pecypcomicTkuMU [3].

Came 3aBAAKHU YIBTPACKOPOCTUIVINM TiOpmaam
KYKYPYI3W MOMKJINBO 3a0e3meunTy CcTabijabHi
BpOKal y CTPECOBUX KJIIMaTUYHUX YMOBaX 30HU
Cremny Ta BIpPOBaIKEeHHs PaIlliOHAJLHIIIINX CiBO-
3MiH.

IIpoBigHa posab y rereposucHiit cesekiii Ha-
JEXKUTh BUXiTHOMY MaTepianly, KOHTPAaCTHOMY
3a TPUBAJIICTIO BereTalliliHOrO IIEpioxy Ta Bin-
MiTHOMY 3a T'eHeTMYHUM IIoXoAKeHHAM. [[oBe-
JIeHO, 110 CTBOPEHHA riopuaiB Ha 6a3i reHeTHYHO
BigmajieHOro TOMO3WUT'OTHOI'O MAaTepiasly IacThb
3MOr'y OTPUMATH KOMEPIIiIAHO YCHIITHI reHOTUIIN
Ta 3a0e3rmeunTn BUCOKi cTabinbai Bpoxkai. Came
B IIbOMY HAIIPAMIi BeleThCsi pobOTa B reTepos3uc-
Hill cenekIii KyKypyxasu [4].

3a HaABHOCTiI BUXimHOrO Marepiaay KyKypy-
I3U, III0 HAJEKUTH A0 PiBHUX TI'€HOIIJIa3M, IIO-
cTae HeoOXigHICTh y MO0 JOCHiI:KeHHi B pisHUX
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arpoTexHIUHUX TrpajiieHTaxX, 30KpeMa 3a OIITHU-
MaJIbHUX Ta Mi8HiX CTPOKiB ciBOM. Ba'kmiuBum
OUTAaHHAM IIPU IIbOMY € KOPEeKTHE OIliHIOBaHHS
JiHIA 3a KOMILIEKCOM I'OCIIOIapChKO-I[IHHUX 03-
HakK [5].

PocToBi mporecu pocauH € JOCUTH BaKJIMBU-
MU 3 HNOTJIALYy (hOpMyBaHHS Ha3eMHOI Macu Ta,
AK HAaCJiJIOK, MaKCHUMaJbHOI IIPOAYKTUBHOCTL
CiIBCBKOTOCIIONAPCHKUX KYJIBTYP. 3B’SIB0K BU-
COTH POCJIMHU, NMPOAYKTUBHOCTI ¥ TpHUBaJOCTiL
BereTaIiifHoro nepiogy o0yMoBJIeHUH 3araabHO-
GiosiorivHMMEN YMHHUKaMUu. BucoTa pocauwH Bi-
JIirpae BaKJUBY POJib y (DOPMYBaHHI aJgalTUB-
HOT'O IIOTEHIialy Ta € BasKJIUBUM ITOKa3HUKOM
IJId XapaKTepUCTUKU ceJIeKI[iiiHOro marepiaJy,
OCKiJIbKM, Ha IYMKY JeAKUX HOCHimHUKiB [6—9],
BOHA Ma€e IIOSUTUBHY KOPeJAiliHYy 3a/IeKHICTh
3 ypo:kaitaictio 3epra. Uepueas B. IO. [10] Bix-
3HA4Ya€, IO OIMiHIOBAHHS BMCOTH POCJUH JiHiN
ABJISE€ iHTEpec, OCKIiJIbKM: IIO-IIEpPIle, BHCOKO-
pocJi JgiHii, 3as3Buuaii, 1alOTh i BUCOKi ridopuam,
AK1 B IepCeKTUBI MOXKYTh BUPOIIyBaTUCh i HA
CUJIOC; TO-IpPyre, BapiabeJbHIiCTH BUCOTH POC-
JIUH MOJKe CJIIYTI'YBaTU iHIMKAaTOPOM II0CYXOCTii-
KOCTI CeJIeKIIiITHOr0O MaTepiaJy; IIo-TpeTe, MaJja
BHUCOTAa TiOPUAiB YAaCTO MEPEIIKOIKAE IX BUPOO-
HMUYOMY BUKODPMCTaHHIO, TOMY 3a CeJIeKIIil Ha
CKOPOCTHUIVIICTh PEKOMEHIYETHCA OJHOUYACHO IIPO-
BOAUTHU AOOIp BUCOKOPOCIIMuX (hopm.

TpuBaJjicTe BereramiiiHoro mnepiogy KyKypy-
131 BU3HAUYa€ MOYKJIMBOCTI BUKOPUCTAHHA CaMO-
3aNMJeHUX JiHI y KOHKPEeTHUX KJIiMaTUYHUX
yMmoBax. BoHa MosKe 3MiHIOBaTUCA IIiJi BIJIMBOM
YNHHUKIB 30BHIIITHBOI'O CEPENOBUIIIA, IK-OT TE€M-
mepaTypa, piBeHb BOJIOT03a0e3meueHoCTi, TpuBa-
JICTHL CBITJIOBOTO [HsI, HASBHICTH e€JEMEHTiB
JKMBJIEHHSA POCJWH. SHAUYHWM BIJIMB Ha TPUBAa-
JIICTh BereTaiifHoOro mnepiofy Ta OKpeMmux Horo
¢enosoriuAanx (has MalOTh T'€HOTHUII POCJINHU,
yMoBu I Mmicre BuporryBaHHA [11-13]. Ycramos-
JIEHO, III0 TPUBAJIICTh BereTamiiiHoro epiony, AK
3araJioM, Tak i okpeMux ioro ¢pas, He € CTaJIOI
BEJIMUMHOIO ¥ 3aJIEKUTh BiJ MOrOJHWX YMOB Ta
IHIITUX YMHHUKIB.

[ BUBHAUEeHHA TPUBAJOCTi BereTalifiHOTo
mepiogy HaWIOIIJIbHIIIMM € BUKOPHUCTAHHS II0-
Ka3HUKIB TPMBAJIOCTI MepPiofiB «CXOaAn—IIBITIHHA
50% xauaHiB» Ta «cxomu—IBiTiHHA 50% BOJIO-
Tel», SKi JOCUTH JIETKO W UiTKO (PiKCYIOThCH,
He TIOTPeOyIOTh 3HAYHUX 3aTpaT KOIIITiB i pecyp-
CiB Ta IMMPOKO 3aCTOCOBYIOThCS B CEJIEKITINHIN
npaktuii [14-17].

OCHOBHOIO ITPO0OJIEMOIO B CEJIEeKITil KYKYPYA3U
€ MOEeTHAHHA B TiOpMIi CKOPOCTHUIJIOCTI Ta BPO-
KallHMX BJactTuBocTei. IligBuitieHHsa BposKaii-
HOCTi 3epHa € TOJIOBHOIO METOI0 Oyah-aKoi ce-
JekIiiinol nporpamu. el mokasHUK Ma€e Kijb-
KicHY Ipupoay ycuagKkyBaHHS 1 Ha MOro piBeHb
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BILIMBAE T€HOTHUII Ta eKoJIoriuHi unHHuKNU. CKOpo-
CTHUTJIICTh Ilepembavac CKOPOUEHHS Mepioais
¢opMyBaHHSA ¥ HAJWBY 3€pHA B I'€HOTUIIB KY-
KYpPyZO3u, II10 IPU3BOAUTH A0 HU3bKOI BOJOIOCTL
3epHa mmig uac 36upaHHsa. OgHAK CKOPOUYEHHS
Iepiofly HaJWBY 3€pHA HEraTHUBHO BILJIMBA€E Ha
MIPOAYKTUBHICTD Iri0puaa, COPUUNHAE 3MEHIIIeH-
HA JiHIAHUX Po3MipiB KauaHa i1 3epHiBKU [18-20].
BusHaueHO 1meBHY HeraTMBHY KOPEJAIiI0 MiK
YacoM JOCTUTAHHSA 3epHA KYKYPY/A3U Ta PiBHEM
ii BposkaitHocTi [21].

Y mporieci CTBOpeHHS CKOPOCTUIVIMX TiOpu-
OiB IIiBAEHHOTO EeKOTUIY IIOPpydY 3 TaKUMU
O3HaKaMH, K CTiHKiCTh [0 IIOCYXM ¥ JKapH Ta
BHCOKA HACiHHEBA IPOAYKTUBHICTh 0ATHLKiBCH-
KX KOMIIOHEHTiB, BaKJINBE MicIle Ma€ Hu3bKa
BOJIOTICTEL 3epHAa IIig yac 30MpaHHSA, SKa € Of-
HUM 3 TOJIOBHUX CKJIQMHUKIB CKOPOCTUIJIOCTI,
i B yMOBax IIOCTiffHOTO 3POCTAaHHS I[iH HA €HePro-
pecypcu Mae 3HauHEe E€KOHOMiuHe 3HAYEHHS
[22, 23].

Mema 0OocnidxceHb — KOMILJIEKCHEe BUBYEHHS,
Iobip, OI[iHIOBAHHSA ¥ cHUcCTeMaTH3allisd camMosa-
OUJeHUX JIHI KyKRypyasu B3BUYaWHOL Zea
mays L., orpumanux Ha 6asi marepiasy pisHOl
TeHeTUYHOI CTPYKTYPH 3 KPEMEHUCTUM Ta 3y00-
MOAIOHMM THUIIOM EHJOCIIEPMY, 34 OCHOBHUMU
TOCIOapChbKO-I[IHHNMHY IIOKa3HWKaMM W O3Ha-
KaMM CKOPOCTHUIJIOCTi 3 METOIO BUIiJIEHHSA HaM-
JIOMINX TeHOTUIIB IJIS CeJIeKIIil yJIbTPacKopo-
CTUTJINX TiOpUAiB.

Marepianu T1a MeTOAMKA ROCHIAKEHD

Hocaimxenns mpoBoauam mporsarom 2016—
2018 pp. B ymoBax IOCJiHOTO TOCHOAAPCTBA
«duinpo» H¥Y IHCTUTYT B3€pHOBUX KYJIBTYP
HAAH Vxpainwn.

HocimigyxyBaau Tpu ajJdbTepHATHUBHI Ipynu Ji-
Hill, AKi BuciBaam y aBa cTpoku: 14 KpemeHUC-
TUX, OTPUMAHUX Ha ocHoBi miaasmu Flint (F2,
AK23, OK200, OK3527, HOK2073, HOK2275,
HIK4538, NOK206A, K673, IK2, IK50-7,
HAK541, K239, ITK2459), 16 3y6omomioHmxX —
miaasma lodent (K744, IK216, IK714/195,
MC555, M[OK4173CB3M, [IK4172, JIK5568,
HAK2637, [1K2613, NK7174, [1K5534, IIK5510,
MC381MB, I1K2285, 1K305, MC252BM3co) Ta
17 niwmift, AKi cTBopeHi Ha 6asi aMinTyBaHHS pis-
HuX 3apoakoBux miaasm (Mix) (K366, [[K212,
HAK2659, [IK6356, IK19066, IKI3, 1K6381,
HIK2668, KI'232, [IK2323MB, 1K3902, IK2732,
K367, 1K2332, 1K5, [[K129-4, [1K247). Outu-
MaJIbHUH CTPOK CiBOM — TpeTd JeKata KBiTHS —
mepia gexkaja TPaBHdA, IIiBHiM CTpPOK — Jpyra
Iekana TpaBHA. [locaingy 3akjgazaau BiAIIOBi-
HO 10 MeTOAMKMN IIPOBEIEHHA IOJBOBUX IOCJIi-
IiB 3 KyKypynsomw [24]. Posmip miasaoK — 5 m2.
Biomerpuuni Bumipu mpoBoauam Ha 10 pociawu-
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Hax 3 OiAsgHKH. Buxigumii marepiajl BuBUaJIn
3a 03HAKOI0 CKOPOCTUIJIOCTiI Ta I'OCIIOapChKO-
MiHHUMHA ITIOKa3HUKaMU.

Mereoposioriuai yMoOBU B POKM IIPOBEIeHHSA
mocaimxens (2016—2018 pp.) 3mebdinbimoro Oyan
COPUATIUBUMHU [AJIA BUPOIIYBAHHSA CiIBCBKO-
TOCIIOHAPCHKUX KYJAbBTYpP. 30KpeMa, y 2016 p.
omazniB BumaJsio Ha 60,7 MM 6ijbIlle HOPMH —
332,7 mMm. MakcumMaJgbHa iX KiJbKicTh mpuima-
Ja Ha TpeTIo AeKaay KBiTH#A, y ApPyriit mekanmi
TpaBHA Ta JIMIIHA AOIi MaJu 3JMBOBUMN XapaK-
Tep i posmozmiisaaucA mo obJsacTi HepiBHOMipHO.
Cepenubom000Bi Temmeparypu Ha 2—-9 °C mepe-
BUIMIYBAJW HOPMY ¥ 3HAXOAUJINCA B MeKax
24-32 °C, makcuMaJbHa TEeMIepaTypa MOBiTPA
mocaraJjga 35—40 °C.

IIporsrom Bererartiiinoro mepiogy 2017 p. cmoc-
TepiraBcsa meBHUM medimur Bosoru. Omanais Bu-
najso 250,9 mm (mopma — 272 mm), mormri majaum
3JIMBOBUII XapaKTep Ta PO3IOMiIAJINCA II0 00-
aacti mepiBHOMipHO. CepemHbom000BI TemMmepa-
Typu noBiTps Ha 2—9 °C mepeBUITyBaJIu HOPMY
i smaxomuauca y mexax 24—30 °C, MmaxkcuMaJib-
Ha TeMIleparypa IoBiTpa mocaraaa 36—39 °C.
3 mpyroi mexagu JUIHA i J0 KiHIA CcepIHs
crmocTepiraJjacs rpyHTOBa IIocyxa.

Bereramia KyKypyasu B perioHi IpoTarom
BECHAHO-JIITHBOTO 1epioay 2018 p. BigOyBamacsa
IepeBakHO B YMOBAX ITiBUINIEHUX TEMIIEpPaTyp
Ta 3HAYHOI HEeCcTaui omajiB, IO cIocTepiraJacs
3 IoYaTKy BererariiiHoro mepioxy. OmazmiB Bu-
naso 251,8 mm. CepenHbom000BI TeMmepaTypu
noBiTpsa Ha 3—8 °C mepeBUIIlyBaJ HOPMY, MaK-
cuMaJIbHa TeMIleparypa MaiKe IIOAHS csaraja
30—-35 °C. 3 TpeTnoi AeKaay TPpaBHA 1 10 KiHIA
TepINol AeKaau JIMIIHSA cIocTepirajacd I'pyHTO-
Ba mocyxa. [HTeHCuBHE HAKOIIMYEHHS TeILIa CIPU-
S0 TIPUCKOPEHOMY PO3BUTKY Ta CKOPOUEHHIO
Mik(pasHuX 1epioniB, BUKUJIAaHHA BOJIOTi B Ky-
KYPYyZA3U BifzHaUaJOCA IIEPEeBaAKHO B IIEPIINX
ympeJjax JIWITHSA, Ha HiBTOpa-IBa THUXKHI paHilme
0araTopiyHMX CTPOKiB, a HANPUKIHIII IepIiroi
OeKaay JINITHS PO3IIoYaJocs IBITIHHS BOJIOTI
Ta KayaHa.

3arajioM IIOTrOAHi YMOBU B POKH HOCJIiIKEHb
Oyl TOCUTH KOHTPACTHUMH, III0 AAJIO 3MOT'Yy KO-
PEeKTHO OIiHUTH CeJIEKI[IMHWI MaTepiaJ KyKy-
PyZ3u Ha aJalTUBHICTHL OO YMOB CTEIIOBOI 30HU
Yrpainu.

Pe3ynbTatn gocnipKeHb

HaiicipuaTauBimum 1ia BUPOITyBaHHA KYKY-
pynsu O0yB 2017 pix. 3oKkpema, cepeaHsT BHCOTA
pociuH 3a 000X CTPOKiB ciBOM Oyia HaMOiIb-
mroro i cranoBmiia 162,5 ta 161,0 cm BigmosigmHO
(tab. 1). IIpu nboMy BifzHaUEHO HAWMEHIITY Pi3-
HUIIO ITHOTO TTOKA3HUKA 34 YMOB IIi3HBOTO CTPO-
Ky ciBOU, sika cramoBmJa Jjuiie 1,5 cm.
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MakcumanbHe 3HAUEHHS MOKA3HUKA BUCOTHU
POCJIVH Y POKM IOCHiKEHb 3a ONTHUMAaJbHOTO
CTPOKY CiBOuM BuaBJIeHO0 B TreHoTumiB Mix
(162,9 cm), sa misuboro cTpoxky — B lodent
(158,4 cm). Cuixm 3asHaumTH, 10 B iHOpemgHUX
aimit maasmu Iodent sa misHbOi ciBGM crocTe-
pirasacsa HaliMeHINAa AeIpPecid JOCJiaKyBaHOIO
HOKAa3HMWKa, III0 BKas3ye Ha iXHIO CTabiJIbHICTE.
Tako:x ciim HAroJIoCUTH Ha BiICYTHOCTI IOCTO-
BipHOI pPiBHUIII MiX BHCOTOIO POCJIMH 3a YMOB
OIITUMAJBHOTO Ta IIi3HHOT'O CTPOKiB ciBOM.

IITono nokasHMKa BUCOTYU IIPUKPIMJIEHHA Kaya-
Ha, TO HAUOIJIBIIMM 3a 000X CTPOKIiB CiBOM BiH
OyB y reroruimiB miasmu lodent: 51,2 cm 3a onTu-
MaJILHOTO Ta 56,7 ¢cM 3a IIi3HLOrO CTPOKiB ciBOM.
BigzaaueHo BiZicyTHICTE TOCTOBIPHOIL Pi3HUIII MiK
CepeIHBOI0 BHCOTOI0 HPUKPIILJIEHHS KadaHa 3a
OIITMMAJILHOTO Ta Mi3HBOT'O CTPOKiB CiBOM.

YnpomoB:K POKiB AOCHi)KeHb po3MaxX Bapiio-
BaHHS O3HAKHU «BHUCOTA IIPUKPIIIJIEHHS KauaHa»
B ycix rpym JiHi#i O6yB OigbITMM, HidK O3HAKHU
«BHCOTAa POCJUH»: KoedimienTu Bapiarii — 17,4—
24,7% muporu 7,9-13,9% sBigmosigmo. Ile miz-
TBEPAKYETHCA U iHIMUMHU JOCiTKEeHHAMUY, AKi
BKa3yIOTh HA 3HAUHY BapiaOe/IbHICTh MOKAa3HIKA
BHCOTA MIPUKPIIIJIEHHA KauyaHa.

Cepen mimiii mmasmu Flint Haiibinsmroio ce-
PeIHBOI0 BHUCOTOIO POCJMH 3a 000X CTPOKIB CiB-
6u BimsHauwmsaca Jimia JK2073: 191,5 cm za
ontTuMmaJbHOoro ta 182,8 cm 3a mismboro. Mini-
MaJIbHUMHM B3HAUEHHAMM IIOKAa3HUKa XapaKTe-
pusyBaisacsa ainia JK206A — 123,5 Ta 121,8 cm
3a CTPOKaMHM CiBOM BiAIIOBiZHO. 3a BHCOTOIO
OPUKPIIJIEHHA KadaHa B I[i rpyni JiHi#A Bumi-
aanuca [JK4538 Tta K673 — nmormany 50 cm 3a
000X CTPOKiB CiBOM, IIT0 BAKJIMBO OJIS MEXaHi-
30BAHOTO 30MpaHHA. 3a ONTUMAJBHOTO CTPOKY
ciBOM MaKCHMAJIbHI cepefHi 3HaUeHHSA BUCOTHU
OPUKPIMJIEHHA IIPOAYKTUBHOIO KadaHa 3a()ikco-
BaHo B Jimii [IK4538 (62,3 cm), mimimaapHi —
y F2 (28,3 cM); 3a mi3HBOTO CTPOKY — y JiHil
OK50-7 (63,0 cm) Ta [IK23 (33,2 cm) BigmoBigHO.

Cepen aimit muasmm Iodent Buaineno
MC381MB, axa 3a 000X CTpPOKiB ciBOm MaJia
HaWBHUINYy BUCOTY pocauH — 176,5 ta 177,7 cm
BigmoBizmo. MiniMmabHe 3HAUEHHS JOCJIiIKyBa-
HOT'O TOKAa3HUKA 3a ONTHNMAaJLHOTO CTPOKY CiBOM
oysno sadikcoBano B gimii [[K2613 (136,5 cm),
3a misaboro — y [IK2285 (137,7 cm).

3a BMCOTOIO0 NPUKPINJEeHHS KadyaHa B I'PyHi
miaasmu lodent Buginsauca minii 1K4173CB3M,
HOK4172, IK2637 Ta MC252BM3, saki 3a o6ox
CTPOKiB ciBOM MaJu ii cepenHe 3HAUEHHS IIOHA
50 cm. HaiiBumium Ieil moKasHUK OyB y JIiHil
MC252BM3 (70,1 cM 3a onTuMaJ bHOrO Ta 74,5 cM
3a IIi3HBOTO CTPOKiB CiBOM), HAWHMKUUM 3a
OIITUMAJILHOTO CTPOKY ciBOm — y aimii [[K2613
(41,3 cm) Ta B [1K714/195 (38,8 cm) 3a misuBOTrO.
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Tabauys 1
BapitoBaHHA NMOKAa3HUKIB «BMCOTA POCAMHY Ta KBMCOTA NPUKPINNIEHHA KaYaHa»
Yy CamMo3anuneHunx NiHin KYyKypyA3mM pi3HUX reHeTUYHUX Naasm
2016 p. 2017 p. 2018 p. CepeaHe
Mlokashui Mnasma =5 ccs nce 0cc nce 0cc nce occ nce
Flint 155,7 155,9 156,5 159,4 154,9 142,6 155,7 152,6
+11,1 +9,8 +10,8 +94 +12,2 +99 +11,1 +92
Tat Todent 158,7 160,5 162,0 161,8 155,4 153,0 158,7 158,4
- k) +5/7 +7,0 +58 74 +6,3 + 64 +5/7 +6,2
3 Mix 162,9 153,6 167,9 161,6 157,8 153,1 162,9 156,1
§‘ +11,2 + 10,2 +11,1 +10,2 +115 +12,2 +11,2 + 10,4
5 Flint 123,5—- 124,5—- 123,5—- 124,5—- 114,5- 116,5- 123,5—- 121,8-
=4 191,5 186,0 185,5 192,0 198,0 170,5 191,5 182,8
© Lim (min-max) | Todent 136,5—- 137,0- 143,0— 137,0- 129,5—- 131,0- 136,5—- 137,7-
] 176,5 183,0 181,0 187,0 175,5 174,5 176,5 177,7
& Mix 111,0- 117,5- 116,0— 120,0- 106,0- 113,0- 111,0- 116,8-
202,3 207,0 204,0 194,0 200,5 204,0 202,3 201,7
Flint 13,4 11,8 13,0 11,2 14,9 13,1 13,4 11,4
V, % Iodent 7,2 8,8 7,2 9,2 8,1 8,4 7,2 7,9
Mix 14,3 13,9 13,8 13,1 15,2 16,5 14,3 13,9
Flint 49,9 56,1 53,3 51,4 46,2 42,1 49,8 49,8
= +5,8 +5,8 +7,0 +5,5 + 4,9 + 4,1 +5,5 + 4,6
; cat Todent 52,4 64,0 59,3 56,1 46,9 50,0 52,9 56,7
= sl +34 +58 +38 +57 +4,0 +5,.2 +3,6 +5,1
Z Mix 50,6 54,5 59,4 52,9 43,4 45,5 51,2 51,0
= +54 +6,6 +5,7 +6,7 +55 +5,7 +53 +6,0
I Flint 28,3- 37,0- 22,5- 34,5- 28,0— 28,0- 28,3- 33,2—-
GEJ 66,5 72,0 72,5 75,0 57,5 54,5 62,3 63,0
é_ Lim (min-max) | Todent 41,3- 40,5- 47,5— 37,0- 35,0- 35,5— 41,3- 38,8-
s 67,3 80,5 77,5 78,5 65,5 65,5 70,1 74,5
= Mix 25,0— 25,0— 27,5—- 22,0— 22,5 20,0— 25,0— 25,0—
E 67,0 73,5 74,5 73,0 65,0 63,5 68,2 66,7
= Flint 21,9 19,4 24,7 20,4 19,9 18,6 21,0 17,4
Q2 1V, % Iodent 13,1 18,4 12,9 20,4 17,3 21,1 13,8 18,3
Mix 22,0 25,1 20,0 26,4 26,6 26,2 21,7 24,7

*Crpoku cis6u: OCC — ontumansHuit; MCC — nisHii.

Cepen remoruniB miaasmMu Mix HaiiOiIbIT BHU-
COKOPOCJIOI0 3a 000X CTPOKiB ciBOM BusABMJIACA
adinia K367 (202,3 cm 3a onTuMMaJIBHOIO Ta
201,7 cvm 3a misuboro crpokis). Ciix 3asHaunTH,
10 BoHAa OyJia HAWBUIINOIO cepel YChOTo JOCJi-
I:xeHoro Marepiaay. HalimMeHuM 3HaueHHAM
MOKa3HWKAa «BHUCOTAa POCJIUH» 3a 000X CTPOKiB
ciBOu xapakrepusyBaJjacs Jinia [[K366 — 111,0
ta 116,8 cm BigmosigHO.

3a BHCOTOIO IPUKPIIIJIEHHA KauaHa B ITill Ipy-
i pimii Buginanuca [[K 2659, IK6381, [IK2668,
AK3902 ta [[K367, y AKUX y cepeIHbLOMY 3a TPHU
POKHY AOCTiI:KeHHA 3a 000X CTPOKiB ciBOM BHCO-
Ta IPUKPIIJIeHHS KavaHa nepeBuinyBasia 50 cM.
MaxcumanbHe B3HaueHHA IIHOTO IIOKAa3HUKA
3a ONTUMAJBHOTO CTPOKY ciBOm Oyso B Jimii
AK3902 (68,2 cm), 3a misaporo — y K367
(66,7 cm). MimiMaabHUM cepemHIM 3HAYEHHSIM
BHUCOTH HPUKPIIJIEHHA KauaHa 3a 000X CTPOKiB
ciBOm Bigsmauwmiaca ginia [[K366 (25,0 cm).

YcraHoBJIeHO, 110 BUCOTa POCJUH TiCHO Kope-
JIIOE€ 3 BUCOTOIO IIPUKPIIJIEHHA KauaHa. 30KpeMa,
3a OITHUMAJILHOT'O CTPOKY ciBOM KoedillieHT Kope-
aamii 6yB moctoBipauM Ta BucokuM (r = 0,70), a
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3a IIiBHBOTO CTPOKY BiH OyB HEII0 HUIKUYUM
(r = 0,68).

MimimMmanipHUM 3HAYeHHAM NOKa3HUKIB TpH-
BaJiocTi mepioxiB «cxomm—usBiTinaa 50% kaua-
HiB» Ta «cxomm—uBiTinasg 50% BosoTeli» yIipo-
IOBXK POKIB JOCJiMKeHHsS 3a 000X CTPOKiB CiB-
6u xapakTepusyBaJjucs Jimii mmasmu Flint.
30KpemMa, 3a ONTUMAJILHOTO CTPOKY CiBOUM Ieit
IOKa3HUK cTaHoBuUB 58,4 Ta 57,9 mobm Bixio-
BiJlHO, 3a Mi3HBOT'O CTPOKY TPUBAJICTH Hepiony
«cxomu—1BiTinaa 50% kauaHiB» CKoOpoTHJIACSA
mo 50,6 mobu, a nmepiony «cxomm—usiTinasa 50%
BoJioTeii» — mo 49,5 mob6u (Taba. 2).

MakcumMaJbHIM 3HAUEHHSIM IOKA3HUKA TPU-
BaJiocTi mepiomy «cxomu—uBiTinaa 50% kKaua-
HiB» y POKHY JOCJTiIKeHHA 3a 000X CTPOKiB CiB-
6u Bimsuauasmcsa Jrimii niaasmu Iodent — 61,8 Ta
54,3 mo6u BigmoBigHo. MakcuMaJIbHe 3HAUEHHS
MOKa3HUKA «TPUBAJIICTH IIEPiOy CXOOAU—IIBiTiH-
Hs 50% BoJioTell» 3a 000X CTPOKiB ciBOUM OyJI0
BimsHaueHo B Jimii mimasmu Mix — 60,9 Ta 53,7
mobu BigmoBigHo. Ciim 3a3HAUYUTH, IO PiSHUILA
Mi’X TPHUBAJICTIO IIEPiOAiB «CXOAM—IIBITIiHHSA
50% xauaHiB» Ta «cxomu—IBiTiHHA 50% BOJO-
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Tabauuys 2

BapioBaHHA NOKa3HUKIB «TpuBanicTb nepiogy cxoan-uBitTiHHA 50% KayaHiB» Ta «TpMBaNicTb Nnepiogy
cxoau-UBiTIHHA 50% BonoTeN» y CaM03anuNeHuUX NiHiN KYKYPYA3N Pi3HMX reHeTUYHUX NNasm

MoKasHuK Mnasma 2016 p. 2017 p. 2018 p. CepegHe
occ nce 0CC nce 0cC nce 0cC nce
o Flint 584+18|484+26|590+2151,6+21(573+19|513+15|584+1,8|506+1,9
gc’ ‘:(Q X+ ts(;) Iodent |61,6+08|519+17|638+11|554+14|594+09 |551+16|61,8+08|543+14
[ =9 Mix 608+14|522+21629+18|554+18/592+10|549+14|61,1+14|543+15
2 E ;'f Flint 51,0-64,0 | 40,0-55,0 | 51,0-66,0 | 41,0-57,0 | 52,0-63,0 | 45,0-55,0 | 51,0-64,0 | 42,0-55,0
E -= 'z | Lim (min-max) | Iodent | 59,0-64,0 | 45,0-58,0 | 60,0-68,0 | 52,0-60,0 | 57,0-63,0 | 50,0-62,0 | 59,0-64,0 | 50,0-59,0
s T % Mix 53,0-65,0 | 42,0-59,0 | 54,0-68,0 | 46,0-61,0 | 54,0-62,0 | 48,0-58,0 | 54,0-65,0 | 45,0-59,0
@ == Flint 57 10,0 6,7 7,8 6,3 55 5,8 71
28 V% lodent | 27 6,7 34 5,1 2,9 5,8 2,7 5,2
Mix 5,0 8,2 6,0 6,6 34 5,2 4,8 59
o | Flint |583+1,7|469+22|588+18|509+19 562+20505+14|579+17|495+17
gc’ ‘:on x£t o Iodent | 606+0,8|498+1,7|623+12|544+11|579+08|540+15604+09|529+13
ax -‘% Mix 607+14|514+21|627+17 | 554+15|588+11[541+15|609+14|537+15
EI o Flint 52,0-65,0 | 39,0-52,0 | 52,0-66,0 | 41,0-55,0 | 47,0-61,0 | 45,0-54,0 | 50,0-64,0 | 42,0-53,0
E 5 g Lim (min-max) | Iodent |58,0-64,0 | 46,0-59,0 | 58,0-67,0 | 51,0-58,0 | 55,0-62,0 | 50,0-60,0 | 58,0-63,0 | 49,0-58,0
= T 5 Mix 53,0-65,0 | 42,0-59,0 | 55,0-69,0 | 47,0-60,0 | 53,0-62,0 | 46,0-58,0 | 54,0-65,0 | 45,0-59,0
Qo Flint 5,5 9,0 5.7 7.1 6.8 54 5,6 6,5
= g V, % Todent 2,8 6,8 4,0 4,1 3,0 5,6 3,0 5,0
Mix 4,8 8,5 5,5 55 3,9 5,7 4,7 6,0

*Crpoku cis6u: OCC — ontumanbHwmii; NCC - nisHin.

Teli» 3a ONTUMAJBHOIO Ta IIiBHHOI'O CTPOKIB CiB-
6u Oysna moctoBipHOio. Kpim Toro, mimii niasmu
Flint 3a 060X cTpOKiB ciBOM Bijg3HauaJMCSa IO-
CTOBIipHO HMXKUMMU NHOKa3HWKaMU TPUBAJIOCTI
nepiony «cxogu—1BiTtiHHa 50% KauaHiB», III0
XapakTepuaye ix AK HaWpaHHbOCTUIJIIINL IIO-
PiBHSHO 3 JiHiAMEY iHIIMX reHoILJIa3dM. 3a O3HA-
KOIO «TPHBAJicThb nepiogy cxogu—tBiTinasa 50%
BOJIOTEeIi» JOCTOBIPHO HMKUYMMU IIOKA3HUKAMU
gimii nmasmu Flint Bigsmaumanca juire 3a
YMOB IIiBHBOT'O CTPOKY CiBOM.

MaxkcumasibHHIT po3Max BapiloBaHHS TPUBa-
Jocti nepiony «cxomm—1Bitiaasg 50% KauaHiB»
3a OITHMAJILHOTO CTPOKY CiBOM 3a()ikCcOBAHO B
aigi# rpynu Flint (13,0 7i6) ta y rpyou Mix
(11,0 gmi6). Mimimanpaum (5,0 mi6) BiEm OyB ¥y
Jgimiii maasmu Iodent, 110 ¢BiguMTL PO BUIIY
CcTabibHICTh JiHIN ITiel rpynm 3a BUPOIIYBaH-
Ha B ymoBax Cremy. Ile migTBepmKyioTh i Koe-
dimientn Bapiamii (5,8% — Flint; 4,8% — Mix;
2,7% — Iodent). Ha ymMoBU misHBOI'O CTPOKY CiB-
6u saimii rpyn mrasm Iodent Ta Mix pearysBajm
He3HAUHUM 30iJBIIeHHAM pOo3Maxy BapiloBaH-
Ha (mo 9,0 Ta 14,0 1i6 BigmoBigHO) Ta 30iaBLIIIEH-
HaM KoedimienTis Bapiamii (go 5,2 Ta 5,9% Bin-
TOBiHO), IO MOXKE CBiJUMTH IIPO BUAB ILIAC-
TUYHOCTI JIIHI# MIUX T'PYI Y HECHPUATINBUX YMO-
BaX BUPOIIYBaHHS.

