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Introduction 
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-

UDC 635.92:582.94: 581.522.4(477:292.485) https://doi.org/10.21498/2518-1017.17.2.2021.236501

Prospects for the introduction of ornamental plants 
of the genus Sage (Salvia L.) to the Forest-Steppe
of Ukraine
Î. P. Pereboichuk*, S. P. Mashkovska 

M. M. Gryshko National Botanical Garden, NAS of Ukraine, 1 Tymiriazievska St., Êyiv, 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.

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

tion of highly decorative compositions that are 
resistant to a wide range of environmental 
fac tors.

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 
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ecological amplitude of its representati ves, 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. × 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-
phy tes, 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. × 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. × 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. of ficinalis, 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. vir gata, 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. × sylwestris 
are represented by only one cultivar.

All the aforementioned cultivars have succes-
sfully passed the introductory variety trials 
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and are recommended for mass use in the land s-
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. austríaca 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 
sil very calyces. The South American species   

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
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.
Plethiosphace 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.
Calosphace S. coccínea Juss. ex Murray, S. splendens Sellow ex Schult., 

S. tiliifolia Vahl., S. patens Cav., S. farinacea Benth.
Heminosphace S. verticillata L.
Hymenosphace S. canariensis L.

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. × sylwestris ‘Blue Queen’

S. gua ranitica 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-Step pe 
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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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Ñîðòîâèâ÷åííÿ òà ñîðòîçíàâñòâî

Ìåòà. Àíàë³ç âèäîâîãî òà ñîðòîâîãî ð³çíîìàí³òòÿ ðîäó 
Salvia L. êóëüòèâîâàíî¿ ôëîðè ñâ³òó, çîêðåìà é Óêðà¿íè; 
ïðîãíîñòè÷íà îö³íêà òà âèçíà÷åííÿ íàïðÿì³â ³íòðîäóêö³¿ 
äåêîðàòèâíèõ ïðåäñòàâíèê³â ðîäó â óìîâè Ë³ñîñòåïó 
Óêðà¿íè. Ìåòîäè. Àíàë³ç ³ ñèíòåç, ïîð³âíÿííÿ òà óçàãàëü-
íåííÿ ³íôîðìàö³éíèõ äàíèõ, ³íòðîäóêö³éíèé ïðîãíîç.                          
Ðåçóëüòàòè. Ïðåäñòàâëåíî ñó÷àñíèé àñîðòèìåíò ðîäó 
Salvia â ê³ëüê³ñíîìó, òàêñîíîì³÷íîìó, àðåàëîã³÷íîìó òà åêî-
ëîãî-öåíîòè÷íîìó â³äíîøåíí³. Âèçíà÷åíî ïðèíàëåæí³ñòü 
âèä³â ðîäó äî øåñòè îñíîâíèõ öåíòð³â ïîõîäæåííÿ êóëü-
òóðíèõ ðîñëèí, à òàêîæ â³äîáðàæåíî çíà÷íå ðîçìà¿òòÿ 
æèòòºâèõ ôîðì (íàíîôàíåðîô³òè, ì³êðîôàíåðîô³òè, 
õàìåô³òè, ãåì³êðèïòîô³òè, òåðîô³òè), ÿê³ çàêîíîì³ðíî 
ñôîðìóâàëèñÿ ï³ä âïëèâîì ÷èííèê³â, ùî âèçíà÷àëèñÿ 
ð³çíèìè ãåîãðàô³÷íèìè òà åêîëîãî-ô³òîöåíîòè÷íèìè óìî-
âàìè çðîñòàííÿ ðîñëèí. Ïðîàíàë³çîâàíî âèäîâèé àñîð-
òèìåíò ðîäó Salvia êîëåêö³éíîãî ôîíäó Íàö³îíàëüíîãî 
áîòàí³÷íîãî ñàäó ³ìåí³ Ì. Ì. Ãðèøêà ÍÀÍ Óêðà¿íè (ÍÁÑ) 
ïîð³âíÿíî ç êîëåêö³ÿìè ³íøèõ áîòàí³÷íèõ ñàä³â Óêðà¿íè. 
Íàâåäåíî ïåðåë³ê äåêîðàòèâíèõ âèä³â êîëåêö³¿, ùî òðàï-
ëÿþòüñÿ â ïðèðîäí³é ôëîð³ Óêðà¿íè. Âèä³ëåíî òðè ãðóïè 
âèä³â çà ïîõîäæåííÿì, ÿê³ é âèçíà÷àþòü óìîâè êóëüòè-
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âóâàííÿ ðîñëèí ó Ë³ñîñòåïó Óêðà¿íè. Çà òàêñîíîì³÷íîþ 
ñòðóêòóðîþ ³íòðîäóêîâàí³ âèäè øàâë³é íàëåæàòü äî 
âîñüìè (çã³äíî ç Bentham, 1833) ç äâàíàäöÿòè ñåêö³é, 
ÿê³ ïðåäñòàâëÿþòü á³îìîðôîëîã³÷íå ð³çíîìàí³òòÿ òà 
ï³äòâåðäæóþòü âèñîêèé ³íòðîäóêö³éíèé ïîòåíö³àë 
öèõ ðîñëèí. Âèä³ëåíî âèäè é ì³æâèäîâ³ ã³áðèäè, ÿê³ 
íàéá³ëüø çàä³ÿí³ â ñåëåêö³éí³é ðîáîò³ òà ðåïðåçåíòîâàí³ 
çíà÷íèì ñîðòîâèì ðîçìà¿òòÿì, à òàêîæ ïðåäñòàâëåíî ñî-
ðòèìåíò øàâë³é êîëåêö³¿ êâ³òíèêîâî-äåêîðàòèâíèõ ðîñ-
ëèí ÍÁÑ. Âèñíîâêè. Óñòàíîâëåíî, ùî âèäîâå òà ñîðòî-
âå ð³çíîìàí³òòÿ ðîäó Salvia êóëüòèâîâàíî¿ ôëîðè ñâ³òó 
ìàº çíà÷íèé ³íòðîäóêö³éíèé ïîòåíö³àë äëÿ ë³ñîñòåïîâî¿ 
çîíè Óêðà¿íè. Âèçíà÷åíî, ùî îñíîâíîþ áàçîþ äëÿ 
³íòðîäóêö³éíîãî âèâ÷åííÿ äåêîðàòèâíèõ âèä³â ðîäó Sal-
via â Óêðà¿í³ º êîëåêö³ÿ Íàö³îíàëüíîãî áîòàí³÷íîãî ñà äó 
³ìåí³ Ì. Ì. Ãðèøêà ÍÀÍ Óêðà¿íè. Âèîêðåìëåíî îñíîâí³ 
íàïðÿìè ùîäî ïîäàëüøî¿ ³íòðîäóêö³éíî¿ òà ñå ëåê ö³éíî¿ 
ðîáîòè ç ïðåäñòàâíèêàìè ðîäó Salvia â óìîâàõ Ë³ñîñòåïó 
Óêðà¿íè. 

Êëþ÷îâ³ ñëîâà: êóëüòèâîâàíà ôëîðà; êîëåêö³¿ ðîñ-
ëèí; æèòòºâ³ ôîðìè; àðåàë; ñåëåêö³ÿ; ³íòðîäóêö³éíå äî-
ñë³äæåííÿ.
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Âñòóï
Ñó÷àñíà êëàñèô³êàö³ÿ òðîÿíä, çã³äíî ç 

ì³æíàðîäíèì êàòàëîãîì Modern Roses 12, 
ïåðåäáà÷àº 36 ñàäîâèõ ãðóï. Ñåðåä óñüîãî 
ð³çíîìàí³òòÿ ñîðò³â ³ âèä³â ÷àéíî-ã³áðèäíà 
ãðóïà íàë³÷óº ïîíàä 10 òèñ. ñîðò³â (30% ñâ³-
òîâîãî ñîðòèìåíòó) ñàäîâèõ òðîÿíä [1–3]. 

Ïðèðîäí³ óìîâè Ïðàâîáåðåæíîãî Ë³ñî-
ñòåïó º çàãàëîì ñïðèÿòëèâèìè äëÿ âèðîùó-
âàííÿ äåêîðàòèâíèõ âèä³â çàãàëîì ³ òðîÿíä 
çîêðåìà [4–6]. Îäíàê íåãàòèâíèìè ÷èííèêà-
ìè ë³òíüîãî ïåð³îäó äëÿ âèðîùóâàííÿ ñîð-
ò³â öüîãî âèäó îñòàíí³ìè ðîêàìè º àòìîñôåð-
íà é ´ðóíòîâà ïîñóõà, à òàêîæ íåñò³éêèé ðå-
æèì ïðèðîäíîãî çâîëîæåííÿ ³ íå ð³â íîì³ðíèé 
ðîçïîä³ë îïàä³â ïðîòÿãîì âåãåòàö³¿.

Îäíèì ç³ ñïîñîá³â ïðîòèñòîÿííÿ àá³îòè÷íèì 
÷èííèêàì, ÿê³ íåãàòèâíî âïëèâàþòü íà ð³ñò 
³ ðîçâèòîê ðîñëèí, º ï³äâèùåííÿ ¿õ ïîñóõî-
ñò³éêîñò³ – ñôîðìîâàíî¿ â ïðîöåñ³ åâîëþö³¿ 
àáî øòó÷íîãî äîáîðó ðîñëèí, ñïðîìîæíèõ 
ïðè ñòîñîâóâàòèñÿ äî ä³¿ ïîñóõè òà ðîçâèâà-
òèñÿ é â³äòâîðþâàòèñÿ çà òàêèõ óìîâ ïîãîäè. 
Ìîæëèâîñò³ ðîñëèí äîëàòè âîäíèé ñòðåñ 
çðîñòàþòü çà ¿õ çäàòíîñò³ óíèêàòè âèñèõàí-
íÿ é çíåâîäíåííÿ ïðîòîïëàçìè êë³òèí áåç 
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Ìåòà. Óñòàíîâèòè ïîñóõîñò³éê³ñòü ñîðò³â òðîÿíä ÷àéíî-ã³áðèäíî¿ ñàäîâî¿ ãðóïè ó ïîëüîâèõ ³ ëàáîðàòîðíèõ óìîâàõ.
Ìåòîäè. Ïîëüîâèé, á³îìåòðè÷íèé, ëàáîðàòîðíèé, ñòàòèñòè÷íèé. Ïîñóõîñò³éê³ñòü ðîñëèí ó ïîëüîâèõ óìîâàõ îö³íþâàëè çà 
6-áàëîâîþ øêàëîþ Ñ. Ñ. Ï’ÿòíèöüêîãî (1961), äîñë³äè â ëàáîðàòîðíèõ óìîâàõ ïîëÿãàëè ó âèçíà÷åíí³ âîäîóòðèìóâàëüíî¿ 
ñïðîìîæíîñò³ ëèñòê³â, ¿õ âîäíîãî äåô³öèòó, çäàòíîñò³ â³äíîâëþâàòè òóðãîð, îâîäíåíîñò³ òêàíèí çà óí³ô³êîâàíîþ ìåòî-
äèêîþ ²íñòèòóòó ñàä³âíèöòâà ÍÀÀÍ (Êèòàºâ òà ³í., 1998, 2009). Ðåçóëüòàòè. Çà â³çóàëüíèìè ñïîñòåðåæåííÿìè â ïåð³îäè 
ç íèçüêèì ð³âíåì âîëîãîçàáåçïå÷åííÿ òóðãîð ëèñòê³â íå çíèæóâàâñÿ, òîæ ó ïîëüîâèõ óìîâàõ ïîñóõîñò³éê³ñòü ñîðò³â 
÷àéíî-ã³áðèäíèõ òðîÿíä îö³íåíî ó 5 áàë³â çà 6-áàëîâîþ øêàëîþ. Ó ëàáîðàòîðíèõ óìîâàõ âèðàõîâóâàëè âîäíèé äåô³öèò 
ó ëèñòêàõ (ó â³äñîòêàõ â³ä çàãàëüíîãî âì³ñòó âîäè â ñòàí³ ïîâíîãî íàñè÷åííÿ). Çà ïîêàçíèêàìè âîäîóòðèìóâàëüíî¿ 
çäàòíîñò³ òêàíèí ëèñòê³â ñîðò³â ÷àéíî-ã³áðèäíèõ òðîÿíä, âèä³ëåíî ñîðòè ç ð³âíåì âòðàòè âîëîãè â åêñïîçèö³¿ ÷åðåç 12 
ãîäèí – â³ä íàéíèæ÷îãî äî íàéâèùîãî. Âèñíîâêè. Óñ³ ñîðòè ÷àéíî-ã³áðèäíèõ òðîÿíä êîëåêö³¿ ÍÁÑ ³ì. Ì. Ì. Ãðèøêà ÍÀÍ 
Óêðà¿íè, ÿê³ áóëè ó äîñë³ä³, â ïîëüîâèõ óìîâàõ º äîñòàòíüî ïîñóõîñò³éêèìè. Çà ïîêàçíèêàìè ïîñóõîñò³éêîñò³ ëèñòê³â ³ç 
44-õ ìîäåëüíèõ ñîðò³â âèä³ëåíî 9 ³ç íèçüêèì (äî 22,30%), 5 – ³ç ñåðåäí³ì (äî 24,37%), 30 – ç âèñîêèì ³ äóæå âèñîêèì 
(27,23–46,47%) ð³âíåì óòðàòè âîëîãè. Àíàë³ç îòðèìàíèõ ðåçóëüòàò³â äîñë³äæåíü ñâ³ä÷èòü ïðî òå, ùî ô³ç³îëîã³÷í³ ïðî-
öåñè, ïîâ’ÿçàí³ ç óòðàòîþ âîëîãè º ñîðòîñïåöèô³÷íîþ, ãåíåòè÷íî ñïàäêîâîþ îçíàêîþ. Ñîðòè ÷àéíî-ã³áðèäíèõ òðîÿíä 
ð³çíîãî ãåîãðàô³÷íîãî ïîõîäæåííÿ, ùî ïîêàçàëè êðèòåð³é ïîñóõîñò³éêîñò³ â³ä ñåðåäíüîãî äî íàéâèùîãî, ìîæíà ðåêî-
ìåíäóâàòè äëÿ âèðîùóâàííÿ â óìîâàõ Ïðàâîáåðåæíîãî Ë³ñîñòåïó Óêðà¿íè. 

Êëþ÷îâ³ ñëîâà: ð³âåíü óòðàòè âîëîãè; âîäíèé äåô³öèò; òóðãîð; òêàíèíè ëèñòê³â. 

øê³äëèâèõ íàñë³äê³â [7]. Ïðè öüîìó îäíèì 
ç âàæëèâèõ åëåìåíò³â ïîñóõîñò³éêîñò³ ðîñ-
ëèíè º âîäîóòðèìóâàëüíà òà òóðãîðîâ³ä íîâ-
ëþâàëüíà çäàòí³ñòü ¿¿ ëèñòê³â, ÿê îñíîâ íîãî  
ôîòîñèíòåçóþ÷îãî îðãàíó. Òîìó âèçíà÷åííÿ 
àäàïòèâíî¿ çäàòíîñò³ ñîðò³â ÷àéíî-ã³áðèäíèõ 
òðîÿíä äî ïîñóõè, îö³íþâàííÿ ¿õíüî¿ ÷óòëè-
âîñò³ äî íå¿ º îäíèì ç îñíîâíèõ çàâäàíü äëÿ 
ðîçøèðåííÿ âèêîðèñòàííÿ ¿õ ó ëàíäøàôòíî-
ìó äèçàéí³.

Ïèòàííþ äîñë³äæåííÿ ïîñóõîñò³éêîñò³ òðî-
ÿíä ð³çíèõ ñàäîâèõ ãðóï â óìîâàõ â³äêðèòîãî 
òà çàêðèòîãî ´ðóíòó ïðèä³ëèëè óâàãó â÷åí³ 
ÿê â Óêðà¿í³, òàê ³ çà ¿¿ ìåæàìè. Â óìîâàõ Êèº-
âà çà ïîêàçíèêàìè âîäîóòðèìóâàëüíî¿ çäàòíîñ-
ò³ ëèñòê³â ³ ù³ëüíîñò³ ïðîäèõ³â Ò. Î. Áóéä³íà 
[6] âèä³ëèëà íàéïîñóõîñò³éê³ø³ ñîðòè âèò êèõ 
òðîÿíä. Ïîñóõîñò³éê³ñòü àíãë³éñüêèõ òðî ÿíä 
ó ëàáîðàòîðíèõ ³ ïîëüîâèõ óìîâàõ äîñë³äæó-
âàëè Ä. Ñ. Ãîðä³ºíêî òà ³í. [8], ÿêèìè ðåêî-
ìåíäîâàíî ñîðòèìåíò ïîñóõîñò³éêèõ àí ãë³é-
ñüêèõ òðîÿíä çà ðåçóëüòàòàìè äîñë³ä æåí íÿ 
ù³ëüíîñò³ ïðîäèõ³â íà ëèñòêàõ. Ïîñóõîñò³é-
ê³ñòü òðîÿíä ÷àéíî-ã³áðèäíî¿ ãðóïè â óìîâàõ 
Ï³âäåííîãî áåðåãà Êðèìó äîñë³äæóâàëè Ñ. Î. 
Ïëóãàòàð [9], Â. À. Áðàèëêî òà ³í. [10]. Ñîð-
òè òðîÿíä ÷àéíî-ã³áðèäíî¿ ãðóïè º íàéïî-
øèðåí³øèìè äëÿ âèðîùóâàííÿ â óìîâàõ çà-
êðèòîãî ´ðóíòó, òîìó íèçêà àâòîð³â äîñë³ä-
æóâàëè àíàòîì³þ ëèñòê³â ³ ìîðôîëîã³þ ïðî-
äèõ³â ó êîíòðîëüîâàíèõ óìîâàõ âèðî ùó âàí-
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íÿ [11–13]. Âàæëèâå çíà÷åííÿ ðîçì³ðó ëèñò-
ê³â òà ïðîäèõ³â äëÿ ô³ç³îëîã³¿ é åêîëîã³¿, ¿õ-
íþ ðîëü â àäàïòèâíîñò³ ðîñëèí äî ÷èííèê³â 
äîâê³ëëÿ äîñë³äæåíî F. Waleed [14], A. Het-
herington, I. Woodward [15].

Â³äîìî [1], ùî äåÿê³ âèäè øèïøèí òà ñàäî-
â³ ãðóïè òðîÿíä (âèòê³, åô³ðîîë³éí³) º õàðàê-
òåðíèìè êñåðîìåçîô³òàìè, ÿê³ çäàòí³ ðîñòè 
â óìîâàõ ç òèì÷àñîâîþ íåñòà÷åþ ïîâ³òðÿíî¿ 
âîëîãè. Âîäíî÷àñ, Ë. Ï. Ñàâ÷óê [16] óñòàíîâ-
ëåíî çàëåæí³ñòü òðèâàëîñò³ öâ³ò³ííÿ òðîÿí-
äè åô³ðî îë³éíî¿ â³ä â³äíîñíî¿ âîëîãîñò³ ´ðóí-
òó, îïòèìàëüíèé ïîêàçíèê ÿêî¿ ìàº áóòè íå 
íèæ÷å í³æ 60%. Áðàèëêî Â. Î. òà ³í. [17], 
äîñë³äæóþ÷è ì³í³àòþðí³ òðîÿíäè, ä³éøëè 
âèñíîâêó, ùî ´ðóíòîâà é ïîâ³òðÿíà âî ëîãà º 
åêîëîã³÷íèìè ÷èííèêàìè, ùî îáìå æó þòü ¿õ-
í³é ð³ñò ³ ðîçâèòîê ó Í³ê³òñüêîìó áî òà í³÷íîìó 
ñàäó.

Êîëåêö³ÿ Íàö³îíàëüíîãî áîòàí³÷íîãî ñàäó 
³ìåí³ Ì. Ì. Ãðèøêà ÍÀÍ Óêðà¿íè ïîñò³éíî 
ïîïîâíþâàëàñÿ íîâèìè ñîðòàìè ÷àéíî-ã³á-
ðèäíèõ òðîÿíä, îäíàê äîñë³äæåííÿ ïîñóõî-
ñò³éêîñò³ ñîðò³â, ³íòðîäóêîâàíèõ ó Ïðàâîáå-
ðåæíèé Ë³ñîñòåï Óêðà¿íè, íå ïðîâîäèëè.

Ìåòà äîñë³äæåíü – óñòàíîâèòè ïîñóõîñò³é-
ê³ñòü ñîðò³â ÷àéíî-ã³áðèäíèõ òðîÿíä ó ïîëüî-
âèõ ³ ëàáîðàòîðíèõ óìîâàõ.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Äîñë³äæåííÿ ç âèçíà÷åííÿ ôàêòè÷íî¿ ïî-

ñóõîñò³éêîñò³ ïðîâîäèëè âïðîäîâæ 2017–
2019 ðð. ó ïîëüîâèõ óìîâàõ, à òàêîæ ó ëàáî-
ðàòîð³¿ ô³ç³îëîã³¿ ðîñëèí ³ ì³êðîá³îëîã³¿ ²íñ-
òèòóòó ñàä³âíèöòâà ÍÀÀÍ. Îá’ºêòîì äîñë³ä-
æåíü áóëè ïðîöåñè ðîñòó é ðîçâèòêó 84 ñîð-
ò³â ÷àéíî-ã³áðèäíèõ òðîÿíä êîëåêö³éíî-åêñ-
ïîçèö³éíî¿ ä³ëÿíêè «Ðîçàð³é» Íà ö³î íàëü íî-
ãî áîòàí³÷íîãî ñàäó ³ì. Ì. Ì. Ãðèø êà ÍÀÍ 
Óêðà¿íè (ÍÁÑ). Ïîñóõîñò³éê³ñòü ó ëàáîðàòîð-
íèõ óìîâàõ âèçíà÷àëè íà ìîäåëüíèõ ñîð òàõ, 
ïåðåë³ê ÿêèõ íàâåäåíî â òàáëèö³.

Ïîñóõîñò³éê³ñòü ó ïîëüîâèõ óìîâàõ îö³íþ âà-
ëè çà 6-áàëîâîþ øêàëîþ Ñ. Ï’ÿòíèöü êî ãî [18]:

1 – ðîñëèíà ãèíå âíàñë³äîê ïîñóõè;
2 – ëèñòêè îïàëè, óñèõàþòü ê³íö³ ïàãîí³â;
3 – óñèõàº á³ëüø í³æ ïîëîâèíà ëèñòê³â ³ 

÷àñòèíà ïàãîí³â;
4 – óðàæåíî ìåíøå ïîëîâèíè ëèñòê³â ³ 

÷àñòèíà ïàãîí³â;
5 – ó äåíí³ ãîäèíè ëèñòêè âòðà÷àþòü òóð-

ãîð, â’ÿíóòü, àëå çà í³÷ éîãî â³äíîâëþþòü;
6 – ðîñëèíà íå ïîòåðïàº â³ä ïîñóõè.
Ó ðåçóëüòàò³ ïðîâåäåíèõ â³çóàëüíèõ äîñë³-

äæåíü ëèñòêîâîãî àïàðàòó ñîðò³â ÷àéíî-ã³á-
ðèäíèõ òðîÿíä ó ïîëüîâèõ óìîâàõ ÍÁÑ íå âè-
ÿâëåíî ðîñëèí ç³ âòðàòîþ òóðãîðó ëèñòê³â, 
òîìó ¿õ îö³íåíî ó 5 áàë³â çà 6-áàëîâîþ øêàëîþ.

Äîñë³äè â ëàáîðàòîðíèõ óìîâàõ ïîëÿãàëè 
ó âèçíà÷åíí³ âîäîóòðèìóâàëüíî¿ ñïðîìîæ-
íîñò³ ëèñòê³â, ¿õ âîäíîãî äåô³öèòó, çäàòíîñ-
ò³ â³äíîâëþâàòè òóðãîð, îâîäíåíîñò³ òêàíèí 
çà óí³ô³êîâàíîþ ìåòîäèêîþ ²íñòèòóòó ñàä³â-
íèöòâà ÍÀÀÍ. Âîäíèé äåô³öèò ó ö³ëèõ 
ëèñòê³â òðîÿíäè (3–5 øò.) äîñë³äæóâàëè â 
äèíàì³ö³ (÷åðåç 2, 4 ³ 12 ãîä) ó â³äñîòêàõ â³ä 
çàãàëüíîãî âì³ñòó âîäè â ñòàí³ ïîâíîãî íà-
ñè÷åííÿ âîäîþ [19, 20]. Äëÿ âñòàíîâëåííÿ 
ïîä³áíîñò³ ñîðò³â çà ïîñóõîñò³éê³ñòþ âèêî-
ðèñòîâóâàëè ìåòîä êëàñòåðíîãî àíàë³çó [21].