T'pyma miminn F2, OK23, OK239, HK3527,
OK541, IK2275, 1m0 cTBOpeHi Ha OCHOBIi IjIa3-
mu Flint, xapakrepusyBajacsad HAMMEHIIIOO
TPUBAJIICTIO IIepiony «cxomu—IBiTinua 50% ka-
YaHiB» 3a 000X CTPOKiB ciBOM. 3a OITHMAJIBHO-
TO CTPOKY CiBOUM Iieil ITOKa3HUK BapiloBaB y
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me:xxax Bim 51 mo 57 mi6, 3a HMiSHBLOTO CTPOKY
poaMax BapiloBaHHsA OeI0 30iJbIINBCI — BiJ
42 mo 50 mi6. MimiMaIbHUMM 3HAUEHHSIMU JTOC-
JiPKyBaHOI0O TIOKa3HWKA cepeJ JIiHiil ycix reHo-
miIasM 3a 000X CTPOKiB ciBOW BimsHauasacs Jri-
mig JIK23 — y cepemuromy 51,3 Ta 42,0 mi6
BigmoBimmo. Cainm sasmaumTu, 1o B Jimii [[K23
3a TiBHBOTO CTPOKY CiBOM KavaHMW 3aIlBiTajam
JIOCTOBIPDHO paHillle HMOPiBHSIHO 3 JIiHi€IO-CTaH-
maprom F2. MakcuMaJbHUM 3HAUEHHAM JOCJi-
JUKyBaHOro moKasHuKa (64,3 mobum) s3a onrtu-
MaJIbHOTO CTPOKY CiBOM BimsHaumiaca JiHisg
K673, 3a misunoro — [IK2459 (55,0 mib).

VY nimii naasmu Flint 3a 060x cTpokis ciB6u
HepeBaskaB MPOTEPAHAPUUYHUN THUII IIBITiHHA.
Haiimeniry TpuBaJicTh mepioay «CXoau—IBiTiH-
Ha 50% BoJsoTell» 3a 060X CTPOKiB ciBOM MaJia
ainia K23 — 50,3 Ta 41,7 mobu BimmoBimHO.
Cainm sasHaumTH, IO IIA JiHiA 3a 000X CTPOKiB
ciBOM xXapaKTepuayBaJjacs AOCTOBIPHO HUKUYMMU
3HAUEHHAMH JOCIiPKYyBaHOI'0 ITIOKa3HNKA IIOPiB-
HAHO 3 Jinieo-crangaprom F2. MakcuMaaIbHOIO
CepeHbOI0 TPHUBAJIICTIO IIEPiofly «CXOMU—IIBITiH-
Ha 50% BosoTeil» 3a OITUMAJIBLHOI'O CTPOKY CiB-
6u Bimsmauasacsa Jsimia K673 (64,0 mobu), 3a
misaporo — [IK206A (53,3 mobwu).

HaiickopocTurmimumu JgiHigAMU cepep Ijas-
mu lodent BusBuauca IK7174, TK2285, IK305,
OK2613, IK5568 ta MC381MB, saki 3a 000x
CTPOKiB ciBOM Bif3HAUAJIKCS CepegHIMU ITOKAa3-
HUKaMH{ TPUBAJIOCTL MEPioAy «CXOAU—TIBITIiHHA
50% kauauiB», 110 OyJIM HUKUYUMU 32 CepeHii
HOKA3HUK II0 MOIyJAIrii. 3a onTHMaJbLHOTO
CTPOKY CiBOU IIeil MOKa3HUK BapiloBaB y MeKaxX
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Bixg 59,0 mo 61,3 mobu, 3a Mi3HBOT'O CTPOKY PO3-
MaX BapiroBaHHA Jelrio 3ameHmusca — 50,3—51,7
mobu. MimiMaabHY TPHBAJIICTD IEPIOAY «CXOTU—
mBitinasa 50% kauaHiB» 3a ONTHMAJIBLHOI'O CTPO-
Ky ciBOu Bigsuaueno B Jimii [IK7174 (59,0 xi6),
3a misuporo — y MC381MB (50,3 mo6m). Makcu-
MaJIbHa TPHUBAJICTL IEPiOAy «CXOAM—IIBiTiHHA
50% wauaHiB» 3a OITUMAJBHOI'O CTPOKY CiBOU
oyna B mimii [IK2637 (64,0 mo6u), 3a misHBOTO —
y 1K4172 (58,7 mo6u).

V ninmiit mirasmu Iodent 3a 060x cTpokiB ciBOu
mepeBakaB IIPOTEPAHIPUYHMI THUII IBiTiHHA.
MinimapHOIO TPHUBAJIICTIO IIEPiOAy «CXOMU—IIBi-
Tinasa 50% BojsoTell» 3a ONTHMAJIBHOI'O CTPOKY
ciBOm BimsHauasacsa ginia [[K714/195 (58,0 xio),
3a misaboro — [IK2613 (49,3 nob6u). MakcuMaib-
HY TPUBAJICTDb IIHOT'0 NEPIOAY 3a OINTUMAJIBHOTO
CTPOKY ciBbu 3adircoBano B sinii [JK2637 (63,3
nmobm), 3a misuporo —y JIK4173CB3M (58,3 mobwu).

Cepen mimifi mirasmu Mix HaNCKOPOCTHUIIIIIIN-
mu BuaBuauca K366, KI'232, TK2332 Ta
OK2659. 3a o60x cTpokiB ciBOM BOHU BimzHaua-
JINCA cepeHIiMU NOKa3HMKaMU TPUBAJIOCTI IIepio-
oy «cxomum—1uBirtinasg 50% KauaHiB», 10 OyJIn
HIKYMMU, Hi’K y cepeIHbOMY II0 MomyJasaIii. 3a
OIITMAJBHOTO CTPOKY CiBOM I1eii ITOKa3HUK Ba-
pitoBaB y me:xax Bim 53,7 mo 61,0 mo6u, 3a mi3HBO-
o CTPOKY posMax Bapiallii jimiaBca maiixke He-
sminaum — 45,2-52,3 moou. Mi"HiMmajJbHUM 3HA-
YeHHAM MOKa3HUKa TPUBAJIOCTi HEPIONY «CXOAU—
nBitTimaa 50% kKauaHiB» 3a 000X CTPOKiB ciBOU
BimsHaummacsa Jinia K366 — 53,7 Ta 45,2 mo-
6u BigmoBigHO. MaKcuMaJIbHUM 3HAUEHHSIM IIO-
KasHMKa 3a 000X CTPOKiB ciBOM BimsHauaJacs
ainia K3 — 65,0 Ta 58,7 nodu Bigmosimmo.

JIimii mnasmu Mix BigsHaumancs He3HAUHUM
BUABOM IIpOTepaHpil cepen JiHiN ycix maasm
3a ONTUMAJIBHOTO CTPOKY ciBOu. IIpore 3a mis-
HBOTO CTPOKY CiBOM KindbKicTh JiHiNT i3 mpore-
PaHAPUYHUM THUIOM IIBiTiHHA 30ijbInuiacs i
Oysna Ha piBHIi 3 iHmuMy naasmamu. MiniMamb-
HOIO TPUBAJICTIO MHepiofy «CXOnW—IBiTiHHA
50% BosoTel» cepen Jimiii maasmm Mix 3a
000X CTPOKiB ciBOM XapakTepu3yBaJacs JIiHis
K366 — 53,7 Ta 45,0 ni6 BigmoBiguo. Ciinx 3a3-
HaAUNTH, IO YOJIOBiui cyIBiTTS B Hei 3a 000X
CTPOKiB ciBOM 3aImBiTanu paHille ImOPiBHAHO 3
iHmmMT Jdigiavuy 1iel rpynu. MakcumaabHUM
3HAUYEHHAM JOCJIiAKyBAHOTO MOKA3HUKA Cepes
JiHi#n naasmm Mix 3a OITHMAaJIBHOTO CTPOKY
ciBou BimsHaummaca K3 (65,3 mobu), 3a mis-
"HBOTO — JIK2668 (58,7 mo6m).

IlokasHMK «TPUBAJIICTE HEPiOAy CXOOW—IIBi-
Tinasa 50% KavaHiB» TiCHO KOPEJIIOE 3 MOKAa3HU-
KOM «TPHUBAJICTh mepiony cxomum—IBiTiaasg 50%
BOJIOTE». YIIPOAOBIK POKIB MOCTiMKeHb 3a 000X
CTPOKiB ciBOU KoedilieHTn KopesdArii Oyau mo-
cToBipHUMH Ta cTabiibHO Bucokumu (r = 0,94).
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HaiiBuimy cepeqHio BpOKaWHICTE 32 POKU J0C-
JimKeHb 3a 000X CTPOKiB ciBOM 3abe3meunin
aimii naasmu Iodent — 3,14 i 1,51 t/ra 3a omrtu-
MAaJIBHOT'O Ta Mi3HBOIO CTPOKIiB BiAMMOBimHO
(raba. 3). MimimMmanbHUMM 3HAUEHHAMH CeEpe-
HBOI BposKaliHOCTi 3a 000X CTPOKiB ciBOU Xapak-
repusyBanuca Jginii mmasmu Flint — 1,73 1/ra
3a ontTuMaJbHOro Ta 0,96 T/ra 3a misaboro. Ciuix
3a3HAUNTH, IO HA IIi3Hil CTPOK ciBOM JiHii Beix
TMeHOILJIa3M pearyBaJjid JOCTOBIpHUM 3HUXKEHHIM
YPOKaWHOCTL 3epHa.

MimimanbHEU# cepenHili piBeHb 30MpaILHOL
BOJIOTOCTi 3epHa 3a 000X CTPOKiB ciBOM 3adik-
coBaHO B JiHiit nmumasmm Flint — 14,3 Tta 16,3%
BigmoBigHO.

Cepen jimiti mnasvu Flint mafiBuimumii cepen-
Hifi piBeHb YPOKAMHOCTI 3a ONTUMAaJLHOI'O
cTpoKy ciBOm Bimsmauemo B JIK2073 (2,92 T/ra),
3a IIiBHBOI'0 CTPOKY MaKCHUMAaJbHY BPOKAWHICTD
3epHa sadikcoBano B JIK50-7 (1,36 T/ra). Mini-
MaJIbHY 30MpaJIbHY BOJIOTICTh 3epHA cepen JiHil
miei rpynmu 3a 060X CTPOKiB ciBOUM 3adixcoBamo
B Jgimii [1K2459 — 13,4% 3a onTuMaJbHOIO Ta
14,1% 3a miBHBOTO CTPOKY, & MAKCHMAJIbHY — ¥
OK2275 — 17,1 Ta 18,5% Bigmosiguo. Oxpemo
caig BumimmTu Jgaimii K239, K673, IK50-7,
HIK2459 Ta [IK2073, aki 3a 060X CTPOKiB ciBOM
3a0e3meunii HAWBUINY CEPEqHI0 BPOKANHICTD
3a TPH POKM OOCJiMKEHb Ta BiA3HAUMJINCS IIO-
Ka3sHMKaMM BPOKAaWHOCTI 3epHa, MOCTOBipHO BHU-
UMK IIOPiBHAHO 3 JiHiero-ctamgaprom F2
(Tabu. 4).

Cepen nimi#i mmasmu Iodent mafiBuimum pis-
HEeM YPOKaWHOCTI B cepeIJHBOMY 3a POKH JOC-
JiMXKeHHs 3a ONTUMAJbHOTO CTPOKY CiBOM Bif-
sHauasaca Jinia IK7174 — 4,96 T/ra, 3a mis-
mporo — JIK5568 — 2,72 t/ra. Caig sasznauwuTu,
o 1e Oyaum HaWBUII 3HAYEHHSA ITOKA3HUKA
BPOKAMHOCTI cepes IOCJIiIKyBaHOIO Marepia-
ay. Mimimanbua 30upajibHA BOJIOTICTHL 3€pHA Y
il rpymi 3a ONITUMAJBHOTO CTPOKY CiBOU Oyia
B Jimii MC555 — 13,6%, 3a misuboro — B
MC381MB — 15,2%. MakcumMaaIbHOIO 30MPaJib-
HOIO BOJIOTICTIO 3epHa 3a yMOB 000X CTPOKiB
ciB6m Bimsmaumiaca jgimis JK2285: 15,9% sza
ornrtuMaabHOro ta 18,5% 3a mi3sHBOro CTPOKiB
ciBou. Tarkox MaKCHMaJbHUM 3HAYEHHSIM JOC-
JiI)KyBaHOTO MOKAa3HMKA 3a Mi3HBOI'O CTPOKY
ciBOu BigsHauasaca Jginia [JK216. Oxpewmo ciain
Bugisuty Jainii JIK2285, [IK2613, K305,
AK5510, [IK5568, MC252BM3 ta [IK7174, aki
3a 000X CTPOKiB ciBOM 3a0e3meuny HaHWBUIIY
CepeqHIO BPOMKAWHICTE 3a TPH POKU OOCJi-
mxkeub. Ciaing sasHaumTu, 1o Jgimii MC252BM3
ra [JK7174 3a onTuMaJabHOTO CTPOKY CiBOM Bin-
3HAYAJINCS JOCTOBIPDHO BUIMUMHU MOKA3HUKAMU
BPOKATHOCTi 3epHa IOPiBHSIHO 3 JIiHi€ro-cTaH-
maprom [[K744.

ISSN 2513-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2021, T. 17, Ne2



Breeding and seed production

Tabauys 3
BapiloBaHHA NOKAa3HUKIB ypOXKaNHOCTI Ta BOJIOrOCTi 3epHa Ha yac 36MpaHHA
B CaMO3anuAeHUxX NiHi KyKYypyA3M Pi3HUX reHeTUYHUX Naasm
2016 p. 2017 p. 2018 p. CepepHe
Moka3Huk Mnasma
occ nce 0cc nce 0CC nce 0cCC nce
Flint 1,60 0,55 1,92 1,34 1,67 1,00 1,73 0,96
+0,53 +0,14 + 0,49 +0,27 +0,43 +0,15 + 0,44 +0,15
Kat Todent 3,09 0,98 3,21 2,11 3,13 1,45 3,14 1,51
g = () +0,71 +0,35 +0,52 +0,36 +0,59 +0,34 +0,59 +0,32
; Mix 2,22 0,63 2,75 1,54 2,53 1,10 2,50 1,09
T +0,53 +0,20 + 0,45 +0,31 + 0,47 +0,21 + 0,46 +0,20
@ Flint 0,52- 0,26- 0,47- 0,46— 0,52- 0,37- 0,54— 0,38-
2 3,30 1,15 3,37 2,11 2,85 1,38 2,94 1,33
2 Lim (min-max) | Todent 0,52- 0,16- 0,82- 0,10- 0,64— 0,13- 0,66— 0,13-
= 5,55 2,55 5,04 2,93 4,93 2,64 5,00 2,64
5 Mix 0,27- 0,15- 0,88- 0,38- 0,56- 0,29- 0,57- 0,39-
= 3,79 1,64 4,49 2,52 4,14 1,85 4,06 1,89
Flint 62,24 48,16 47,05 37,06 48,30 27,52 47,82 28,02
V, % Todent 45,91 70,41 32,32 34,38 37,42 46,47 37,35 42,55
Mix 49,23 64,35 33,87 41,75 37,96 39,79 37,55 38,19
Flint 15,5 171 13,0 15,6 14,3 16,1 14,3 16,3
R +04 +1,0 +0,6 £05 £05 +0,8 £05 +0,7
O\«; cit Todent 15,8 18,1 13,3 15,7 14,6 17,0 14,6 16,9
T|" 7 +04 +0,7 +0,7 +05 +03 +04 +03 +04
§ Mix 15,6 17,4 131 15,7 14,3 16,5 14,3 16,6
2 +03 +05 +0,3 +0,6 +0,3 +04 +03 +04
-2 Flint 14,7- 14,8- 12,2- 13,4- 13,5- 14,0- 13,4- 14,1-
e 17,7 21,1 16,7 17,3 17,0 18,9 17,1 18,6
2 Lim (min-max) | Todent 14,5- 16,1- 12,0- 14,3- 13,6— 15,2— 13,7- 15,2—
e 17,6 21,7 16,2 17,4 15,7 18,6 15,9 18,5
% Mix 14,8- 15,6— 12,2- 14,0- 13,5- 15,0- 13,5- 15,4—
= 17,4 20,2 14,4 19,0 15,8 18,6 15,9 18,3
° Flint 4,6 10,7 8,9 6,1 6,1 9,1 6,3 7,7
V, % Iodent 4,8 8.2 9,8 5,7 4,1 5,0 4,6 5,2
Mix 4,2 6,4 5,1 75 3,8 5,3 3,7 4,9

*Crpoku cis6u: OCC — onTumanbhumii; NCC — nisHin.

Cepen nimiti maasmu Mix HaWBUINMUNA cepen-
Hiff piBeHBb yposkaltHOCTi 3a ONTUMAJHLHOTO
CTPOKY ciBOu 3abesmeumsa Jjinia [[K2668 —
4,06 T/ra, 3a misaboro — K367 — 1,92 T/ra.
MimiMmanpHy 30MpaJibHY BOJIOTICTH 3epHA y
Iiff rpymi 3a oNTHMAaJIbHOTO CTPOKY CiBOM —
13,5% — moxasauna Jjinis-cramgapt [JIK366, za
misaporo — [IK2323MB — 15,4%. MakcumaJb-
Ha 30upaJibHA BOJIOTiCTL 3epHAa cepen JiHi#
Iiei miasMm 3a ONTHMAJIbHOTO CTPOKY CiBOmM
Oyna sadixkcoBana B Jimii [[K2668 — 15,9%,
3a misaporo — y IOK 247 — 18,3%. Oxpemo
caig supinutu ainii JKIO3, 1K6356, IK367,
OK2332, 1K129-4, [1IK2659, [1K247, 1K6381
ta [IK2668, aki 3a 060x cTpokiB ciBOu 3ab6es-
OeunJyu HAWBUINY CepegHI0 BPOKaMHICTHL 3a
Tpu poku gociimxkens. JIinii [[K6381, [1K6356,
OK2659, 1K2668 Ta [JK367 3a 060x cTpoKiB
ciBOM Bifg3HauaJuCA MOCTOBIPHO BUIIMMU IIO-
KasdHMKaMU BpPOXKaMHOCTI 3epHa MOPiBHAHO 3
ainieo-crangaprom [JK366.

BusasieHo B3a€MO3B’A3KM MiK YPOXKalHICTIO
Ta iHIIMMA T'OCHOAAPCHLKO-I[IHHNMH O3HaKaMU
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MOCJIiIKyBaHOTO MaTepiasy. 3oKpeMa, Koedilri-
€HT KOpeJAIlil MiK yposKaliHiCTIO Ta BOJIOTICTIO
3epHAa 3a 000X CTPOKiB ciBOU OyB HE3HAUHUM Ta
HEeJOCTOBipHUM 3a 000X cTpOKiB ciBOmu (r = 0,13
i 0,14 BigmoBinmmo). Mik yposkaiiHicTIO 3epHa Ta
BHCOTOIO POCJUH 3a 000X CTPOKiB ciBOU BiH OyB
cepenuiM Ta mocroBipHuM (r = 0,42 3a onTUMAJIB-
Horo Ta rr = 0,36 3a mi3HKOTO CTPOKiB). AHAaJO-
riuHui B3a€MO3B’A30K OYyB MisK YpOKaWHIiCTIO
3epHa Ta BHCOTOI NPUKPIMJIEHHS KadaHa —
r = 0,54 3a ontumaiabuoro ta r = 0,39 3a mis-
HBOTO CTPOKiB ciBOu. KopenamiiiHmii 3B’s130K
MiK O3HaAKaMHU «BPOKAMHICTH 3epHa» Ta «TPU-
BaJIicTh nepiony cxogu—IBiTinaa 50% KauaHiB»
3a ONTHMAJILHOTO CTPOKY CciBOM OyB cepemHim
ta pocroBipHuUM (r = 0,39), mpoTe 3a IMiZHLOTO
CTPOKY BiH OyB HEIOCTOBIipHUM Ta CTAHOBUB
JIUIIEe 1 0,03. Kopensamniiauii 3B’A30K MiK
O3HAKaMM «30MpaJjbHa BOJIOTICTh 3epHA» Ta «TPHU-
BaJicTh mepiogy cxomu—iiBirinmsa 50% xauaHiB»
O0yB ciIabKMM Ta HeJOCTOBIpHUM SK 3a OIITH-
magasuoro (r = 0,20), rak i misusoro (r = 0,17)
CTPOKiB ciBOH.
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Tabauus 4

VYpoxkaiiHicTb 3epHa ninwux iH6pegHUX NiHiN pi3HUX reHeTUYHUX rpyn
3a ABOX CTPOKiB ciBbM, T/ra

YpoxaliiHicTb 3epHa, T/Ta
Ninin OnTUManbHUi CTPOK ciBbu Mi3Hilt cTpoK ciBbu
2016p. | 2017p. | 2018p. | X 2016p. | 2017p. | 2018p. |  x
Flint
F2 st 0,95 0,47 0,82 0,74 0,33 0,48 0,39 0,40
OK239 2,04 1,61 1,86 1,84 0,74 1,65 1,17 1,19
0K673 0,88 3,27 1,96 2,04 0,57 1,70 1,06 1,11
OK50-7 3,14 2,51 2,67 2,77 1,15 1,67 1,27 1,36
[K2459 3,30 2,43 2,86 2,86 0,37 2,14 1,24 1,25
0K2073 2,65 3,37 2,74 2,92 0,56 1,68 1,14 1,13
Todent
OK744 st 2,88 3,54 3,40 3,28 1,38 2,78 1,96 2,04
[K2285 3,19 2,94 3,16 3,10 1,05 2,44 1,59 1,69
OK2613 3,52 2,87 3,00 3,13 1,11 2,28 1,54 1,64
OK305 2,59 3,07 3,74 3,13 1,45 3,00 2,21 2,22
OK5510 2,45 3,94 3,21 3,20 0,69 2,59 1,80 1,69
[K5568 4,86 3,91 4,02 4,26 2,55 2,88 2,74 2,72
MC252BM3| 5,55 4,51 4,73 4,93 1,66 2,17 2,13 1,99
OK7174 5,03 5,04 4,83 4,96 1,71 2,59 1,87 2,06
Mix
0K366 st 0,34 0,88 0,58 0,60 0,44 0,39 0,44 0,42
OKO 3 2,35 2,47 2,23 2,35 0,45 1,93 1,17 1,19
0K 6356 2,74 2,07 2,44 2,42 1,01 1,53 1,21 1,25
OK367 2,23 2,94 2,38 2,52 1,64 2,23 1,90 1,92
0K 2332 3,15 2,30 2,66 2,70 0,46 1,61 0,98 1,02
0K 129-4 2,56 3,07 3,12 2,91 0,16 2,51 1,25 1,31
0K 2659 2,98 3,16 2,70 2,95 1,10 2,18 1,66 1,65
0K 247 2,85 3,50 3,43 3,26 0,45 2,63 1,55 1,54
0K 6381 3,79 3,42 3,43 3,55 0,90 1,30 1,17 1,12
0K 2668 3,56 4,49 4,14 4,06 0,93 2,50 1,73 1,72
HIP 0,19 0,24 0,24 - 0,07 0,17 0,12 -

X — CepefHeE 3a poKkamu.

BucHoBKuU

3a pesyabTaTaMHU OI[IHIOBAHHS CaMO3alluJIe-
HUX JiHI# KYKYypy/[s8u PiSHUX T'€HOIJIa3M MOK-
Ha 3a3HAYUTU TaKe:

— HaWBUIIUM pPiBHEM ypOKalHOCTi Big3Haum-
saucs Jjgigii rpynu Iodent 3a 060x cTpokiB ciBOwU;

— MiHiMaJBHOIO BOJIOTICTIO 3epHa Ha 4ac 30u-
paHHsS xapakTepusyBaJjucs JiHii mmasm Flint
Ta Mix;

— HaUMeHIy CepeaHI0 TPUBAJICTL Iepiomy
cxogu—nBiTinaa 50% doJsoBiuMx Ta KiHOUMX
CYIIBITH 3a 000X CTPOKiB ciBOM MaJju JiHil maas-
mu Flint;

— ¢TabiJIbHO BMCOKiI MMOKa3HUKM BMCOTH POC-
JIMH 3a ONTUMAJILHOT'O CTPOKY CiBOUM Biil3HAUEHO
y rpynu JdiHi#l nmasmum Mix, 3a misHBOrO — y
aigi# naasmu Iodent;

— cTabiTbHO BUCOKi 3HaUeHHSA MOKA3HUKA BU-
COTH TPUKPIMJIEHHA KauaHa 3a 000X CTPOKiB
ciBOu s3adixkcoBano B JiHil mrasmu Iodent;

— HaMNCKOPOCTUIIIIIINMU cepel PisHUX Ipyn
aiuin oynam: F2, IK23, 1K239, IK3527, 1K541,
OK2275 — nnasma Flint; OK7174, ITK2285,
OK305, IK2613, IK5568, MC381MB — Iodent;
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AK366, KI'232, [1K2332, IK2659 — naasma
Mix.

— HAWJIINmIMIMU 3a KOMILIEKCOM TIocHoaap-
CbKO-I[iHHMX O3HAK Oyam jinii [[K239, [IK673,
OK50-7, MTK2459, NIK2073 (mmasma Flint),
AK2285, NK2613, K305, I1K5510, IK5568,
MC252BM3co, HOK7174 (Iodent), MIKI3,
HK6356, K367, 1K2332, [1K129-4, [IK2659,
K247, IK6381, [IK2668 (Mix). Bouu € mep-
CIIEKTUBHUMU [JII BUKOPHUCTAHHS B CeJIEKITil
riopuziB KyKypyAsu, amalTOBAaHUX 0 YMOB
Creny Yrpainu.
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Purpose. Comprehensive study, selection, evalua-
tion and systematization of self-pollinated lines of maize
(Zea mays L.) obtained on the basis of material of diffe-
rent genetic structure from endosperm of flint and dent
maize were implemented according to the main economi-
cally valuable traits and precocity in order to select the
best genotypes for selection. Methods. Hybridization, in-
breeding were used in the process of creating the initial
material; visual method - for phenological observations;
laboratory and field — to determine the morphobiological
characteristics of self-pollinated lines of maize; measuring
and weighing - to account the harvest and determine the
metric characteristics of plants; mathematical and statis-
tical - to determine the validity of the results, indicators
of trait variability, correlation dependence of traits; analy-
sis of variance; comprehensive assessment of morphobio-
logical and economically valuable traits of self-pollinated
maize lines of the most common germplasms. Results. As
a result of assessment of self-pollinated lines of the most
common germplasms, it was revealed that the highest level

122

of grain yield was obtained under both sowing periods -
Iodent germplasm; the minimum grain moisture content —
Flint and Mix germplasms; the shortest average duration
of the emergence - flowering of 50% of male and female
inflorescences stage — Flint germplasm; steadily high va-
lues of plant height for germplasm Mix — under the optimal
sowing date, and Iodent plasma - under the late sowing
date. Steadily high values of the ear insertion height at
both sowing dates were obtained for lines based on Iodent
germplasm. The number of the most precocious and the
best by the economically valuable traits germplasms of
self-pollinated lines were identified. Conclusions. The
DK239 lines — Flint germplasm, DK7174, DK2285, DK305,
DK2613, DK5568 — Iodent germplasm, DK2332 and DK2659 —
Mix germplasm were the most precocious and the best by
the economically valuable traits. They are promising for
the selection of ultra-early hybrids of maize adapted to the
conditions of the Steppe of Ukraine.

Keywords: common maize; self-pollinated lines; germ-
plasm; precocious; grain yield; harvesting grain moisture.
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Bnaue 6ionpenapariB 6ynb604koBUx 6aKTepin
i3 KapMOi3MHOM Ha (pOpMYBaHHA Ta PYHKLIOHYBAHHA
cumbioTMYHMX cucTem coa — Bradyrhizobium japonicum

K. M. Kykon®, H. A. Bopob6ei, M. M. Nyxtaesuy, C. . Koub

Incmumym gizionoaii pociur i 2enemuku HAH Ykpainu, syn. Bacunskisceka, 31/17, m. Kuis, 03022, Ykpaita,
‘e-mail: katerinakukol@gmail.com

Meta. YcraHoBuTH 0co6nuBOCTi opMyBaHHA Ta (YHKUIOHYBAHHA CUMOIOTUYHMX CUCTEM COi 3@ THOKYNAUiT HaciHHA
GionpenapataMu Ha OCHOBI CTilikux [0 GyHriuuais wramis Bradyrhizobium japonicum PCO7 Ta B78 3 pi3HUMM HOpMaMu CUH-
TeTUYHOro 6apBHMKa Kapmoi3nHy. MeTogu. ®isionoriuni, MikpobionoriyHi, razosa xpomartorpadis, cTaTucTuyHi. Pesynbratu.
YcTaHOBAEHO, WO BHACHifoK iHOKynauii coi [Glycine max (L.) Merr] copty ‘Anmas’ MikpoOHWMKU npenapaTamu, BUFOTOBJIE-
HUMW Ha ocHosi B. japonicum PCO7 ta B78 3 popnaBaHHAM kapmoisuHy (0,25 1a 0,5 r Ha 200 r npenapaty), KinbKictb Ta
Maca chopMOBaHMX Ha KopeHsax 6ynbb0oYoK ynpofoBK Beretallii 6yau Ha piBHi NOKAa3HUKIB KOHTPONbHUX POCAWH abo ne-
pesuiyBany ix. 3a iHokynAuii HaciHHA oboma wWTamamu pu3obiil Ta fofaBaHHA fo GionpenapaTiB pi3HUX HOpPM GapBHMKA
Ha17|61'nbLuy p1'3HV|Luo 3a NOKa3HWKaMU KinbKOCTi i Macu KopeHesuX Oynb604OK MiX pocnMHaMm KOHTPO/IbHMX i pocnigHux
BapiaHTiB Bif3HauyeHo y $a3i NoBHOro Ll,BlT]HHFl Y pesynbtati aHanisy asotdikcyBanbHoT akTuBHOCTI (APA) chopmoBaHMX
CUMOIOTUYHMX CUCTEM Bifj3HAYEHO BifCYTHICTb HEFaTMBHOIO BNMBY CUHTETUYHOTO 6apBHMKa Ha ii piBeHb. 3a 6akTepu3auii
HaciHHsA coi B. japonicum PCO7 y ¢a3i Tpbox cnpasxHix auctkis AQA 6yna Buuioto Ha 15,6—25,9%; y tasi 6yToHizauii-no-
YaTKy UBITIHHA — Ha 7,4—29,5% NOpiBHAHO 3 KOHTPONLHUMK POCIMHAMM 33 foAasaHHsa 0,25 Ta 0,5 r KapMoi3uHy BifnoBigHO.
Ha coHi 6akTepu3auii HaciHHa coi wTamom B78 no da3n NoBHOrO UBITIHHA iHTEHCMBHICTL acuminaLii N, 3a foaaBaHHA Ao
6ionpenapary 0,25 r KapMoi3uHy Gyna Ha piBHi KOHTPONLHUX POCAWH. Y Mepiod NOBHOTO LBiTIHHA POCAMH Leil NoKasHuK
nepesullyBaB KOHTPO/b Ha 7,6 Ta 18,8% 3a BHeceHHs 0,25 Ta 0,5 r 6apBHMKa BignosigHo. BUCHOBKK. Kapmoi3uH MoxHa 3a-
JIy4aTu 10 NOAANbLWOro BUBYEHHS eeKTUBHOCTI 1070 3aCTOCYBAHHA K GapBHUKa-iAeHTUdiKaTOpa KOHTPOIO PiBHOMipHOCTI
HaHeCeHHs cuny4ux 6akTepiaNbHUX NpenapatiB Ha HaciHHg, gogatoun 0,251 0,5 r Ha 200 r Gionpenaparty, OCKiNbKM NPy LLbOMY
He BUABJIEHO HEraTMBHOrO BM/IMBY Ha GOPMYBAHHSA Ta YHKLiOHYBaHHA CUMOIOTUYHUX cUCTeM cost — B. japonicum.

Knwyosi cnosa: Bradyrhizobium japonicum; iHOKYAAYIs; KAPMOi3UH; Kinbkicmb 1 maca 6ynb6040K; a30MQIiKCyBanbHA
GKMUBHICMb.

CciHHS 3epHO00000BUX KYJIBTYP BUCOKOE(hEKTUB-
HUMHK IIITaMaM¥ OyJhLOOYKOBUX OaxTepiii, omep-

Bctyn

3acTtocyBaHHs OaKTepiaJbHUX TOOPUB, BUTO-
TOBJIEHUX Ha OCHOBi a30T(diKcyBaJIbHUX MiKpO-
opraHismiB, — 1e 0e3aJbTePHATUBHUM CIIOCi0
3abe3meuyeHHSA POCIAWH OiOoJIOTIiUHMM as30TOM,
SAKUH Mae mepeBaru rocooJapChbKOT0 Ta eKOJIO-
rigYHOrO XapakTepy IOPiBHAHO 3 BUKOPUMCTaH-
HaAM MiHepagbHuX no0puB [1]. IHokyaamia ma-
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KaHMMM B IIPOIIECi cesIeKIIiiiHOTO BigOopy, Hae
amory peaJisysatu g0 15—-50% cumbioTuumoro
asoTdikcyBaJbHOTO IIOTEHIliaNy, a pellTa pe-
3epBY MO:Ke OyTY BUKOPUCTAHA 3a OIITHUMi3arrii
yMOB (YHKIIiOHYyBaHHS cuMbOiosy [2].