Ïîñóõîñò³éê³ñòü ðîñëèí çóìîâëåíà ¿õíüîþ 
çäàòí³ñòþ ïðîòèñòîÿòè çíåâîäíåííþ é ïåðå-
ãð³âó â ïðîöåñ³ îíòîãåíåçó, ïðèñòîñîâóâàòèñÿ 
äî ä³¿ ïîñóõè ³ â öèõ óìîâàõ ðîñòè  ðîçâèâà-
òèñÿ äî ïîâíîãî â³äòâîðåííÿ [7]. 

Ðåçóëüòàòè äîñë³äæåíü
Íàéâèùèì çíà÷åííÿì âîäíîãî äåô³öèòó 

÷åðåç åêñïîçèö³þ 6 ãîäèí õàðàêòåðèçóâàëèñÿ 
ðîñëèíè ñîðòó ‘Kerio’ – 54,7%. Ïðè öüîìó 
ð³çíèöÿ ì³æ ïåðøîþ ³ äðóãîþ åêñïîçèö³ºþ 
ñòàíîâèëà 26,4%, ùî íà 1,7% ìåíøå â³ä 
ïåðøî¿ ³ òðåòüî¿. Öÿ çàêîíîì³ðí³ñòü ñïîñòå-
ð³ãàëàñü ìàéæå â óñ³õ ñîðò³â â óñ³õ âàð³àíòàõ 
äîñë³äó. Íàéë³ïøèìè ïîêàçíèêàìè (íàé-
ìåíøà âòðàòà âîäè, %) â³äçíà÷èëèñÿ ñîðòè 
‘Dol ce Vita’ òà ‘Grand Mogul’, ó ñåðåäíüîìó 
ïî äîñë³äó ëèñòêè ¿õí³õ ðîñëèí âòðàòèëè 
17,17 ³ 17,57%, íàéâèùèé âîäíèé äåô³öèò 
çàô³êñîâàíî â ‘Kerio’ ³ ‘Soffi Loren’ (46,47 ³ 
45,77% â³äïîâ³äíî). Â ³íøèõ ñîðò³â ö³ ïîêàç-
íèêè áóëè íà ð³âí³ 18,00–41,93%, ùî ñâ³ä-
÷èòü ïðî øèðîêèé ñïåêòð ì³æ êðàéí³ìè ïîðî-
ãàìè âåëè÷èí (äèâ. òàáë.).

Ùîäî ð³âíÿ âòðàòè âîäè â ìåæàõ ñîðòó ì³æ 
åêñïîçèö³ÿìè, òî ñë³ä â³äçíà÷èòè â³äïîâ³äíó 
çàêîíîì³ðí³ñòü ì³æ âàð³àíòàìè. ßêùî ëèñò-
êè ñîðò³â ìàëè íàéíèæ÷èé âîäíèé äåô³öèò, 
ÿêèé çàô³êñóâàëè â åêñïîçèö³¿ ÷åðåç äâ³ ãî-
äèíè, òî â íàñòóïíèõ â³í çá³ëüøóâàâñÿ íåçà-
ëåæíî â³ä ñîðòó. ×èì á³ëüøå â ðîñëèíàõ ïåâ-
íî ãî ñîðòó òðîÿíä çàëèøàºòüñÿ âîäè, òèì âè-
ùà éîãî ïîñóõîñò³éê³ñòü. Íàâïàêè, ç³ çðîñòàí-
íÿì óòðàòè âîäè öåé ïîêàçíèê çíèæóºòüñÿ. 

Íà ðèñóíêó íàâåäåíî äåíäðîãðàìó êëàñòå-
ðèçàö³¿ ñîðò³â ÷àéíî-ã³áðèäíèõ òðîÿíä çà 
ð³âíåì ïîñóõîñò³éêîñò³ çà ìåòîäîì Óàéëüäà. 
Óíàñë³äîê êëàñòåðèçàö³¿ ñôîðìîâàíî ï’ÿòü 
êëàñòåð³â òðîÿíä ³ç ð³âíåì ïîñóõîñò³éêîñò³ â³ä 
íàéíèæ÷îãî äî íàéâèùîãî.

Íà ï³äñòàâ³ îäåðæàíèõ ðåçóëüòàò³â, äîñë³ä-
æóâàí³ ñîðòè ïîä³ëèëè íà ãðóïè çà ð³âíåì 
ïîñóõîñò³éêîñò³: íàéâèùèé – ‘Dolce Vita’, 
‘Grand Mogul’, ‘Lovely Red’, ‘Imperatrice 
Farach’, ‘Christophe Colomb’ (ð³âåíü óòðàòè 
âîäè – 17,17–19,43%); âèñîêèé – ‘Claudia’, 
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Òàáëèöÿ
Ïîêàçíèêè âîäîóòðèìóâàëüíî¿ çäàòíîñò³ òêàíèí ëèñòê³â ñîðò³â ÷àéíî-ã³áðèäíèõ òðîÿíä

(ñåðåäíº çà 2017–2019 ðð.)

¹
ç/ï Ñîðò

Óòðàòà âîäè, %
÷åðåç 
2 ãîä

÷åðåç 
8 ãîä

ð³çíèöÿ ì³æ 
åêñïîçèö³ÿìè 2 ³ 8 ãîä

÷åðåç 
12 ãîä

ð³çíèöÿ ì³æ 
åêñïîçèö³ÿìè 2 ³ 12 ãîä ñåðåäíº

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 9,8 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 25,3 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 31,1 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 33,1 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 ‘Êëèìåíòèíà’ 16,6 32,9 16,3 33,8 17,2 27,77
20 ‘Carina’ 17,0 33,3 16,3 37,8 20,8 29,37
21 ‘Crepe de Chine’ 17,1 33,4 16,3 41,0 23,9 30,50
22 ‘Julio Iglesias’ 17,2 33,7 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 37,3 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 35,5 16,5 38,9 19,9 31,13
28 ‘Electron’ 18,9 35,6 16,7 39,2 20,3 31,23
29 ‘Red Queen’ 19,1 35,7 16,6 43,5 24,4 32,77
30 ‘Double Delight’ 19,2 36,7 17,5 42,7 23,5 32,87
31 ‘Êàçàõñòàíñêàÿ Þáèëåéíàÿ’ 20,0 38,1 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 23,1 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 ‘Kronenburq’ 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’ 25,4 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

Í²Ð
0,05

2,7 5,1 – 5,7 – –

‘Candlelight’, ‘Bob Hope’, ‘Utopia’ (20,97– 
22,30%); ñåðåäí³é – ‘Latin Lady’, ‘Paradise’, 
‘Gloria Dei’, ‘Paris-2000’, ‘Burgund 81’, 
(23,10–24,37%), íèçüêèé – ‘Traviata’, ‘Ingrid 
Bergman’, ‘Dolce Vita Lex Voom’ (‘Dolce 
Vita+’), ‘Êëèìåíòèíà’, ‘Carina’, ‘Julio Igle-
sias’, ‘Black Magic’, ‘Bel Ange’ (27,73–29,80%). 
Ðåøòà ñîðò³â ìàëà íàéíèæ÷èé ð³âåíü ïîñó-
õîñò³éêîñò³ (30,50–46,67%): ‘Crepe de Chi ne’, 
‘Alliance’, ‘Dame de Coeur’, ‘Piccadilly’, ‘Alexan-

dre Pouchkine’, ‘Electron’, ‘Red Queen’, ‘Doub-
le Delight’, ‘Êàçàõñòàíñêàÿ Þáèëåéíàÿ’, ‘La 
Marseillaise’, ‘Baccara’, ‘Laetitia Casta’, ‘Dia-
mond Jubilee’, ‘Duftwolke’, ‘Anastasia’, ‘Sa-
mantha’, ‘Rose Gaujard’, ‘Kronenburq’, ‘Red 
Intuition’, ‘Royal Dane’, ‘Soffi Loren’, ‘Kerio’.

Çã³äíî ç àíàë³çîì ðåçóëüòàò³â ëàáîðàòîð-
íèõ äîñë³äæåíü, óðàõîâóþ÷è âåëè÷èíè íàé-
ìåíøî¿ ³ñòîòíî¿ ð³çíèö³ (Í²Ð), ñîðòè ÷àéíî-
ã³áðèäíèõ òðîÿíä, ùî ïîêàçàëè ð³âåíü ïî-
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Variety studying and variety science

ñóõîñò³éêîñò³ â³ä ñåðåäíüîãî äî íàéâèùîãî 
ìîæíà ðåêîìåíäóâàòè äëÿ âèðîùóâàííÿ â 
óìîâàõ Ïðàâîáåðåæíîãî Ë³ñîñòåïó Óêðà¿íè.

Âèñíîâêè
Çà ïîêàçíèêàìè ëàáîðàòîðíèõ äîñë³äæåíü 

44 ìîäåëüíèõ ñîðò³â âñòàíîâëåíî íàéïîñóõî-
ñò³éê³ø³: ‘Dolce Vita’, ‘Grand Mogul’, ‘Lovely 
Red’, ‘Imperatrice Farach’, ‘Christophe Co-
lomb’ (ð³âåíü óòðàòè âîäè 17,17–19,43%). 
Âèñîêèì ð³âíåì ïîñóõîñò³éêîñò³ (20,97–
22,30%) â³äçíà÷àëèñÿ ñîðòè ‘Claudia’, ‘Cand-
lelight’, ‘Bob Hope’ òà ‘Utopia’, ñåðåäí³ì 
(23,10–24,37%) – ‘Latin Lady’, ‘Paradise’, 
‘Glo ria Dei’, ‘Paris-2000’, ‘Burgund 81’. Ðåøòà 
äîñë³äæóâàíèõ ñîðò³â (30 øò.) âèÿâèëè íèçü-
êèé ð³âåíü ïîñóõîñò³éêîñò³.

Ñîðòè ÷àéíî-ã³áðèäíèõ òðîÿíä ³ç ð³âíåì ïî-
ñóõîñò³éêîñò³ â³ä ñåðåäíüîãî äî íàéâèùîãî 
ìîæíà ðåêîìåíäóâàòè äëÿ êóëüòèâó âàííÿ â 
óìîâàõ Ïðàâîáåðåæíîãî Ë³ñîñòåïó Óê ðà¿íè. 

Ñîðòè ÷àéíî-ã³áðèäíèõ òðîÿíä ³ç íèçüêèì 
ð³âíåì ïîñóõîñò³éêîñò³, ÿê-îò ‘Traviata’, ‘Ing-
rid Bergman’, ‘Black Magic’, ‘Bel Ange’, 
‘Alexandre Pouchkine’, ‘Double Delight’, ‘Dia-
mond Jubilee’, ‘Anastasia’, ‘Red Intuition’, 
‘Kerio’, º âèñîêîäåêîðàòèâíèìè â ëàíäøàôò-
íîìó äèçàéí³ òà îòðèìàííÿ êâ³ò³â íà çð³ç, 
òî ìó ¿õ êóëüòèâóâàííÿ òàêîæ ìîæëèâå çà 
óìîâè äîäàòêîâîãî çàáåçïå÷åííÿ äîñòàòíüîãî 
ð³âíÿ âîëîãîñò³ ´ðóíòó ï³ä ÷àñ âåãåòàö³¿.

Îòðèìàí³ äàí³ ïîëüîâèõ ³ ëàáîðàòîðíèõ äîñ-
ë³äæåíü áóäóòü óðàõîâàí³ ï³ä ÷àñ ôîðìóâàí-
íÿ ðåêîìåíäàö³é äëÿ îçåëåíåííÿ òåðèòîð³é ç 
äîòðèìàííÿì ïðèíöèï³â äîáîðó òà ñòâîðåííÿ 
êâ³òêîâèõ êîìïîçèö³é. Ðåçóëüòàòè ïîñóõî-
ñò³éêîñò³ ñîðò³â ÷àéíî-ã³áðèäíèõ òðîÿíä ìî-
æóòü áóòè âðàõîâàí³ òàêîæ ó ñåëåêö³éí³é 
ïðàê òèö³ äëÿ äîáîðó áàòüê³âñüêèõ ôîðì.
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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 hol ding 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 diffe rent 
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.
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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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Breeding of industrial hemp with a high content
of cannabigerol by the case of ‘Vik 2020’ cultivar
S. V. Mishchenko*, I. Ì. Laiko, H. I. Kyrychenko
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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 t rait 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. 
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and the number of glands in industrial hemp 
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 

CBG + CBGA cannabinoids. After reaching a 
peak on the 7th 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

1
–I

2
)

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 (²

5
–²

6
); additional self-

pollination, if there is a need to achieve inbred 
minimum, increasing the degree of homogenei ty 
and stability of the lines (²

5
–²

6
);

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 m2 area), 
dried and stored at laboratory temperature. 