BaxkimuBumMuy 3aBIaHHAMMY IIiJ 4Yac BUPOOHMII-
TBa 0aKTepiaJbHUX HOOPUB € MaKCUMAaJbHE Ha-
KOMMUYeHHA OaKTepialbHUX KJIITUH, TiATPU-
MaHHS IX JKUTTE3TATHOCTI Ha BCiX CTaIisgX TeX-
HOJIOTiYHOT'O TIPOIlecy Ta BUTOTOBJIEHHA Ha iX-
Hifl ocHOBi pisHmX (opm mpemapariB 3i 36epe-
JKeHHAM aKTHUBHOCTi BIIPOJOBXK TrapaHTiiHOTO
TepMiny 30epiramasa [3, 4].

3a mpenmapaTuBHUMU (hopMaMu OaKTepiaabHi
mobpuBa MONINAIOTh Ha Pigki, HamiBpizki (cyc-
neH3iliHI mpemapaTu, OpemnapaTy 3i 3ryllyBa-
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yaMu — rejibHa ()opMa), CUIIydi Ta rpaHyJIbOBa-
Hi mpemapaTtu [5]. Pigki mixpoOui mpemapartu
MiCTATHh V CBOEMY CKJIaAl KYJAbTYpPaJIbHY pinu-
Hy (GakTepii Ta ixHi MeTabosiTH, BAMUIIKU
KOMIIOHEHTiB cepemoBuila). Bonu 3pyuHi B 3ac-
TOCYBaHHi, 0COOJMBO 3a MeXaHi30BaHOTO 00-
pobnsaHuA HacinHd [4, 6]. BogHOuac y cBiTOBi
OpaKTUIl HaWmomwupeHinri TBepai (cumyui)
dopmu GiompemapaTiB Ha OCHOBiI Topdy, Bep-
MUKYJIiTY, Kaoisiny Ta ix. [5]. Bimomo, 110 B
pasi 3acTocyBaHHSA iHOKYJISHTIB Ha BEPMUKY-
JiTi mepexin 6akTepiit 3 HOCiA y I'PYHT € OiabIm
TPUBAJUM, OCKiJIbKM HOro YacCTHHKU MAalTh
HOPUCTY OYZIOBY ¥ 3arajibHA IIJIOIIA IIOBEPXHi B
HUX € 3HauHOo Oijbmroio. IMoBipHO, 3romoM, 3a
noABU Ae(iliuTy ejleMeHTiB JKUBJEHHA B poOC-
JIUH, IIeHd IPOIleC MOYKe MPUCKOPUTHUCS, IIIO II0-
BUTUBHO MO3HAYMNTHCA HA POZBUTKY MaKpPOCHUM-
b6ionra. Ilpum mboMy JOCHiIZHMKM BigsHAYaIHN
MigBUINEHHS BposKaiiHocTi sepHa coi Ha 21%
IOPiBHAHO 3 KOHTpoJieM. ¥ BapiaHTi 3i crapro-
Bow 7103010 azory (N, ) ypoxaiinicTs Oyna Ha
32% BwuIe KOHTPOJABHOIL [7].

Y b6aratbox KpaiHax CBiTY JJ/1s 3a0e3meueHHs
BUCOKOI AKOCTi iHOKYJIAHTIB HAYKOBII1 OCJIi-
IKYIOTh KUTTE3NATHICTH al30T(diKcyBaJIbHUX
MiKpOOOpraHiaMiB y pi3HHX CHOyUYMX HOCiAX,
3a moTpebu KOPUTYIOTH YMOBH 30epiraHHs ro-
TOBUX IIpemapaTiB ab0 KiJbKicTh ZOZATKOBUX
KOMIIOHEHTIiB y iXxHbOMY cKJani [5, 6].

I sabe3meueHHsA BisyaabHOTO eheKTy HaHe-
CeHHS Ha HaCiHHA col OaKTepiaJabHUX Iperapa-
TiB HA CUIIyYMX HOCisIX (BOKpeMa BEPMUKYJIiTi)
JOITLJIBHO JOCJIIAUTY MOMKJINBICTH 3aCTOCYBAHHS
XapuyoBUX OapPBHUKIB, aCOPTUMEHT AKUX € TYyKe
MINPOKUM. 3 JiTepaTypu BiloMo, IO CIIOUATKY
s OTPUMAaHHA OapBHUKIB BUKOPHCTOBYBAJIU
OPOAYKTH POCAWHHOTO ¥ TBAapMHHOTO ITOXOI-
JKeHHd, ajie i3 pPOBBUTKOM OPraHiuHOTO CUHTE3Y
Miclle HaTypaJabHUX OapPBHUKIB 3allHAIN CUHTE-
truHi. Ha6irsmmm KiracoM cepe opraHiuHuX
CUHTETHYIHHX CIIONYK € asobapBuuKH [9]. Ix oT-
PUMYIOTH ITOEAHAHHAM apOMaTUYHUX Aia303’el-
HaHb i3 (¢eHOJIAMM, apOMATUUYHMMHU aMiHaMu
abo ixmimu noximmmmu [10, 11].

Cunreruuni O0apBHUKHU, HOPiBHSHO 3 HATY-
palbHMMHU, MAaOTh HUB3KY IIepeBar: BOHHU €
CTiHKMMHU [0 TeXHOJIOTiuHOI 06poOKM, TpuBa-
JIoTO 30epiranus, HaZAIOTh ACKPAaBUX KOJbOPIB,
10 JIETKO BiaTBOprooTheA [12].

Hamu momepenubo mocaim:xeno Boaus 0,5 Ta
1,0%-ro posuMHIB CHHTETHYHOrO OapBHUKA
KapMoisuHy (a30py0iHy) Ha eHepriio IIpopoc-
TaHHA Ta JIabOpaTOPHY CXOMKiCTh HACiHHS cOi
copriB ‘Anma3z’ i ‘BacuabpKiBchKa’. YcTaHoBIe-
HO BifcyTHicThL abo ciabkuii piBeHb (iTOTOK-
CUYHOCTi ITbOro GapBHMKA HA IIOCiBHI AKOCTi
HaciHHsA col BKasaHuUX copTiB [13].
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CroroziHi akTyaJlbHUM € TOJIIIIIEHHSA eJje-
MEHTIiB TeXHOJIOorii 3acToCcyBaHHA MiKpPOOHUX
npenapariB IIiJi COI0, BUTOTOBJIEHNX Ha OCHOBi
BHCOKOAKTUBHUX i KOHKYPEHTO3JZATHUX IIITa-
MiB OysIb00UKOBUX 0aKTepiii. OCKiIbKY 3aXUCT
pocauH Bix (iTomaToreHiB € HeBim eMHUM eJe-
MEHTOM TeXHOJIOTil BUPOIMYBaHHA COi, AK 1
iHOKyIAIiA HaciHHA OiompemapaTraMu Ha OCHO-
Bi MikpoopranismiB-a3oTdikcaTopiB, JOIiILHO
3aJlydaTd B JIOCJiIKeHHS KOHTPOJIIO SKOCTi
IepeAnociBHOTO O0pOOJeHHS IITaMu PHU300iid,
CTiMiKi IO BILIMBY Ail0UMX PEUYOBUH (DYHTIIIUIIB.

Mema 0ocnidnceHb — yCTaHOBUTHU 0COOJIMBOC-
Ti opMyBaHHA Ta (PYHKIIIOHYBaHHA cuMOio-
TUYHUX CHCTEM COi 3a iHOKYyJIAIii Hacimusa Oio-
mperapaTaMy Ha OCHOBi CTiiKuX m0 (PyHTimu-
niB mramiB B. japonicum PCO7 ta B78 3 pis-
HUMU HOPMaMM CHHTETHYHOTO OapBHUKA Kap-
MOIBUHY.

Marepianu T1a MeToAMKa ROCHIAKEHD

Bereramifini mocaimm mpoBomgmau y 2019-
2020 pp. 3 pocaunamu coi [G. max (L.) Merrill]
copry ‘Aismas’, 110 3aHeceHuit 10 lep:KkaBHOTO
peecTpy COpPTiB POCIAWH, MPUAATHUX OO IIOIIIH-
perHsa B Ykpaini 3 2007 p., € paHHbOCTUTJINM
Ta PeKOMEHJIOBAaHWHU JJis BUPOIIYBaHHS y 30HI
Jlicocremy [14].

Ilepen BuciBamHaAM (Ha mOYATKy ApPYyroi me-
Kaau TPaBHs) HAaCiHHA cOi iHOKYJIIOBAJIU BIIPO-
IoB:k 1 rom GakTepialbHMMHU IIperapaTaMu Ha
ocHOBIi B. japonicum PCO7 ta B78. Ogna nopiia
biompemapary Oyan0oukoBux OakxTtepiit (200 r)
BUKOPUCTOBYETHCA s 00pobmenua 120 Kr ma-
ciHH4A coi.

CxeMa Jociaimy BKJIIOUAJIA TaKi BapiauTu mepes-
MOCiBHOI iHOKYJIAIil HACiHHS:

1) B. japonicum B78 (xouTposnr — 06e3 6aps-
HUKAa);

2) B. japonicum B78 + xapmoisun (0,251/200 T
biompemapary);

3) B.japonicum B78 + kapmoisuu (0,5r/200 T
biompemapary);

4) B. japonicum PCO7 (koHTpOJIL — O6e3 6apB-
HUKAa);

5) B. japonicum PCO7 + kapmoisuu (0,251/200 T
biompemapary);

6) B. japonicum PCO7 + xapmoisus (0,51/200 T
biompemapary).

SanyueHi mo poboru mramu B. japonicum
PCO7 (amamiTunoi cenekirii) Ta B78 [Tn5-myTauTt
mramy 646 (pSup5011::Tn5mob)] orpumani y
Bigmini cumbOioTrmunHoi asdordikcanii IOPT HAH
YKpaiau i BXOgATh OO CKJIAAy KOJEKIIili asoT-
dikcyBanpbHUX Mikpooprauismis IPPI' HAH
Ykpainu, sKka Mae craTyc HaI[lOHAJbLHOI'O Ha]l-
bamHsA. 3a pe3yJbTaTaMU IIPOBEJEHUX HAMU pa-
Hirre 1a00paTOPHUX MOCIiiB, 3a3HAYEHI IIITaAMU
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BUABWIU CTIAKICTh 0 PisHMX (DYHTINUIIB y UmC-
Tift RyapTYypi [15].

Coro BupomyBasu o 10 pocamu y 10-Kimo-
TPaMOBUX IOCYAWHAX, HMOIEPEeIHBO ITPOCTEPULIIi-
soBauux 20% -m posunrom H,O,, Ha piukoBOMYy
micKy 3i BHeceHHAM ITOKMBHOI cywmimti I'esbpi-
resda [16], 36arauenoi MikpoeseMeHTaMu MOJIiO-
IeHoM, OopoM i mimmio Ta 30imHeHOI Ha asoT —
0,25 mopmu [omHa HopMa BimmoBimae 708 mr
Ca(NO,) 4H,0 na 1 kr micky], 3a IpUPOAHOrO
ocBiTyienHA Ta omrmMasnbHOro (60% IIB) BoOmO-
3a0e3mMevyeHHA, Ha CHOeiaJbHO O0O0JIagHaAHOMY
matiganunky IOPI' HAH Vkpaiunu. IToBToprosa-
HiCTh y BapiaHTax AOCIiAy II’ATHpPas3oBa.

Kapwmoisua (a3opy0bin) — CMHTETUUHUH a300apB-
HUK YEePBOHOTO KOJILOPY, € Aia30TOBAaHUM IIO-
XigHUM cyJibdoHadTaiHiB; KpUCTaJIiuHa peluo-
BUHA i3 KpucTrajsamMu po3mipoM Bix 1 1o 50 MKM
Ta 3 TeMIepaTypoio miaBiaeHHa noHan 300 °C,
Io0pe PO3YMHHUIM y BOJAL Ta €TUJIOBOMY CIIUPTI
[12]. 3a momaBaHHS IIHOTO OApPBHUKA OO CUITY-
ynx OiompemapaTiB Oyiab00UYKOBUX OaKTepiii
I o0poObJieHHST HACIiHHS cOi YepBOHUII KOJIip
Bi3yaJbHO IOMiTHiIIM, IO AAa€ 3MOTY Bimpis-
HUTU 1HOKYJbOBaHe HaCiHHA BiJi HEIHOKYJIbO-
BAHOTO 3a TAKUX YMOB BUKOPHCTAHHI.

Sk cyGerpaT-HOCiT MJ1sT MPUTOTYBaHHA OaKTe-
piasbHOTO IpenapaTry BUKOPUCTOBYBAJIU BEePMU-
KYJiT, III0 € MiHepaJioM KJIacy aJIloMOCHJIiKa-
TiB Ta Ma€ IMOCTIiMHUUA XiMIiUHUHM CKJan, 3aBHs-
KM YOMY BUKJIIOUAETHCA HEOOXimHiCTh ImepeBip-
KM KOXKHOI #oro mapTii [7]. ¥V cKiaxi BepMUKY-
JiTy Bif3HaueHO HASIBHICTL OKCHIIB TaKUX
eJIeMeHTiB, AK KaJbIlifi, Mardii, KaJii, ajio-
MiHi#, 3aiido i KpeMHill, TOMy BiH € e(eKTUB-
HUM O0iOCTHMYJIATOPOM POCTY POCIHH. Xapak-
TePU3yEThCS BUCOKMMU COPOIiiHMMMU ii aepa-
iAHMMHU BJIACTHUBOCTSIMI, HEe € TOKCUUYHUM, He
migmTaeTbCAa THUTTIO, IEPEITKOIMKAE IO PEHHIO
mwaicaasu [17].

Hna mpuroryBaHHA OaKTepiaJbHOTO IIpemna-
pary (200 r) Ha TBepaoMy HOcii y makeTu 3
BepmukKygitom (130 r) BBOOMIM CTEPUIBLHO
50 mu GaKTepiasbHOI cycHeHsil 3 BUXiTHUM TH-
tpoM 5 x 10° KYO /M (momepeHbO BUPOIIEHOL
Ha MaHiTHO-APiMKIKOBOMY CepPeIoBUIIL B KOJI-
0ax ma Kauvauri), 0,25 a6o 0,5 r KapmoiszuHy
(srigHO 3i cXeMOI0 JOCTimy), a TAaKOMK MOKUBHI
Io0aBKM: MeJIACY, KYKYPYISAHUN EeKCTPakKT,
TJIIOKO3Y Y ciiBBigmomenHi 1:1, AKi rorysaam
3 po3paxyHKy Ha 130 r cyxoro BepMHUKYJITY,
nobpe mepemimryBasau. Ilpemapar BUTpHUMYyBa-
au (mopoIyBasin) 3a KiMHATHOI TeMmepaTypu
(18-23 °C) 7 mi6. Hacimua coi imokysaroBaiu B
ACeIITUYHNX YMOBaX.

Bin6opu pocamu 3mificHOBasm y asm TPhOX
JUCTKiB, OyTOHi3aIii—TIOYaTKy IBiTiHHS Ta IIOB-
HOTO TBiTiHHA. A30TPiKCyBaIbHY aKTHUBHICTH
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KopeHeBUX OyJILOOUYOK COI BM3HAUAJIN alleTHJIe-
HOBUM MeTozoM [18] i Bupakanu B MiKpomo-
JSX eTUJIeHy, AKUN yTBOPUBCA OyJIbOOUKAMU
omHiei pocamau 3a 1 rox. I'aszoBy cymimnt aHari-
3yBaJii Ha rasoBomy xpomarorpadi «Agilent
Technologies 6850» (CIITA) Network GC
System 3 momym’saHO-iOHiBaIiAHUM [IETEeKTO-
pom. Tasu posmiasau Ha KoJoHIL (Supelco
Porapak N) sa tremmepaTtypu tepmocrtara 55 °C
i merexTopa 150 °C. 'azoBuM HOcieM OyB aszoT
(50 mu 3a 1 XB), BUBHAUEHHSA MPOBOIUJIMN Y UO-
TUPUKPaATHI! TOBTOPHOCTI.

OrpuMaHi maHi o6pOOJASM CTATHUCTUUHO. Y
TabJIUIAX HaBEeAEHO cepelHboapU(pPMETHYHI 3HAa-
yeHHsa. [locToBipHicTh BigMiHHOCTEIl MiK BU-
OipxamMu OIliHIOBAJIM METOJOM OIHO(PAKTOPHOTO
nuctepcifinmoro a"anisy (ANOVA). BigminHoc-
Ti BBasKanu gocroBipaumu 3a P < 0,05.

Pe3ynbTatu gocnigKeHn

YcraHnoBiieHO, 10 3a JOoAaBaHHSA Pi3HOI KiJjb-
KOCTi KapMOismHYy B CHUIY4YWil GaKTepiagsbHU
openapaT Ha OCHOBI CTifiKux 1o (yHrinmumais
miTaMiB pm300iil 3arajbHa KijJdbKicTh copmo-
BaHUX Ha KOPEHAX OyJIb0OYOK YIPOTOBIK Bere-
ramii Oysa Ha PiBHI KOHTPOJBLHUX POCJIUH abo
mepeBHUIyBasa ix. 3oKpema, 3a OaKTepusarrii
HaciHHg 6ionpenapaToM Ha OCHOBI B. japonicum
B78 i mogaBammam 0,25 ta 0,5 r xapmoisuHy
KimbKicTh Oya60040K OyJa BHUIMOIO ITOPiBHAHO
3 pocJamHaMi KOHTPOJIBHOTO BapiaHTy Bifmo-
Bigzo Ha 10,41 16,0% ((hasa Tpbox CIpaBKHIX
auctkis), 13,8% (6yromisaiii—mouaTKy IIBi-
rinus) ta 29,2 i 33,3% (moBHOrO IBiTiHHS).

3a iHowrymnAlii Hacimua coi OiompemapaTom
Ha ocHOBi B. japonicum PCO7 iz dapOyBainb-
Hum arentom (0,25 ta 0,5 r KapmoisuHy) Ta-
KOJK He Bifl3HAUeHO HEeraTMBHOTO BILJIMBY Ha
3arajbHy KiJbKiCTh yTBOpeHUX OYyJIbOOUOK Ha
KOpeHAX POCJUWH. 3a3HaUeHUIl NMOKa3HUK OyB
BUIIAM Y AOCJiTHUX POCJMH IIOPiBHAHO 3 KOHT-
POJIbHMMH 3a iHOKYJIAIlil aHAJITUYHO ceJeKIIio-
HOBaHUMU pudodbiamu mramy PCO7 BinmoBigmo
Ha 9,0 i 19,4% (dasa TPbOX CIPABKHIX JUCT-
KiB), 3,9 i 20,8% (dasa 6yroHizamii—mouaTKy
nBitiaga) Ta ma 16,9 i 28,9% (dpasa moBHOrO
nBitiaaa) (Tadba. 1).

Maca yTBOpeHUX 0yJIH00UOK HA KOPEHSIX COi,
iHoKysboBaHOI OiompemapaToM Ha OCHOBI
B. japonicum B78 + 0,25 r kapmoisuny, y ¢asi
TPHOX CIPABMKHIX JIMCTKIB OyJia MEHIIIOIO IIO-
piBHsHO 3 pocaumHamMu Ha KouTpoJi Ha 13,5%.
OpHak 1ell MOKa3HUK IIePEeBUIIYBAaB KOHTPOJIb-
Hi pocauam B 1,4 pasa y ¢asi 6yroHizaiii—1o-
YyaTKy IBiTiHHA Ta y 2,4 pasa y ¢asi moBHOro
OBiTiHHA. ¥ pasi 3acTocyBaHHA IIpelapary 3
O0inmpmroro KimbkicTio O6apBHuMKa (0,5 r) Maca
cuMOiOTHYHUX YTBOPEHDb V Pasi TPhOX CIPaBiK-
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Tabauuys 1

3aranbHa KinbKicTb KopeHeBux 6ynb6oyok (WT./pocauHy) Ha pocnuHax coi copty ‘Anmas’
3a 06po6sieHHA Gionpenapatamu Ha ocHOBi wWTamiB B. japonicum
i3 JoAABAHHAM Pi3HUX HOPM KapMOi3NHY

(Masa po3BUTKY poCH
BapianT LTam-iHOKyNAHT 6yToHi3auis— .
TPU NUCTKKU NOYaTOK Ll,B'iTiHHﬂ NoBHeE UBITIHHA
KoHTponb — 6e3 6apBHuKa 7,0 11,4 190
0,25 r KapMoi3uHy /
200 r 6ionpenapary B. japonicum PCO7 7,6 11,8 22,2
0,5 r kapMmoi3uHy /
200 r 6ionpenapary 84 13,8 24,5
HIP 4 0,5 04 0,9
KoHTposnb — 6e3 6apBHuKa 4,5 88 161
0,25 r KapMoi3uHy /
200 r 6ionpenapary B. japonicum B78 5,0 10,0 20,8
0,5 r kapMoi3uHy /
200 r 6ionpenapary 5.2 9.0 21,5
HIPo,os 01 0,5 0,6

HiX JucTKiB OyJjia HA PiBHI POCIMH KOHTPOJIIO,
a B HACTYIIHi ()asu pocTy ¥ po3BUTKY B 1,6—2,3
pasa mepeBUIIyBaJja iX.

AmnajoriuHy TeHAEHIIiI0 Bif3HAUEHO TAKOXK Yy
pocsmH BapiaHTiB 3 00po0IeHHAM HACIHHS IIpe-
mapaTaMud Ha OCHOBi OyJIbLO0OUKOBUX OaKTepiit

B. japonicum PCO07. IIpu nmpoMy MakcuMaJIbHe
MEePEeBUIIeHHA IMOKA3HUKIB Yy KOHTPOJLHUX
POCJIMH YCTAHOBJEHO y (hasi MOBHOTO IIBiTIHHA
coi — B 1,21 1,4 paza BifmoBigHO 3a BHECEHHS
0,25 Ta 0,5 r xapMoisuHYy Ha OIHOTEKTapHY
HOpMY Oiompemaparty (Tabi. 2).

Tabauus 2

3aranbHa maca kopeHeBux 6ynb6ouok (r/pocnuHy) Ha pocauHax coi copty ‘Anmas’
3a 06po6sieHHA Gionpenapatamu Ha ocHOBi wWTamiB B. japonicum
i3 popaaBaHHAM Pi3HMX HOPM KAPMOi3NHY

®asa po3BUTKY pOCAUH
BapiaHT LLTam-iHOKyNAHT GyToHi3aLia— .
TPpU NNCTKKU NoYaToK LlBiTiHHH NnoBHeE LUBITIHHA

KoHTponb — 6e3 6apBHMKa 0,176 0,208 0,693
0,25 r KapMoi3uHy /

200 r 6ionpenapary B. japonicum PCO7 0.157 0.229 0.807

05 T Kapwoisuy / 0,189 0,303 0,999
200 r 6ionpenapary

HIP,,, 0,011 0,018 0112

KoHTponb — 6e3 6apBHUKA 0,052 0,114 0,249
0,25 r KapMoi3uHy /

200 r 6ionpenapary B. japonicum B78 0,045 0.157 0,596

05 r Kapmoisuhy / 0,055 0,189 0,576
200 r 6ionpenapary

HIP, . 0,006 0,028 0,120

Y pesyabraTi BUBUeHHA (PYyHKIIIOHAJIBHOIL aK-
TUBHOCTi c(DOPMOBAHUX CUMOIOTUYHUX CHCTEM
y OimbIimocti BapiaHTiB mociimy BUSBJIEHO Mif-
BUIINeHHA iHTEHCHWBHOCTI aszoTdikcarrii KopeHe-
BUX OyJILOOUOK cOi 3a BUKOPUCTAHHA Oiomrpera-
paTiB 3 KapMoOi3mHOM. 30KpeMa, 3a iHOKYJIAITii
HaciumHa coi B. japonicum PCO7 y ¢dasi Tpnox
cupaB:kKHiIX JucTkiB ADPA Oysna BuUIOO Ha
15,6—-25,9%; y dasi 6yToHisalmii—mouaTKy mBi-
Tinga Ha 7,4-29,5% NIOPiBHSAHO 3 KOHTPOJIL-
HUMHU pocjauHaMmu 3a momaBaHHaA 0,25 ta 0,5 1
KapMoisdmHy BimmoBimHO. ¥ (asi moBHOro IIBi-
TiHHS coi piBeHbh ADPA cUMOIOTHUYHUX CHCTEM,

126

copMOBaHUX 3a yUaCTIO OyJIHOOUKOBUX OaKTe-
pitt mramy B. japonicum PCO7, icrorHO He Bix-
pisHABCA B KOHTPOJIBHUX Ta AOCJIAHUX POCJIMH.

3a Oakrepusarii HacimuHa coi OGiompemapa-
toMm B. japonicum B78 + 0,25 r kapmoisuny
aKTUBHIiCcTH asoTdikcariii xopeHeBux Oyan00-
yoK OyJia Ha PiBHi POCJIMH KOHTPOJILHOTO Ba-
piaHTy ax Ao (pas3u IMOBHOTO IBiTiHHA. Y Iie-
pioa IIOBHOrO IBiTIiHHA POCHMH Bi3HAUYEHO
30iIbINIeHHs IILOTO IMOKA3HMKA BiAIOBiZHO Ha
7,6 ta 18,8% y BapiaHTax i3 3acTocyBaHHSAM
biompenapary 3 0,25 Ta 0,5 r kKapmoiszuny
(rabu. 3).
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Tabauys 3

3aranbHa a3oTiKcyBasbHa aKTUBHICTb 6yNb6OYOK
Ha KopeHsax coi [mkmonsb C,H /(pocneroa)] 3a 06pobneHHs 6ionpenaparamu
Ha O0CHOBi WTaMmiB B. japonicum i3 pOAaBaHHAM Pi3HUX HOPM KapMOi3NHY

(®asza po3BUTKY POCIUH
BapiaHT LLUTam-iHOKYNAHT OyToHi3auis— nosHe
TP MCTKM N0YaToK LBITIHHA UBIiTIHHA
KoHTponb — 6e3 6apBHuKa 3,97 4,98 10,68
0,25 r kKapMoi3uHy /
200 r bionpenapary B. japonicum PCO7 459 535 941
055 r kapmoisury / 5,01 6,45 10,48
200 r bionpenapary
HIP,, 033 035 115
KoHTtponb — 6e3 6apBHuKa 1,56 2,80 7,81
0,25 r KapMoi3uHy /
200 r 6ionpenapary B. japonicum B78 1,54 2,56 8,40
0,5 r kapmoi3uHy /
200 r 6ionpenapary 2,56 3.07 9.28
HIP, ,, 0,39 0,26 0,57

Ot:xe, oTpuUMaHi B Iii poOOTi pesyabTaTH Bif-
KPUBAIOTH IIEPCIEKTUBY HOMAIBIIIOTO I'PYHTOBHI-
IIIOTO OOCJIIIKEHHS MOJKJIMBOCTI 3aCTOCYBaHHS
KapMoisuHy AK 6apBHHKA — H0OABKU IO BEepPMU-
KYJiTy, AKa cayryBaTUMe ileHTu(@ikaTopoM Bi-
3yaJbHOTO KOHTPOJIO SAKOCTI DPiBHOMIipHOI'O Ha-
HeCeHHs Ha HACiHHA coi cummyuymx OGiompemnaparis
Ha OCHOBIi Oys1b00uKOBUX OakTepit B. japonicum.

VY gitepaTtypi mocuTh oOMe:KeHa KiJbKicThb po-
0iT (myOurikartiit) mpo BIIMB KapMOi3uHY (a30py-
6iny) Ha pocaunu. OmHAK, € JaHi IIOI0 3aCTOCY-
BaHHSA PO3UYMHIB KAPMOIBUHY JIA OiJIBII JeTaIhb-
HOT'0 BUBUEHHsA 0iOJIOTiUYHMX BJIaCTHBOCTEI (PiTO-
nmapasutuuHux Hemarton Meloidogyne javanica
(Treub) Ta M. incognita (Kofold & White) ma
IOBEPXHi KOPeHiB Ta B TKaHWHAX POCJUH i pos-
poOIeHHA TIPOTHHEMATOTHUX 3axonaiB [19].

Takox BigomMoO, HI0 iHTEHCHUBHICTh BILJIHBY
CUHTETUYHUX a300apBHUKIB Ha OakTepii Ta
POCIMHM 3aJIeKUTh BiJ 1X KOHIIEHTpAIlil B ce-
penoBUIlli KyJbTUBYBaHHA MiKpOOpraHisMiB Ta
BMicTy apOyBaJIbHOTO aTeHTa B PO3UMHI, AKUM
00p00JIAI0OTh HaciHHA abo IMOJMBAIOTL IIPOPOCT-
Ku. 30KpeMa, IOCTimKyoun (GiTOTOKCHUUHMII
BILIUB KapMOI3WHY Ha IPOPOCTaHHA HAaCiHHA
OIIeHUIli, HayKOBI[I Bifl3HAYAJIM IPUTHIUEHHS
POCTOBMX IIPOIIECiB Ta 3MiHM aHTUOKCHUIAHTHOIL
aKTuUBHOCTI B KJitTuHax Triticum aestivum L.
31 gsbimpmremrsam (mo 0,25%) KoHIeHTpalrii
0apBHUKA y PO3YMHI Ta TPpUBAJIOCTI mepioxy mii
CHHTETHUUYHOI CIIOJYKHU Ha mpopocTku [12]. Bu-
SIBJIEHO TAKOMK 3POCTAaHHA aKTHUBHOCTI Karaja-
3m y 2,5 pasa B POCIHH KpPONIY IIaXydoro
(Anethum gravtolens L.) 3a BmJIuBY iHIIIOTO
b6apauka — moHco (E124) y xoHmeuTparii
0,01% mnopiBaszo 3 0,001% -M posumHOM. 3a
BUKOPUCTAHHS nasa moaumBy E124 y KoHIeH-
rpatrii monax 10 Mr/Ja y pocauH BUHUKAE OKUC-
groBasbHUU crpec [20]. Ha mixcrasi Bumie 3a-
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3HAYe€HOT'0, MEPCHEeKTUBHUM Y HOJaJbIIiili Ha-
mIidi poboTi Mo:ke OyTM BUSHAUEHHS BILJIUBY
KapMoiduHy Ha (pepMeHTaTMBHY aKTHUBHICTb
MaKpoCcHMOiOHTa, 3a IMepeAIIoCciBHOT0 00po0IeH-
HA Hacimma OaxTepiaJbHUMHN JOOpPMBAMU HAa
BEPMUKYJIITI 3 TomaBaHHAM OapBHUKA.

Ha mwomy erami marmoi poboTu, BUKOPHUCTAB-
Y KapMoisuH AK (GapOyBaJIbHUH areHT y CKJIa-
Ii GiompemapaTy, MM OOCATJIM Bisyasisarii ma-
HEeCeHHsI BEPMUKYJIITHOTO IIpernapary OyJaInbou-
KOoBUX OaKTepili Ha HaciHHA coi, IPH I[LOMY
HaABHIiCTh OapBHUKA (Y AOCIiIKyBaHMX KOH-
HeHTpaIiax) He 3amKomuia (OPMYBaHHIO Ta
dyHKIioHyBaHHIO 6000B0O-pU300iaabHOI cuMOio-
TUYHOL CHCTEMU, a HaBIaK! IIpUBeJa 0 IIOJIill-
IIeHHA [MUX ITOKAa3HUKiB.

BucHoBKM

Kapmoizun MoskHa 3a1yyaTt 10 TOJATIBIIIOTO
BUBYEHHA e(eKTHUBHOCTI MOro 3acToCcyBaHHSA
AK OapBHUKa-imeHTH(diKaTOpa KOHTPOJIIO PiB-
HOMIipHOCTI HaHECEeHHA CHUOYyUYUX OaKTepiaib-
HUX IIpemapartiB Ha Hacimua, gomatoum 0,25 i
0,5 r ma 200 r GiompemapaTy, OCKiJIbKU TIpHU
IbOMY He BUABJEHO HETATHBHOI'O BILJIUBY Ha
dopmyBaHHA I QYHKI[IOHYyBaHHA CcUMOiOTHY-
HUX cucreM cod — B. japonicum.
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Purpose. Investigate the formation and functioning of
symbiotic systems of soybeans with nodule bacteria by ino-
culation of seeds with biological products based on fun-
gicide-resistant strains of Bradyrhizobium japonicum PCO7
and B78 with different rates of synthetic carmoisine colo-
rant. Methods. Physiological, microbiological, gas chroma-
tography, statistical. Results. It was found that as a result
of inoculation of soybean [Glycine max (L.) Merr] variety
‘Almaz’ with microbial preparations based on B. japonicum
PCO7 and B78, with the addition of carmoisine (0.25 and
0.5 g per 200 g of the preparation), the amount and the
weight of nodules formed on the roots during the growing
season were at the level of the control plants or exceeded
them. The greatest difference in indicators of quantity and
weight of root nodules between plants of control and ex-
perimental variants is noted in a phase of full flowering at
inoculation by both strains of rhizobia and addition to bio-
logical products of various norms of dye. Analysis of nitro-
gen-fixing activity (NFA) of the formed symbiotic systems
showed the absence of a negative effect of the synthetic
colorant on its level. When inoculated with soybean seeds
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B. japonicum PCO7 in the phase of three true leaves, NFA
was higher by 15.6-25.9% and in the budding-beginning of
flowering stage by 7.4-29.5% compared with control plants
with the addition of 0.25 and 0.5 g of carmoisine, respec-
tively. Against the background of bacterization of soybean
seeds by strain B78 before the phase of full flowering of
plants the level of N, assimilation by adding 0.25 g of car-
moisine to the vermiculite preparation was at the level of
the control plants. During the period of full flowering, this
figure exceeded the indicators of control plants by 7.6 and
18.8% with the introduction of 0.25 and 0.5 g of the colo-
rant. Conclusions. Carmoisine can be applied in the further
study of the effectiveness of its use as a dye identifier for
controlling the uniformity of marking of loose bacterial
preparations on seeds by adding 0.25 and 0.5 g per 200 g of
a biopreparation, since this did not show a negative impact
on the formation and functioning of the soybean — Brady-
rhizobium japonicum symbiotic systems.