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 µm, 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 – 
T

initial
 = 100 °C, hold for 2 minutes, heating – 

15 °C/min, T
finite

 = 280 °C, hold for 11 minutes;   
– detector – flame ionization; 

– sample – 1.0 µl.
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 °Ñ) – 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 varie ty 

‘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-
no ecious 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)

Compound 

Content, %
‘Hliana’ ‘Vik 2020’

 average average minimum–
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

f
 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-

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

D
 allele with a low degree of activity, 

since the CBD content is very scarce, and the 
B

0
 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 clas ses 
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 

CBG

CBGA

Fig. 1. Manifestation of CBG and CBGA 
on chromatographic plates
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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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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 202 0)

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)

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), 

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 
variet y 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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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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ÿê³ äåòåðì³íóþòü ôîðìóâàííÿ çíà÷íî¿ á³îìàñè, ïðèäàòíî¿ 
äëÿ âèêîðèñòàííÿ íà ôàðìàöåâòè÷í³ ö³ë³, òà âðîæàéíîñò³ 
íàñ³ííÿ (0,98 ò/ãà). Âèõ³ä çàãàëüíîãî âîëîêíà ñòàíîâèâ, 
ÿê ³ â ñîðòó-ñòàíäàðòó, 29,0%, àëå âîíî õàðàêòåðèçóâàëî-
ñÿ âèùîþ ÿê³ñòþ é òåõíîëîã³÷íîþ ö³íí³ñòþ çà ïåðâèííî-
ãî ïåðåðîáëåííÿ. Ñîðò ìàâ îäíîð³äíó ñòàòåâó ñòðóêòóðó, 
ñò³éê³ñòü äî á³î- òà àá³îòè÷íèõ ÷èííèê³â ñåðåäîâèùà. Âå-
ãåòàö³éíèé ïåð³îä äî á³îëîã³÷íî¿ ñòèãëîñò³ (BBCH 89) – 
116 ä³á. Ðåêîìåíäîâàíèé äëÿ âèðîùóâàííÿ ç ìåòîþ 
îòðèìàííÿ íàñ³ííÿ, ÿê³ñíîãî âîëîêíà é ïîòåíö³éíî – êà-
íàá³ãåðîëó (çà óìîâè çì³íè çàêîíîäàâñòâà). Âèñíîâêè. 
Äîâåäåíî åôåêòèâí³ñòü çàëó÷åííÿ äî ñåëåêö³éíîãî ïðî-
öåñó ñàìîçàïèëåíèõ ë³í³é ³ç ïîäàëüøèì ¿õ îá’ºäíàííÿì 
ó ñèíòåòè÷íó ïîïóëÿö³þ ³ ïîë³ïøóâàëüíèì äîáîðîì íà 
ïðèêëàä³ íîâîãî ñîðòó ïðîìèñëîâèõ êîíîïåëü ‘Â³ê 2020’, 
ùî õàðàêòåðèçóºòüñÿ ï³äâèùåíèì óì³ñòîì êàíàá³ãåðîëó é 
â³äñóòí³ñòþ ïñèõîòðîïíèõ âëàñòèâîñòåé.

Êëþ÷îâ³ ñëîâà: êîíîïë³; êóëüòèâàð; ñàìîçàïèëåííÿ; 
äîá³ð; ñõðåùóâàííÿ; êàíàá³íî¿äè; êîðåëÿö³ÿ; ïðîäóêòèâ-
í³ñòü.
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Âñòóï
Ñüîãîäí³ êóêóðóäçà (Zea mays L.) º îäí³ºþ 

ç íàéá³ëüø âèñîêîïðîäóêòèâíèõ òà åêîíî-
ì³÷íî êîíêóðåíòíîñïðîìîæíèõ çåðíîâèõ 
êóëüòóð, ùî îáóìîâëþº ï³äâèùåíèé ³íòåðåñ 
äî íå¿ àãðîâèðîáíèê³â [1, 2]. Âîäíî÷àñ ãëî-
áàëüí³ çì³íè êë³ìàòó âíîñÿòü ïåâí³ çì³íè â 
àãðîòåõí³êó ¿¿ âèðîùóâàííÿ. Çîêðåìà ñïîñ-
òåð³ãàºòüñÿ çì³ùåííÿ ñòðîê³â ñ³âáè òà ðàí³-
øå çáèðàííÿ âðîæàþ, çá³ëüøóºòüñÿ ù³ëü-
í³ñòü àãðîöåíîçó. Ó âèðîáíèöòâ³ íàáóâàþòü 
ïîïóëÿðíîñò³ íåòðàäèö³éí³ ñ³âîçì³íè, çàâäÿ-
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Ðåçóëüòàòè îö³íþâàííÿ ñàìîçàïèëåíèõ ñêîðîñòèãëèõ 
ë³í³é êóêóðóäçè çâè÷àéíî¿ (Zea mays L.) 
çà îñíîâíèìè ãîñïîäàðñüêî-ö³ííèìè îçíàêàìè 
çà äâîõ ñòðîê³â ñ³âáè 
Ì. Ñ. Îëüõîâèê1*, Î. Ë. Ãàéäàø1, Þ. Þ. Êóïàð1, Ì. Ì. Òàãàíöîâà2
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Ìåòà. Êîìïëåêñíå âèâ÷åííÿ, äîá³ð, îö³íþâàííÿ é ñèñòåìàòèçàö³ÿ ñàìîçàïèëåíèõ ë³í³é êóêóðóäçè çâè÷àéíî¿ (Zea 
mays L.), îòðèìàíèõ íà áàç³ ìàòåð³àëó ð³çíî¿ ãåíåòè÷íî¿ ñòðóêòóðè ç êðåìåíèñòèì òà çóáîïîä³áíèì òèïîì åíäîñïåðìó, 
çà îñíîâíèìè ãîñïîäàðñüêî-ö³ííèìè ïîêàçíèêàìè é îçíàêàìè ñêîðîñòèãëîñò³ ç ìåòîþ âèä³ëåííÿ íàéë³ïøèõ ãåíîòèï³â 
äëÿ ñåëåêö³¿ óëüòðàñêîðîñòèãëèõ ã³áðèä³â. Ìåòîäè. Ã³áðèäèçàö³ÿ, ³íöóõò – ó ïðîöåñ³ ñòâîðåííÿ âèõ³äíîãî ìàòåð³àëó; 
â³çóàëüíèé – ôåíîëîã³÷í³ ñïîñòåðåæåííÿ; ëàáîðàòîðíî-ïîëüîâèé – âèçíà÷åííÿ ìîðôî-á³îëîã³÷íèõ îçíàê ñàìîçàïè-
ëåíèõ ë³í³é êóêóðóäçè; âèì³ðþâàëüíî-âàãîâèé – âèçíà÷åííÿ âðîæàéíîñò³ òà ìåòðè÷íèõ îçíàê ðîñëèí; ìàòåìàòè÷íî-
ñòàòèñòè÷í³ – âèçíà÷åííÿ äîñòîâ³ðíîñò³ ðåçóëüòàò³â, ïîêàçíèê³â âàð³àáåëüíîñò³ îçíàê, êîðåëÿö³éíî¿ çàëåæíîñò³ îçíàê; 
äèñïåðñ³éíèé àíàë³ç; êîìïëåêñíå îö³íþâàííÿ ìîðôî-á³îëîã³÷íèõ òà ãîñïîäàðñüêî-ö³ííèõ õàðàêòåðèñòèê ñàìîçàïè-
ëåíèõ ë³í³é êóêóðóäçè íàéïîøèðåí³øèõ çàðîäêîâèõ ïëàçì. Ðåçóëüòàòè. Ó ðåçóëüòàò³ îö³íþâàííÿ ñàìîçàïèëåíèõ ë³í³é 
êóêóðóäçè, ñòâîðåíèõ íà áàç³ ð³çíèõ çàðîäêîâèõ ïëàçì, óñòàíîâëåíî, ùî íàéâèùà âðîæàéí³ñòü çåðíà çà îáîõ ñòðîê³â 
ñ³âáè ïðèòàìàííà ë³í³ÿì â³ä çàðîäêîâî¿ ïëàçìè Iodent; ì³í³ìàëüíó çáèðàëüíó âîëîã³ñòü çåðíà ìàëè ë³í³¿ çàðîäêîâèõ 
ïëàçì Flint òà Mix; íàéìåíøà ñåðåäíÿ òðèâàë³ñòü ïåð³îäó ñõîäè–öâ³ò³ííÿ (50% ÷îëîâ³÷èõ òà æ³íî÷èõ ñóöâ³òü çà îáîõ 
ñòðîê³â ñ³âáè) âëàñòèâà ë³í³ÿì çàðîäêîâî¿ ïëàçìè Flint; ñòàá³ëüíî âèñîê³ çíà÷åííÿ ïîêàçíèêà «âèñîòà ðîñëèí» çà îïòè-
ìàëüíîãî ñòðîêó ñ³âáè õàðàêòåðí³ äëÿ ë³í³é êóêóðóäçè çì³øàíî¿ çàðîäêîâî¿ ïëàçìè Mix, çà ï³çíüîãî ñòðîêó – äëÿ ë³í³é 
ïëàçìè Iodent. Ñòàá³ëüíî âèñîê³ çíà÷åííÿ ïîêàçíèêà «âèñîòà ïðèêð³ïëåííÿ êà÷àíà» çà îáîõ ñòðîê³â ñ³âáè â³äçíà÷åíî 
â ë³í³é, ÿê³ ñòâîðåí³ íà îñíîâ³ ïëàçìè Iodent. Âèñíîâêè. Ë³í³¿ ÄÊ239 (ïëàçìà Flint), ÄÊ7174, ÄÊ2285, ÄÊ305, ÄÊ2613 ³ 
ÄÊ5568 (ïëàçìà Iodent), ÄÊ2332 òà ÄÊ2659 (ïëàçìà Mix) áóëè íàéá³ëüø ñêîðîñòèãëèìè òà íàéë³ïøèìè çà êîìïëåêñîì 
ãîñïîäàðñüêî-ö³ííèõ îçíàê. Âîíè º ïåðñïåêòèâíèìè äëÿ âèêîðèñòàííÿ â ñåëåêö³¿ óëüòðàñêîðîñòèãëèõ ã³áðèä³â êóêóðóä-
çè, àäàïòîâàíèõ äî óìîâ Ñòåïó Óêðà¿íè. 

Êëþ÷îâ³ ñëîâà: êóêóðóäçà çâè÷àéíà; ñàìîçàïèëåí³ ë³í³¿; çàðîäêîâà ïëàçìà; ñêîðîñòèãë³ñòü; óðîæàéí³ñòü çåðíà; çáè-
ðàëüíà âîëîã³ñòü çåðíà.

êè ÿêèì ìîæíà îòðèìàòè äâà âðîæà¿ íà ð³ê, 
ñåðåä íàáîðó ã³áðèä³â êóêóðóäçè íàäàºòüñÿ 
ïåðåâàãà ñêîðîñòèãëèì òà óëüòðàñêîðîñòèãëèì 
ôîðìàì, ÿê³ º ìåíø ðåñóðñîì³ñòêèìè [3].

Ñàìå çàâäÿêè óëüòðàñêîðîñòèãëèì ã³áðèäàì 
êóêóðóäçè ìîæëèâî çàáåçïå÷èòè ñòàá³ëüí³ 
âðîæà¿ ó ñòðåñîâèõ êë³ìàòè÷íèõ óìîâàõ çîíè 
Ñòåïó òà âïðîâàäæåííÿ ðàö³îíàëüí³øèõ ñ³âî-
çì³í.

Ïðîâ³äíà ðîëü ó ãåòåðîçèñí³é ñåëåêö³¿ íà-
ëåæèòü âèõ³äíîìó ìàòåð³àëó, êîíòðàñòíîìó 
çà òðèâàë³ñòþ âåãåòàö³éíîãî ïåð³îäó òà â³ä-
ì³òíîìó çà ãåíåòè÷íèì ïîõîäæåííÿì. Äîâå-
äåíî, ùî ñòâîðåííÿ ã³áðèä³â íà áàç³ ãåíåòè÷íî 
â³ääàëåíîãî ãîìîçèãîòíîãî ìàòåð³àëó äàñòü 
çìîãó îòðèìàòè êîìåðö³éíî óñï³øí³ ãåíîòèïè 
òà çàáåçïå÷èòè âèñîê³ ñòàá³ëüí³ âðîæà¿. Ñàìå 
â öüîìó íàïðÿì³ âåäåòüñÿ ðîáîòà â ãåòå ðî çèñ-
í³é ñåëåêö³¿ êóêóðóäçè [4].

Çà íàÿâíîñò³ âèõ³äíîãî ìàòåð³àëó êóêóðó-
äçè, ùî íàëåæèòü äî ð³çíèõ ãåíîïëàçì, ïî-
ñòàº íåîáõ³äí³ñòü ó éîãî äîñë³äæåíí³ â ð³çíèõ 
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Ñåëåêö³ÿ òà íàñ³ííèöòâî

àãðîòåõí³÷íèõ ãðàä³ºíòàõ, çîêðåìà çà îïòè-
ìàëüíèõ òà ï³çí³õ ñòðîê³â ñ³âáè. Âàæëèâèì 
ïèòàííÿì ïðè öüîìó º êîðåêòíå îö³íþâàííÿ 
ë³í³é çà êîìïëåêñîì ãîñïîäàðñüêî-ö³ííèõ îç-
íàê [5].

Ðîñòîâ³ ïðîöåñè ðîñëèí º äîñèòü âàæëèâè-
ìè ç ïîãëÿäó ôîðìóâàííÿ íàçåìíî¿ ìàñè òà, 
ÿê íàñë³äîê, ìàêñèìàëüíî¿ ïðîäóêòèâíîñò³ 
ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð. Çâ’ÿçîê âè-
ñîòè ðîñëèíè, ïðîäóêòèâíîñò³ é òðèâàëîñò³ 
âåãåòàö³éíîãî ïåð³îäó îáóìîâëåíèé çàãàëüíî-
á³îëîã³÷íèìè ÷èííèêàìè. Âèñîòà ðîñëèí â³-
ä³ãðàº âàæëèâó ðîëü ó ôîðìóâàíí³ àäàïòèâ-
íîãî ïîòåíö³àëó òà º âàæëèâèì ïîêàçíèêîì 
äëÿ õàðàêòåðèñòèêè ñåëåêö³éíîãî ìàòåð³àëó, 
îñê³ëüêè, íà äóìêó äåÿêèõ äîñë³äíèê³â [6–9], 
âîíà ìàº ïîçèòèâíó êîðåëÿö³éíó çàëåæí³ñòü 
ç óðîæàéí³ñòþ çåðíà. ×åð÷åëü Â. Þ. [10] â³ä-
çíà÷àº, ùî îö³íþâàííÿ âèñîòè ðîñëèí ë³í³é 
ÿâëÿº ³íòåðåñ, îñê³ëüêè: ïî-ïåðøå, âèñîêî-
ðîñë³ ë³í³¿, çàçâè÷àé, äàþòü ³ âèñîê³ ã³áðèäè, 
ÿê³ â ïåðñïåêòèâ³ ìîæóòü âèðîùóâàòèñü ³ íà 
ñèëîñ; ïî-äðóãå, âàð³àáåëüí³ñòü âèñîòè ðîñ-
ëèí ìîæå ñëóãóâàòè ³íäèêàòîðîì ïîñóõîñò³é-
êîñò³ ñåëåêö³éíîãî ìàòåð³àëó; ïî-òðåòº, ìàëà 
âèñîòà ã³áðèä³â ÷àñòî ïåðåøêîäæàº ¿õ âèðîá-
íè÷îìó âèêîðèñòàííþ, òîìó çà ñåëåêö³¿ íà 
ñêîðîñòèãë³ñòü ðåêîìåíäóºòüñÿ îäíî÷àñíî ïðî-
âîäèòè äîá³ð âèñîêîðîñë³øèõ ôîðì.

Òðèâàë³ñòü âåãåòàö³éíîãî ïåð³îäó êóêóðó-
äçè âèçíà÷àº ìîæëèâîñò³ âèêîðèñòàííÿ ñàìî-
çàïèëåíèõ ë³í³é ó êîíêðåòíèõ êë³ìàòè÷íèõ 
óìîâàõ. Âîíà ìîæå çì³íþâàòèñÿ ï³ä âïëèâîì 
÷èííèê³â çîâí³øíüîãî ñåðåäîâèùà, ÿê-îò òåì-
ïåðàòóðà, ð³âåíü âîëîãîçàáåçïå÷åíîñò³, òðèâà-
ë³ñòü ñâ³òëîâîãî äíÿ, íàÿâí³ñòü åëåìåíò³â 
æèâëåííÿ ðîñëèí. Çíà÷íèé âïëèâ íà òðèâà-
ë³ñòü âåãåòàö³éíîãî ïåð³îäó òà îêðåìèõ éîãî 
ôåíîëîã³÷íèõ ôàç ìàþòü ãåíîòèï ðîñëèíè, 
óìîâè é ì³ñöå âèðîùóâàííÿ [11–13]. Óñòàíîâ-
ëåíî, ùî òðèâàë³ñòü âåãåòàö³éíîãî ïåð³îäó, ÿê 
çàãàëîì, òàê ³ îêðåìèõ éîãî ôàç, íå º ñòàëîþ 
âåëè÷èíîþ é çàëåæèòü â³ä ïîãîäíèõ óìîâ òà 
³íøèõ ÷èííèê³â.

Äëÿ âèçíà÷åííÿ òðèâàëîñò³ âåãåòàö³éíîãî 
ïåð³îäó íàéäîö³ëüí³øèì º âèêîðèñòàííÿ ïî-
êàçíèê³â òðèâàëîñò³ ïåð³îä³â «ñõîäè–öâ³ò³ííÿ 
50% êà÷àí³â» òà «ñõîäè–öâ³ò³ííÿ 50% âîëî-
òåé», ÿê³ äîñèòü ëåãêî é ÷³òêî ô³êñóþòüñÿ, 
íå ïîòðåáóþòü çíà÷íèõ çàòðàò êîøò³â ³ ðåñóð-
ñ³â òà øèðîêî çàñòîñîâóþòüñÿ â ñåëåêö³éí³é 
ïðàêòèö³ [14–17].

Îñíîâíîþ ïðîáëåìîþ â ñåëåêö³¿ êóêóðóäçè 
º ïîºäíàííÿ â ã³áðèä³ ñêîðîñòèãëîñò³ òà âðî-
æàéíèõ âëàñòèâîñòåé. Ï³äâèùåííÿ âðîæàé-
íîñò³ çåðíà º ãîëîâíîþ ìåòîþ áóäü-ÿêî¿ ñå-
ëåêö³éíî¿ ïðîãðàìè. Öåé ïîêàçíèê ìàº ê³ëü-
ê³ñíó ïðèðîäó óñïàäêóâàííÿ ³ íà éîãî ð³âåíü 

âïëèâàº ãåíîòèï òà åêîëîã³÷í³ ÷èííèêè. Ñêîðî-
ñòèãë³ñòü ïåðåäáà÷àº ñêîðî÷åííÿ ïåð³îä³â 
ôîðìóâàííÿ é íàëèâó çåðíà â ãåíîòèï³â êó-
êóðóäçè, ùî ïðèçâîäèòü äî íèçüêî¿ âîëîãîñò³ 
çåðíà ï³ä ÷àñ çáèðàííÿ. Îäíàê ñêîðî÷åííÿ 
ïåð³îäó íàëèâó çåðíà íåãàòèâíî âïëèâàº íà 
ïðîäóêòèâí³ñòü ã³áðèäà, ñïðè÷èíÿº çìåíøåí-
íÿ ë³í³éíèõ ðîçì³ð³â êà÷àíà é çåðí³âêè [18–20]. 
Âèçíà÷åíî ïåâíó íåãàòèâíó êîðåëÿö³þ ì³æ 
÷àñîì äîñòèãàííÿ çåðíà êóêóðóäçè òà ð³âíåì 
¿¿ âðîæàéíîñò³ [21].

Ó ïðîöåñ³ ñòâîðåííÿ ñêîðîñòèãëèõ ã³áðè-
ä³â ï³âäåííîãî åêîòèïó ïîðó÷ ç òàêèìè 
îçíàêàìè, ÿê ñò³éê³ñòü äî ïîñóõè é æàðè òà 
âèñîêà íàñ³ííºâà ïðîäóêòèâí³ñòü áàòüê³âñü-
êèõ êîìïîíåíò³â, âàæëèâå ì³ñöå ìàº íèçüêà 
âîëîã³ñòü çåðíà ï³ä ÷àñ çáèðàííÿ, ÿêà º îä-
íèì ç ãîëîâíèõ ñêëàäíèê³â ñêîðîñòèãëîñò³, 
³ â óìîâàõ ïîñò³éíîãî çðîñòàííÿ ö³í íà åíåðãî-
ðåñóðñè ìàº çíà÷íå åêîíîì³÷íå çíà÷åííÿ 
[22, 23].

Ìåòà äîñë³äæåíü – êîìïëåêñíå âèâ÷åííÿ, 
äîá³ð, îö³íþâàííÿ é ñèñòåìàòèçàö³ÿ ñàìîçà-
ïèëåíèõ ë³í³é êóêóðóäçè çâè÷àéíî¿ Zea 
mays L., îòðèìàíèõ íà áàç³ ìàòåð³àëó ð³çíî¿ 
ãåíåòè÷íî¿ ñòðóêòóðè ç êðåìåíèñòèì òà çóáî-
ïîä³áíèì òèïîì åíäîñïåðìó, çà îñíîâíèìè 
ãîñïîäàðñüêî-ö³ííèìè ïîêàçíèêàìè é îçíà-
êàìè ñêîðîñòèãëîñò³ ç ìåòîþ âèä³ëåííÿ íàé-
ë³ïøèõ ãåíîòèï³â äëÿ ñåëåêö³¿ óëüòðàñêîðî-
ñòèãëèõ ã³áðèä³â.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Äîñë³äæåííÿ ïðîâîäèëè ïðîòÿãîì 2016–

2018 ðð. â óìîâàõ äîñë³äíîãî ãîñïîäàðñòâà 
«Äí³ïðî» ÄÓ ²íñòèòóò çåðíîâèõ êóëüòóð 
ÍÀÀÍ Óêðà¿íè.

Äîñë³äæóâàëè òðè àëüòåðíàòèâí³ ãðóïè ë³-
í³é, ÿê³ âèñ³âàëè ó äâà ñòðîêè: 14 êðåìåíèñ-
òèõ, îòðèìàíèõ íà îñíîâ³ ïëàçìè Flint (F2, 
ÄÊ23, ÄÊ200, ÄÊ3527, ÄÊ2073, ÄÊ2275, 
ÄÊ4538, ÄÊ206À, ÄÊ673, ÄÊ2, ÄÊ50-7, 
ÄÊ541, ÄÊ239, ÄÊ2459), 16 çóáîïîä³áíèõ – 
ïëàçìà Iodent (ÄÊ744, ÄÊ216, ÄÊ714/195, 
ÌÑ555, ÄÊ4173ÑÂÇÌ, ÄÊ4172, ÄÊ5568, 
ÄÊ2637, ÄÊ2613, ÄÊ7174, ÄÊ5534, ÄÊ5510, 
ÌÑ381ÌÂ, ÄÊ2285, ÄÊ305, ÌÑ252ÂÌ3ñî) òà 
17 ë³í³é, ÿê³ ñòâîðåí³ íà áàç³ çì³øóâàííÿ ð³ç-
íèõ çàðîäêîâèõ ïëàçì (Mix) (ÄÊ366, ÄÊ212, 
ÄÊ2659, ÄÊ6356, ÄÊÄ9066, ÄÊÄ3, ÄÊ6381, 
ÄÊ2668, ÊÃ232, ÄÊ2323ÌÂ, ÄÊ3902, ÄÊ2732, 
ÄÊ367, ÄÊ2332, ÄÊ5, ÄÊ129-4, ÄÊ247). Îïòè-
ìàëüíèé ñòðîê ñ³âáè – òðåòÿ äåêàäà êâ³òíÿ – 
ïåðøà äåêàäà òðàâíÿ, ï³çí³é ñòðîê – äðóãà 
äåêàäà òðàâíÿ. Äîñë³äè çàêëàäàëè â³äïîâ³ä-
íî äî Ìåòîäèêè ïðîâåäåííÿ ïîëüîâèõ äîñë³-
ä³â ç êóêóðóäçîþ [24]. Ðîçì³ð ä³ëÿíîê – 5 ì2. 
Á³îìåòðè÷í³ âèì³ðè ïðîâîäèëè íà 10 ðîñëè-
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íàõ ç ä³ëÿíêè. Âèõ³äíèé ìàòåð³àë âèâ÷àëè 
çà îçíàêîþ ñêîðîñòèãëîñò³ òà ãîñïîäàðñüêî-
ö³ííèìè ïîêàçíèêàìè.