Keywords: Bradyrhizobium japonicum; inoculation; car-
moisine; number and weight of nodules; nitrogen-fixing ac-
tivity.
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Influence of the substrate composition

on the yield and nutritional value

of the fruiting bodies of the edible mushrooms
Pleurotus citrinopileatus and Cyclocybe aegerita

I. I. Bandura®’, A. S. Kulyk?, S. V. Makohon?, 0. V. Khareba?, V. V. Khareba?

Dmytro Motorny Tavriya State Agrotechnological University, 18 Bohdana Khmelnytskoho Ave., Melitopol, Zaporizhia region,
72312, Ukraine, "e-mail: irabandura@gmail.com
2National Academy of Agrarian Sciences of Ukraine, 9 Mykhaila Omelianovycha-Pavlenka St., Kyiv, 01010, Ukraine

Purpose. To reveal the influence of the substrate compositions on technical indicators and the chemical composition
of the fruiting bodies of the golden oyster mushroom and poplar mushroom. Methods. The experimental design included
cultivation of two species of wood-decay fungi Pleurotus citrinopileatus Singer (strain 2161 IVK) and Cyclocybe aegerita
(V.Brig.) Vizzini (strain 2230 IVK) on three variants of substrate composition. Laboratory, laboratory-production methods
for evaluating the effectiveness of growing technology, chemical composition of the obtained raw materials, statistical
methods of analysis were applied. Results. The structure and composition of substrates affect the technological charac-
teristics of the culture, physical and chemical properties of fruiting bodies. The shortest fruiting cycle of 35.2 + 1.7 days
was determined for C. aegerita under growing conditions on SC1 substrate which formula included «straw, husks, pellet,
rapeseed, corn, and CaC0,» in the ratio of 30: 40: 70: 20: 20: 1. The highest yield (170.5 + 15.2 g per 1 kg of substrate) in
the experiment was determined for P. citrinopileatus on the SC1 substrate composed of «straw / pellets / rapeseed / corn/
CaCo0,» in the ratio 40: 90: 20: 25: 1. Fruiting bodies of P. citrinopileatus obtained from the SC3 substrate composed of
«pellets / rapeseed / corn / CaC0,» in the ratio 60: 110: 20: 30: 1 had the highest protein content — 22.47 + 0.19%, and
fruiting bodies from the SC1 substrate had the least amount of proteins — 17.38 + 2.60%. Fruiting bodies of C. aegerita
contained more lipids than those of P. citrinopileatus, but the factor of the influence of the substrate composition on the
total amount of lipids for some cultivars was insignificant. The largest amount of endopolysaccharides was isolated from
the fruiting bodies of C. aegerita (6.81 + 0.41%) cultivated on SC3 substrate, and the smallest in the SC1 variant (1.38 +
0.25%). The content of endopolysaccharides in the fruiting bodies of P. citrinopileatus had less variability from 2.54 + 0.54
(SC3) to 4.72 + 0.61% (SC1). Conclusion. Substrate compositions significantly affect the biological efficiency of cultivars
and the content of nutrients in fruiting bodies of the studied species. The obtained results enable producers of mushrooms
to predict the production efficiency and quality of grown mushrooms in accordance with the use of available raw materials.

Keywords: cultivation of mushrooms; golden oyster mushroom; poplar mushroom; biological effectiveness; chemical composition.
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specific light and pleasant aroma of seafood,
which appears after a short thermal treatment
[3]. Fruiting bodies of this fungus contain
22.10 = 2.03% of protein, and in the biomass
obtained by submerged cultivation, protein con-
tent reaches 36.2 = 1.2% [3, 4]. According to
published data [5], the amount of lipids varies
from 1.32 to 3.37%, but does not exceed 5%.
Such interesting dietary features of P. citrino-
pileatus are complemented by the content of sub-
stances with high medicinal potential, for exam-
ple, the nonlectin glycoprotein (PCP-3A) found
in fresh fruiting bodies [6]. Researchers [7, 8]
emphasize the high antitumor ability of glyco-
proteins of this species of oyster mushroom, as
well as their antioxidant and hypoglycemic pro-
perties.

The poplar mushroom is firm in texture and
keeps the shape and structure of fruiting bo-
dies after boiling; mushrooms remain dense and
crisp, retaining the dark color of the cap [9].
But in addition to high nutrition indicators,
the fruiting bodies of poplar mushroom con-
tain unique ceramides with proven antitumor
potential [10]. The antioxidant properties of
the extracted polysaccharides and their ability
to stabilize skin collagen were discovered. That
reveals the prospects for the use of these sub-
stances as natural agents or food additives in
gerontological practice and for combating age-
related complications [11].

Bright and rich colors of fruiting bodies of
golden oyster mushrooms and poplar mushrooms
always attract consumers. On the other hand,
these species have repeatedly proven nutritional
and medicinal value, which makes them an
integral part of health food in Asia and Eu-
rope [1—4]. The price of these mushrooms is an
order of magnitude higher in comparison with
the already known button mushroom champig-
nons and oyster mushrooms, what determines
the interest of mushroom producers in gro-
wing these species. The domestic adaptation of
the known regulations for the cultivation of
golden oyster mushrooms and poplar mush-
room is significantly slowed down in the ab-
sence of information about the possibility of
using available agricultural by-products and
its effect on the quality of mushroom products.
Researchers emphasize the significant influ-
ence of substrate compositions and methods of
their preparation on the technical indicators of
growing mushroom culture, on the content of
organic and mineral substances in mushrooms,
which, accordingly, changes their taste and
aroma [3, 4]. In particular, scientists from
Kenya determined that the formation of P. cit-
rinopileatus primordia began on the 13th day
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from the moment of inoculation on bean straw
substrate, while on the sawdust substrate — on
the 31st; the biological efficiency of the culture
was 149% from the bean straw substrate and
decreased to less than 1% when sawdust was
used [4]. Enrichment of wheat straw substrates
with poultry litter and millet grains allowed
researchers from the United States to increase
the biological efficiency of C. aegerita cultiva-
tion fivefold. In the same experiment, the op-
timal ratio of 70 : 10 : 20 components in the
substrate formula «straw / litter / millet» contri-
buted to the increased protein content in the
fruiting bodies of C. aegerita to 37.6%, while on
the substrate made of wheat straw this indica-
tor was 27.1% [12-14].

The main components of substrates for artifi-
cial cultivation of P. citrinopileatus and C. aege-
rita are cereal straw and sunflower husk, which
cost increases annually and significantly de-
pends on logistics. Previous studies showed
the possibility of using fuel pellets made from
sunflower husks to increase the efficiency of
growing wood-decay fungi [15]. But the high
density of such raw materials leads to a de-
crease in the aeration characteristics of the
substrates, which can affect the physiological
and biochemical parameters of the culture.

The purpose of the study is to reveal the ef-
fect of substrate composition content on the tech-
nical and chemical parameters of fresh fruiting
bodies of golden oyster mushroom (P. citrinopi-
leatus) and poplar mushroom (C. aegerita).

Materials and methods

The cultures of the studied species — strains
of P. citrinopileatus 2161 IVK and C. aegerita
2230 IVK, were obtained from the collection of
cap mushrooms cultures of the M. G. Kholodny
Institute of Botany and maintained on a nutri-
ent medium of the following composition: 20 g
agar-agar, 20 g malt-dextrose, 2 g dry yeast
extract, up to 1 liter water. The pH of the me-
dium was adjusted to 6.7 = 0.2 with 0.1N KOH
solution and sterilized for 35 min at 121 °C [16].

For the manufacture of substrate composi-
tions, the following components were used:
local raw materials — barley straw and sun-
flower husks crushed to 5—7 mm, as well as
fuel pellets from husk. The composition of the
substrate compositions was calculated so as to
achieve a carbon to nitrogen (C : N) ratio of
20 : 1, in accordance with published data [17].
Rapeseed was added to the formula to provide
the required lipid content [18]. Also, the for-
mulas of the compositions were calculated so
as to achieve the optimal values of moisture
indicators (63—65%) and substrate density
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from 350 to 550 kg/m [15]. The required water
content was calculated taking into account the

initial moisture content of the raw material
(Table 1).

Table 1
The ratio of the components of the substrate compositions (SC) by weight (kg)
Composition code | Straw | Husks | Pellets | Rapeseed | Corn | Chalk (CaC0,) | Water
SC1 30 40 70 20 20 1 263
SC2 40 0 90 20 25 1 325
SC3 0 60 110 20 30 1 288
Moisture, % 11.5 | 8.8 7.5 10.5 7.8 12.3 100

Straw, husks and rape plant seeds were soa-
ked with an excess of cold water for 8-10 hours.
The moistened raw materials were put into
mixing containers. Pallets were prepared sepa-
rately: warm water (30—40 °C) was added, the
moist components were mixed adding ground
corn and chalk. The finished compositions were
packed in polypropylene bags 580 x 480 mm,
with four filters in the upper part measuring
20 x 480 mm, 3250 = 50 g each. The substrates
were sterilized in an industrial autoclave at
121 = 3 °C for 120 min. The substrates, cooled
to a temperature of 26 = 1 °C, were inoculated
under aseptic conditions with mycelium-cove-
red cereal at 3% by weight (100 = 15 g per bag).
For each variant of the experiment, 30 bags
were made. Substrate samples were taken after
inoculation (from five bags of 50 g each) and
mixed. The averaged sample was used for ana-
lysis.

The density of the substrate was determined
by the formula:

p=m/YV,

where p — density of the substrate, kg/m3;
m — mass of the substrate, kg; V — volume of
a unit of the substrate, m3.

The volume of the substrate block was deter-
mined by the formula:

V=nxaxbxh,

where © — 3.14; a — the semi-major axis of
the package after installation on the shelf had
the shape of an ellipse, m; b — semi-minor axis,
m; h — substrate height, m.

The moisture content of plant raw materials
and manufactured substrates was determined
gravimetrically at a temperature of 102 = 1 °C,
but the samples of fruiting bodies were first
dried at a temperature of 45 °C, taking into
account the characteristics of the mushroom
raw material, and then dried to an absolutely
dry mass at 92 = 2 °C.

The concentration of hydrogen ions (pH) of the
substrate was determined according to national
standard DSTU ISO 10390: 2007 Soil quality.
Determination of pH (ISO 10390: 2007, IDT).

The ash content was determined as follows:
3 g of absolutely dry powder of the fruiting
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body were weighed in ceramic crucibles of
known weight, burned in a muffle furnace at
a temperature of 550 = 10 °C for three hours,
and the samples were cooled in a desiccator.
The ratio of the residual mass to the original
mass of the sample in percent was calculated.

The total nitrogen content was determined by
the chloramine method according to Pochinok.

The C/N ratio was determined by the formula
C/N = 0.5 (100 - a) / N, where a — the ash
content, %; 0.5 — coefficient of carbohydrate
content, adjusted for the biochemical charac-
teristics of raw materials; N — the content of
total nitrogen in the substrate [20].

The analysis of the technical parameters of
the substrates and the chemical analysis of the
fungi were carried out in triple repetition for
each cultivation cycle.

The substrates were incubated at a temperatu-
re of 23 = 3 °C and a humidity of 65% indoors.
Lighting was used only to control the develop-
ment of a culture.

Fruiting was initiated from the 20th day.
The packages were placed in a growing cham-
ber with appropriate microclimatic conditions:
air temperature 14 = 1 °C, relative air humidity
91 + 5%; carbon dioxide content 1250 = 150 ppm
(0.12%). Illumination was maintained at 150—
200 lux for 8 = 1 hour per day. Taking into
account the different level of shelves on rackes
regarding the floor and the possible difference
in microclimatic conditions, the packages were
installed randomly. Two 100 = 20 mm cuts we-
re made on the bags with P. citrinopileatus
culture, but the substrate was not freed from the
film. On the bags with the C. aegerita culture, a
cut was made in the upper part and a polypro-
pylene film was peeked back to the side (Fig. 1).
The crop was harvested at the stage of technical
maturity before the onset of sporulation.

Fresh fruiting bodies for biochemical analy-
sis were collected from different blocks in ac-
cordance with the variant of the experiment,
dried at a temperature of 55 += 3 °C for 8-10
hours and ground into flour. Before analysis,
the sample was additionally dried at a tempera-
ture of 102 = 2 °C and cooled in a desiccator.
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The moisture content, the amount of total
nitrogen and ash were determined by the above
methods in triplicate repetition. Lipid content
was determined by extraction of mushroom
samples (absolutely dry weight) in petroleum
ether as a solvent using a Soxhlet extractor.

The total nitrogen content per crude protein
content was calculated using a coefficient of
4.38 in terms of the amount digested in the
human body [16].

Fig. 1. Types of holes on polypropylene bags
for fruiting stimulation:
a) two cuts 100 + 20 mm for P. citrinopileatus;
b) one large incision for S. aegerita

Endopolysaccharides (endoPS) were extracted
from dry matter according to the following pro-
cedure: 2 g of fruiting bodies powder were ad-
ded to 10 ml of distilled water and thoroughly
mixed; for 16 hours kept in an oven at a tem-
perature of 98 = 0.1 °C; the obtained extract
was added with 96% ethyl alcohol in a ratio of
1 : 2 (by volume) to precipitate polysaccharides
and settled for 24 hours at a temperature of
4 °C. The precipitate was separated by centrifu-
gation at 5000 RPM for 25 minutes. The pre-
cipitate was dissolved by adding 20-30 ml of
hot deionized water (90 = 1 °C). The suspended
endopolysaccharide fraction was dried at 60 °C
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for 8 hours. The amount of endopolysaccha-
rides in dry matter was determined gravimet-
rically and calculated by the formula: weight
of endopolysaccharide | weight of sample x
100% [19].

The percentage of carbohydrates, excluding
endopolysaccharides, was calculated using the
formula: 100 — the amount of proteins (%) —
the amount of lipids (%) — the amount of ash
elements (%) — the amount of endopolysaccha-
rides (%). The C/N ratio in the substrate was
determined by the formula:

C/N = 0.52 (100 - a) / N,

where a — ash content, %; 0.52 — averaged
coefficient of carbon content; N — total nitro-
gen content, % [20].

The yield from each separate bag was calcu-
lated by the ratio of the mass of the harvested
mushrooms in grams per kilogram of the pre-
pared substrate mass.

The biological efficiency (BE) of cultivars
was calculated using the formula:

BE = ﬂx 100 %
Mdm

where M 4, — Inass of raw fruit bodies; M, -
mass of the substrate dry matter [21].

Statistical analysis of the obtained results
was carried out using the Microsoft Office Ex-
cel 2016 MSO package and the built-in QI Mac-
ros 2020 program. One and two-factor ANOVA
analysis was performed («a» is the highest in-
dicator in the experiment), to compare the
mean in the groups, the U-test (Mann—Whit-
ney). The smallest significant difference was
found using the significance level = 0.05.

Results and discussion

Based on the results of the analysis of the
content of the prepared substrate compositions,
the differences in the indicators of the content
of ash elements and density were determined
(Table 2).

In SC1 and SC2 substrates, which included
straw, high ash content was determined in
comparison with SC3, where only sunflower
waste was used. The latter corresponds to the
literature data on the composition of raw ma-
terials [22]. Also, the SC3 substrate signifi-
cantly differed from others in terms of density
(568 = 21 kg/m?3), which is associated with the
absence of a sufficiently large fraction of straw.
The indicators of moisture content and the con-
tent of the main nutrients in the calculated
compositions did not differ, which indicates
the possibility of theoretical calculation of the
substrate formula based on the results of the
analysis of raw materials. According to the
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Table 2

Characteristic of substrate compositions in the experiment
(mean = standard error)

Code | Moisture (%) | Total nitrogen (%) | Ash (%) C/Nratio | Density (kg/mi)
SC1 63.4+1.8 2.25+0.21 |4.6a+0.4|21.2+0.8/1| 337b+29
SC2 65.9+1.7 2.38+0.15 |4.8a+0.7]20.0+1.3/1| 315b+42
SC3 63.9+2.1 2.29+0.29 |3.6b+0.5]/21.1+1.0/1| 568a+21
LSD, s 1.9 0.25 0.93 1.7 75

results of statistical analysis, a significant
effect of the substrate composition content on
the term of vegetative development of crops
in the substrate (its end was determined by

the date of the first primordia formation), as
well as on the indicators of the total yield and
biological efficiency of cultivars was proved
(Table 3).

Table 3
Indicators of cultivation of C. aegerita and P. citrinopileatus
(average over 3 growing cycles + standard error) (2019-2020)

Culture SC for;rzlgg;daay) Harvesting (day) | Total yield (g/kg) efgl?claﬁgi(l‘l’/o)
1 25.3c+1.45 | 35.22b+1.66 | 122.7a+23.1 | 31.46b +5.92
C. aegerita 2 | 28.2b+0.80 |38.20ab+1.36| 123.3a+22.7 |35.27ab+6.48
3 | 29.8ab+0.41 |38.58ab +0.35| 132.1a+11.5 |33.87ab+2.95
1 | 26.3bc+1.62 | 41.18a+2.43 | 167.5a+27.2 |42.95ab +6.96
P. citrinopileatus | 2 | 24.8c+1.02 | 40.00a+2.51 | 170.5a+15.2 | 48.71a + 4.35
3 32.0a+0.95 |39.60ab+1.25| 45.5b+4.6 11.66c +1.18

LSD, - 3.2 4.51 58.9 15.22

p - 0.001 0.156 0.013 0.007

The shortest terms of primordia formation
in the experiment were recorded when P. cit-
rinopileatus was grown on the SC2 substrate
composition, and the longest, also for this cul-
ture, on the SC3 substrate (24.80 = 1.02 and
32.00 = 0.95 days, respectively).

The cultures colonized the substrates and
began to form primordia at different times.
The fastest development of C. aegerita was de-
termined on SC1 substrate (25.33 = 1.45 days),
while the P. citrinopileatus culture was more
active on SC2 (24.80 = 1.02 days). It should be
noted that primordia appeared on SC3 sub-
strate in both cultures much later: C. aegerita
on 29.84 + 0.41 day, and P. citrinopileatus on
32.00 = 0.95 day.

There was no significant difference between
the end of the harvest for grown crops by two-
factor analysis of ANOVA data (p = 0.156), but
after comparing means of the groups by the
Mann—Whitney U-Test method, a significantly
longer duration of fruiting (p < 0.05) was deter-
mined for P. citrinopileatus culture. The shor-
test cycle in the experiment had C. aegerita cul-
ture grown on SC1 substrate (35.22 = 1.66 days).

The substrate composition significantly (p =
0.013) influenced the yield of the studied spe-
cies. In the experiment, the largest mass of
fruiting bodies was collected on P. citrinopilea-
tus culture on SC1 and SC2 (167.5 = 27.2 and
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170.5 = 15.2 g per 1 kg of substrate, respec-
tively). The lowest yield in the experiment
(45.5 = 4.6 g/kg) was also determined for this
crop on SC3 substrate.

The overall yield of C. aegerita cultivar in the
experiment (122.7 ... 132.1 g/kg) was lower than
the known scientific data. For example, when
using a composition of wheat straw, chicken lit-
ter and millet seeds in a ratio of 70 : 20 : 10,
researchers received up to 770.5 = 118.4 g of
fresh mushrooms from 5000 g of substrate [12].
But the results obtained in the experiment sig-
nificantly exceed the yield indicators for C. aege-
rita, grown on birch sawdust (87 g/kg) [13].
The obtained indicators of P. citrinopileatus
productivity confirm the results [4] with the
definition of low efficiency of this species when
using substrates with high density. Also, the
yield indicators practically coincided when
grown on similar plant residues: on straw —
109.6 g, sugar cane — 177.1 g.

According to the results of statistical analy-
sis, a significant effect of the composition of
the substrate on the biological efficiency (BE)
of P. citrinopileatus culture (p = 0.006) was
determined, while for C. aegerita culture, no
significant difference was found in this indica-
tor between the experimental options (p = 0.877).
The highest BE in the experiment was obtained
under the conditions of P. citrinopileatus cultiva-
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tion on SC2 substrate (48.71 = 4.35%), and the
lowest (11.66 = 1.18%) — on the SC3 substrate
for the same culture. The BE index of C. aege-
rita in the experiment varied slightly from
31.46 = 5.92% (SC1) to 35.27 = 6.48% (SC2).
It should be noted that the results of the anal-
ysis were higher compared to the indicators of
BE of C. aegerita, obtained by American scien-

tists [12] when using substrates with a low ra-
tio of carbon to nitrogen (C/N), where BE was
6.3 = 2.4% for C/N = 13/1 and 9.4 = 4.1% for
C/N = 30/1. As a result of the analysis of the
obtained data, a significant influence of sub-
strates on the chemical composition of the
fruiting bodies of the studied species was de-
termined (Table 4).

Table 4
Chemical parameters of fruiting bodies of C. aegerita and P. citrinopileatus according to experimental variants
. Crude protein 1o Endopolysaccharides Other o o
Species SC (%) Lipids (%) (%) polysaccharides (%) Ash (%) Dry matter (%)
1 19.62ab +0.30| 2.59a + 0.08 3.38bc +0.89 72.79 £ 1.15 1.64b + 0.55 | 8.67b + 0.49
C. aegerita 2 | 20.53ab+0.6 | 2.77a +0.56 1.38c +0.25 73.86+0.83 | 1.47b+0.35 |10.52a + 0.15
3] 21.78a+0.52 |2.30ab +0.10 6.81a + 0.41 61.45+1.12 7.47a+£0.17 |10.11a +0.23
1]17.38b+2.60 | 1.41b +0.19 4.72b +0.61 67.38 + 1.64 9.12a + 1.42 |10.33a+0.29
P. citrinopileatus | 2 |20.45ab +0.90| 1.41b+0.05 | 3.12bc+0.95 64.90 +1.80 |10.14a+1.19| 8.87b +0.05
3122.47a+0.19 | 1.63b +0.41 2.54c + 0.54 65.90 + 1.63 7.65a+0.26 | 8.22b +0.03
LSD, 3.63 0.93 2.03 - 2.76 0.80
p 0.111 0.021 0.001 - 0.0001 0.0001

The highest protein content in the experi-
ment (22.47 = 0.19%) was found in the fruiting
bodies of P. citrinopileatus, grown on SC3 sub-
strate, and the lowest for the same species
(17.38 = 2.60%) when SC1 was used. It should
be noted that in both cultivars, fruiting bodies
obtained from SC3 had the highest amount of
proteins, while those grown on SC1 had the
least.

The lipid content in the fruiting bodies of
C. aegerita was significantly higher (p = 0.021)
compared to that in P. citrinopileatus, but the
factor of the influence of the substrate compo-
sition on the total amount of fats for individu-
al cultivars was insignificant. The maximum
amount of lipids (2.77 = 0.56%) was contained
in the fruiting bodies of C. aegerita obtained
from SC2, and the lowest in the fruiting bodies
of P. citrinopileatus on substrates SC1 and SC2
(1.41%).

According to the results of statistical analy-
sis of the data, significant differences were
proved in terms of the content of endopolysac-
charides in fruiting bodies of cultivars obtained
on different substrates (p = 0.001). In parti-
cular, a high amount of endopolysaccharides
(6.81 = 0.41%) was isolated from the fruiting
bodies of C. aegerita, grown on SC3, and the
smallest (1.838 += 0.25%) on SC1. The content
of endopolysaccharides in the fruiting bodies
of P. citrinopileatus had less variability from
2.54 = 0.54 (SC3) to 4.72 = 0.61% (SC1). Indi-
cators of the content of other polysaccharides
were calculated, but their greatest value was
recorded in the fruiting bodies of C. aegerita
on SC2 substrate (73.86 = 0.83%), the smallest
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value also for this cultivar, on SC3 substrate
(61.45 += 1.12%).

As a result of comparing the means by the
Mann—Whitney U-Test method, a significant
difference was determined between the studied
crops in terms of ash content. The highest in-
dex was observed for the fruiting bodies of
P. citrinopileatus obtained from SC2 substrate
(10.14 = 1.19%), the lowest — for the fruiting
bodies of C. aegerita from substrates of the
same composition (1.47 = 0.35%).

Based on the results of two-factor statistical
analysis, a significant effect of the content of
substrate compositions on the content of dry
matter (DM) in the fruiting bodies of cultivars
was determined. The highest DM content was ob-
served in C. aegerita mushrooms from SC2 sub-
strate (10.52 = 0.15%), the lowest — in P. citri-
nopileatus from SC3 (8.22 = 0.03%). Accor-
ding to univariate analysis, the fruiting bo-
dies of P. citrinopileatus grown on SC1 substrate
had the highest DM content (10.33 *= 0.29%),
while the fruiting bodies of C. aegerita on the
same substrate had the lowest one (8,67 = 0.49%).

The chemical composition of the obtained frui-
ting bodies coincides with the results of previ-
ous researchers [23]. For example, under the con-
ditions of C. aegerita cultivation on substrates
with the addition of fermented chicken manure,
the lipid content in the fruiting bodies varied
from 1.02 to 2.28%, while the content of crude
proteins varied from 27.1 to 37.6% when using
the composition «straw / waste / millet» in the
ratio 70 : 10 : 20 [12]. According to Musieba
[24], the fruiting bodies of the golden oyster
mushroom contained 22.10 = 2.03% crude pro-
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teins on substrates containing straw. So, the
investigated substrate compositions make it
possible to obtain the fruiting bodies of P. cit-
rinopileatus and C. aegerita with satisfactory
indicators of nutritional value.

Conclusions

The possibility of using agricultural by-
products for the effective cultivation of wood-
decay fungi P. citrinopileatus and C. aegerita
was investigated. The significant influence of
the composition of substrates on technological
and chemical parameters of the studied crops
was determined. The efficiency of using a sub-
strate composition from barley straw, fuel pel-
lets from sunflower husk, rapeseed, corn flour,
and CaCO, in a ratio of 40 : 90 : 20 : 25 : 1 by
mass fractions was proven. The obtained re-
sults made it possible to assess positively nu-
tritional value of fruit bodies by the content of
crude proteins in terms of the amount digested
in the human body — from 17.38 to 22.47% in
dry matter in P. citrinopileatus and from 19.62
to 21.78% in C. aegerita. The presence of endo-
polysaccharides in the fruiting bodies of P. citri-
nopileatus (2.54-4.72%) and C. aegerita (1.38—
6.81%) indicates the possibility of their use as
a source of functional substances in therapeu-
tic nutrition.
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banpypa I. L., Kynuk A. C.!, MakoroH C. B.!, Xape6a 0. B.?, Xape6a B. B.2 Bnius cknagy cy6cTpaty Ha

BPOXaNHICTb 1 MOKA3HUKM XapyoBOi LiiHHOCTI NaoAoBux Tin icTiBHUX rpubis Pleurotus citrinopileatus Ta Cyclocybe
aegerita. Plant Varieties Studying and Protection. 2021. T. 17, N° 2. C. 130-138. https://doi.org/10.21498/2518-
1017.17.2.2021.236519

Taspilicokuli depxasHuli aepomexHonoiyHuli yHisepcumem imeHi mumpa MomopHoezo, np-m b. XmensHuyskozo, 18, M. Menimonosns,
3anopisbka 0651., 72312, Ykpaiua, “e-mail: irabandura@gmail.com

2HayioHanbHa akademis azpapHux Hayk Yepaiu, syn. M. OmensaHosuya-lasnenka, 9, m. Kuis, 01010, Yxkpaina

MeTa. YctaHoBUTM BnAMB cknagy cy6ctpatHux komno- 2161 IBK) ta Cyclocybe aegerita (V.Brig.) Vizzini (wtam
3ULIM HA TEXHIYHI-OKA3HMKM Ta XiMiyHui cknag niogoeux 2230 IBK) Ha Tpbox BapiaHTax cyOCTpaTHUX KOMMO3ULiM.
TiN FKUBM 30/10TOT Ta ONeHbKa Tononesoro. Metogu. Cxema  3actocoBaHo nabopatopHi, n1abGopaTopHO-BUPOOHUYT Me-
eKCNepuMeHTy BKJlOYana BUPOLLYBaHHA ABOX BUAiB AEPEBO- TOAM OLiHKM e(dEeKTUBHOCTI TexHoNorii BMPOLLYBaHHA, Xi-
pyiiHiBHUX TpuUGiB Pleurotus citrinopileatus Singer (wTam  MiYyHOro cknagy OTPUMAHOT CUPOBUHM, CTAaTUCTUYHI METOL[M
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PocnuHHuymso

aHanisy. Pesynbtatu. CTpyKTypa Ta cknap cyobcTparis BNAM-
BalOTb Ha TEXHO/IOMYHI XapaKTePUCTUKU KynbTypw, (i3nyHi
Ta XimMiyHi BnacTMBOCTi niofoBux Tin. HallkopoTwmii Lukn
NAOJOHOWEHHA Y 35,2 + 1,7 06W BU3HAYEHO ANS KYNbTYPU
C. aegerita 3a ymoB BMUpOLYBaHHA Ha cybcTpati CK1 3 dhop-
MyJI0l0 «COIOMa / NyWNUHHA / rpaHynu / pinak / KyKypy-
A3a / kpeipa» y cniBigHoweHHi 30 : 40 : 70 : 20 : 20 : 1.
HaitBuwy BpoxaiHicte (170,5 + 15,2 1 Ha 1 Kr cy6cTparty)
y DOCnigi BU3HauyeHo ans P. citrinopileatus Ha cy6GcTpari
CK2 3 dopmynoto «conoma / rpaHynu / pinak / Kykypyasa /
Kpeiiga» y cniBBigHoweHHi 40 : 90 : 20 : 25 : 1. Mnoposi
Tina P. citrinopileatus, oTpumani i3 cybctpary CK3 3 dop-
MyJol0 «rpaHynu / pinak / Kykypyasa / Kpeiga» y cnieeig-
HoweHHi 60 : 110 : 20 : 30 : 1, Mmanu HanBUWMI y pocnigi
BMicT 6inkiB — 22,47 + 0,19%, a HailMeHWy KinbkicTb 6in-
KiB — 17,38 + 2,60% — manu nnofosi Tina i3 cyberpary CK1.
Mnogoegi Tina C. aegerita mictunu 6inblwe ninigie nopisHAHO

138

3 NnoAoBMMM Tinamu P. citrinopileatus, ane YNHHUK BNAKUBY
cknapy cybcTpaty Ha 3arafibHy KinbKicTb NinigiB ans geskux
KYNbTUBAPiB BUABMUBCA HecyTTeBUM. HailiBuuy KinbKicTb eHpo-
nonicaxapugis BugineHo 3 nnoposux Tin C. aegerita (6,81
+ 0,41%), oTpumaHux i3 cybetpaty CK3, a HaitmMeHwy — vy Ba-
pianTi CK1 (1,38 + 0,25%). YmicT engononicaxapupais y nno-
noBux Tinax P. citrinopileatus maB MeHly BapiaTUBHiCTb: Bif,
2,54 + 0,54 (CK3) po 4,72 + 0,61% (CK1). BucHoBKku. Cknap
cy6CTpaTHUX KOMNO3WLiNA CYTTEBO BMNAMBAE Ha GionoriyHy
eheKTUBHICTb KynbTUBapiB Ta BMiCT HYTPi€HTIB y niopo-
BUX Tiflax gocnigxeHux suais. OTpumaHi pesynstatv fawTb
3Mory rpubiBHMKAM CnporHo3yBath edeKTUBHICTb BUPOO-
HULTBA Ta AKICTb OTPMMaHMX rpubiB BignoBigHO A0 BUMKO-
PUCTaHHA AOCTYNHOT CUPOBUHMU.