Ìåòåîðîëîã³÷í³ óìîâè â ðîêè ïðîâåäåííÿ 
äîñë³äæåíü (2016–2018 ðð.) çäåá³ëüøîãî áóëè 
ñïðèÿòëèâèìè äëÿ âèðîùóâàííÿ ñ³ëüñüêî-
ãîñïîäàðñüêèõ êóëüòóð. Çîêðåìà, ó 2016 ð. 
îïàä³â âèïàëî íà 60,7 ìì á³ëüøå íîðìè – 
332,7 ìì. Ìàêñèìàëüíà ¿õ ê³ëüê³ñòü ïðèïà-
ëà íà òðåòþ äåêàäó êâ³òíÿ, ó äðóã³é äåêàä³ 
òðàâíÿ òà ëèïíÿ äîù³ ìàëè çëèâîâèé õàðàê-
òåð ³ ðîçïîä³ëÿëèñÿ ïî îáëàñò³ íåð³âíîì³ðíî. 
Ñåðåäíüîäîáîâ³ òåìïåðàòóðè íà 2–9 °Ñ ïåðå-
âèùóâàëè íîðìó é çíàõîäèëèñÿ â ìåæàõ 
24–32 °Ñ, ìàêñèìàëüíà òåìïåðàòóðà ïîâ³òðÿ 
äîñÿãàëà 35–40 °Ñ.

Ïðîòÿãîì âåãåòàö³éíîãî ïåð³îäó 2017 ð. ñïîñ-
òåð³ãàâñÿ ïåâíèé äåô³öèò âîëîãè. Îïàä³â âè-
ïàëî 250,9 ìì (íîðìà – 272 ìì), äîù³ ìàëè 
çëèâîâèé õàðàêòåð òà ðîçïîä³ëÿëèñÿ ïî îá-
ëàñò³ íåð³âíîì³ðíî. Ñåðåäíüîäîáîâ³ òåìïåðà-
òóðè ïîâ³òðÿ íà 2–9 °Ñ ïåðåâèùóâàëè íîðìó 
³ çíàõîäèëèñÿ ó ìåæàõ 24–30 °Ñ, ìàêñèìàëü-
íà òåìïåðàòóðà ïîâ³òðÿ äîñÿãàëà 36–39 °Ñ.                 
Ç äðóãî¿ äåêàäè ëèïíÿ é äî ê³íöÿ ñåðïíÿ 
ñïîñòåð³ãàëàñÿ ´ðóíòîâà ïîñóõà.

Âåãåòàö³ÿ êóêóðóäçè â ðåã³îí³ ïðîòÿãîì 
âåñíÿíî-ë³òíüîãî ïåð³îäó 2018 ð. â³äáóâàëàñÿ 
ïåðåâàæíî â óìîâàõ ï³äâèùåíèõ òåìïåðàòóð 
òà çíà÷íî¿ íåñòà÷³ îïàä³â, ùî ñïîñòåð³ãàëàñÿ 
ç ïî÷àòêó âåãåòàö³éíîãî ïåð³îäó. Îïàä³â âè-
ïàëî 251,8 ìì. Ñåðåäíüîäîáîâ³ òåìïåðàòóðè 
ïîâ³òðÿ íà 3–8 °Ñ ïåðåâèùóâàëè íîðìó, ìàê-
ñèìàëüíà òåìïåðàòóðà ìàéæå ùîäíÿ ñÿãàëà 
30–35 °Ñ. Ç òðåòüî¿ äåêàäè òðàâíÿ é äî ê³íöÿ 
ïåðøî¿ äåêàäè ëèïíÿ ñïîñòåð³ãàëàñÿ ´ðóíòî-
âà ïîñóõà. ²íòåíñèâíå íàêîïè÷åííÿ òåïëà ñïðè-
ÿ ëî ïðèñêîðåíîìó ðîçâèòêó òà ñêîðî÷åííþ 
ì³æôàçíèõ ïåð³îä³â, âèêèäàííÿ âîëîò³ â êó-
êóðóäçè â³äçíà÷àëîñÿ ïåðåâàæíî â ïåðøèõ 
÷èñëàõ ëèïíÿ, íà ï³âòîðà-äâà òèæí³ ðàí³øå 
áàãàòîð³÷íèõ ñòðîê³â, à íàïðèê³íö³ ïåðøî¿ 
äåêàäè ëèïíÿ ðîçïî÷àëîñÿ öâ³ò³ííÿ âîëîò³ 
òà êà÷àíà.

Çàãàëîì ïîãîäí³ óìîâè â ðîêè äîñë³äæåíü 
áóëè äîñèòü êîíòðàñòíèìè, ùî äàëî çìîãó êî-
ðåêòíî îö³íèòè ñåëåêö³éíèé ìàòåð³àë êóêó-
ðóäçè íà àäàïòèâí³ñòü äî óìîâ ñòåïîâî¿ çîíè 
Óêðà¿íè.

Ðåçóëüòàòè äîñë³äæåíü
Íàéñïðèÿòëèâ³øèì äëÿ âèðîùóâàííÿ êóêó-

ðóäçè áóâ 2017 ð³ê. Çîêðåìà, ñåðåäíÿ âèñîòà 
ðîñëèí çà îáîõ ñòðîê³â ñ³âáè áóëà íàéá³ëü-
øîþ ³ ñòàíîâèëà 162,5 òà 161,0 ñì â³äïîâ³äíî 
(òàáë. 1). Ïðè öüîìó â³äçíà÷åíî íàéìåíøó ð³ç-
íèöþ öüîãî ïîêàçíèêà çà óìîâ ï³çíüîãî ñòðî-
êó ñ³âáè, ÿêà ñòàíîâèëà ëèøå 1,5 ñì.

Ìàêñèìàëüíå çíà÷åííÿ ïîêàçíèêà âèñîòè 
ðîñëèí ó ðîêè äîñë³äæåíü çà îïòèìàëüíîãî 
ñòðîêó ñ³âáè âèÿâëåíî â ãåíîòèï³â Mix 
(162,9 ñì), çà ï³çíüîãî ñòðîêó – â Iodent 
(158,4 ñì). Ñë³ä çàçíà÷èòè, ùî â ³íáðåäíèõ 
ë³í³é ïëàçìè Iodent çà ï³çíüî¿ ñ³âáè ñïîñòå-
ð³ãàëàñÿ íàéìåíøà äåïðåñ³ÿ äîñë³äæóâàíîãî 
ïîêàçíèêà, ùî âêàçóº íà ¿õíþ ñòàá³ëüí³ñòü. 
Òàêîæ ñë³ä íàãîëîñèòè íà â³äñóòíîñò³ äîñòî-
â³ðíî¿ ð³çíèö³ ì³æ âèñîòîþ ðîñëèí çà óìîâ 
îïòèìàëüíîãî òà ï³çíüîãî ñòðîê³â ñ³âáè.

Ùîäî ïîêàçíèêà âèñîòè ïðèêð³ïëåííÿ êà÷à-
íà, òî íàéá³ëüøèì çà îáîõ ñòðîê³â ñ³âáè â³í 
áóâ ó ãåíîòèï³â ïëàçìè Iodent: 51,2 ñì çà îïòè-
ìàëüíîãî òà 56,7 ñì çà ï³çíüîãî ñòðîê³â ñ³âáè. 
Â³äçíà÷åíî â³äñóòí³ñòü äîñòîâ³ðíî¿ ð³çíèö³ ì³æ 
ñåðåäíüîþ âèñîòîþ ïðèêð³ïëåííÿ êà÷àíà çà 
îïòèìàëüíîãî òà ï³çíüîãî ñòðîê³â ñ³âáè.

Óïðîäîâæ ðîê³â äîñë³äæåíü ðîçìàõ âàð³þ-
âàííÿ îçíàêè «âèñîòà ïðèêð³ïëåííÿ êà÷àíà» 
â óñ³õ ãðóï ë³í³é áóâ á³ëüøèì, í³æ îçíàêè 
«âèñîòà ðîñëèí»: êîåô³ö³ºíòè âàð³àö³¿ – 17,4–
24,7% ïðîòè 7,9–13,9% â³äïîâ³äíî. Öå ï³ä-
òâåðäæóºòüñÿ é ³íøèìè äîñë³äæåííÿìè, ÿê³ 
âêàçóþòü íà çíà÷íó âàð³àáåëüí³ñòü ïîêàçíèêà 
âèñîòà ïðèêð³ïëåííÿ êà÷àíà.

Ñåðåä ë³í³é ïëàçìè Flint íàéá³ëüøîþ ñå-
ðåäíüîþ âèñîòîþ ðîñëèí çà îáîõ ñòðîê³â ñ³â-
áè â³äçíà÷èëàñÿ ë³í³ÿ ÄÊ2073: 191,5 ñì çà 
îïòèìàëüíîãî òà 182,8 ñì çà ï³çíüîãî. Ì³í³-
ìàëüíèìè çíà÷åííÿìè ïîêàçíèêà õàðàêòå-
ðèçóâàëàñÿ ë³í³ÿ ÄÊ206À – 123,5 òà 121,8 ñì 
çà ñòðîêàìè ñ³âáè â³äïîâ³äíî. Çà âèñîòîþ 
ïðèêð³ïëåííÿ êà÷àíà â ö³é ãðóï³ ë³í³é âèä³-
ëÿëèñÿ ÄÊ4538 òà ÄÊ673 – ïîíàä 50 ñì çà 
îáîõ ñòðîê³â ñ³âáè, ùî âàæëèâî äëÿ ìåõàí³-
çîâàíîãî çáèðàííÿ. Çà îïòèìàëüíîãî ñòðîêó 
ñ³âáè ìàêñèìàëüí³ ñåðåäí³ çíà÷åííÿ âèñîòè 
ïðèêð³ïëåííÿ ïðîäóêòèâíîãî êà÷àíà çàô³êñî-
âàíî â ë³í³¿ ÄÊ4538 (62,3 ñì), ì³í³ìàëüí³ –         
ó F2 (28,3 ñì); çà ï³çíüîãî ñòðîêó – ó ë³í³é 
ÄÊ50-7 (63,0 ñì) òà ÄÊ23 (33,2 ñì) â³äïîâ³äíî. 

Ñåðåä ë³í³é ïëàçìè Iodent âèä³ëåíî 
ÌÑ381ÌÂ, ÿêà çà îáîõ ñòðîê³â ñ³âáè ìàëà 
íàéâèùó âèñîòó ðîñëèí – 176,5 òà 177,7 ñì 
â³äïîâ³äíî. Ì³í³ìàëüíå çíà÷åííÿ äîñë³äæóâà-
íîãî ïîêàçíèêà çà îïòèìàëüíîãî ñòðîêó ñ³âáè 
áóëî çàô³êñîâàíî â ë³í³¿ ÄÊ2613 (136,5 ñì), 
çà ï³çíüîãî – ó ÄÊ2285 (137,7 ñì). 

Çà âèñîòîþ ïðèêð³ïëåííÿ êà÷àíà â ãðóï³ 
ïëàçìè Iodent âèä³ëÿëèñÿ ë³í³¿ ÄÊ4173ÑÂÇÌ, 
ÄÊ4172, ÄÊ2637 òà ÌÑ252ÂÌ3, ÿê³ çà îáîõ 
ñòðîê³â ñ³âáè ìàëè ¿¿ ñåðåäíº çíà÷åííÿ ïîíàä 
50 ñì. Íàéâèùèì öåé ïîêàçíèê áóâ ó ë³í³¿ 
ÌÑ252ÂÌ3 (70,1 ñì çà îïòèìàëüíîãî òà 74,5 ñì 
çà ï³çíüîãî ñòðîê³â ñ³âáè), íàéíèæ÷èì çà 
îïòèìàëüíîãî ñòðîêó ñ³âáè – ó ë³í³¿ ÄÊ2613 
(41,3 ñì) òà â ÄÊ714/195 (38,8 ñì) çà ï³çíüîãî. 
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Ñåðåä ãåíîòèï³â ïëàçìè Mix íàéá³ëüø âè-
ñîêîðîñëîþ çà îáîõ ñòðîê³â ñ³âáè âèÿâèëàñÿ 
ë³í³ÿ ÄÊ367 (202,3 ñì çà îïòèìàëüíîãî òà 
201,7 ñì çà ï³çíüîãî ñòðîê³â). Ñë³ä çàçíà÷èòè, 
ùî âîíà áóëà íàéâèùîþ ñåðåä óñüîãî äîñë³-
äæåíîãî ìàòåð³àëó. Íàéìåíøèì çíà÷åííÿì 
ïîêàçíèêà «âèñîòà ðîñëèí» çà îáîõ ñòðîê³â 
ñ³âáè õàðàêòåðèçóâàëàñÿ ë³í³ÿ ÄÊ366 – 111,0 
òà 116,8 ñì â³äïîâ³äíî.

Çà âèñîòîþ ïðèêð³ïëåííÿ êà÷àíà â ö³é ãðó-
ï³ ë³í³é âèä³ëÿëèñÿ ÄÊ 2659, ÄÊ6381, ÄÊ2668, 
ÄÊ3902 òà ÄÊ367, ó ÿêèõ ó ñåðåäíüîìó çà òðè 
ðîêè äîñë³äæåííÿ çà îáîõ ñòðîê³â ñ³âáè âèñî-
òà ïðèêð³ïëåííÿ êà÷àíà ïåðåâèùóâàëà 50 ñì. 
Ìàêñèìàëüíå çíà÷åííÿ öüîãî ïîêàçíèêà              
çà îïòèìàëüíîãî ñòðîêó ñ³âáè áóëî â ë³í³¿ 
ÄÊ3902 (68,2 ñì), çà ï³çíüîãî – ó ÄÊ367 
(66,7 ñì). Ì³í³ìàëüíèì ñåðåäí³ì çíà÷åííÿì 
âèñîòè ïðèêð³ïëåííÿ êà÷àíà çà îáîõ ñòðîê³â 
ñ³âáè â³äçíà÷èëàñÿ ë³í³ÿ ÄÊ366 (25,0 ñì).

Óñòàíîâëåíî, ùî âèñîòà ðîñëèí ò³ñíî êîðå-
ëþº ç âèñîòîþ ïðèêð³ïëåííÿ êà÷àíà. Çîêðåìà, 
çà îïòèìàëüíîãî ñòðîêó ñ³âáè êîåô³ö³ºíò êîðå-
ëÿö³¿ áóâ äîñòîâ³ðíèì òà âèñîêèì (r = 0,70), à 

çà ï³çíüîãî ñòðîêó â³í áóâ äåùî íèæ÷èì 
(r = 0,68). 

Ì³í³ìàëüíèì çíà÷åííÿì ïîêàçíèê³â òðè-
âàëîñò³ ïåð³îä³â «ñõîäè–öâ³ò³ííÿ 50% êà÷à-
í³â» òà «ñõîäè–öâ³ò³ííÿ 50% âîëîòåé» óïðî-
äîâæ ðîê³â äîñë³äæåííÿ çà îáîõ ñòðîê³â ñ³â-
áè õàðàêòåðèçóâàëèñÿ ë³í³¿ ïëàçìè Flint. 
Çîêðåìà, çà îïòèìàëüíîãî ñòðîêó ñ³âáè öåé 
ïîêàçíèê ñòàíîâèâ 58,4 òà 57,9 äîáè â³äïî-
â³äíî, çà ï³çíüîãî ñòðîêó òðèâàë³ñòü ïåð³îäó 
«ñõîäè–öâ³ò³ííÿ 50% êà÷àí³â» ñêîðîòèëàñÿ 
äî 50,6 äîáè, à ïåð³îäó «ñõîäè–öâ³ò³ííÿ 50% 
âîëîòåé» – äî 49,5 äîáè (òàáë. 2).

Ìàêñèìàëüíèì çíà÷åííÿì ïîêàçíèêà òðè-
âàëîñò³ ïåð³îäó «ñõîäè–öâ³ò³ííÿ 50% êà÷à-
í³â» ó ðîêè äîñë³äæåííÿ çà îáîõ ñòðîê³â ñ³â-
áè â³äçíà÷àëèñÿ ë³í³¿ ïëàçìè Iodent – 61,8 òà 
54,3 äîáè â³äïîâ³äíî. Ìàêñèìàëüíå çíà÷åííÿ 
ïîêàçíèêà «òðèâàë³ñòü ïåð³îäó ñõîäè–öâ³ò³í-
íÿ 50% âîëîòåé» çà îáîõ ñòðîê³â ñ³âáè áóëî 
â³äçíà÷åíî â ë³í³é ïëàçìè Mix – 60,9 òà 53,7 
äîáè â³äïîâ³äíî. Ñë³ä çàçíà÷èòè, ùî ð³çíèöÿ 
ì³æ òðèâàë³ñòþ ïåð³îä³â «ñõîäè–öâ³ò³ííÿ 
50% êà÷àí³â» òà «ñõîäè–öâ³ò³ííÿ 50% âîëî-

Òàáëèöÿ 1
Âàð³þâàííÿ ïîêàçíèê³â «âèñîòà ðîñëèí» òà «âèñîòà ïðèêð³ïëåííÿ êà÷àíà» 

ó ñàìîçàïèëåíèõ ë³í³é êóêóðóäçè ð³çíèõ ãåíåòè÷íèõ ïëàçì

Ïîêàçíèê Ïëàçìà
2016 ð. 2017 ð. 2018 ð. Ñåðåäíº

ÎÑÑ* ÏÑÑ ÎÑÑ ÏÑÑ ÎÑÑ ÏÑÑ ÎÑÑ ÏÑÑ

Âè
ñî

òà
 ð

îñ
ëè

í,
 ñ

ì

x ± t
s(õ)

Flint 155,7
± 11,1

155,9
± 9,8

156,5
± 10,8

159,4
± 9,4

154,9
± 12,2

142,6
± 9,9

155,7
± 11,1

152,6
± 9,2

Iodent 158,7
± 5,7

160,5
± 7,0

162,0
± 5,8

161,8
± 7,4

155,4
± 6,3

153,0 
± 6,4

158,7
± 5,7

158,4
± 6,2

Mix 162,9
± 11,2

153,6
± 10,2

167,9
± 11,1

161,6
± 10,2

157,8
± 11,5

153,1
± 12,2

162,9
± 11,2

156,1
± 10,4

Lim (min-max)

Flint 123,5–
191,5

124,5–
186,0

123,5–
185,5

124,5–
192,0

114,5–
198,0

116,5–
170,5

123,5–
191,5

121,8–
182,8

Iodent 136,5–
176,5

137,0–
183,0

143,0–
181,0

137,0–
187,0

129,5–
175,5

131,0–
174,5

136,5–
176,5

137,7–
177,7

Mix 111,0–
202,3

117,5–
207,0

116,0–
204,0

120,0–
194,0

106,0–
200,5

113,0–
204,0

111,0–
202,3

116,8–
201,7

V, %
Flint 13,4 11,8 13,0 11,2 14,9 13,1 13,4 11,4
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

Âè
ñî

òà
 ï

ðè
êð

³ï
ëå

íí
ÿ 

êà
÷à

íà
, ñ

ì

x ± t
s(õ)

Flint 49,9
± 5,8

56,1
± 5,8

53,3
± 7,0

51,4
± 5,5

46,2
± 4,9

42,1
± 4,1

49,8
± 5,5

49,8
± 4,6

Iodent 52,4
± 3,4

64,0
± 5,8

59,3
± 3,8

56,1
± 5,7

46,9
± 4,0

50,0
± 5,2

52,9
± 3,6

56,7
± 5,1

Mix 50,6
± 5,4

54,5
± 6,6

59,4
± 5,7

52,9
± 6,7

43,4
± 5,5

45,5
± 5,7

51,2
± 5,3

51,0
± 6,0

Lim (min-max)

Flint 28,3–
66,5

37,0–
72,0

22,5–
72,5

34,5–
75,0

28,0–
57,5

28,0–
54,5

28,3–
62,3

33,2–
63,0

Iodent 41,3–
67,3

40,5–
80,5

47,5–
77,5

37,0–
78,5

35,0–
65,5

35,5–
65,5

41,3–
70,1

38,8–
74,5

Mix 25,0–
67,0

25,0–
73,5

27,5–
74,5

22,0–
73,0

22,5–
65,0

20,0–
63,5

25,0–
68,2

25,0–
66,7

V, %
Flint 21,9 19,4 24,7 20,4 19,9 18,6 21,0 17,4
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

*Ñòðîêè ñ³âáè: ÎÑÑ – îïòèìàëüíèé; ÏÑÑ – ï³çí³é.
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ìåæàõ â³ä 51 äî 57 ä³á, çà ï³çíüîãî ñòðîêó 
ðîçìàõ âàð³þâàííÿ äåùî çá³ëüøèâñÿ – â³ä 
42 äî 50 ä³á. Ì³í³ìàëüíèìè çíà÷åííÿìè äîñ-
ë³äæóâàíîãî ïîêàçíèêà ñåðåä ë³í³é óñ³õ ãåíî-
ïëàçì çà îáîõ ñòðîê³â ñ³âáè â³äçíà÷àëàñÿ ë³-
í³ÿ ÄÊ23 – ó ñåðåäíüîìó 51,3 òà 42,0 ä³á 
â³äïîâ³äíî. Ñë³ä çàçíà÷èòè, ùî â ë³í³¿ ÄÊ23 
çà ï³çíüîãî ñòðîêó ñ³âáè êà÷àíè çàöâ³òàëè 
äîñòîâ³ðíî ðàí³øå ïîð³âíÿíî ç ë³í³ºþ-ñòàí-
äàðòîì F2. Ìàêñèìàëüíèì çíà÷åííÿì äîñë³-
äæóâàíîãî ïîêàçíèêà (64,3 äîáè) çà îïòè-
ìàëüíîãî ñòðîêó ñ³âáè â³äçíà÷èëàñÿ ë³í³ÿ 
ÄÊ673, çà ï³çíüîãî – ÄÊ2459 (55,0 ä³á). 

Ó ë³í³é ïëàçìè Flint çà îáîõ ñòðîê³â ñ³âáè 
ïåðåâàæàâ ïðîòåðàíäðè÷íèé òèï öâ³ò³ííÿ. 
Íàéìåíøó òðèâàë³ñòü ïåð³îäó «ñõîäè–öâ³ò³í-
íÿ 50% âîëîòåé» çà îáîõ ñòðîê³â ñ³âáè ìàëà 
ë³í³ÿ ÄÊ23 – 50,3 òà 41,7 äîáè â³äïîâ³äíî. 
Ñë³ä çàçíà÷èòè, ùî öÿ ë³í³ÿ çà îáîõ ñòðîê³â 
ñ³âáè õàðàêòåðèçóâàëàñÿ äîñòîâ³ðíî íèæ÷èìè 
çíà÷åííÿìè äîñë³äæóâàíîãî ïîêàçíèêà ïîð³â-
íÿíî ç ë³í³ºþ-ñòàíäàðòîì F2. Ìàêñèìàëüíîþ 
ñåðåäíüîþ òðèâàë³ñòþ ïåð³îäó «ñõîäè–öâ³ò³í-
íÿ 50% âîëîòåé» çà îïòèìàëüíîãî ñòðîêó ñ³â-
áè â³äçíà÷àëàñÿ ë³í³ÿ ÄÊ673 (64,0 äîáè), çà 
ï³çíüîãî – ÄÊ206À (53,3 äîáè).