Knto4osi cnosa: kynsmusysanHa 2pubis; enusa 30ioma;
0NneHbOoK monosesuli; 6i0n021YHa epeKmuBHICMb, XIMIYHUL
CKNao.
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YOK 633.174:631.5 https://doi.org/10.21498/2518-1017.17.2.2021.236521

Oco6nuBoCTi POCTY POCNUH COPro 3epHOBOrO
[Sorghum bicolor (L.) Moench] 3anexHo Bip WwupuHmu
MiXKpAaab Ta HOPMU BUCIBY HACiHHA

B ymoBax lpaBo6eperkHoro Jlicocteny YkpaiHu

JI. A. NpaspuBa

IHcmumym 6GioeHepeemuyHux Kyabmyp i yykposux 6ypskis HAAH Ykpainu, syn. Kniniyna, 25, m. Kuis, 03110, YkpaiHa,
e-mail: bioplant_@ukr.net

MeTa. YCTaHOBUTM ONTUMANbHI WHUPUHY MiXPALL Ta HOPMY BUCiBY HAaCiHHA cOpro 3epHoBoro copTis ‘[HinpoBcbkuit 39
i ‘BiHeup, 06rpYHTYBATH iXHiil BNAMB Ha TPUBANiCTb BereTauifHoro nepiogy i 6ioMeTpUyHi NOKA3HUKM POCAUH B yMOBAX
MpasobepexHoro Jlicocteny YkpaiHu. Metogmu. MonboBuii, NabopaToOpHMiA, MaTeMaTUYHO-CTAaTUCTUYHUIA. Pe3ynbrarTu.
HailiHTeHCcMBHiWMI picT i pO3BUTOK POC/IMH COPro 3epHOBOTO Bif3HAY€HO 3a CiBOM HACIHHA i3 WHUPUHOI MiXpALb 45 CM Ta
HopMmoto Buciy 200 Tuc. wT./ra. 30Kpema, TpUBaANiCcTb BereTauiiiHoro nepiogy 3a Takux ymos 6yna HalimeHwoto: 108 pib y
copTy ‘NiHinpoBcbkuit 39" Ta 106 pib y copty ’B1Heu,b BoaHoYac MoOKasHWMKM NONBLOBOT CXOXKOCTi HACiHHA, BUCOTU POCAUH
Ta p,1aMeTpa cTebna bynu makcumanbHuMmM B pocnipi: ‘AHinpoBcbkuit 39" — 88,7%, 137,3 1a 1,7 cm, ‘Biveup’ — 86,9%, 121,8
Ta 1,6 cM BignoBigHO. YCTAHOBNEHO, WO 3i 30iNbLIEHHAM HOPMU BUCIBY HACiHHA 3MEHLIYIOTHCA NOKA3HUKW NPOAYKTUBHOT
KYIWMCTOCTI, Nnowi NMCTKOBOT NoBepPXHi Ta Mack ofHiel pocanHu. HaliHTeHCHUBHIWE POCANHYM COPro 3€PHOBOTO KYLWUIUCh
3a HopMu BUCiBY HaciHHA 150 Ta 200 TuC. WT./ra 3a BCiX LOCAiLKYBAHUX BapiaHTiB WMPUHU MIXPAAb: Y CEPeAHbOMY 0 BOX
A06pe BUNOBHEHNX 3ePHOM BONIOTi Ha OHY POC/MHY 3aNeXHO Bif, COPTOBMX 0€067MBOCTEN. 33 HOPMU 250 TUC. WT./Ta KYLLiHHSA
pocnuH B 060x copTis Bi,u,6yBanoc;1 pewo cnabkiwe — 1,0-1,1 BonoTi Ha pocanHy. Haitbinblwmmm NnoKasHMKM N0 TMCTKOBOT
NOBEPXHi Ta Macu OfHIET POCAMHM BYNK 3a WUPUHU MiXpAAb 45 cm: 1528-2320 cm? i 169,2-185,6 1y copTy ‘[iHinpoBcbkuit 39°
Ta 1476-2180 cm? i 143,1-162,3 r y copTy ‘BiHeub 3anexHo Big rycroTu nociBy. 3MEHIEHHA WUPUHU MiXpaab Ao 15 cm i
36inblweHHs o 70 ¢M NPU3BOAMNO [0 3HUIKEHHS OCHOBHWX NapaMeTpiB pocTy il PO3BUTKY pociuH. BUCHOBKM. Haiininwe
PO3BMBAIUCSA POCIMNHM COPro 3€pHOBOrO 3a CiB6U i3 WUPUHOI MiXPAAb 45 cM Ta HopMoto BUciBy 200 TUc. WT./ra, AKi it pe-

KOMEHAYIOTbCA 18 BUPOLLYBAHHA KYNbTypu B ymoBax lNpasobepexHoro Jlicocteny Ykpaiu.
Kntouosi cnosa: copmu; sezemayiliHuli nepiod; noab0Ba CXOKICMb HACTHHA; GIOMeMPUYHT NOKA3HUKU.

Bctyn

Copro 3epHOBe — HOIIUPEHA IOCYXO- Ta COJIe-
cTiliKa pocauHa, I10 Mae 3HaUHi IepeBaru y BU-
polryBaHHi, 30epiraHHi Ta BUKOPUCTAHHI ITOPiB-
HAHO 3 iHIMMMU 3epHOBUMM KyJabTypamu [1-3].
EdexTuBHicTh ioT0 BUPOIIYBaHHA 3yMOBJEHA
BUCOKOIO BpPOXKalHICTIO Ta yHiBepCAJbHICTIO BU-
KOpUCTaHHA: Y Xap4yoBiii IpOMMCJIOBOCTi, KOPMO-
BUPOOHUIITBI ¥ eHepreTuuHiii raysi [4—8]. Copro
3aiiMae y CBiTi ’ATe MicIie Iic/is mITeHnIli, pucy,
KYKYDPYI3U Ta SYMEHIO, i TpeTe cepen 3epHO(DY-
PaKHUX KYJIBTYP, i BUPOIIYETHCA 371€6iIbIIIOr0
s BUpoOHUITTBA OiomasuBa [9].

OrpuMaHHA BUCOKOI IPOAYKTHUBHOCTI COPro
3epHOBOT'0 MOJKJIMBe Jwuille 3a (GopMyBaHHA
OIITMMAaJBHOI I'YCTOTU CTEOJIOCTOIO Ta PiBHOMIp-
HOT'0O PO3NOAiJy POCIUH Ha IIOCiBHilI mioImi 3
ypaxyBaHHAM MOP(OJOTIiYHNX 0CO0JIMBOCTe
IOCJHiJyKyBaHUX COPTiB. I3 MIMpuHOIO MiKpPAID
i rycroToro mocCiBiB TicHO mOB’sa3aHi BaMKJIMBI
¢GyHKIIII pocauH, AK-OT KUBJIEHHA, TpaHCIipa-

Liudmyla Pravdyva
https://orcid.org/0000-0002-5510-3934
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id, TpuBaJIicTh BereTallifiHoro mepioxy, pict i
posBuToK pociimH Tomio [10-13].

3a panumu M. O. Boiika [14], JI. X. Makaposa
ta M. B. Cxoporo [15], onTuMaJIbHUM € IIIUPOKO-
panunmit cuoci6b cisou 3 midkpaggam 70 cm. OgHax
B ymoBax IliBgHsa YKpaiHnu moIijbHiIIe BuciBa-
T HU3BKOPOCJIE COPT'0 3ePHOBE 34 IITMPUHU MiK-
pans 45 cMm. 3a TaKUX YMOB IIPUPICT ypoOKai-
HOCTi 3epHAa, MOPiBHAHO 3 Mixkpasgamu (0 cwm,
craHoBuB mpubausuo 0,5 T/ra.

B ymoBax Jlicocreny Ykpainu nid omepsKaH-
HS BpOKamWHOCTi 3epHa Ha piBHiI 8,0—-8,3 T/ra
COpPro 3epPHOBE PEKOMEHIYETHLCS BUCiBATU HOD-
Moo 300-400 Tuc. HacinwH/Ta 3a IIUPUHU MiXK-
pans 45 cm Ta 3 yHeceHHﬂM MiHepaJbHUX I00-
pus y wHopmi N, P, K. [16].

3a gamumu C. M. Kanencoxoi Ta B. M. Haii-
nmeHko [17], B ymoBax JliBoGepesxkHoro Jlicocremy
VKpainu MakcuMaJbHY BPOMKaAWHIiCTH ribpuanm
COpTo 3epHOBOT0 hOpMyBaJIH 3a CiBOM 3 MisKpPsAI-
aAaMu 3aBmupiku 50 cm.

IIpamy sane)xkHicTh Mik crmoco6om ciBOM, HOP-
MOI0 BUCiBY ¥ TpuBaJicTio ¢eHO(Das ycTaHOB-
JeHo mocaigHukamMu B ymoBax Cximmoro Jlico-
crerry Yrpainu [18]. 3okpema, cnocrepirauocsa
CKOPOUeHHs (ha3u BUXOAY B TPYOKY BHACJIIIOK
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mocJiabJieHHA MeHOTUYHOI HATIPYTHU MiXK POCJIU-
HaMH B IIociBax y pasi 3MeHIIIeHHs HOPM BUCiBY
HACiHHA Ta 3BYKEHHA HINPUHU MiKpAAb iz 70
Io 45 cm i, BiAmIoBimHO, 30iJbIITIEHHA TPHUBAJIOC-
Ti mepiofiB KyIIiHHA 1 (hopMyBaHHA—TOCTUTAH-
Hf 3epHAa 3a Jil IuX Ke YNHHUKIB.

BogHouac chorogHi IpakKTUYHO BiICYTHI IOK-
JagHi HAyKOBi JaHi I10J0 0COOJIMBOCTEI POCTY
1 POBBUTKY POCJUNH COPI'O 3€PHOBOTO 3aJI€}KHO
BiJl BIIMBY IITUPUHU MidKpALb i HOpM BUCiBY Ha-
cinaa B ymoBax IIpaBobGeperxHoro Jlicocremry Vi-
paiuu, 110, BJIaCcHE, II BU3HAUYA€ aKTyaJbHICTh
IPOBEIEeHHS TAKUX JOCIiIKeHb.

Mema 0Oocaidxienb — yCTAHOBUTU ONTUMAJb-
Hi IMIUPUHY MiKpPAIL Ta HOPMY BHCiBY HacCiHHA
copro 3epHOBOro copriB ‘IHimpoBcbkuit 39’ i
‘Bimensy’, o6r'pyHTyBaTH iXHill BIJINWB Ha TPHUBAa-
JicTh BererarifiHoro mepiomy I OioMerTpumuHi
MOKa3HUKU pocsinH B ymMoBax IIpaBoGepesxHOro
Jlicocteny Yxkpainu.

Matepianu Ta MeToAMKaA BOCHiIAKEHD

Hocaim:xennsa npoBoguau BOpPomoBK 2016—
2020 pp. y 30Hi HECTiNTKOT0 3BOJIO;KEHHA B YMO-
Bax DBiJOIepKiBCbKOI IOCJIiTHO-CeJIeKITITHOL
craHuIlii [HcTuTyTy 6ioeHepreTUUYHUX KYJIBTYP i
nykpoBux 0ypakie HAAH Vkpainmn.

PYHT [OCJIiJHOTO II0JIA — YOPHO3EeM TUIOBUM
MaJIOTYMYCHU, KPYITHOIIMJIYBATO-CEPETHBOCY-
TJIMHKOBOT'O T'PaHyJOMETPUYHOTO cKJanmy. Kap-
0oHATH MATrHiI0 ¥ KaJbI[il0 3aJIATaloTh Ha TJIN-
6uui 55—65 cm. Opuwnit map (0—30 cm) MicTuUTh
mpubausuo 17% MyayBaTUX YACTHUHOK Ta Bin
46 mo 54% xpymnHoro muay. Arpogisuumi i arpo-
XiMiuyHi BJAcTUBOCTiI OpHOro IIapy IPYHTY
(0—-30 cm) xapaKTepu3yIOThCA TAKUMHU IIOKAa3-
HUKaMu: yMmicT rymycy — 3,5%, saraJibHOro aso-
Ty — 0,31%; snerxorigpoJisoBanoro asoty (N) —
13,4; P205 - 27,6; K,0 — 9,8 mr/100 r rpynTy;
rigposiTuuna KucaoTHicTb — 2,41 mr-ekB. Cry-
minp HacuueHocTi ocHoBamu — 90%.

Cxema pmocaimy: yunHux A — coprum: ‘Imi-
nposcbKuit 39°, ‘Binenty’; yunHuk B — mupuHa
Mikpanb: 15, 45 i 70 em; uunHuxk C — HopMa
BuciBy Hacimua: 150, 200 Tta 250 Tuc. mIT./Ta.

ITnoma mociBuoI mingaku — 50 M2, 06JIiKOBOL —
25 m2. IloBTOpIOBAHICTEL HOCJIiAIB — YyoTHpUpa-
3oBa. [ociix 3akjgazaju 3a METOJOM CHCTeMa-
TUYHUX IIOBTOPIOBAHB: Y KOKHOMY IIOBTOPEHHI
BapiaHTH JOCJily po3MiIllyBajii Ha OiJAHKaX
TIOCJIiJOBHO.

Y mocaim:xkeHHAX 3miMicHIOBaJIN (DEHOJIOTIUHI
CIIOCTEPEKEeHHS 3a POCIMHAMMU: IMTOYATOK KOK-
HOl (pasu pocTy I PO3SBUTKY BCTAHOBJIIOBAJU
micad mHacrauHs i1 y 10% pocanu, Macosi 3Ha-
yeHHA — y 75% pocaun. IIogboBYy CXOXKicThb
HaciHHA BUBHAYaJu Hiciad ¢GopMyBaHHA IIOB-
HUX CXOJiB, BiAHOIIIEHHSIM KiJbKOCTi HaciHHH,
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1o 3i#imiio, 1o BuUCigHOTO, BUpaykeHe y BiJcoT-
Kax. Bucory pociamH BuU3HaUaJau MipHOIO JIi-
HiflKOIO BiJi MOBEPXHi I'PYHTY [0 BEPXiBKHU IO-
JIOBHOTO cTebJia B HOCHigKyBaHi dasu pocty i
pos3BuTKy (40 mocTifiHMX POCJAWMH Ha OBOX He-
CYMiKHUX MOBTOPeHHX). [liameTp cTebia Bu3-
HavyaJ W MITAHTEHIIMPKYJeM Ha BUCOTI CKOIIY-
BaHHSA POCJUWH y Iepion 30uMpaHHSA KYJbTYpHU
[19, 20].

HocaimxyBaHi copTu cOpro 3epHOBOI'O OCYXO-
cTiliki, moOpe pearyioTh Ha 3POIIEHHS Ta BHUCO-
KU arpodoH, cepegHbO IIOMIKOAMKYIOTHCS 3JIa-
KOBuMU momeaurnamu [21].

‘IHinposcvruil 39°. Opurinarop — CuHeJNIbLHU-
KiBCBbKa ceJIeKIiiiHO-mocaigHa cTaHIliA [HCTHTY-
Ty 3epHOBUX KyabTyp HAAH Vkpainu. Panuno-
cTurauii, 3aHeceHuil o Ilep:KaBHOTO PeECTPY
COPTiB pOCJWH, NMPUIATHUX IO IOMINPEHHS B
Vkpaini 3 2000 p. PekomengoBaHUE 118 BUPO-
mryBaHHA Ha 3epHO. IloTeHIrifina BposKaiHIiCTb
3epHa — 6—7 T/ra.

‘Bineuv’. Opurinarop — I'ernivecska JIC IacTuTy-
Ty 3epHOBUX KyabTyp HAAH Vkpainu. Panuno-
cTuranii, danecenuii no Iep:xaBHOIO peecTpy 3
2004 p. Hanpam BUKOpPHUCTAaHHSA — 3€PHOBHH i
3epHOo-KopMoBuii. IloreHmilfina BpokalHICTH
3epHa — 10 4—6 T/ra (Ha HE3POIITyBAHUX 3€MJISAX).

Pe3ynbratn gocnipKeHb

YceraHoBIIEHO, IO MIMPUHA MiMKPAIL Ta HOPMAa
BHCiBy HAaCiHHA COPro 3epHOBOrO 000X COPTiB
BILJIMBAJI K HA TPUBAJICTL BereTaIliifHOTO IIe-
piony KyJabTypH, TaK i Ha picT i pOSBUTOK pocC-
auH 3arajgoMm. HailikopoTiium mepion Bererairii
OyB 3a IMUPUHU MiKPAIL 45 cM i 3a/IeKHO Bifg
HOpMU BuciBy cramoBuB Bim 108 mo 111 xmi6 y
copry ‘MuinpoBchkuii 39’ Ta Big 106 mo 111 xi6
y copry ‘Binens’ (taba. 1).

3a ciBOM HACiHHA i3 MUPUHOIO MIMKPAIL 15 cMm
BereTaIiiinmii mepiox OyB mermo OiJabIIMM i cTa-
HoBUB Big 117 mo 119 xi6 y copty ‘IdHinmpoBch-
Kuii 39’ Ta Bix 115 go 117 xi6 y copry ‘Binenys’.
HaiinoBmuii mepionm Bereralrii BigsHaueHO 3a
ciBOu iz mupumHOIO MixpaAmb 70 cm: y copry
‘IMuinpoBchKuii 39’ Bin cranoBuB 116—120 xi6, v
copry ‘Bimens’ — 114-119 ni6.

IITomo HOpMU BUCiBY, TO el YNHHUK He MaB
CYTTEBOrO BILJIMBY Ha TPUBAJICTh MisK(MasHUX
IEepiofiB POCTY I PO3BUTKY POCJHUH: 3 ii 36iJb-
menuAaM 31 150 mo 250 Tuc. HacinmH/Ta pisHUILA
OyJjia B Me:KaXxX OfHiei-TBOX miO.

BignoBigHo A0 mapaMeTpiB NIIMPUHU MiXK-
pPAAb Ta KiJbKOCTiI BUCIAHUX HACiHMH 3MiHIOBa-
Jlacs ¥ MOJIbOBA CXOKiCTh 000X COPTiB KYJIBTYPU
(puc. 11 2).

3a ciBOu HaCiHHA i3 MIUPUHOIO MiMKPAIL 45 cM
ra HopMu BuciBy 200 Tumc. I11IT./Ta HOTO MOJIHOBA
cxXoxkicTh OyJsia HAaMBUINOKIO i craHoBUIa 88,7%
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Tabauus 1
TpuBanicte eHonoriuHmx has copro 3epHOBOro 3aNeXKHO Bif WMPUHU MiXKpAAb Ta HOPMU BUCiBY HaCiHHA, fi6

(cepepte 3a 2016-2020 pp.)

Tpusanicte deHonoriyHux as

=<
@ I g
. T E a © ‘a
~ | Wnpuna Hopma Bucisy g e 2 2 R @
S | mixpans, HaCciHHA, o 2 = S o S 5 =
(] o = © I o = =
™ T™C. wr./ra 2 = s > I = T @ S =
2 3 5 = N 2 z s | 2% s i
T o g T > = ?[ § o T o © ©
8 z = E = 5 s | EF=z | TE 2 5
150 11 5 5 16 13 14 4 18 21 12 119
:Cg 15 200 10 5 5 16 13 14 4 18 20 12 117
= 250 10 5 5 17 13 14 4 18 20 12 118
% 150 10 5 4 15 12 13 4 17 19 12 111
2 45 200 9 4 4 15 12 13 4 17 19 11 108
=4 250 9 4 4 15 13 13 4 18 19 11 110
E 150 9 4 5 17 13 14 4 18 20 12 116
= 70 200 9 4 5 18 13 14 5 19 20 13 120
250 9 4 5 18 13 14 5 19 20 13 120
150 10 5 5 16 13 13 4 19 20 12 117
15 200 9 5 5 15 13 13 4 19 20 12 115
250 9 5 5 15 13 13 4 20 20 12 116
2 150 9 4 4 14 13 13 4 19 19 12 111
2 45 200 9 4 4 13 12 12 4 18 19 11 106
@ 250 9 4 4 14 13 12 4 18 19 11 108
150 9 4 5 15 13 13 4 19 20 12 114
70 200 9 4 5 16 13 13 5 19 20 12 116
250 9 4 5 16 13 14 5 20 20 13 119
HIP, o 1,0

y copry ‘duinposceruii 39’ ta 86,9% y copry
‘Binmeny’. 3a Ii€l K IMUPUHU MidKPAIb, aJIe HOPM
BuciBy 150 Ta 250 Trc. HaciHMH/Ta, MOJIHLOBA CXO-
JKicTh Oyira merio MmeHrnoro: ‘IHinmpoBchbKuit 39° —
87,2 ta 88,0%, ‘Bimemp — 85,7 Ta 85,9% Bin-

MOBiTHO.

MonboBa cxoXicTb HACiHHA, %

Hopma
BUCiBy

90

88

86

84

82

80

78

76

BigmoBigHO.
88,7
88
87,2
84,6
5] G
82,3
81,1
80,4
150 200 250 150 200 250 150 200 250
TMC. wr./ra TMC. WT./Ta TUC. Wr./ra
15 cm 45 cm 70 cm

LLnpuHa mixpagp
HIP :A-168;B-168;C-1,12; ABC-253

0,05°

Puc. 1. NonboBa cx0XicTb HACIHHA COPro 3epHOBOro ‘AHiNPoBCbKMi1 39’ 3aNeXHO BiA WMPUHU MIKPAAD

Ta Hopmu BUCiBY, % (cepeaHe 3a 2016-2020 pp.)
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Hacinas, Bucisme MIMPOKOPATHUM CIIOCOOOM
(70 cm), MaJjI0 JEIo HIUMKYY IIOJBOBY CXOXKiCTb,
sika 3a Hopmu BuciBy 150, 200 Ta 250 Tuc. 1mT./Ta
craHoBuJa B copry ‘HuinmpoBcskmit 39’ — 83,0;
84,6 ta 83,2%; y ‘Bimens — 82,0; 84,7 Ta 83,2%
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3a By3bKOpsanmmoi ciB6u (15 cM) mosboBa cxo-
JKicTh BucissHOro HaciHHA OyJaa HaANMEHIIOH i
cTaHoBMJA 3a HOopMH BuciBy 150 Tmc. mT./ra B
copry ‘Huimposcbruii 39° 80,4%, v ‘Bimerns —
79,7%; 200 twmc. mr./ra — 82,3 Ta 81,4%,
250 Ttwuc. mt./ra — 81,1 Ta 81,0% Biamosigmo.

¥ cepemubomMy 10 mociaimy B copTy ‘Imimpos-
cbKuii 39’ 3a IMMPUHU MiMKpPALL 15 cM BOHAa cTa-
noBuia 81,3%; 45 cm — 87,9%; 70 cm — 83,6%; v
copry ‘Binens — 80,7; 86,2 ta 83,3% sBinmosigHo.

88

85,7
86

84

8?2 814 81

80 79,7

MonboBa cX0XicTb HAaciHHSA, %

78

IITomo mMoIBOBOI CXOMKOCTI HACiHHA 3aJIe’KHO
BiJl HOpPMU BUCiBY, TO B CEPEIHBOMY IO AOCIiTYy
B copry ‘HuinmpoBchbkuit 39’ BOHA cTaHOBMJIA:
150 rtuc. mr./ra — 83,5%; 200 Tuc. mr./ra —
85,2%; 250 Tuc. mr./ra — 84,1%; y copty ‘Bi-
Heny — 82,4; 84,3 ta 83,4% BigmosigHO.

3arajgom y copry ‘lHimpoBcbKkuii 39’ meit mo-
KasHUK 3aJIe’KHO BiJ IMUPUHU MLKPAIL Yy ce-
penabomy craHoBuB 84,3%, y copry ‘Bimens —
83,4%.

84,7

76

Hopma
BUCiBY

150 200
TUC. wr./ra

15 cm

250 150

TAC. wr./ra

86,9

85,9

I |
200 250 150 200

TMC. wr./ra
70 cm

250

45 cm

inpuHa mixpagb
HIP :A-168;B-168; C-1,12; ABC- 2,53

0,05°

Puc. 2. MonboBa cx0xicTb HaCiHHA COPro 3epHOBOro ‘BiHeub’ 3aN1eXKHO Bif WHUPUHMN MiXPAAb
Ta HOpMU BUCiBY HaciHHA, % (cepepHe 3a 2016-2020 pp.)

OgauM i3 ocHOBHUX Mop(o-disiomoriunmx
MOKAa3HUKIB pociamH € ixHA Bucora [22]. Ha
yac 30MpaHHA BPOKAIO COPro 3€PHOBOTO HAaM-
BUIIi POCJUHU Bifj3HauUeHO y BapiaHTi ciBOm i3
MIUPUHOI0 MiKpAIL 45 cM: y copry ‘IHimpoB-
cerkuit 39’ 3a HopMu BuciBy Hacimua 150, 200
ta 250 Tuc. mr./ra — 130,9; 137,3 Tta 134,8 cwm;
y copry ‘Bimens’ — 120,3; 121,8 ta 120,7 cm Bin-
moBigHo. 3a MIMPUHU MiKpAIbL 15 cMm Iei mo-
KasHuK craHoBuB 128,4; 134,7 i 133,1 cm Ta
119,6; 120,4 Ta 119,6 cMm 3a copTaMu BiAIIOBiZHO.
3a ciBOu i3 mupumHOIO MiKpAAL 70 cM pocanHUI
Ooyau merro HuKunMu: ‘lHinpoBechKuit 39’ — Bix
127,8 mo 131,1 cm, ‘Bimens — Bixg 118,9 mo
120,7 cm.

HiameTtp (ToBIITMHA) cTebiia XapaKTepusye picT
POCJIHMH COPro, BiJl SIKOr0 3aJIeKUTh IXHS CTii-
KicTb 0 BUJIATAHHA U OpoayKTuBHicTb. Haii-
MEHIITUM ITeli IIOKa3HUK Ha Yac 30MpaHHa KYJIb-
Typu OyB 3a HOpMu BuciBy Hacimua 250 Tuc.
miT./ra i 3a mupwHU MiKpage 15, 45 i 70 cm
cTaHOBUB Bigmosigwuo 1,4; 1,5 Ta 1,3 cm y copTy
‘NuinpoBcbkuit 39° ta 1,4; 1,41 1,2 cm y copty
‘Bimens’. 3a onTuMaJbHUX IIapaMeTpPiB IITUPU-
HU MiXKpangb (45 cM) Ta HOpMHU BUCiBY HaciHHSA

142

(200 Tuc. mT./ra) giameTp cTebaa MaB HAWBUIITL
3HaueHHsA B 000X MOCJiMKyBaHUX COPTiB, IO
MOSICHIOETHCS 3MIiHOIO ILJIOINi XMWBJEHHS POC-
JIMH YHACJHiJOK 3MeHIIeHHs i 30i/JbIleHHSA IIH-
PUHHU MiXpAIb Ta KiJbKOCTi POCJAWH Ha OAUHU-
IIi TOBXKWHU PSAIKA, BiIIIOBiHO IiaBUIIIEHHSI KOH-
KyPeHIlii pocJauH y IlociBaxX yIPOAOBXK YCHOTO
nepiogy pocTy ¥ PO3BUTKY.

BakauBUM IIOKa3HUKOM, IIT0 BU3HAUAE BeJIU-
YUHY aCUMIiJAIINHOI MOBEPXHi 3JIAKOBUX KYJIb-
TYyp Ha OAWHMUIIL MIJOMNIi, € KYIIUCTICTh, IKAa 3a-
JIeKUTh BiJi 0CcOOJIMBOCTEl PO3BUTKY POCJUH,
30KpeMa BiJl 3JaTHOCTiI B KOHKPETHUX yMOBax
yTBOpIOBaTHU AoAaTKoBi maronu. Ilpoiec Kymiis-
HS B COPTO 3aJIEKUTh BiJ 0COOJMBOCTEll COPTY
Ta yMOB BupoIlyBaHHA. IIpogyKTHUBHA KYIIIHC-
TiCTh € OHUM 3 OCHOBHUX €JIEMEHTIB CTPYKTYPHU
BposKamHocTi [23].

3a BCix mocaimKyBaHUX BapiaHTIB IIUPUHU
MiKPAIh HAWOIIBITY TPOAYKTUBHY KYIITUCTICTD
KYJIBTYpH 3a(hiKcoBaHO 3a HOPMU BUCiBY HaCiHHS
150 Tuc. mrT./Ta, HatiMeHnTy — 3a 250 THC. IIT./Ta.
B ocramHbOoMy Bumamky pocauHU 000X COPTiB
IpaKTUYHO He Kyrquawmesa — 1,0-1,1 mT. Ha
pocauny. Ile mosicHIOeTHCA TUM, IO 3i 36iJb-
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IIIEHHSIM HOpMHU BUCiBY Hacinusa 3 150 mo 250 Tuc.
IIT./Ta 3MEHIITYETHCSA TJIOIIA KUBJIEHHS POC-
JIUH, YHACJiIOK YOT'0 POCIUHN KOHKYPYIOTh MiK

3i 30iJMBITEHHAM MUPUHU MiKpPAAbL 10 70 cMm
Yy 3MEHIIIeHHAM 0 15 cM KigbKicTh cTebes Ha
OIHIiN POCJIMHI 3MEHIITYETHCA BHACJIILOK 3MiHUI

co0010, IIT0 HeTaTMBHO BILIMBAE HA KYIIUCTICTb.

dopmu miomti KuBJeHHA (Tabsm. 2).

Tabauuys 2

BiomeTpuuHi NOKa3HMKMN POC/IUH COPTIB COPro 3epHOBOIO 3aN€}HO Bifj WMPUHU MiXKPAAb Ta HOPMU BUCIBY HACiHHA

(cepepte 3a 2016-2020 pp.)
Nepiop,
5| lupuna Hopma Bucisy 36MpaHHs BUKWAHHA BONOTi—LBITiHHA
S | mixpagb, cM | HaciHHs, TMC. WT./ra BMCOTA AiameTp KYLWMCTICTb, | Maca ofHiel naowWa MCTKOBOT NOBEPXHi
POC/INH, CM cTebna, cm wr./pocn. POCAUHY, T OfHi€T pocnnHy, cm?
150 128,4 1,5 1,5 174,2 1826
:9;’ 15 200 134,7 1,6 1,5 167,8 1430
= 250 133,1 1,4 1,4 153,2 1172
% 150 130,9 1,6 1,9 185,6 2320
2 45 200 1373 1,7 1,8 177,6 1890
2 250 134,8 1,5 1,7 169,2 1528
E 150 127,8 1,4 1,2 131,4 1790
= 70 200 1311 13 11 1241 1480
250 129,4 13 1,0 114,3 1152
150 119,5 1,5 1,8 158,6 1813
15 200 120,4 1,5 1,6 150,3 1420
250 119,6 14 1,5 141,5 1192
2 150 120,3 1,5 2,0 162,3 2180
g 45 200 121,8 1,6 1,9 157,6 1780
@ 250 120,7 1,4 1,8 143,1 1476
150 118,9 1,3 1,4 124,3 1720
70 200 120,7 1,3 1,2 116,3 1365
250 120,1 1,2 11 112,8 1156
HIP, .t A 1,13 0,068 0,062 1,62 9,38
B 1,13 0,068 0,062 1,62 9,38
C 0,75 0,047 0,041 1,08 6,25
ABC 1,70 0,098 0,094 2,43 14,07

IInoma JsmcTKOBOI TOBepxXHi 30iJIbIITyBajacs
Big ¢asm KyImiHHA 10 (has3y IOBHOI'O IIBIiTiHHS.
Hapasi Boma moumHaJjia 3MEHIITyBaTHCA 10 (hasu
TIOBHOI CTHUIJIOCTi 3epHa yepe3 iHTeHCUBHE BiIMU-
paHHA HUKHIX JIMCTKIB Ta NPUIIMHEHHSA YTBOPEH-
HA HoBUX. HaitbiybIla miIora JUCTKOBOI ITOBEPX-
Hi OfIHi€l pocJaUHY cIIocTepiraJjacd 3a HaliMeHIIIOol
TYCTOTH B yCiX AOCIHTimKyBaHUX BapiauTax [24].

¥V copry ‘IlHinpoBcbkuit 39’ 3a HOPpMU BUCIBY
150 Twuc. miT./Ta IJIOIIa JUCTKOBOI IIOBEPXHIi Of-
Hiel pocaumHu Oyjia MaKCHUMAaJbHOIO y (dasi mBi-
TiHHA ¥ 3a IMUPUHU MiKpAIb 15, 45 ta 70 cm
cramosmiaa 1826, 2320 Ta 1790 cm?. I3 zaryen-
HAM IIOCiBiB IIell ITOKa3HMK 3MEHIIIyBaBCs: 3a
HopMmu BuciBy 200 Twmc. miT./ra — 1430, 1890 Ta
1480 cm?; 250 Twme. mr./ra — 1172, 1528 Ta
1152 cm? Bigmosigmo. AHaJioriuHa 3aKOHOMIp-
HicTh cmocTepirasacsa i B copty ‘Bineris’: 3a HOp-
mu 150 Tme. mIT./Ta IJIomia JIUCTKOBOI ITOBEPXHI
ommiel pocauHM 3a IMUPUHU MiXKpanb 15, 45 ta
70 cm cranoBuia 1813, 2180 ta 1720 cm?. I3 sary-
IIIeHHAM IIOCiBiB ILJIOIIA JIMCTKOBOI IIOBEPXHIi Of-
Hiei pocauuu 3menmryBasachk: 200 Tuc. miT./ra —
1420, 1780 Ta 1365 cm?; 250 Tuc. mT./ra — 1192,
1476 Ta 1156 cm? BigmosigHO.
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Haii6insmioro maca ommiel pociauHu OyJa 3a
OIITHUMAJIBbHOI MIUPUHU MiKpAIL (45 cm): 169,2—
185,6 r y copry ‘[mimpoBchbkuii 39’ ta 143,1—
162,3 r y copry ‘Bimenys’.

3MeHINIeHHA MIUPUHU MiKpAmb no 15 cm i
36ispIneHHsa g0 70 ¢cM Ta 3MEHINIeHHS HOPMU BU-
ciBy mo 150 Twmc. miT./Ta i 36imbInenHsa mo 250 Tuc.
IIT./Ta TPU3BOAMJIO N0 BHUIKEHHSA OioMeTpmu-
HUX IIOKA3HUKIB, AKi € CKJIaIHUKaMM BPOKau-
HOCTi KYJIBTYDPH.

BucHoBKM

Haitginime posBuBaimcs pocauHU COPTO 3ep-
HOBOT'O 3a CiBOM i3 MIMPUHOIO MisKpAIL 45 cM Ta
HopMoio BuciBy 200 Tmc. miT./ra, AKi ¥ peko-
MEHIYIOThCA IJIs1 BUPOIITYBAHHA KYJLTYPU B
ymoBax IIpaBoOepes:xkHoro Jlicocrenmy Ykpainu.

3a mupuHU MiKpPAIL 45 ¢cM TpHUBAJIICTH Be-
reTaiiiHoro 1mepiogmy 000X HOCIiMKYyBaHUX
COPTiB COpPro 3epHOBOrO 3MeHITyBajacsa. OTpu-
MaHO BHMCOKY IIOJIBOBY CXOXKiCTh HaCiHHA, AKa
cranoBusia 88,7% y copry ‘duinpoBcbKuii 39’
Ta 86,9% y copry ‘Bimemns’. Biomerpuuni mo-
Ka3HUKU POCTY U PO3BUTKY POCIUH Y IIbOMY
BapiaHTi mocaimy Tako:K OyaMm MaKCuUMaJbHU-
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mu. IloKa3HWKM KYIIMCTOCTI POCJIMH, IIJIOIIL
JIICTKOBOI IIOBEPXHi Ta Macu OfHiel pociuHM 3i
30iJILIITEHHSAM HOPMU BUCIBY HACiHHSA 3MEHIITY-
BaJINCh.
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Purpose. To establish the optimal row spacing and so-
wing rate of sorghum seeds of grain varieties ‘Dniprovskyi 39’
and ‘Vinets’, to substantiate their influence on the growing
season and biometric parameters of plants in the Right-
Bank Forest-Steppe of Ukraine. Methods. Field, laboratory,
mathematical and statistical. Results. The most intensive
growth and development of sorghum plants was observed
when sowing seeds with a row spacing of 45 cm and a
seeding rate of 200 thousand pieces/ha. In particular, the
duration of the growing season under such conditions was
the smallest: 108 days for the ‘Dniprovskyi 39" variety and
106 days for the ‘Vinets’ variety. At the same time, the indi-
cators of field seeds germination, plant height and stem di-
ameter were maximum in the experiment: ‘Dniprovskyi 39" -
88.7%, 137.3 ¢cm and 1.7 cm, Vinets’ — 86.9%, 121.8 cm
and 1.6 cm, respectively. It was found that an increase
in seeding rate reduced indicators of productive tillering,
leaf area and weight per plant. The most intense tillering
of sorghum plants was observed at a seeding rate of 150

ISSN 2513-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2021, Vou. 17, No 2

and 200 thousand pieces/ha for all the studied variants of
the row spacing: on average, up to two panicles well filled
with grain per plant, depending on the varietal characte-
ristics. At the rate of 250 thousand pieces/ha, tillering of
plants in both varieties was somewhat weaker - 1.0-1.1
panicles per plant. The largest indicators of leaf surface
area and weight of one plant were with a row spacing of
45 c¢m: 1528-2320 cm? and 169.2-185.6 g in the variety
‘Dniprovskyi 39" and 1476-2180 cm?and 143.1-162.3 g in
the variety ‘Vinets’ depending on planting density. Reduc-
tion of row spacing up to 15 c¢m and its increase up to
70 cm led to a decrease in the main parameters of plant
growth and development. Conclusions. Sorghum plants
developed better when sown with a row spacing of 45 cm
and a seeding rate of 200 thousand pieces/ha, which were
recommended for growing crops in the conditions of the
Right-Bank Forest-Steppe of Ukraine.

Keywords: varieties; vegetation period; field germination
of seeds; biometric indicators.
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EKonoriyHa nnacTUYHicTb Ta CTabiNbHiCTb YpoXKaUHOCTI
npoca nocisHoro (Panicum miliaceum L.)
V Pi3HUX PYHTOBO-KNIMaTUYHUX 30HAX YKpaiHM

JI. M. NMpucaxHiok®, 0. B. Housina, 0. B. LlLutikoBa, H. A. MizepHa, C. M. lpuxis

Ykpaincekuli iHcmumym excnepmus3u copmis pociuH, syn. leHepana Podumuyesa, 15, m. Kuis, 03041, YkpaiHa,
“e-mail: prysiazhniuk_l@ukr.net

MeTa. OuiHMTK eKoNoOriYHy NNACTUYHICTL ypoiKaitHoCTi npoca nocisHoro B ymosax Creny, Jlicocteny ta Monicca Ykpainu.
Metopu. Marematuko-cTaTUCTMUHI: BU3HAYeHHA CTabinbHOCTI Ta nnacTMyHocTi 3a MeTopukotlo Eb6eprappa—Paccena,
KopenauinHuit aHanis. PesynbTatu. 3a pe3ynbratami KOpPeNsALiiHOro aHanidy NociBHMX NAOLW, Npoca NOCiBHOro 3a nepiog
2011-2020 pp. BU3HAuYEHO, WO nioLwi nig nocisamu npoca nocisHoro B YkpaiHi 3anexarts Bi cBiToBUX (r = 0,34). BusHayeHo,
O BMUCOKMIA piBEHb YPOXAHOCTI NMpoca NOCiBHOroO oTpMMaHo B 30Hi JlicocTeny, a came B [lonTaBcbKiil, XMeNbHULbKI,
Yepkacbkiit, CymcbKilt Ta XapkiBcbkiit obnactax (2,20-2,51 1/ra). [JocTaTHbO BMCOKi MOKa3HWKM OTPUMAHO Y BiHHWLbKIR,
Kuiscbkiit (3oHa Jlicocteny) Ta Kiposorpagcbkiii (3oHa Cteny) obnactax (1,86-2,02 1/ra). Husbky BpoxaitHicte 3a 10
pokiB Big3HayeHo y PiBHeHcbKii, utommupcokiit Ta BonuHcbKil obnacTax, aki Hanexarb 4o 30Hu Moniccs (1,09-1,34 1/ra).
MokasaHo, wo npoTarom 2011-2015 pp. BMCOKa BapiabenbHicTb ypoxaiHOCTi npoca cnoctepiranacs B XMenbHULBKIH,
BiHHMUbKi/ Ta BonuHcbKii obnactax. KoediuieHT Bapiauii ctaHoBue 42,0-71,3%. ¥ 2016-2020 pp. Haitbinbwy Bapiauyito
Bia3HaueHo B [loHelbKiit, BonuHcobkiii Ta Opecokiit o6nactax. KoediuieHT Bapiauii — 31,8-43,9%. BusHaueHo, uio 3a nepioa
2011-2015 pp. BMCOKO MIACTUYHICTIO BPOXKAMHOCTI Npoca NOCIBHOTO XapakTepu3yoTbcsa BiHHUUbKA, [loHeubKa, KuiBchbka,
KipoBorpapcbka, Cymcbka, XapkiBcbka, XMenbHULbKa, Yepkacbka Ta Montascbka obnacti. Y npomixok i3 2016 go 2020 pp.
BMCOKY MIACTUYHICTb O3HAKM BPOXAMHOCTI Big3HauyeHo y BiHHMubKiN, KuiBcbkiil, XapkiBCbKiit, MonTaBcbKii, YepKkacbkiii,
Cymcbkiit Ta XMenbHULbKil o6nactax. BUCHOBKM. 3a pe3ynbtataMu NpoBeAeHUX LOCNiAXKEHb YCTAHOBNEHO, WO Nif Yac CKo-
POYEHHA MOCIBHUX NJOLW, Mif NPOCOM NOCIBHWUM Yy CBiTi, 06car itoro BupobHMUTBa B YKpaiHi 36inbwyeTbcsA. BusHaueHo, wo
HaibinblWwa BpoXaNHiCTb NPOCo NOCiBHOTO 33 AOCNiAXKYBaHi pOKU oTpuMaHa B 30Hi JlicocTeny. BignosigHo fo po3paxoBaHoi
NNACTUYHOCTI BPOXKANHOCTI Mpoca NOCIBHOTO BU3HAYEHO, WO ANs peanisauii 6ionoriyHoro noteHuiany cnpusTnuei ymoBu
6ynu B [loHeubkiit Ta KipoBorpaacekiii obnactax 3oHu Creny, y nicoctenosiii 3oHi — MontaBcbka, KuiBcbka, XapKiBcbKa,
XMenbHULbKa, Yepkacbka Ta Cymcbka obnacri.

Knro4osi cnosa: npoco nocigHe; naacmuyHicmes,; ypoxaliHicms, NnoCIBHA NA0OWaA; Koe@iyieHm sapiayii.

3a 2011-2015 pp. miomti mig mociBammu mpoca

Bctyn

IIpoco mociBHe BUPOIIYETHCA MepPeBa’kKHO B
MOCYIILIMBUX PErioHax 3 00MeKeHOI0 KiJIbKiCcTIo
omajiB Ta MOKe aJalTyBaTUCA IO PIBHUX arpo-
KJimMaTmuraux ymoB [1]. BoHO Mae BucoKy cTifi-
KicTh mpOTHM MIKiZHUKIB i XBOpoO, KOPOTKUIL
mepion Bererarii Ta 3abesmeuye IPOAYKTUB-
HiCTh B YMOBaX MHOCYXU IOPiBHAHO 3 OCHOBHU-
MU 3epHOBUMU KyJabTypamu [2, 3]. Baxxauso
Bii3HAUNUTH, IIIO IIPOCO HE MICTHUTH TJIIOTEHY,
10 poOuTh HOTO I[IHHOI0 XapuOBOIO KYJIBLTY-
poio [4, 5]. OcHOBHUMU BUPOOHUKAMY IIPOCA €
Kpainm Agii Ta Adpuru (taba. 1). B Ykpaini

Larysa Prysiazhniuk
https://orcid.org/0000-0003-4388-0485
Olena Nochvina
https://orcid.org/0000-0002-6639-3260
Yuliia Shytikova
https://orcid.org/0000-0002-1403-694X
Nataliia Mizerna
https://orcid.org/0000-0001-6213-5216
Svitlana Hryniv
https://orcid.org/0000-0002-2044-4528

146 ISSN 2518-1017

cranoBuau 91,57 tuc. ra, y 2016-2020 pp. —
93,30 Tuc. ra.

IIpoco — BamxkamBa i AOCUTH HOIIMpPEeHa B
Vkpaini kpyn’sHa KyJabTypa. 3a CMaKOBUMU
AKOCTAMU Ta XapUOBUMU BJIACTUBOCTAMU BOHO
3aliMae OJHe 3 IEePIINX MiCIlb cepej iHIIUX
kpyn. HeBenmka HOpMa BUCiBY, IIisHIiIIi cTpo-
KU ciBOUM ¥ KOPOTKUII mepiof Bererarii pooaATh
IpoCcOo HEe3aMiHHOIO CTPaXOBOIO KYJbTYPOIO 3a
HeoOximHocTi mepeciBy os3ummHM [6]. Yuposa-
IKeHHA KYJbTYpP, AK1 Halie()eKTUBHIiIIIE BUKO-
PHCTOBYIOTH BYIJIEKUCJINI Tad Ta 3JAaTHI 3a0e3-
ImevuyBaTu cTabiIbHY IPOAYKTUBHICTD V IIOCYIII-
JUBUX YMOBaX, € ChOIOJHI aKTyaJbHUM 3aB-
TaHHAM BUPOOHUKIB pocauHHOI mpoaykirii. IIpo-
CcO, AK TUIIOBUI HPEACTAaBHUK KYJBTYP THUIY
C4, mae 3gaTHiCTh e(heKTUBHiIIIE BUKOPUCTOBY-
BaTH a30T i HAKOMMUYYBATHU JOCUTh 3HAUHY CYyXy
Macy Ha OOWHMUITIO Iioro 3acBoeHHA. CamMe ToMy
pocauHM IIiel KYyJAbTYPU € BUCOKOIPOLYKTHUB-
HUMM, 3 BHCOKOIO CTiHKiCTIO 4O HECIPUATJIU-
BUX YMOB BupoiItyBauud [ 7]. Ilys BupoGHUIITBA
BasKJIUBUM € He TLJIbKU BUCOKUI pPiBeHB IIPO-
IYKTUBHOCTI, aJjie i 3JaTHICTh OTPUMYyBAaTU CTa-
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Tabauuys 1
Mnowa, yposkanHicTb Ta BaNnoBui 36ip npoca nocisHoro B perioHax cBity
2010-2014 pp. 2015-2019 pp.
Perion Mnowa, | YpoxaitHict,| Banosuii 36ip,| MMnowa, | YpoxaiiHicTb,| Banosuit 36ip,
THC. Ta T/ra ™C. T T”C. ra T/ra TMC. T
€spona 552,45 1,23 702,51 449,26 1,41 642,35
3axigHa €Bpona 141,48 3,32 46,94 8,11 4,06 31,39
MisgeHHa €Bpona 0,93 1,79 1,65 0,83 1,40 1,42
(xigHa €Bpona 540,37 1,25 693,31 440,32 1,41 629,25
Azis 12444,97 1,19 14717,14 |10927,85 1,30 14258,83
Adpuka 19742,51 0,63 12523,20 |19833,98 0,69 13646,96

O0iTbHY BPOKAWHICTDL Y HECIPUATIUBUX YMO-
BaX BUPOIIYBaHH#A, IO BUBHAYAETHCA ajall-
TUBHUM MOTeHIIiajgoM pocauH [8]. 3i smimoio
KJIiMaTUYHUX YMOB, aKTyaJbHOCTI HaOyBaiOTh
OOCTiIKeHHS IIOJ0 OIiHIOBAHHS YMOB BHPO-
HIyBaHHSA IIpoca B YKpaiHi B pidHUX I'PYHTOBO-
KJiMaTuyHMX 30HaxX. B VYkpaiwi mocaimkeH-
HAM aJallTUBHOIO IIOTEHIIiaJIly COPTiB IIpoca IIo-
ciBHOTrO 3aiiManucd BueHi [HCTUTYTY POCIMH-
munTea imeni B. 1. IOp’esa HAAH [8, 9]. As-
TOpaMX BUBYAJIUCA IJIACTUUYHICTD MEeAKUX COP-
TiB B yMOBaxX HecTiiikoro 3BojokeHHsA. IIpore,
3BaKaIOUM Ha 301JIbIMeHH ILJIOII IiJ ImociBaMu
Ipoca IIOCiBHOTO OCTaHHIMU pPOKaMM, aKTyaJlb-
HUM € BUBYEHHSA BILJIMBY YMOB BUPOIIYBaHHSA
IJid BUBHAUEHHSA PErioHiB, ¥ AKMX IIPOCO 3HAY-
HOI0 Mipoio MOXKe peasizyBaTu cBi#t GioJsoriu-
HUH IIOTEeHITiaJI.

Mema Oocnidxienv — OIIHUTHA EKOJOTiuHY
IJIACTUYHICTh yPOsKalHOCTI mpoca IIOCiBHOTO B
ymoBax Creny, Jlicocreny Ta Ilomiccsa Ykpainu.

Matepianu Ta MeToAMKa ROCHIAKEHD

AmajnisyBainu IOKa3HUKMN BPOXKAMHOCTi, Ba-
JIOBOT'O 300PYy Ta IJIOII IIpoca IIOCiBHOTO 3a pe-
rionamu Ykpainu 3a 2011-2020 pp. 3a manm-
mu JepsxkaBHOI Ccay:KO0M CTATUCTUKU ¥ KpaiHu
[10]. HocrimskeHHa €KOJOTiUHOI IIJIaCTUYHOCTI
OPOAYKTUBHOCTI IIPOCa IIOCIiBHOTO IIPOBOIAUJII
3a MOKa3HMKAMM Bpo:kaliHocTi mpoca y 19 pe-
rionax Ykpainum. [lani i3 woTupbox objacreit
(3akapmarcbka, IBamo-®PpaHKiBcbKa, JIbBiBChH-
Ka Ta YepniBenbka) Ta ABroHOMHOI Pecrry0ri-
Ku KpuM He BpaxoByBaJi, OCKiJIBKU B IIUX pe-
rioHax Ipoco IOCiBHe BHUCiBaJu B HE3HAYHUX
KimTbKOCTAX i TiIBKY Yy ITEBHI pOKU, a60 BUPOIITY-
BaHHA BeJeThCA HA 3POIITYBAHUX 3EMJISIX, IO
He BigoOpaskae BIJIMBY OOMEKYBAJTbLHUX UMHHU-
KiB JOBKiJjad.

BusHauenHa KopeaAlifiHUX 3ajieKHOCTENH
MiK 00cAroM IIOCIiBHMX ILJOII Ta CBiTOBUMH
MacmrabaMu ITPOBOAUJIN 3a IOIOMOTOI0 Kope-
JAILiMHO-perpecifinoro aHajisy 3 BUKOPHCTaH-
Ham ¢yukiiit Microsoft Excel [11]. Ona ana-
Ji3y B3dATO iH(popMaIllilo Ipo IIOCiBHiI ILIOIIi,
yporKaiiHicTh Ta BaJioBUii 30ip IIpoca mOCiBHOTO
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y cBiTi 3a manumu IIpogoBosibuol Ta CiJILCHKO-
rocnozapcbkoi oprauisanii OOH [12].

PospaxyHoK cTaHJapTHOTO BiAXUJIEHHA Ta
KoedimienTiB Bapiaiii 3 iHTepBasOM y 5 POKiB
y pisHuUX perioHax YKpaiHu 3ailicHIOBaIU y
nporpami Statistica 12.0 (TecroBa Bepcisa) [13].

CrabifbHiCTh Ta MJIACTUYHICTD MOKA3HUKIB
ypoKamHOCTiI mIpoca IIOCiBHOTO aHaJi3yBaJau
3a metoxnukoio Eb6eprapma—Paccesa [14] 38 Bu-
KOPUCTAHHAM IIpOTrpaMHOTO 3abe3meyeHHs
PTC Mathcad Prime 3.1 (TecToBa Bepcisa). 3a-
CTOCYBAHHSA IIiel METOAMKU Iependauac oIli-
HIOBaHHSA PiBHA NPOAYKTUBHOCTI KYJIbTYPH 3a
miractuuHicTio (), AKa € BimobpakeHHAM pe-
rpecil meBHOI KyJbTYypH Ha 3MiHY YMOB KYJb-
TUBYBaHHA, Ta crabimbuicTio (W) Takoi peak-
mii [15].

ITokasumkom miactTuyHOCTi KyapTypu () mo
YMOB BUPOIIYBaHHA BUCTyIIa€ Koe(illieHT pe-
rpecii. [l1sa mepenbaueHHsa JiHIHHOI 3aIeKHOC-
Ti Mi’X BIIJIMBOM TI'€HOTHUIIOBOTO CKJAJAHUKA Ta
e(eKTOM CcepeaoBHUINA BUKOPUCTOBYETHCA pe-
Trpecis meBHOI O3HAKM Ha €KOJIOTiUHi iHJeKcu
cepegmoBuIia. Beaskaerncda, 1mo 3a [ > 1 Bix-
HOCHO CepeIHLOrOpPYyIIOBOl AmcmHepcii mpm IIo-
PiBHAHHI ITOKA3HMWKIB IIJIACTUYHOCTi, yMOBHU
BUPOINYBAHHA € BHUCOKOILIACTUYHUMHU. ¥ pasi
1 > B = 0 ymoBu BUpOIyBaHHA BU3HAUAIOTHCA
AK HU3BbKOILIACTUYHIi. JIKIO 3HaueHHA perpe-
cii mabam:keHe OO OAWMHUIII, TO YMOBU He Bif-
PiBHAIOTHCSA BiJi CepeIHBOTPYIIOBOTO IIOKA3HU-
Ka miaacTuvyHocTi. {14 BusHaueHHA TUIIY YMOB
BUPOIIYBAHHS PO3PAaXOBYIOTh CTAOLILHICTL pe-
akiii 3a cryneHeM BigxusenHd W. o ymoB,
AKi COpPHAIOTH OTPUMAHHIO BUCOKOI BpOXKali-
HOCTi Ta peaJisarii 0ioJioTiuHOTO IIOTEHIIiaTy
KYJbTYPH 32 YMOBU OIITHMAJIbHOTO IMOETHAHHS
YMHHUKIB CcepemoBUINa, HAJNEKaTh BUCOKO-
IJIACTUYHI YMOBU 3 HUBbKUM 3HAUEHHAM CTa-
O0imbHOCTI peakmii. HusbKomiaacTHuHI yMOBH
opMyBaHHSA BPOYKAWHOCTI IIpoca IIOCIBHOTO,
AKUM TpUTaMaHHE HU3bKe 3HAUEHHS CTa0iIb-
HOCTi peakiiii, He 3HMIKYIOTH YPOKaAWHICTH 3a
BILIMBY OOMEKYBaJIbHUX UYMHHUKIB, IIpoTe it
He CIPUSITh (POPMYBAaHHIO BUCOKOI IIPOAYK-
TUBHOCTI.
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Pe3ynbTatn gocnigKeHb

IIporarom 2009-2019 pp. cmocrepiramocs
BapiloBaHHSA MOCiBHUX ILJIOI, ypo:KalHOCTI Ta
BaJIOBOTO 300py IIpoca MOCiBHOTO SAK Y CBiTO-
BoMy MaciTabi, Tak i B Ykpaimi. aui xope-

40000

JAMiAHO-perpeciiHoOro aHaJi3y cBiguyaTh, IO
MOCiBHI IJIOIi KyJAbTYPU B YKpaiHi 3ajyekaThb
Big cBitoBux (r = 0,34): v KOXKeH HaCTYIIHUI
pik momi mix mociBaMm IIpoca B YKpaiHi
301JIBITYIOTHCA B Pas3i 3MeHIIIeHHS iX y cBiTi B
momepenHin pik (pme. 1).
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Puc. 1. 3anexHicTb NOKa3HUKa NOCiBHMX NaoLy npoca

ITe cBigumuTh TWpo Te, ITO BUPOOHUIITBO ITiei
KYJbTYPU B YKpaiHi pearye Ha KOJIMBaHHS CBi-
TOBOTO PMHKY IIpoca Ta HalliJleHe Ha 3aJI0BO-
JIeHHs1 cBiToBOorOo mommuTy. lermio cimabkimmi Ko-
peadaIifiHi 3aJe;KHOCTi, BU3HAUEHI MixK obcs-
ToM ILJIOII] Ipoca mociBHOTO B YKpaiui Ta Kurai
(r =0,20), B Yrpaiui ta Iuzii (r = 0,16). Mix
perioHamu, dAKi € JimepaMu y BUPOIIyBaHHI
mpoca IIOCiBHOTO B CBiTi, Ta YKpaiHOIO cIocTe-
pirammca caabKi KopeadmiiiHi sayeKHOCTI:
VYxkpaima ta Azia — r = 0,19; Vkpaina ta Ad-
puka — r = 0,15.

OcKifbKM BUPOIITYBaHHS IIpOca IIOCiBHOTO
€KOHOMIUHO JIOIIiJIbHE B MOCYIIJIUBUX perioHax,
B YKpalHi OCHOBHi 0oro mociBHi mJjoImi 3oce-
pemxeHi B 3anmopisbkii, Ogecbkiit Ta XepcoH-
cbKil obsactax: 10,54; 10,51 ta 10,45 Tuc. ra
BigmoBigHO (Tabi. 2).

Bucoki moxasHUKHN BposKaliHOCTI BigsHaue-
HO B 30Hi Jlicocreny: KuischKiit, ITonTaschbKiii,
CymcbKilt, XMenbpHUIBbKM, YepKachKiit Ta Xap-
KiBCcbKih oOmacTax (2,02—-2,51 t/ra). ¥ Cremy
JIOCTaTHBO BUCOKA BPOXKalHiCTh chopMOBaHa B
KipoBorpaacekiit oo6smacti — 1,86 T/ra. HusbsKy
BpOsKalHicTh Ipoca BifjsHaueHO V¥ PiBHeHCHKIH,
HKuromupcenkiii Ta BoauHebKil ob6acTax, II0
HajsesxaTh 10 30U Ilomicea (1,09-1,36 T/ra).
Opuak, y THX 00JaCTAX, e OTPUMAHO HU3bKUI
ypo:Kaii, BUCOKMI 30ip mpoca JOCATAETHCS BU-
COKVMU MOKAa3HUKAMHU ITOCiBHUX IIJIOII. 30Kpe-
Ma, BaJoBUi 30ip y JHimpomeTpoBChKiit obac-
Ti focsarae 16,08 Tuc. T, y 3amopisskiit — 15,39;
y XepcoHcbKiii — 14,71; B OmecbKiii — 14,23 Tuc. T.
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nociBHoro B YKkpaiHi Bia cBitoBux (2009-2019 pp.)

Tabauuys 2
CepeaHbo6GaraTopiuHi NOKa3HUKKU BpPOXKAMKHOCTI, nnowi
Ta Ba0BOro 360py npoca nociBHOro 3a perioHamu
Vkpainu (cepepHe 3a 2011-2020 pp.) *

PerioH YpoxaitHicts,| Mnowa, | Banoswii 36ip,
T/ra THC. ra T™MC. T
YkpaiHa 3arasom 1,60 92,43 171,08
BiHHMUbKa 1,98 1,06 2,91
BonnHcbka 1,35 0,67 0,96
[HinponeTpoBcbka 1,44 9,42 16,08
[loHeubKa 1,48 6,70 12,26
¥utomupceka 1,36 3,86 6,21
3anopisbka 1,34 10,54 15,39
KniBcbka 2,02 1,74 4,64
KipoBorpapacbka 1,86 2,34 5,60
JlyraHcbka 1,52 4,14 8,45
MukonaiBcbka 1,37 8,78 13,09
Opecbka 1,43 10,51 14,23
MNonTaBcbka 2,32 3,59 10,01
PiBHeHCbKa 1,09 0,34 0,49
Cymcbka 2,20 2,10 576
TepHoninbcbka 1,42 0,19 0,29
XapkiBcbka 2,13 9,04 22,55
XepcoHcbka 1,35 10,45 14,71
XMenbHULbKA 2,38 0,28 0,85
Yepkacbka 2,51 1,27 4,10
YepHiriBcbKa 1,66 4,41 8,72

*6e3 ypaxyBaHHa AP Kpum, 3akapnartcbkoi, IBaHo-®paHkis-
cbKoi, JIbBiBCbKOT Ta YepHiBeubkoi obnactei.

Ciinm 3asHaumTH, 110 HaWOiIbIIMI 30ip 3epHa 3a
IOCJiIyKyBaHi POKM OTpuMaHO B XapKiBChKii
obaacti — 22,55 tuc. 1. Hafium»Kui moKasHUKHT
3adpikcoBaHo B TepHomninbebKilt, PiBHeHCHKiM
ta BoauHceskiit oomactax (0,29-0,96 Tuc. 1) 3a
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PaxyHOK HU3bKOI BPOKaWHOCTI Ta HeBHAUHUX
nociBHuUX 1omi. TakmM YMHOM, B yMOBAaX,
u1o ckJajauca B 30Hi JlicocTeny 3a gocaimxy-
BaHiI POKU, MPOCO IIOCiBHe 3a0e3IMeuni0 BUCO-
Ky BpPOKallHiCTh Ta HaBiTh 3a HEBEJWKOTO 00-
CATYy IIOCiBHMX ILJION [AAJI0 AOCTATHBO BUICO-
Kuit 30ip s3epHa. B ymMoBax mocyxm mpoco
MO:Ke 3a0e3ImmeuyBaTH BUIL BposKkai, HiK iHIIi

3ePHOBi KYJBTYpPH, a 32 PaAXYHOK 30iJbIIIeHH
HOCIiBHMX IIJIOII — BHCOKi IIOKasHUKU 300py
3epHa.

Hna BusHaueHHSA BapiabeJabHOCTI BpOKAM-
HOCTi mpoca mociBHOrO B mmepiog 2011-2020 pp.
Yy po3pisi perioHiB #ioro BUpPOIyBaHHA B YKpa-
iHi1 po3paxoByBaJu CTaHAapTHE BiAXMWJIEeHHA Ta
KoedimienT Bapiarii (Tabia. 3).

Tabauys 3

CraHpapTtHe BigxuneHHA Ta KoediuieHT Bapiauii BpoxanHocTi npoca nociBHoOro 3a perioHamu YkpaiHu*

. 2011-2015 pp. 2016-2020 pp.

Periox p - P : - P

CranpapTHe BigxuneHHs | KoediuieHT Bapiauii | CraHpapTHe BigxuneHHs | KoediuieHT Bapiauii
YkpaiHa 3aranom 0,37 23,9 0,15 9,4
BiHHUUbKa 0,80 50,1 0,50 21,3
BonuHcbka 0,72 71,3 0,61 35,9
[HinponeTpoBChKa 0,48 335 0,20 13,7
[oHeubka 0,56 32,0 0,39 31,8
Hutomupceka 0,06 5,6 0,17 10,1
3anopisbka 0,42 31,3 0,35 26,1
KuiBcbka 0,27 14,7 0,58 26,1
KipoBorpancbka 0,58 30,4 0,31 16,9
JlyraHcbka 0,34 21,3 0,26 18,2
Mukonaiscbka 0,50 351 0,32 241
OpecbKa 0,31 22,6 0,64 43,9
[MonTtaBcbka 0,53 22,3 0,34 15,1
PiBHeHCbKa 0,23 33,2 0,36 23,9
CymcbKa 0,35 18,2 0,53 21,4
TepHoninbcbKa 0,49 32,3 0,36 27,0
XapkiBcbKa 0,45 211 0,36 171
XepcoHcbKa 0,35 33,8 0,31 18,8
XMenbHULIbKA 0,84 42,0 0,64 23,0
Yepkacbka 0,47 19,5 0,41 15,8
YepHiriBcbka 0,28 18,0 0,33 18,9

*6e3 ypaxyBaHHs AP Kpum, 3akapnartcbkoi, IBaHo-®paHkiBcbKoi, JIbBiBcbKoi Ta YepHiBelbkoi obnacTei.

Bucoka BapiabenbHicTh ypo:kaliHOCTI mpoca
IOCiBHOTO BimMiueHa B OLJIBIIIOCTI JOCJIig:KyBa-
HUX perioHiB YKpainu y mpomixkok 3 2011 mo
2015 p. Oy:xe BucOKa BapiabesbHiCTH cIocTe-
piranmaces y Binaunpkiii Ta BoauHcbKit obiac-
rax. Koedimienr Bapiamii cramoBuB 50,1 Ta
71,3 Bigmosiguo. ¥ XMeJabHUILKil objacTi Ta-
KOK Bifl3HaUeHO BMCOKY BapiabeJbHICTH ypo-
sKariHocTi — KoeditienT Bapiaii 42,0.

3a mepiog 2016—2020 pp. Bucoka Bapiabein-
HiCTh NOKAa3HMKA BPOXKAMHOCTI Bigs3HaueHa y
Binnunskii, Boamncwbkint, Homemnsbkiit, 3aro-
pispkiit, KuiBchbkiii, MukosaiBcbKiii, PiBHeH-
cokiit, CyMmchKiit, TepHOminbebKilT Ta XMehb-
HUIIbKi#T obmactax. Ciaix sasmaumTu, II0 gOC-
TaTHHO BUCOKUU DPiBeHHL BapiabesbHOCTi cmoc-
TepiraBca B Opjecbkiii ob6isacti. Koeditiert
Bapiamii — 43,9. Hafimenmr BapiabelbHOI0 BPO-
JKaliHicTh mpoca mociBHOro 3a mepiomu 2011-
2015 ra 2016—-2020 pp. 6yaa B sKuTomMmupchbKii
obsacti. Ik BuAHO 3 mOmepPemHBLOTO aHATIZY, V
i o0JsracTi BOPOAOBIK MOCIiAKYyBaHUX POKiB
npoco IociBHe (hopMyBaJio He BUCOKY BpOKaii-
HiCTB.
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Bucoxa BapiabenbHicTh yposKaWHOCTI mTpoca
TOCiBHOTO BIIPOAOBYK [OCJi)KYyBaHUX POKiB
MOJKe OyTH 3yMOBJIEHA 3MiHOIO KJimMaTy YKpa-
iHM Ha OiJbII TOCYIIJIWBUH, 3a YMOB SAKOTO
IOIIiJIbHiIIIe BUPOIIYBAaTU HOCYXOCTifiKi KyJIb-
Typu. Takok OmHi€I0 3 IPUUYMH MOXKe OyTH;
BIPOBA’KEHHA HOBUX TEXHOJIOTifl BUpPOINY-
BaHHA IIPOTATOM OCTAHHIX POKiB, fAKi crnpus-
I0Th IiABUIIEHHIO BPOKANWHOCTI y IMEeBHUX pe-
rionax [16].

3a metomukoo Eb6eprapma—Paccena ymoBu
BUPOIIyBaHHSA 3 Koe(inmienTom perpecii f§ > 1
BiTHOCATH [0 BHCOKOIIJIACTHUYMX, 34 YMOBU
1> =0 — 1o BifHOCHO HU3BKOILJIACTUYHUX 34
BposkaliHicTI0O mpoca mnociBHoro. lIloxasHuru
€KOJIOTiUHOI IJIACTUYHOCTI Ta cTabiJabHOCTI Ha-
BeleHO B Tabawuii 4.

Amajis JaHux MJIACTUYHOCTI I cTabiJIbHOCTL
BPOXKaMHOCTI IIpoca IIOCiBHOTO B Pi3HUX perio-
HaxX YKpaiHu AaB 3MOI'y JaTHU IIOBHY XapakKTe-
PUCTUKY yMOBaM BUPOIIYBAaHHS 3a €KOJOTiu-
HOIO IJIACTUYHICTIO # cTabiIbHICTIO BPOKaTHOC-
Ti mpoca Ta POBMOJIINTH PerioHM 3a OOMe:KY-
BAJLHUMU YMHHUKAMU CEepeIoBUIIA.
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Tabauuys 4
Cra6inbHictb (B) Ta nnactuunicte (W) ypoanHocri
npoca nociBHOro 3a perioHamu YkpaiHu

. 2011-2015 pp. 2016-2020 pp.
Perion B W B W
BiHHULUbKa 1,70 | 7,42 x 104 | 2,55 | 9,25 x 10*
BonuHcbka =211 | 7,72 x 104 | 1,22 | 9,63 x 104
[HinponeTpoBcbka | 1,49 | 7,51 x 10* [-0,37 | 9,76 x 10*
JloHeubKa 1,81 | 7,35 x 10 | 1,54 | 9,90 x 10*
HKutomupcobka 0,05 | 7,69 x 10* |-0,11 | 9,64 x 10*
3anopi3bka 1,26 | 7,54 x 10| 0,92 | 9,83 x 10*
KuiBcbka 0,93 | 7,31 x 10* | 2,60 | 9,34 x 10*
KipoBorpapcbka 2,27 | 7,27 x 10* | 1,55 | 9,57 x 104
JlyraHcbka 1,03 | 7,41 x10%| 1,26 | 9,77 x 10*
MukonaiBcbka 1,62 | 7,50 x 104 | 0,80 | 9,84 x 10*
Opecbka 0,73 | 7,52 x 10* |-2,59 | 9,76 x 10%
MonTaBcbKa 1,89 | 7,04 x 10% | 1,42 | 9,32 x 10*
PiBHeHCbKa -0,63 | 7,87 x 10* | 0,10 | 9,74 x 10*
Cymcbka 1,28 | 7,27 x 10* | 2,01 | 9,20 x 10*
TepHoRinbCbKa 1,68 | 7,47 x 10* | 0,18 | 9,83 x 10*
XapkiBcbKa 1,72 | 7,15 x10%| 1,39 | 9,40 x 10*
XepcoHcbKa 0,97 | 7,70 x 10* | 0,55 | 9,64 x 10*
XMenbHULbKa 0,04 | 7,23 x 10* | 2,83 | 9,04 x 10*
Yepkacbka 1,30 | 7,02 x 10* | 0,96 | 9,14 x 10*
YepHiriBcbka 0,97 | 7,43 x10% | 1,19 | 9,60 x 10*

*6e3 ypaxysaHHs AP Kpum, 3akapnartcbkoi, IsaHo-®paHkis-
cbKoi, JIbBiBCbKOT Ta YepHiBelbkoi obnacrei.

Y mepiox 2011-2015 pp. BHCOKOIO ILIACTUY-
HIiCTIO BPOXKAMHOCTI ITpoca IMOCiBHOT'O XapaKTepu-
3yBaJinch yMOBU Binuurbkoi, [loHenbsKoi, Kuis-
cokoi, KipoBorpaacekoi, ITonrascbkoi, CyMch-
Kol, XapKiBCchbKOl, XMeJbHUIIbKOI Ta UepKach-
Koi oGJiacreit (puc. 1).

Y 2016-2020 pp. ymM0BH, IIT0 CKJIAJNCH y Bin-
HunbKit, KuiBcokiit, ITonTaBeskiit, CyMcbKiii,
XapkiBcbKiit, XMeIbHUIILKIN Ta YepKacbKiit 00-
JIaCTAX, OyJIY CIPUATIUBUMU JIJIS OTPUMAHHS BU-
COKOI IPOAYKTHUBHOCTI IIpoca mociBHOTrO (puc. 2).

Bucoka miacTUUHIiCTb YPOXKAUHOCTI y IOEN-
HaHHI 3 HUSBKUM 3HAaUYeHHAM KoedimieHTa cra-
6impHOCTI peartii (W) xapakTepusye perionu
3 iHTEHCUBHUMH yMOBaMu. 30KpeMa, 3a mepios
2011-2015 pp. iHTeHCUBHI YMOBU BUPOIITyBaH-
HdA IIpoca IMOciBHOTO cKJiajnuch y JloHeIbKii,
Kwuiscbkiit, KipoBorpaacekiit, IloaraBcbkiii,
Cymcokiii, XapkiBcbKili, XMeIbLHUIIbKIA Ta
Yepracbkiit obsmactax (puc. 3).

Y mpomixkok i3 2016 mo 2020 p. imTeHCHBHIC-
TIO YMOB BHPOIIYBaHHSA IIPOCAa IIOCIiBHOTO Xa-
pakTepusdyBasuchk BimHunbka, Kuiscbka, IloJ-
TaBcbKa, CyMchbKa, XapKiBcbKa, XMeJbHUIh-
ka Ta Yepkacwoka obusacti (puc. 4).

2011-2015 pp.
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Puc. 1. BiaxuneHHs cepeaHboi aucnepcii BpoxkanHocTi npoca nocisHoro 3a 2011-2015 pp. 3a perioHamun Ykpainu
(6e3 ypaxyBaHHsa AP Kpum, 3akapnatcbkoi, IBaHo-®paHkiBcbKoi, JIbBiBCbKOT Ta YepHiBelbkoi obnacteit)

TaxuM ymHOM, HAWUCHOPUATAUBIININMU OJIA
OTpPUMaHHA BHMCOKHUX YpOKaiB IIpoca IIOCiB-
HOTO OYyJIM IIOTOMHI YMOBHU, IO CKJIAJMICS IPO-
rarom 2011-2020 pp. y perionax Jlicocremy
Yipaiuu: Kwuiscekiii, Iloarascbkiii, Cym-
CchbKill, XapkiBcbKili, XMenbHHUIIbKiT Ta Yep-
KacbKill obaactax. Bapro sazmauuTu, 1o Ji-
MiTOBaHi yMOBU BUPOIIYyBaHHA Ipoca IOCiB-
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HOTO BIIPOJOBJK MOCJTIi’KyBaHMX POKiB CKJia-
aucsa Tiabku B Jlyramcwbkiii obmacti y 2011-
2015 pp.

Ilonmpu pocTaTHBRO BUCOKY KiJIBKiCTh perio-
HiB YKpaiHU, YMOBU B AKUX CIPUAJU BUCOKil
IJIACTUYHOCTI BPOYKAWHOCTI mpoca IIOCiBHOTO,
3a mepioxm 2011-2015 pp. HMBBbKA WJIACTUY-
HiCTH PiBHA MPOAYKTHUBHOCTI KYJBTYPH CIIOCTE-
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Puc. 2. BiaxuneHHs cepeaHboi pucnepcii BpoxkanHocTi npoca nocisHoro 3a 2016—-2020 pp. 3a perioHammn YKkpainu
(6e3 ypaxyBaHHs AP Kpum, 3akapnatcbkoi, IBaHo-®paHkiBcbkoi, JbBiBCbKOT Ta YepHiBewlbkoi obnacTeit)

2011-2015 pp.

o
S 5000 4486
S 4000
2 3000
O:=
2 2000
== 000 826496 1021
2 = 1000537 128914
Sz 0
= >
N
& 2 000 753503
T -3000
=
=
X -4000
& -5000 -3804 3978
=
$ g ¥ ¥ g oz g ogog T g ¥ Yo E oz E oz g
2 i 0 0 0 ) 0 = 0 a f i 0 f -0 i 0 = 0 -0
s £ 8 § 8 2 8 g 2 8 g8 8B 2 ¢ 2 83 & g o8
isggsg=§§5=g%gg§.5§§:§;:
& 3 &8 = 5 £ ¥ £ > 35 ° 5 &5 ° § g a3 § & %
©@ 5 E & g - = c o T 2 2 E T g
2 = 2 = @ d
"é—zc '
06nacTb

Puc. 3. BigxuneHHs 03HaKu cTaGinbHOCTI 33 BPOXKaiHicTIo npoca nociBHoro 3a 2011-2015 pp. 3a perioHamu YKpaiHu
(6e3 ypaxyBaHHs AP Kpum, 3akapnatcbkoi, IBaHo-®paHkiBcbkoi, JbBiBCbKOT Ta YepHiBewlbkoi obnacTeit)

piramaces mepeBakuo B 3ouHax Cremy Ta Ilosic-
csa. Hecupusarausi ymoBu 1y epeKTUBHOIL pea-
Jisarrii pocamHaMu 6i0JIOTIYHOTO MOTEHITIATY ¥
2016—-2020 pp. TakoK CKJIAJMCA B periomax
Crenry Ta Iloaicca. OgHak, caig 3a3HaunTH, IO
B CTenoBi#l 30HI TinbKU B [loHenbKiM obsacTi y
2011-2015 pp. BimsHaueHo GopMyBaHHA iH-
TEeHCUBHUX YMOB IJIA peasisarlii OiosoriuHoro
IOTEHIIiaay IIpoca IIociBHOTO. YMOBH, IO CKJIa-
aucsa B HomenbKiit obmacti y 2016-2020 pp.,
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MOJKHA BiJHECTH HepeBasKHO M0 TaKUX, IO UM-
HATH eKCTPeMaJbHUIl BILIMB Ha (QOPMYBaHHS
BPOKAMHOCTI.

Omxe, 3BasKaOUM Ha TJI00AJIBHI 3MiHM KJIi-
MaTy, V 3B A3KYy 3i 30iIbIlIeHHAM perioHis i3
HeJIOCTATHBOIO BOJIOTOIO Ta, SIK HACJIZOK, 3Mi-
IIeHHAM Me)X I'PYHTOBO-KJIIMATHUYHUX 30H B
Ykpaini, HallcOpUATAUBIINMA yMOBaMHu MAJIA
BUPOIITYBaHHsA mpoca mocisuoro y 2011-2020 pp.
o0yJsa soua Jlicocrermy.
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PocnuHHuymso

2015-2020 pp.
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Puc. 4. BigxuneHHs o03Haku cTabinbHOCTI 33 BpOXKaiiHicTIO Npoca nociBHoro 3a 2016-2020 pp. 3a perioHamu YKkpainu
(6e3 ypaxyBaHHsa AP Kpum, 3akapnatcbkoi, IBaHo-®paHkiscbKoi, JIbBiBcbKOT Ta YepHiBelbkoi obnacteit)

Ilig yac mocaimKeHHS eKOJIOTiUHOI ImIacTud-
HOCTi Ta crabiJbHOCTI COPTiB ITpoca IOCiBHOTO
y cxiguiit vactuHi Jlicocreny Ykpainu [8], Bus-
HaAueHO, IO T'eHOTUIIOBUU CKJIAZHUK COPTY
3HAUYHOIO MipoOI0 BILJIMBAa€ Ha IPOAYKTHUBHICTh ¥
30HI HecTiiKOTO 3BOJOKeHHdA. [locimimxeHHA-
mu IlleBens Ta in. [17] mokasano eheKTUBHICTH
BUKOPUCTAHHS CTIHKHUX JI0 IIOCYXY COPTIiB IIpoca
nociBHOro B ymoBax IliBnua YKpainu.

Y pob6oti Benenixinoi ta im. [9] Ha ocHOBI
aHaJIidy aJallTUBHOCTI COPTiB IIpoca IIOCiBHOTO
B perioHax YKpaiHu 3 piBHUM piBHEM 3BOJIO-
JKeHHA TOKasaHo, IO IIeBHI copTHU IIpoca IIo-
CiBHOT'O peasidyioTh CBili TeHETUUHUY IMOTEHIIi-
aJl y OifbIN IMOCYIIIMBUX YMOBaX BUPOIITYBaH-
HdA, a igmii — BuMoOrJamsimii go 3abesledyeHHS
3BOJIOKEHUX YMOB BUPOIIYBaHHA.

Takum umHOM, 3Ba)KaUu Ha pes3yJabTaTu
HaIIuX JTOCHigKeHb 00 ()OPMYBaHHSA IIPO-
IYKTUBHOCTI IIpoca IOCiBHOT'O B PiBHUX peri-
oHaxX VYKpaiHu, [OJA OTPUMAHHS BHCOKOTO
BpoKaw Iiel KyJAbBTYPH CJiJ ypaxoByBaTHu
0CcOOJIMBOCTI TeBHOI I'PYHTOBO-KJIiMaTHYHOI
30HU.

BucHoBKuU

Y pesyisbrari mociimsKeHb BU3HAUEHI Kope-
JAIINHI 3aJIe’KHOCTL MiK IIJIomiaMu, 3alHATH-
MU HiJl TpocoM IOCiBHMM B YKpaiHi Ta cBiTi, a
TAKOX Y PperioHax Ta KpaiHaxX CBiTy, AKi €
OCHOBHUMY BUPOOHMKaAMMU IIiel KYJbTYpPH.
YcraHoBIIEHO, ITTO0 00CATH BUPOIIYBAaHHS Ipoca
nociBaOro B YKpaini y 2011-2020 pp. zamexxa-
JIX BiJl CBITOBOT'O MONMUTY Ha I[I0 KYJAbTYypPy. Bus-
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HaveHO perioHM YKpainu, aki sabesmeumam
HaWOiIbITY BpOsKAWHICTL Ta BaJIoBUiT 36ip mpo-
ca mociBHOro B Ykpaiui. Ilokasano, 1o 3a moc-
JigyKyBaHi poKu HabiabInit 30ip mpoca mocis-
HOTO 3abesmeunsu perionu 3oum JlicocTemy Ta
Creny (loHembKa 00J1aCTh).

BusnaueHo BHCOKY BapiabesbHICTH yposKaii-
HOCTi IIpoca IOCiBHOTO B yciX perioHax YKpai-
Hu BupomoB:xk 2011-2020 pp., 1m0 Moxe OyTH
3yMOBJIEHO 3MiHOIO AK I'DYHTOBO-KJIIMaTUUYHUX
YMOB, TaK i TeXHOJOTIYHMX 3aXO/iB BUPOIIY-
BaHHA. HaliBunly npogyKTUBHICTb IIpoca II0CiB-
Horo orpuManu B perionax Jlicocteny Ykpai-
uu: KuiBcbkiit, IToaraBebkiit, CymebKiii, XapKis-
coKiit, XMeapHUNLKiZZT Ta YepkacbKiii obJac-
TAX, IPO IO CBiUaTh pe3yJIbTaTU aHaJi3y ILjiac-
TUYHOCTI Ta cTabiJIbHOCTI BPOXKANHOCTI KYJIBTY-
pu Bupoxo:xk 2011-2020 pp.

IIpoTdarom pmocaif:kyBaHUX POKiB HECIIPUAT-
JUBI yMOBU [Jd BUPOIIYBaHHA Ipoca IIOCiB-
HOro ckJaamch y Jlyrancwkiii obaacti (2011—
2015 pp.), ogHAK 3a Iel Ke IPOMiKOK Uyacy B
CTeIOBili 30HI BHCOKY IPOAYKTHBHICTH IIpoca
3abesneumsia JloHenbKka 006J1aCTh i3 BUCOKUMU
MOKa3HMKaMU IJIACTUYHOCTI BPOKaMHOCTI.

TakuM YMHOM, PerioHu 3 HU3bKOI ILJIaCTHY-
HiCTIO BpOKaiHOCTI ITpoca mociBHOTO He 3a0e3-
eYyIoTh BUCOKUI PiBeHb YPOXKAMHOCTI Ta He €
MMEePCIEeKTUBHUMHU [Jisi 3HAYHOTO HOIIMIHPEHHS
MOCiBHUX ILJIOMI IIiJ Ili€el0 KyJbTypoio. ¥ peri-
OHaX i3 BMCOKOIO IJIACTUUYHICTIO BPOXKaMHOCTI
IpoCO TOCiBHE B POKU 3i CHIPUATJIUBUMHU YMO-
BaMU peaJsiizye cBiil 6GiosIoTiYHME TOTEHIIiad Ha
3HAYHOMY PiBHi.
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Purpose. To estimate the ecological plasticity of com-
mon millet yield under conditions of Steppe, Forest-Steppe
and Forest of Ukraine. Methods. Mathematical and statis-
tical: determination of stability and plasticity by Eberhart
& Russell method, correlation analysis. Results. As a result
of correlation analysis of millet cultivated areas during the
period of 2011-2020, it was revealed that cultivated areas
in Ukraine depend on the world ones (r=0.34). It was deter-
mined that a high level of common millet yield was obtained
in the Forest-Steppe zone, namely in Poltava, Khmelnytskyi,
Cherkasy, Sumy and Kharkiv regions (2.20-2.51 t/ha). Quite
high rates of yield were obtained in Vinnytsia, Kyiv (Forest-
Steppe zone) and Kirovohrad (Steppe zone) regions (1.86—
2.02 t/ha). Low yield over 10 years was noted in Rivne, Zhy-
tomyr and Volyn regions, which belong to the Forrest zone
(1.09-1.34 t/ha). It is shown that during 2011-2015 high
variability of millet yield was observed in Khmelnytskyi, Vin-
nytsia and Volyn regions. The coefficient of variation was
42.0-71.3%. During 2016-2020 significant variation was

154

noted in Donetsk, Volyn and Odesa regions. The coefficient
of variation was 31.8-43.9%. In the period from 2016 to
2020, high plasticity of the yield trait was noted in Vinnitsa,
Kyiv, Kharkiv, Poltava, Cherkasy, Sumy and Khmelnitsky re-
gions. During 2016—2020 high plasticity trait of millet yield
was in Vinnytsia, Kyiv, Sumy, Kharkiv, Khmelnytskyi, Cher-
kasy and Poltava regions. Conclusions. According to the
results of the studies, it was found that with a reduction in
the area under millet in the world, the volume of its produc-
tion in Ukraine increases. It was determined that the hig-
hest yield of millet was obtained in the Forest-Steppe zone
during the years of observation. According to the plasticity
of millet yield, it was found that favorable conditions for
realization of its biological potential were in Donetsk and
Kirovohrad regions of Steppe zone, in Forest-Steppe zone
of Vinnytsia, Poltava, Kyiv, Kharkiv, Khmelnytskyi, Cherkasy
and Sumy regions.

Keywords: common millet; plasticity; yield; cultivated
area; coefficient of variation.
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Purpose. Jute mallow (Corchorus olitorius L.) is a mucilaginous vegetable and fiber crop cultivated in the tropics, where
catnip (Nepeta cataria L.) and Mexican sunflower (Tithonia diversifolia L.) are common weeds. Hence, the study investigated the
growth, yield, and nutrient level of jute mallow in weed-free, catnip, and Mexican sunflower environments. Methods. The study
involved two screen-house experiments in a Completely Randomized Design (CRD) with six replications. The treatments were
0 (control), 2, 4, 6, 8, and 10 weed plants per pot in both experiments. These are 0, 100, 200, 300, 400, and 500 weed count per
square meter equivalent, based on the surface area of the pots used. Mexican sunflower and catnip plants interacted with jute
plants in the first and second experiments, respectively. Growth parameters of jute mallow were recorded weekly from 5 to 8
weeks after sowing (WAS), and harvesting was done at 8 WAS. The proximate composition of jute was evaluated using standard
procedures outlined by AOAC. The data collected were subjected to analysis of variance (ANOVA), and means were separated using
Duncan Multiple Range Test (DMRT) at P < 0.05. Results. Catnip and Mexican sunflower negatively impacted the morphological
features of jute mallow from 100 plants per square meter upwards. Catnip and Mexican sunflower, at 300 and 100-500 plants per
square meter, respectively, reduced the dry weight of jute mallow. The crude protein content of jute mallow was also lessened by
Mexican sunflower at some point. Conclusions. The study recommends that the density of catnip and Mexican sunflower plants

interacting with jute mallow should be maintained below 100 plants per square meter to prevent yield loss.
Keywords: Corchorus olitorius; Mexican sunflower; catnip; weed density; proximate composition.

Introduction

People consume vegetables to overcome nut-
ritional problems. Therefore, the proximate
composition of a vegetable crop is vital. Jute
mallow (Corchorus olitorius L. is an annual
herb in the Malvaceae family [1] that is rich in
protein, carbohydrates, minerals, and vita-
mins [2, 3]. It is a popular mucilaginous vege-
table cultivated in many parts of the world [4].
Nursing mothers use soup made from jute mal-
low to introduce solid foods to babies after
weaning in southwestern Nigeria [5]. Besides
the nutritional importance, the plant’s bast
fiber is a raw material used for textile produc-
tion [6]. The plant may reach 2.4 m in height
with few or no branches, and the leaves are
simple, lanceolate, finely serrated, and alter-
nate (Fig. 1a).
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Previous studies showed that weeds are ma-
jor constraints in jute production [7-9]. Weeds
such as Cyperus rotundus L., Echinochloa colo-
num (L.) Link. and Digitaria sanguinalis (L.)
Scop. have been reported to reduce jute mal-
low’s yield (Hossain et al., 2020). However, cont-
rary to weeds’ general attributes, some weeds
positively influence crop growth [11]. These two
seemingly opposite attributes, the detrimental
and the beneficial aspects of weeds, can be recon-
ciled based on weed species and densities.

Generally, a negative correlation exists be-
tween weed density and crop growth [7]. Also,
Ronchi & Silva [12] reported that weeds’ influ-
ence on crop growth varies in intensity depen-
ding on the species involved. Therefore, the im-
pact of weed species at various densities should
be a rational premise for weed management de-
cisions. Unfortunately, in many parts of the
world, the action threshold for weed control is
fixed by farmers without empirical references.
For this reason, weed management decisions are
sometimes untimely and ineffective.

The beneficial economic importance of some
weeds may influence the consideration to sup-
press their population, particularly in the ab-
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sence of empirical reference. In the tropics where
jute mallow plants are cultivated, catnip (Nepeta
cataria L.) and Mexican sunflower (Tithonia di-
versifolia L.) are common weeds with some posi-
tive attributes [13, 14]. Catnip, a perennial her-
baceous plant of the mint family Lamiaceae (15;
Fig. 1b), repels insects [13]. The bioherbicidal
potential of its extract has also been reported in
many studies [14-16]. However, there is a pau-
city of information on its in-situ interactions
with other plants. Mexican sunflower, an annual
plant from the Asteraceae family, improves soil
fertility [13] and controls nematodes [17, Fig. 1c].

Fig. 1. Picture of jute plants (Fig. 1a), catnip plants
(Fig. 1b), and Mexican sunflower plants (Fig. 1c)

The pest attributes of catnip and Mexican sun-

flower qualify them as weeds. Bozok et al. [18]
reported that secondary metabolites from catnip
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had a negative effect on the growth of wheat
(Triticum aestivum L.). Also, Olabode et al. [19]
found that Mexican sunflower reduced the yield
of water yam (Dioscorea alata L.) to 3 tons per
hectare against 21 tons per hectare in plastic
mulch plots. Hence, this study sought to inves-
tigate the effects of catnip and Mexican sun-
flower on the growth, yield, and nutrient com-
position of jute mallow at varying densities.

Materials and methods

Experimental site

This study was conducted in a screen-house
at Adekunle Ajasin University Akungba Akoko,
Nigeria (7° 37 N, 5° 44 E). Prior to the screen-
house experiments, seedlings were raised in a
nursery close to the screen-house. The tem-
perature and relative humidity in the screen-
house during the trial were within the range
of 22-35 °C and 51-77%, respectively.

Collection of materials

The study involved the collection of Mexican
sunflower and catnip seeds from Adekunle Aja-
sin University Teaching and Research Farm,
Akungba-Akoko, and jute seeds from Ondo State
Agricultural Development Programme (ADP)
Ikare-Akoko. The seeds were shortly stored in
paper bags in a dry environment. Topsoil, 0—
15 cm, from fallowing arable farmland in Adekun-
le Ajasin University Teaching and Research Farm,
Akungba-Akoko, was collected using a shovel.

The physicochemical properties of the soil
were determined using standard methods and
are presented in Table 1. Soil organic carbon
was evaluated using the dichromate wet oxida-
tion method. The organic matter was obtained
by multiplying the organic carbon by 1.724. The
total nitrogen was determined by micro-Kjel-
dahl digestion and distillation techniques. Soil
available phosphorus was extracted using Bray-1
solution and determined by molybdenum blue
colorimetry. Exchangeable acidity, potassium,
calcium, and magnesium were extracted using
1 N ammonium acetate. Thereafter, potassium
was determined using a flame photometer (Jen-
way, PFP 7/C, England). Ethylenediaminetetra-
acetic acid (EDTA) titration method was used to
determine calcium and magnesium. The soil pH
was determined at a soil to water ratio of 1 : 2
using a digital electronic pH meter (Mettler To-
ledo, FE20, Switzerland).

The soil was sieved into nylon bags, kept well-
watered, and solarized for two weeks to deplete
the weeds’ seed bank. After this, seventy-two (72)
nylon pots measuring 22 x 16 cm and 200 cm? at
the open end were filled with 10 kg soil each and
later arranged 1 m apart in the screen-house.
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Raising of seedlings in the nursery

Three beds of 1 x 1 m were made to raise the
seeds of jute, Mexican sunflower, and catnip
separately. Shades were made on these beds
with thatch to reduce sunlight intensity. Daily
watering of the beds went on for the two weeks
that the seedlings stayed in the nursery.

Transplanting of jute and weed species

Direct sowing of jute and weed into the same
pot may not guarantee uniformity among the
experimental units due to seed dormancy.
Hence, the transplanting of jute and weed
seedlings into the same pot was considered ap-
propriate. Seedlings of jute, Mexican sunflo-
wer, and catnip were carefully uprooted and
transplanted from the beds to the pots at two
weeks after sowing (WAS). This activity was
carried out in the evening to lessen water loss
through transpiration. Jute seedlings were
transplanted at the rate of one plant per pot.
However, Mexican sunflower and catnip were
transplanted into different pots according to
the treatment plan (Fig. 2).

Experimental design and treatments

The screen-house phase of this study com-
prised two experiments running concurrently.
In October 2019, the experiments were laid out
in a completely randomized design with six
replications. The first and second experiments
had varying densities of Mexican sunflower
and catnip as treatments, respectively. Also,
weed-free treatment was incorporated as the
control treatment in both experiments. The ex-
perimental treatments were 0, 2, 4, 6, 8, and
10 weed plants per pot coexisting with a jute

Treatment 3

Treatment 1 Treatment 2

No weed

plant. These are equivalent to 0, 100, 200, 300,
400, and 500 weed plants per square meter ba-
sed on the surface area of the pots used.

Collection of data

After three weeks of jute and weed interac-
tion, growth parameters of jute plants, such as
the plant height, number of branches, and
number of leaves, were evaluated and recorded
weekly, from 5 to 8 WAS. The jute plants were
uprooted at 8 WAS when the shoots were suc-
culent, and the fresh weights were recorded.
Samples were taken from the freshly harvested
jute plants and were subjected to proximate
analysis to evaluate their nutrient composition.
After oven drying the fresh jute plants samples
at 80 °C for 48 hours, the dry weights were
measured using an electronic balance (WANT,
WT5002K, China).

Proximate analysis

Jute plants from each treatment were ana-
lyzed for moisture, ash, lipid, dietary fiber, pro-
tein, and carbohydrate following standard pro-
cedures outlined by the Association of Official
Analytical Chemists [20]. The moisture content
was determined by drying jute samples to a
constant weight in an air-oven (Unident,
UNIO009B, India) at 105 °C. The study em-
ployed the Soxhlet extraction method to evalu-
ate the lipid content. Defatted samples were
digested with 0.26 N sulphuric acid and 0.23 N
potassium hydroxide solutions to determine the
dietary fiber content. The total amount of nit-
rogen was determined using the micro-Kjel-
dahl method, and its protein content was es-
timated using a multiplying factor of 6.25.

Treatment 4

Treatment 6

Fig. 2. Treatment plan showing the varying density of weeds coexisting with jute plant
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The ash content was evaluated by subjecting the
samples to the heat of 600 °C for 5 hours in a
muffle furnace (BIOBASE, MX6-10T/TP, Chi-
na). Finally, the carbohydrate content was cal-
culated by subtracting the crude protein, crude
fiber, ash, and lipid from the total dry matter.

Data analysis

Data on jute growth and proximate composi-
tion were subjected to analysis of variance
(ANOVA) and post-hoc analysis using IBM SPSS
Statistics 23 software [21]. The treatment means
were separated using the Duncan Multiple Ran-
ge Test (DMRT) at 5% probability level.

Results

Effects of Mexican sunflower density on the
growth of jute

The density of the Mexican sunflower plant
had a significant (P < 0.05) effect on the num-
ber of jute leaves at 5 to 8 WAS (Table 2).
Notably, at 6 weed plants per pot, Mexican
sunflower interacting with jute plants resulted
in a significantly reduced number of jute leaves
at 5 to 8 WAS. In contrast, at 2 weed plants
per pot, there was no significant reduction in
the number of leaves on jute plants interacting
with Mexican sunflower at 5 to 8 WAS. Howe-
ver, Mexican sunflower density greater than 2
plants per pot resulted in a significantly redu-
ced number of jute leaves at 8 WAS.

The densities of Mexican sunflower evalua-
ted in this study significantly affected the num-
ber of jute branches at 6 to 8 WAS (Table 2).
At 6 and 8 weed plants per pot, Mexican sun-
flower interacting with jute plant resulted in a
significantly reduced number of jute branches

at 6 to 8 WAS. In contrast, 2 Mexican sun-
flower plants per pot and weed-free control
resulted in a comparable number of jute
branches at 6 to 8 WAS. However, Mexican
sunflower greater than 2 plants per pot re-
sulted in a significantly reduced number of
jute branches at 8 WAS.

The densities of Mexican sunflower evalu-
ated in this study did not significantly
(P < 0.05) reduce the height of jute plant at
5 and 6 WAS. In contrast, a significant reduc-
tion in the height of jute plant was observed
from the interactions involving Mexican sun-
flower density greater than 2 plants per pot
at 7 WAS and all densities at 8 WAS.

Effect of Mexican sunflower density on the
yield of jute

Mexican sunflower density did not signifi-
cantly (P < 0.05) reduce the fresh weight of
jute plant at 8 WAS (Table 3). However, the
total dry weight of jute plant was significantly
reduced by 42—77% at 8 WAS compared to the
weed-free control. Among the Mexican sun-
flower and jute plant interactions, the highest
dry weight of jute plant resulted from 4 weed
plants per pot and it was comparable to 2 weed
plants per pot. Also, interaction involving high
Mexican sunflower density such as 10 weed
plants per pot significantly reduced the dry
weight of jute than those involving low densi-
ties such as 2 and 4 weed plants per pot.

Effect of Mexican sunflower density on the
nutritional quality of jute

Mexican sunflower density had no signifi-
cant effect on the moisture, ash, crude fiber,

Table 1

Physicochemical properties of the potting soil

oc | oM | N P K | Na | ca | Mg | EH" | EAP* | CEC pH Sand | Clay | slit
(%) mg/kg (Cmol/kg) (1:2)H,0 (%)
054 | 0.9 | 012 [12.2 ] 0.14 ] 011 ] 1.2 [ 0.9 [ 1.1 [ 0.01 [14.12] 5.24 57 | 28 | 15

"0C: organic carbon, OM: organic matter, EH*: exchangeable hydrogen, EAL3*: exchangeable aluminium, and CEC:

cation exchange capacity

Table 2

Effect of Mexican sunflower density on the number of leaves, number of branches, and plant height of jute

No of leaves (count/plant) No of branches (count/plant) Plant height (cm)
Sunflower - Jute WAS WAS WAS

(Sunflower plants/pot) 5 6 7 8 5 6 7 8 5 6 7 8
2 5.67ab | 19.67a | 28.00a |34.00ab|0a| 6.33ab [10.50ab|13.00ab |6.17ab|14.33a |26.5ab | 33.5b
4 5.50ab [15.83ab | 24.33ab | 26.33bc| 0a | 6.17ab | 9.50ab |11.17bc| 5.33b |13.67a|22.33b|26.83b
6 4.83b | 11.17b | 14.67b | 18.00c |0a| 5.00b | 8.33b | 9.33c |6.83ab|13.33a| 20.5b |24.33b
8 5.67ab | 12.00b | 14.83b | 21.67c |0a| 4.83b | 8.17b | 9.50c | 8.17a |14.17a|20.67b|24.00b
10 5.83ab | 11.83b |21.33ab | 24.67bc| 0a | 6.33ab | 9.33ab |10.50bc| 8.17a |13.83a|22.17b|25.33b
Control 6.33a | 22.67a | 30.67a | 40.83a |0a| 7.67a | 10.83a | 14.33a |7.17ab |18.17a|32.83a |43.17a

*Sunflower — Jute: Mexican sunflower — Jute Interaction, WAS

: weeks after sowing.

Means in a column followed by the same letter are not significantly different according to DMRT (P = 0.05)
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Table 3

Effect of Mexican sunflower density on the weights
of jute at 8 weeks after sowing

Mexican sunflower — Jute Interaction | Total fresh | Total dry
(Sunflower plants/pot) weight (g) | weight (g)

2 6.57a 2.21bc
4 4.67a 2.67b
6 2.20a 1.38cd
8 5.57a 1.66cd
10 3.90a 1.06d
Control 9.20a 4.64a

Means in a column followed by the same letter are not
significantly different according to DMRT (P = 0.05)

and fat content of the jute plant (Table 4). Con-
versely, the crude protein content of jute was
significantly reduced by 32% at a Mexican
sunflower density of 6 plants per pot. However,
other Mexican sunflower densities and weed-
free control had jute plants with comparable
crude protein. The carbohydrate content of
jute increased significantly (P < 0.05) by 46%
at the Mexican sunflower density of 6 plants
per pot. Nevertheless, other Mexican sunflo-
wer densities and weed-free control had jute
plants with comparable carbohydrate content.

Effect of catnip density on the growth of
jute

The density of catnip had a significant
(P < 0.05) effect on the number of jute leaves
at 5 to 8 WAS (Table 5). The catnip densities

evaluated in this study significantly reduced
the number of jute leaves from 6 to 8 WAS com-
pared to the weed-free control. Consistently, at
6 to 8 WAS, a catnip density of 10 plants per
pot resulted in fewer jute leaves than 2 and
4 catnip plants per pot.

Catnip density also had a significant
(P < 0.05) effect on the number of jute branch-
es at 6 to 8 WAS (Table 5). All the densities of
catnip evaluated significantly reduced the num-
ber of jute branches at 8 WAS. However, the
reduction in jute branches manifested earlier in
high catnip densities. Hence, the number of jute
branches in catnip densities of 2, 6, and 10
plants per pot reduced for 1, 2, and 3 weeks,
respectively. The lowest number of jute branches
was consistently recorded in a catnip density of
10 plants per pot.

The density of catnip weed had a signifi-
cant (P < 0.05) effect on the height of the jute
plant at 5 to 8 WAS compared to the weed-fee
control (Table 5). The catnip densities evalua-
ted in this study significantly reduced the
height of jute plants at 6 to 8 WAS. Jute
plants that interacted with catnip densities
reduced by 32—-55% in height at 8 WAS com-
pared to the weed-free control. Noticeably,
the height of jute plants that interacted with
10 catnip plants per pot was significantly les-
ser than those of 2 and 4 catnip plants per pot
at 8 WAS.

Table 4

Effect of Mexican sunflower density on the nutritional composition of jute at 8 weeks after sowing

Mexican sunflower — Jute
Jute Interaction Moisture Ash Crude Protein | Crude Fiber Fat CHO
(Sunflower plants/pot) (%) (%) (%) (%) (%) (%)
2 20.79a 14.30a 13.34ab 18.61a 10.41a 22.57b
4 16.06a 12.34a 12.00ab 24.23a 10.60a 24.77ab
6 17.98a 13.22a 11.51b 17.06a 10.40a 29.84a
8 19.92a 12.02a 15.37ab 15.94a 10.34a 26.41ab
10 20.95a 12.75a 14.29ab 19.09a 11.23a 21.69b
Control 20.96a 13.80a 16.97a 17.62a 10.14a 20.50b

Means in a column followed by the same letter are not significantly different according to DMRT (P = 0.05)

Table 5
Effect of catnip density on the number of leaves, number of branches, and plant height of jute
Catnip - No of leaves (count/plant) No of branches (count/plant) Plant height (cm)
Jute Interaction WAS WAS WAS
Catnip
plzgnts/pot) 5 6 7 8 5 6 7 8 5 6 7 8
2 4.50b | 20.83b | 26.5bc | 37.17b | 0a |8.17ab|9.83a—c| 12.5b | 5.33b [14.33b|24.17b| 34.33b
4 6.17a | 21.17b | 28.00b | 39.17b |0.17a| 9.17a |10.67ab| 12.33b | 5.00b |14.00b|24.50b| 34.50b
6 5.83ab [13.83bc| 15.83cd | 24.67bc| 0Oa |6.67ab| 8.00bc |10.17bc|6.33ab [13.00b|21.83b|27.17bc
8 5.33ab [13.83bc|20.33b-d | 28.00bc |0.17a|7.00ab | 8.17bc |10.67bc| 5.17b [{12.33b|20.17b|29.17bc
10 5.33ab | 11.00c | 13.33d | 17.50c | 0Oa | 5.00b | 6.67c | 8.67c |6.33ab|11.67b|18.33b| 23.00c
Control 6.17a | 31.83a | 43.00a | 58.33a | 0.5a |10.33a| 13.00a | 15.83a | 7.67a |21.00a|32.83a| 50.83a

*WAS: weeks after sowing.
Means in a column followed by the same letter are not significantly different according to DMRT (P =0.05)
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Effect of catnip density on the yield of jute

The density of catnip significantly (P < 0.05)
reduced the total fresh weight of jute by 50—
90% at 8 WAS compared to weed-free control
(Table 6). In addition, the fresh weights of jute
plants that interacted with catnip at 2 and 4
plants per pot were significantly higher than
those of 10 plants per pot, which had the least.
Similarly, at 6 weed plants per pot, catnip signi-
ficantly reduced the dry weight of jute by 64%
at 8 WAS. However, other catnip densities and
weed-free control resulted in comparable dry
weights of jute plants.

Table 6
Effect of catnip density on the weights of jute
at 8 weeks after sowing

Catnip — Jute
Interaction Total fresh weight | Total dry weight
(Catnip plants/pot) (9/plant) (g/plant)
2 7.17bc 2.33ab
4 9.03b 1.79ab
6 3.37d 1.04b
8 4.53cd 1.87ab
10 1.77d 1.62ab
Control 18.17a 2.86a

Means in a column followed by the same letter are not
significantly different according to DMRT (P =0.05)

Effect of catnip density on the nutritional
quality of jute

The density of catnip weed did not have a
significant (P < 0.05) effect on the moisture,
ash, crude protein, crude fiber, fat, and carbo-
hydrate contents of jute at 8 WAS (Table 7).

Table 7
Effect of catnip density on the nutritional composition
of jute at 8 weeks after sowing

Catnip -
Jute Jute
Interaction
Catni . Crude | Crude
ple(mts/prt))t) Moisture | Ash protein | fiber Fat CHO
2 15.44a | 14.2a |14.29a|18.99a|11.03a|26.05a
4 13.94a |11.87a|15.08a|19.55a |10.14a | 29.41a
6 17.71a |13.54a|15.86a|17.25a|11.69a | 23.95a
8 14.82a |13.15a|13.09a|20.70a |10.57a | 27.66a
10 16.86a | 14.4a |13.96a|21.97a|11.16a |21.66a
Control |17.72a |14.28a|16.38a|17.32a |10.27a | 24.04a

Means in a column followed by the same letter are not
significantly different according to DMRT (P = 0.05)

Discussion

It is appropriate to manage the density of cat-
nip and Mexican sunflower in jute fields to avert
yield loss. The reduction in the morphological
features of jute by catnip and Mexican sunflower
could be an indication that these weed species
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compete with jute plants and retard their growth.
Similarly, previous studies showed that Mexican
sunflower retards the growth of okra and water
yam [19, 22]. Also, a previous investigation con-
firmed that catnip exhibited a phytotoxic effect
on garden cress (Lipidium sativum L.) and basil
(Ocimum basilicum L.) [23].

The morphological features of jute that were
not affected until 8 WAS by the low density of
Mexican sunflower imply that it takes a long
interaction time for low weed density to mani-
fest growth retardation, unlike high density.
Furthermore, the magnitude of change in jute
morphology differed for high and low densities
of Mexican sunflower, suggesting that the de-
gree of interference resulting from Mexican
sunflower is density-dependent. This finding
corroborates the assertion that jute plant’s
morphological features reduce with increasing
weed density [7]. The decrease in the leaves,
branches, and height of the jute plant, which
intensified as catnip density increased, also
supports the notation that weed competition
increased with weed density.

It can be inferred from this study that weed
species influence the growth of jute different-
ly at the same density. For instance, at two (2)
weed plants per pot, the number of jute leaves
and branches was not reduced by Mexican sun-
flower, whereas catnip reduced the number of
jute leaves and branches. Similarly, Ronchi
and Silva [12] found that the effects of compe-
tition by Nicandra physalodes (L.) Gaertn. and
Sida rhombifolia L. against coffee plants were
slight compared to Bidens Pilosa L., Commeli-
na diffusa Burm.f., Leonurus sibiricus L., and
Richardia brasiliensis Gomes that markedly
reduced the growth of coffee plants. Raoofi
and Alebrahim [24] suggested that weeds’ mor-
phology may be responsible for this differen-
tial impact. Sedge weeds were reported to be
more detrimental to jute plants than grass
weeds. Though the weeds evaluated in this stu-
dy are both broadleaved species, their morpho-
logical differences can not be ignored. Hence,
the action threshold for weed control should
factor in weed species.

The stems and branches of jute plant are
points of leaf attachment. Hence, the negative
impact of catnip and Mexican sunflower inte-
ractions on these was probably responsible for
the reduced jute leaves. This finding agrees
with Law-Ogbomo and Osaigbovo [25] that the
plant height and the number of branches of
jute have a significant positive correlation
with its number of leaves.

The reduction in the height and the number
of jute branches could be due to the shading
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effect of catnip and Mexican sunflower on the
jute plant. Similarly, Silverio [26] found that
jute plants exposed to sunlight were taller
than those in the shade. The leaves, stems, and
branches of the jute plant are chlorophyllous.
These jute parts contribute to the synthesis of
photosynthate and the subsequent accumula-
tion [27]. Therefore, the decline in the number
of leaves, length of stems, and branches of the
jute plant may be responsible for the reduced
weight.

The dry weights of jute plants, which de-
creased due to catnip and Mexican sunflower
interactions, justify the need to circumvent
these weeds from reaching a detrimental den-
sity of 100 plants per square meter during jute
production. However, the comparable fresh
weights of jute plants in weedy and weed-free
pots suggest that the use of plant fresh weight
to evaluate weed competition is not reliable,
more so that the dry weight reflects otherwise.
Similarly, Huang et al. [28] reported that plant
fresh weights are inappropriate growth indica-
tors, giving different growth indications from
the dry matter of some plants.

The change in the nutrient composition of
jute by Mexican sunflower interaction, unlike
catnip, suggests that weed species impact dif-
ferently on nutrient composition of crops. Pre-
vious studies [29, 30] identified that weed man-
agement, such as hoe weeding, mulching, and
herbicide application influences the nutrient
composition of fluted pumpkin (Telfairia occi-
dentalis Hook.f.) and maize (Zea mays L.). It
also alters the composition of weed population
[31]. Hence, this study suggests that the ability
of weed management to impact the nutrient
composition of crops may emanate from its
modifying role on the predominance of weed
species. In addition, alteration of physiological
processes, such as nutrient uptake, photosyn-
thesis, respiration, and transpiration, influ-
ences plants’ proximate composition [32]. Hence,
the proximate composition of the jute that was
not affected by the catnip interaction of 100—
500 catnip plants per square meter suggests
that these catnip densities did not significantly
enable physiological conditions that bring about
changes in jute’s nutrient composition.

The decrease in the protein content of jute
interacting with Mexican sunflower plants in
this study agrees with the reported reduction
in the protein content of alfalfa (Medicago sa-
tiva L.) growing in weedy environments [23].
The lowered protein content of jute may have
resulted from reduced nitrogen uptake from
the soil. Earlier studies showed that the pro-
tein content of plants increases with increasing
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soil nitrogen [33, 34]. The reduced nitrogen
uptake may be due to the competition caused
by 6 Mexican sunflower plants per pot. The ina-
bility of Mexican sunflower plant densities of
8 and 10 plants per pot to reduce the protein
content of jute suggests that intraspecific com-
petition at this level had a mitigating effect on
its interspecific competition.

The increase in the carbohydrate content of
jute occurred concurrently with a decrease in
its protein content. Similarly, Belle et al. [35]
reported the same finding with the carbohyd-
rate and protein contents of marandu pali-
sade grass (Brachiaria brizantha (A.Rich.)
Stapf) exposed to weeds. Hence, this study
establishes an inverse relationship between
the jute’s carbohydrate content and its protein
content.

Conclusions

Catnip and Mexican sunflower of 100-500
plant per meter square interacting with jute
mallow cause a reduction in its morphology.
Generally, the degree of reduction caused by
100 and 200 weed plants per square meter was
less than that of 500 weed plants per square
meter. Weed species such as Mexican sunflo-
wer alters the nutritional quality of jute. Hence,
the catnip and Mexican sunflower density in-
teracting with jute mallow should be managed
below 100 plants per square meter to prevent
yield loss.
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Meta. [xyt posronnigHuii (Corchorus olitorius L) - ue

OBOYeBa i Ny6'sHa KyNbTypa, Ky BUPOLLYIOTH Y Tponikax. Mo-
WMpeHUMU Byp'sHaMK, WO 3acMivytoTb 10ro NoCiBY, € KOTAYA
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m'sita cnpaBxHa (Nepeta cataria L.) i MEKCUKAHCBKMIA COHSILL-
Huk (Tithonia diversifolia L). Y Hawomy focnigxeHHi BuB4anu
picT, YpoXKaiHicTh i cknag AeAKUX KOMMOHEHTIB Y POCIMHAX
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[XYTY LOBrONNifHOrO 3a yMOBM MPUCYTHOCTI KOTAYOT M'ATM
CNPaBXHbOT i MEKCUKAHCBKOTO COHAWHMKY Ta B CepeoBMuLLi,
BiNbHOMY Bif Gyp’siHiB. MeToau. [locnifKeHHs BKAOYano ABa
CKPUHIHFOBUX €KCMEPUMEHTU 33 MOBHICTIO PeHAOMi30BaHO
CXEMOI0 B WWeCTU noBTOpeHHsx. Cxema Jocnigy B ekcnepu-
MeHTax byna Takoto: 0 (KOHTposb), 2, 4, 6, 81 10 6yp’ﬂH1'B Ha
EMHICTb NS BUPOLLYBaHHSA. 3 ypaxyBaHHAM I'IJ10|.LI,1 NoBEPXHi
BUKOPUCTAHUX EMHOCTEN, Taka KinbKicTb Bignosigana 0, 100,
200, 300, 400 i 500 6yp’'aHam Ha 1 M2, MapameTpu pocTy Axy-
Ty LOBFOMAILHOMO PEECTPYBaNU LWOTUXHA 3 5 [0 8 TUKHA
nicns cisbu, a Bpoxaii 36upann yepes 8 TUxkHiIB. YmicT pes-
KMX CMONYK Y POCIUHAX AXYTY OLiHIOBANIN 3 BUKOPUCTAHHAM
CTaHAAPTHUX NPOLeAYP, BUKNAAeHNX Acouiauieto odiniitHNMx
CiNbCbKOTOCMOAAPCHKMX XiMiKiB. OTpI/IMaH1 pesynerari 6ym4
006po6neHi i3 3acToCyBaHHAM MeTOAIB AUCNEPCiiiHOTO aHanisy
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(ANOVA). Pesynbratn. Kotaua m'aTa cnpaBXHs il MeKCUKaH-
CbKMii COHAWHMK 3a WinbHocTi Big 100 pocivH Ha KBagpaTHWiA
MeTp HabiNbll HeraTMBHO BMAMBAaNM Ha MOPGONOriyHi Xapak-
TEPUCTUKM IXYTY posronnigHoro. Ui Gyp’sHu, 3a winbHocTi
100-500 pocnuH Ha KBagpaTHUA METp, 3yMOBIOBANN TaKOX
3MEHIEeHHs Cyxoi Baru [XKyTy AOBronfifHoro. 3a neBHUX
YMOB, MEKCUKAHCbKWI COHALHWK MOXE TaKOX CRPUYUHATH
3MeHLIEHHs BMiCTy CMPOro NPOTeiHy B AXYTi [OBrOMAIAHOMY.
BucHOBKU. [In5 3anobiraHHs BTPAT ypoxato peKOMeHAYETbCA
NiATPUMYBATU YMCENbHICTb POCAMH KOTAYOT M'ATM ChpaBX-
HbOT Ta MEKCMKAHCBKOIO COHSLHUKY B MOCiBaxX AXKYTY AOBro-
nNigHoro MeHwWoto Hix 100 wt./m2.

Knio4osi cnosa: Corchorus olitorius; mexcukaHcbrul co-
HAWHUK; KOMsYa M’ama cnpasxHs; 2ycmoma byp’aHis; ymicm
CNOAYK.
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Sampling for vegetative propagation:
A phytosanitary status survey of grapevines collection
by One Step RT-PCR method

M. Yzeiraj
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Purpose. Grapevines (Vitis spp.) are affected by many viral diseases which cause serious pathological problems. GLRaV-3
is among the most widespread leafroll viruses, while Grapevine Fanleaf Virus (GFLV) is a destructive pathogen which reduces
the lifespan of grapevine. Considering the impact and the spread of these diseases, our objective was to analyse the presence
of these two viruses in several grapevine varieties in grapevine collection at ATTC Vlore. Data gathered from plant pathogens
serve to better understand and prevent the spread of pathogens, as a mandatory rule for the quality control of certified
plant material during vegetative propagation. Method. The presence of two common viruses were tested using virus specific
primers; LC1/LC2 primer pair designed from the hHSP70 gene for detecting Grapevine Leafroll-associated Virus-3 (GLRaV3)
and €3390/H2999 primer pair, designed from coat protein coding regions for detecting Grapevine Fanleaf Virus (GFLV), in
six varieties; ‘Merlot’, ‘Kallmet’, ‘Shesh i zi’, ‘Shesh i bardh€’, ‘Debiné&’, and ‘Puléz’, provided through a randomised sampling
procedure. One Step Reverse Transcription Polymerase Chain Reaction assay was used to detect the viral presence. Results
showed a high (100%) prevalence of GLRaV3 virus in all of analysed samples, as the most frequent among the two pathogens.
Analysis for of GFLV virus showed low infection rate, being present in only one sample. Conclusions. We herein show an
efficient, fast and reproducible method for detecting grapevine viruses through one step RT-PCR. Our results suggest that

sampling of the infected plant material should be avoided due to the presence of viral infections.
Keywords: one step RT-PCR; RNA extraction; grapevine varieties; GLRaV3; GFLV; vegetative propagation.

Introduction

Grapevine (Vitis spp.) is one of the most
important economic species in the world [4] at
the same time showing the highest number of
intracellular infections. Among the potential
listed threats are bacteria, fungi, oomycete
and viruses with distinct characteristics, in-
fection mechanisms and evasion strategies [1].
To date, there are more than 60 viral species
reported to infect grapevines [13]. The main
viruses infecting grapevines are closteroviri-
dis which are associated with leafroll disease;
flexiviridis related to rugose wood disease
complex; and nepoviruses, which are respon-
sible for fanleaf degeneration, as a major econo-
mic threat.

The production of propagative material has
a beneficial impact on the health conditions of
the viticultural industry. It implements stra-
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tegies such as sanitary improvements of the
crops and certification of nursery products
for assuring quality standards [13]. In the very
specific case of grapevine certification, it in-
volves detection of viral infections, clonal iden-
tification and viticultural performance. As cer-
tified virus-free vineyards are more productive
and have reported fewer problems, efforts are
made to provide high standards to harmonize
grapevine certification protocols, in order to en-
sure that no viticultural region is compromised
by the introduction and spread of diseases [6].
In this study we have analysed the presence
of Grapevine leafroll associated virus-3 (GL-
RaV-3), a phloem limited virus, being wide-
spread and producing significant economic
losses around the world [16] and Grapevine
fanleaf virus (GFLYV), one of the most-studied
Xiphiniema nematode transmitted virus due
to its negative economic impact on grapevine,
causing fanleaf degeneration as one of the
most severe and destructive viral disease of
grapevine, reducing fruit quality and longe-
vity of vineyards [5, 21]. Considering the de-
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structive potential and economic loss these
viruses cause, the main aim of the research
was to establish a reliable and efficient proto-
col for detecting viruses in grapevines through
RT-PCR. This technique is recommended by
EPPO (European and Mediterranean Plant
Protection Organization) as an appropriate
method for certification, mainly due to detec-
tion of several plant viral infections, including
leafroll (GLRaV’s) and especially Fanleaf (GFLV)
virus, being rapid, sensitive, reliable, reducing
the contamination risk and circumventing the
problem with low viral concentration, compared
to serological techniques [3, 13, 19, 24].
RT-PCR has gained a lot of popularity for
detection and diagnosis of plant viruses. As
one of the most frequently used diagnostic
technique, it is well established, validated and
standardized. In addition, RT-PCR is known
for its high sensitivity, ease of implementa-
tion and relatively low cost [18, 23]. However,
other advanced techniques are currently in
use for plant diagnostics such as: array tech-
nologies (which allow simultaneous detection
of multiple plant viruses), quantitative PCR,
and NGS (next generation sequencing) a revo-
lutionary technique used to discover and char-
acterize novel viruses and viral strains [23].
Reliable, early and correct detection methods
are the most effective actions to develop cont-
rol strategies for plant viral diseases manage-
ment [18] however the future challenge might
be to design strategies for preventing a quick
sanitary deterioration of vineyards [13]. The
aim of this study is to help in estimating the
feasibility of grapevine sampling for vegeta-
tive propagation. This is relevant in context of
mandatory rules for the use of certified plant
material for vegetative reproduction, as an ef-
fective way to prevent the spread of pathogens.

Material and methods

Plant material and RNA isolation

Samples were taken randomly from mature
leaves, petioles and phloem tissue of six varie-
ties: ‘Merlot’, ‘Kallmet’, ‘Shesh i zi’, ‘Shesh i
bardhé’, ‘Debiné’, ‘Puléz’. Pestles, mortars,
and all glassware were kept for 4 hours at
200 °C [9] and plasticware autoclaved before
use [4]. Samples were homogenized using mor-
tar and pestle in liquid nitrogen. Two extrac-
tion protocols were followed; CTAB-TRIzol®
and CTAB-LiCl. The first was a modified
CTAB-TRIzol® combination method, where
the first step is treatment with CTAB solution
[9] followed by TRIzol® extraction protocol,
according to the manufacturer’s protocol
(TRIzol® Reagent, Invitrogen) [8]. According-
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ly, about 100 mg of pulverized plant material
was treated for ten minutes at 56 °C in 900 nl
CTAB solution (2% CTAB, 100 mM tris HCI,
20 mM NaEDTA, 1.4M NacCl, 2% PVP) where
1% B-mercapthoethanol was added prior to use.
The samples were centrifuged and the suspen-
sion was treated with 900 ul TRIzol and incu-
bated at 4 °C overnight. The following proce-
dures were based on manufacturer guidelines
and consist of; adding twice 0,2 ml chloro-
form, incubation for 5 minutes and centrifu-
gation for 15 min. Isopropanol was added to
the aqueous phase, incubated for 10 min, the
pellet was washed with 75% ethanol, centri-
fuged, air dried, and resuspended in 50 pul
RNase free water.

The second method is CTAB- LiCl protocol
according to Ling et al. [11]. During the first
step, samples were treated with 1ml of 3%
CTAB solution and incubated at 65 °C for 30
minutes with occasional shaking. The superna-
tant was collected and centrifuged for 15 min
at room temperature. An equal volume of chlo-
roform-isoamyl alcohol (24 : 1, v/v) was added
and centrifuged. The supernatant was collec-
ted and 1/3 volume of 10M LiCl was added and
overnight incubated at 4 °C. The other extrac-
tion steps were performed as previously repor-
ted [11]. The spectrophotometric absorbance
was evaluated at 230, 260, and 280 nm, using
a UV-3100PC (VWR) spectrophotometer. The
integrity of extracted RNA was evaluated on
1% agarose gel. The data were analysed using
JMP 16 Statistical Software.

RT-PCR Analysis

Reverse transcription reactions were carried
out with SuperScript IV One Step RT-PCR sys-
tem (Invitrogen) with LC1/LC2 primers de-
signed from the hHSP70 gene for GLRaV3 vi-
rus [15] and H2999/C3310 primers for GFLV
virus, designed from coat protein coding re-
gions [12]. The amplification was performed in
a total volume of 25 ul, containing: 12,5 ul 2X
Platinum™ SuperFi™ RT-PCR Master Mix,
10 pM specific forward and reverse primer,
0.5 pl SuperScript™ IV RT Mix, a maximum
of 0.5 ng RNA template and nuclease free wa-
ter up to 25 pl. The PCR reactions were carried
out on a thermal cycler 2720 (Applied Biosys-
tems) using the following program; 30 minutes
reverse transcription at 52 °C, denaturation at
94 °C for 5 min, 35 cycles at 94 °C for 30 sec,
annealing at 52 °C for 30 sec (GLRaV3) and
60 °C (GFLV), 72 °C for 50 sec and a final ex-
tension at 72 °C for 7 min as described by Os-
man and Rowhani [17], Turturo et al. [21] (Tab-
le 1). Each of the experiment was repeated at
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least three times to assure the reproducibility
of the assay. The amplified products were resol-
ved by electrophoresis on 1.5% agarose gel buf-

fered in TBE (45 mM Tris-borate, 1 mM EDTA)
and visualised using UV light after staining
with GelRed (Biotium).

Table 1
Sequences of specific primers for detecting GLRaV3 and GFLV in grapevines
Virus Primer sequence Amplified DNA size | Reference
LC1 5" CGCTAGGGCTGTGGAAGTATT 3’
GLRaV3 || (2 5 GTTGTCCCGGGTACCAGATAT 3 546 bp [15]
H2999 5’ TCGGGTGAGACTGCGCAACTTCCTA 3’
GFLY' 1 £3310 5 GATGGTAACGCTCCCGCTGCTCTT 3 312 bp [12]

Results and discussion

The nucleic acid isolation method is a critical
factor for success, influenced by multiple pa-
rameters, including the efficiency of isolating
extracts containing enough RNA and free of
inhibitors. However, RNA isolation procedure
can be challenging due to the presence of phe-
nolic compounds and polysaccharides in woody
plants tissues, including grapevines. These fac-
tors could substantially inhibit PCR reactions
components [10, 17]. Phenolic compounds bind
to proteins and nucleic acids forming high mo-
lecular weight complexes, meanwhile polysac-
charides tend to co-precipitate with RNA, re-
maining as contaminants in the final extract.
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Comparative results of the two methods used
for isolation of the RNA showed that the me-
thods we have used were efficient and reprodu-
cible for RT-PCR analysis. Choosing the ap-
propriate extraction method is essential for
detecting grapevine viruses through molecular
diagnostic techniques and one must consider
the simplicity and reproducibility of it [13].
The results of this study point out that RNA
extraction procedures performed are suitable
for routine use in diagnostic laboratories. CTAB-
TRIzol® procedure is relatively rapid and pro-
duces a high total RNA yield, meanwhile using
CTAB-LiCl resulted as an effective procedure to
obtain high purity RNA, free from phenolic and
polysaccharides compounds (Fig. 1).
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Figure 1. Boxplot chart comparing (a) CTAB-LiCl and CTAB-TRIzol® total yield/100 mg FW and (b) RNA purity
A, /A, ratio for both extraction methods. Charts were built using statistical software JMP 16

Among the two methods used, RNA-TRIzol®
extraction resulted in higher RNA yield of
9.55 = 1.74 pg/mg, while CTAB-LiCl method
recorded a total yield of 8.83 = 0.96 ng/mg
(Fig. 1a). On the other hand, CTAB-LiCl re-
sulted in higher purity ratio 2.049 = 0.07,
while CTAB-TRIzol® recorded an average ra-
tio of 1.85 = 0.13 (Fig. 1b). High molarity
LiCl solution precipitate RNA from DNA and
favours larger transcripts precipitation, howe-
ver CTAB+LiCl is a time consuming method
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[4]. RNA purity, defined by A260/280 ratio,
is a measure of proportion between RNA and
protein [2] and showed that CTAB-LiCl me-
thod provided a value of around 2 for the RNA
purity, which make it a suitable method for
RNA extraction.

The average incidence of infection for each
tested virus was 100% for GLRaV3 and 2.8%
for GFLV for the cultivars under study (Tab-
le 2). Our findings are similar to previous re-
ports, like that of Handevi¢ et al., [7] who
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have detected the presence of GLRAV3 virus
in around 95% of the studied samples. These
results indicate that GLRaV3 virus is more
frequent in terms of distribution compared to
GFLV, as previously reported by serological
assays performed [20]. Merkuri et al., [14]

reported that GFLV was the least represented
virus in native varieties with an infection rate
of 5.5%, observed in 5 out of 16 cultivars
tested. Meanwhile leafroll disease is present
in native and foreign cultivars, exceeding an
incidence of 60% in certain varieties.

Table 2

Analysed cultivars and overall infection
(number of samples infected/total number of samples tested)

Cultivar ‘Merlot’ | ‘Sheshizi’ | ‘SheshiBardhé&” | ‘Kallmet’ | ‘Debiné&” | ‘Puléz’ | Overall infection
GLRaV3 virus 6/6 6/6 6/6 6/6 6/6 6/6 100%
GFLV virus 0/6 0/6 0/6 0/6 1/6 0/6 2.8%

The phytosanitary conditions of Albanian viti-
culture do not have any significant difference
compared to the neighbouring and Mediterra-
nean countries. These conditions require ade-

quate measures to improve the sanitary quality
of the crop through selection and sanitation pro-
grammes, similarly with those administered in
several countries of Mediterranean region [14].

Figure 2. Gel electrophoresis images of tested samples in 1.5% agarose gel.
(a) All samples of ‘Merlot’ variety tested for GLRaV3, (b) M — 100 bp, 1 — ‘Kallmet’, 2 - ‘Pulés’,
3 —‘Shesh i zi, 4 — ‘Shesh i Bardh€&’, 5 - ‘Merlot’, 6 — ‘Debing&’, 7 — Positive Control, 8 — Negative Control,
(c) M - 100 bp, 1 — Negative control, 2 - Positive control, ‘Pulés’ (3, 4), ‘Debiné’ (5, 6), ‘Kallmet’ (7, 8, 9),
‘Shesh i bardhé&’ (10, 11, 12), and ‘Shesh i Zi" (13, 14, 15) tested for GLRaV3

Expected fragment length with LC1/LC2
primer pair is 546 bp [15], as it’s shown in the
figure 2a and 2c¢, where amplified fragments
consist of 546 bp and can be observed in all of
the studied samples. The analysis for the pre-
sence of GFLV virus tested by H2999/C3310
primer pair, resulted in an expected amplified
fragment size of 312 bp [12] as it’s shown in
the Figure 2b, recorded from one of the ‘Debi-
né’ variety samples.
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Conclusions

In this study we have analysed the presence
of viral diseases through an effective, reliable
and reproducible assay. Considering the high
frequency of infected vineyards by GLRaV3
and the relatively lower presence but conside-
rable threat of GFLV, we conclude that sam-
pling of plant material from analysed grape-
vines plantation is accompanied with the risk
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of viral transmission diseases, thus this prac-
tice is not suggested to be used. With a focus
on certification, it’s essential to adapt an ac-
tion plan with measures against harmful patho-
gens. It’s suggested to replace infected gra-
pevine plants, as a measure to maintain the
disease under control. Prevention of viral dise-
ases spread across vineyards can prevent plant
deterioration, increase product quality and
provide sanitation at the same time.
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Merta. Pocnunu BuHorpapy (Vitis spp.) ypaxytoTbcs 6aratb-
Ma BipyCHUMU 30YAHWKAMM, WO CNPUYUHAIOTL TXHI Cepio3Hi
3axBOpIOBaHHA. [lo HAMNOWMPEHIWMX Hanexarb BipyC CKpy-
yyBaHHsA nucts BuHorpagy (GLRaV-3) Ta Bipyc kopoTkoBy3ns
BuHorpagy (GFLV), necTpykTMBHMI natoreH, fKWUii 3MEHLYE

TPUBANiCTb XKUTTA BUHOTPAAHOT 103U. 3 OMAALY Ha BaXIUBICTb
i NOWMPEHHSA 3aXBOPIOBaHb, WO CNPUYUHAIOTLCA 3rafaHUMK
Bipycamu, Hawot MeTolo Oyno npoaHanisyBat iXHK npu-
CYTHiCTb y copTax BUHOrpagy 3 konekuii LleHTpy TpaHcdepy
ArapHux TexHonoriit (ATTC Vlore). OTpumaHi gaHi npo pocanH-
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Hi natoreHu noTpibHi Ans 3anobiraHHA ixHbOMy nowmpeHHio  ‘Debiné’ i ‘Puléz’ - 3giiicHioBanyM 3 BUKOPUCTAHHAM MpoLeaypu
i € 000B'A3KOBUMM [ KOHTPOJIOBAHHA AKOCTI cepTudikoBa-  paHAOMi30BaHOT BUGipkK. Pe3ynbratu. HaitnowwupeHiwum Bi-
HOTO POC/IMHHOIO MaTepiany Mif Yac MOro BereTaTMBHOrO po3-  pycoM Ans AOCHimKeHUX 3paskis Buasueca GLRaV3, akuii Tpan-
MHOXeHHsA. MeToau. HasBHicTb BipyciB nepesipsnu metogoM  nsecs y 100% npoaHanizoBaHWx pociuH. BusHaueHHs Bipycy
ofHocTagiiHoi 3T-MNJIP 3 BuKkopucTaHHaM Bipyc-cneundiydmx  GFLV nokasano HuU3bkwii piBeHb iHdikyBaHHSA, Bipyc 6ys nuwe
npaitmepis: napa npaitmepis LC1 / LC2, wo po3pobneHa pns B OAHOMY 3pa3ky. BUCHOBKM. MokasaHa MOXIMBICTb BUKOPUC-
peTekTyBaHHA reHa hHSP70 Bipycy ckpydyBaHHs NUCTA BUHO-  TaHHA ogHocTaginHoi 3T-MJIP sk edeKTUBHOrO, WBKUAKOMO i
rpagy-3 (GLRaV3), i napa npaiimepis C3390 / H2999, ana  BiATBOPIOBAHOIO METOAY BUSABNEHHSA BipyCiB BUHOTPALHOT 03U,
BU3HAYEHHA KOAyBaNbHUX MOCNiA0OBHOCTENH Ginka 0600HKM Knrouosi cnosa: ooHocmadiiiHa 3T-M1/IP; excmpakyis
Bipycy kopoTkoBy3ns BuHorpagy (GFLV). Anani3 wectu cop- PHK; copmu suHoepady; GLRaV3; GFLV; secemamusHe pos-
TiB KyneTypu — ‘Merlot’, ‘Kallmet’, ‘Shesh i zi’, ‘Shesh i bardhé&’,  mHoxeHHs.
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