Íàéñêîðîñòèãë³øèìè ë³í³ÿìè ñåðåä ïëàç-
ìè Iodent âèÿâèëèñÿ ÄÊ7174, ÄÊ2285, ÄÊ305, 
ÄÊ2613, ÄÊ5568 òà ÌÑ381ÌÂ, ÿê³ çà îáîõ 
ñòðîê³â ñ³âáè â³äçíà÷àëèñÿ ñåðåäí³ìè ïîêàç-
íèêàìè òðèâàëîñò³ ïåð³îäó «ñõîäè–öâ³ò³ííÿ 
50% êà÷àí³â», ùî áóëè íèæ÷èìè çà ñåðåäí³é 
ïîêàçíèê ïî ïîïóëÿö³¿. Çà îïòèìàëüíîãî 
ñòðîêó ñ³âáè öåé ïîêàçíèê âàð³þâàâ ó ìåæàõ 

òåé» çà îïòèìàëüíîãî òà ï³çíüîãî ñòðîê³â ñ³â-
áè áóëà äîñòîâ³ðíîþ. Êð³ì òîãî, ë³í³¿ ïëàçìè 
Flint çà îáîõ ñòðîê³â ñ³âáè â³äçíà÷àëèñÿ äî-
ñòîâ³ðíî íèæ÷èìè ïîêàçíèêàìè òðèâàëîñò³ 
ïåð³îäó «ñõîäè–öâ³ò³ííÿ 50% êà÷àí³â», ùî 
õàðàêòåðèçóº ¿õ ÿê íàéðàííüîñòèãë³ø³ ïî-
ð³âíÿíî ç ë³í³ÿìè ³íøèõ ãåíîïëàçì. Çà îçíà-
êîþ «òðèâàë³ñòü ïåð³îäó ñõîäè–öâ³ò³ííÿ 50% 
âîëîòåé» äîñòîâ³ðíî íèæ÷èìè ïîêàçíèêàìè 
ë³í³¿ ïëàçìè Flint â³äçíà÷èëèñÿ ëèøå çà 
óìîâ ï³çíüîãî ñòðîêó ñ³âáè.

Ìàêñèìàëüíèé ðîçìàõ âàð³þâàííÿ òðèâà-
ëîñò³ ïåð³îäó «ñõîäè–öâ³ò³ííÿ 50% êà÷àí³â» 
çà îïòèìàëüíîãî ñòðîêó ñ³âáè çàô³êñîâàíî â 
ë³í³é ãðóïè Flint (13,0 ä³á) òà ó ãðóïè Mix 
(11,0 ä³á). Ì³í³ìàëüíèì (5,0 ä³á) â³í áóâ ó 
ë³í³é ïëàçìè Iodent, ùî ñâ³ä÷èòü ïðî âèùó 
ñòàá³ëüí³ñòü ë³í³é ö³º¿ ãðóïè çà âèðîùóâàí-
íÿ â óìîâàõ Ñòåïó. Öå ï³äòâåðäæóþòü ³ êîå-
ô³ö³ºíòè âàð³àö³¿ (5,8% – Flint; 4,8% – Mix; 
2,7% – Iodent). Íà óìîâè ï³çíüîãî ñòðîêó ñ³â-
áè ë³í³¿ ãðóï ïëàçì Iodent òà Mix ðåàãóâàëè 
íåçíà÷íèì çá³ëüøåííÿì ðîçìàõó âàð³þâàí-
íÿ (äî 9,0 òà 14,0 ä³á â³äïîâ³äíî) òà çá³ëüøåí-
íÿì êîåô³ö³ºíò³â âàð³àö³¿ (äî 5,2 òà 5,9% â³ä-
ïîâ³äíî), ùî ìîæå ñâ³ä÷èòè ïðî âèÿâ ïëàñ-
òè÷íîñò³ ë³í³é öèõ ãðóï ó íåñïðèÿòëèâèõ óìî-
âàõ âèðîùóâàííÿ.

Ãðóïà ë³í³é F2, ÄÊ23, ÄÊ239, ÄÊ3527, 
ÄÊ541, ÄÊ2275, ùî ñòâîðåí³ íà îñíîâ³ ïëàç-
ìè Flint, õàðàêòåðèçóâàëàñÿ íàéìåíøîþ 
òðèâàë³ñòþ ïåð³îäó «ñõîäè–öâ³ò³ííÿ 50% êà-
÷àí³â» çà îáîõ ñòðîê³â ñ³âáè. Çà îïòèìàëüíî-
ãî ñòðîêó ñ³âáè öåé ïîêàçíèê âàð³þâàâ ó 

Òàáëèöÿ 2
Âàð³þâàííÿ ïîêàçíèê³â «òðèâàë³ñòü ïåð³îäó ñõîäè–öâ³ò³ííÿ 50% êà÷àí³â» òà «òðèâàë³ñòü ïåð³îäó 

ñõîäè–öâ³ò³ííÿ 50% âîëîòåé» ó ñàìîçàïèëåíèõ ë³í³é êóêóðóäçè ð³çíèõ ãåíåòè÷íèõ ïëàçì

Ïîêàçíèê Ïëàçìà
2016 ð. 2017 ð. 2018 ð. Ñåðåäíº

ÎÑÑ* ÏÑÑ ÎÑÑ ÏÑÑ ÎÑÑ ÏÑÑ ÎÑÑ ÏÑÑ

Òð
èâ

àë
³ñ

òü
 ï

åð
³î

äó
 

ñõ
îä

è–
öâ

³ò
³í

íÿ
 5

0%
 

êà
÷à

í³
â,

 ä
³á

x ± t
s(õ)

Flint 58,4 ± 1,8 48,4 ± 2,6 59,0 ± 2,1 51,6 ± 2,1 57,3 ± 1,9 51,3 ± 1,5 58,4 ± 1,8 50,6 ± 1,9
Iodent 61,6 ± 0,8 51,9 ± 1,7 63,8 ± 1,1 55,4 ± 1,4 59,4 ± 0,9 55,1 ± 1,6 61,8 ± 0,8 54,3 ± 1,4
Mix 60,8 ± 1,4 52,2 ± 2,1 62,9 ± 1,8 55,4 ± 1,8 59,2 ± 1,0 54,9 ± 1,4 61,1 ± 1,4 54,3 ± 1,5

Lim (min-max)
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
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
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

V, %
Flint 5,7 10,0 6,7 7,8 6,3 5,5 5,8 7,1
Iodent 2,7 6,7 3,4 5,1 2,9 5,8 2,7 5,2
Mix 5,0 8,2 6,0 6,6 3,4 5,2 4,8 5,9

Òð
èâ

àë
³ñ

òü
 ï

åð
³î

äó
 

ñõ
îä

è–
öâ

³ò
³í

íÿ
 5

0%
 

âî
ëî

òå
é,

 ä
³á

x ± t
s(õ)

Flint 58,3 ± 1,7 46,9 ± 2,2 58,8 ± 1,8 50,9 ± 1,9 56,2 ± 2,0 50,5 ± 1,4 57,9 ± 1,7 49,5 ± 1,7
Iodent 60,6 ± 0,8 49,8 ± 1,7 62,3 ± 1,2 54,4 ± 1,1 57,9 ± 0,8 54,0 ± 1,5 60,4 ± 0,9 52,9 ± 1,3
Mix 60,7 ± 1,4 51,4 ± 2,1 62,7 ± 1,7 55,4 ± 1,5 58,8 ± 1,1 54,1 ± 1,5 60,9 ± 1,4 53,7 ± 1,5

Lim (min-max)
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
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
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

V, %
Flint 5,5 9,0 5,7 7,1 6,8 5,4 5,6 6,5
Iodent 2,8 6,8 4,0 4,1 3,0 5,6 3,0 5,0
Mix 4,8 8,5 5,5 5,5 3,9 5,7 4,7 6,0

*Ñòðîêè ñ³âáè: ÎÑÑ – îïòèìàëüíèé; ÏÑÑ – ï³çí³é.
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Ñåëåêö³ÿ òà íàñ³ííèöòâî

â³ä 59,0 äî 61,3 äîáè, çà ï³çíüîãî ñòðîêó ðîç-
ìàõ âàð³þâàííÿ äåùî çìåíøèâñÿ – 50,3–51,7 
äîáè. Ì³í³ìàëüíó òðèâàë³ñòü ïåð³îäó «ñõîäè–
öâ³ò³ííÿ 50% êà÷àí³â» çà îïòèìàëüíîãî ñòðî-
êó ñ³âáè â³äçíà÷åíî â ë³í³¿ ÄÊ7174 (59,0 ä³á), 
çà ï³çíüîãî – ó ÌÑ381ÌÂ (50,3 äîáè). Ìàêñè-
ìàëüíà òðèâàë³ñòü ïåð³îäó «ñõîäè–öâ³ò³ííÿ 
50% êà÷àí³â» çà îïòèìàëüíîãî ñòðîêó ñ³âáè 
áóëà â ë³í³¿ ÄÊ2637 (64,0 äîáè), çà ï³çíüîãî – 
ó ÄÊ4172 (58,7 äîáè). 

Ó ë³í³é ïëàçìè Iodent çà îáîõ ñòðîê³â ñ³âáè 
ïåðåâàæàâ ïðîòåðàíäðè÷íèé òèï öâ³ò³ííÿ. 
Ì³í³ìàëüíîþ òðèâàë³ñòþ ïåð³îäó «ñõîäè–öâ³-
ò³ííÿ 50% âîëîòåé» çà îïòèìàëüíîãî ñòðîêó 
ñ³âáè â³äçíà÷àëàñÿ ë³í³ÿ ÄÊ714/195 (58,0 ä³á), 
çà ï³çíüîãî – ÄÊ2613 (49,3 äîáè). Ìàêñèìàëü-
íó òðèâàë³ñòü öüîãî ïåð³îäó çà îïòèìàëüíîãî 
ñòðîêó ñ³âáè çàô³êñîâàíî â ë³í³¿ ÄÊ2637 (63,3 
äîáè), çà ï³çíüîãî – ó ÄÊ4173ÑÂÇÌ (58,3 äîáè). 

Ñåðåä ë³í³é ïëàçìè Mix íàéñêîðîñòèãë³øè-
ìè âèÿâèëèñÿ ÄÊ366, ÊÃ232, ÄÊ2332 òà 
ÄÊ2659. Çà îáîõ ñòðîê³â ñ³âáè âîíè â³äçíà÷à-
ëèñÿ ñåðåäí³ìè ïîêàçíèêàìè òðèâàëîñò³ ïåð³î-
äó «ñõîäè–öâ³ò³ííÿ 50% êà÷àí³â», ùî áóëè 
íèæ÷èìè, í³æ ó ñåðåäíüîìó ïî ïîïóëÿö³¿. Çà 
îïòèìàëüíîãî ñòðîêó ñ³âáè öåé ïîêàçíèê âà-
ð³þâàâ ó ìåæàõ â³ä 53,7 äî 61,0 äîáè, çà ï³çíüî-
ãî ñòðîêó ðîçìàõ âàð³àö³¿ ëèøàâñÿ ìàéæå íå-
çì³ííèì – 45,2–52,3 äîáè. Ì³í³ìàëüíèì çíà-
÷åííÿì ïîêàçíèêà òðèâàëîñò³ ïåð³îäó «ñõîäè–
öâ³ò³ííÿ 50% êà÷àí³â» çà îáîõ ñòðîê³â ñ³âáè 
â³äçíà÷èëàñÿ ë³í³ÿ ÄÊ366 – 53,7 òà 45,2 äî-
 áè â³äïîâ³äíî. Ìàêñèìàëüíèì çíà÷åííÿì ïî-
êàçíèêà çà îáîõ ñòðîê³â ñ³âáè â³äçíà÷àëàñÿ 
ë³í³ÿ ÄÊÄ3 – 65,0 òà 58,7 äîáè â³äïîâ³äíî. 

Ë³í³¿ ïëàçìè Mix â³äçíà÷èëèñÿ íåçíà÷íèì 
âèÿâîì ïðîòåðàíäð³¿ ñåðåä ë³í³é óñ³õ ïëàçì 
çà îïòèìàëüíîãî ñòðîêó ñ³âáè. Ïðîòå çà ï³ç-
íüîãî ñòðîêó ñ³âáè ê³ëüê³ñòü ë³í³é ³ç ïðîòå-
ðàíäðè÷íèì òèïîì öâ³ò³ííÿ çá³ëüøèëàñÿ é 
áóëà íà ð³âí³ ç ³íøèìè ïëàçìàìè. Ì³í³ìàëü-
íîþ òðèâàë³ñòþ ïåð³îäó «ñõîäè–öâ³ò³ííÿ 
50% âîëîòåé» ñåðåä ë³í³é ïëàçìè Mix çà 
îáîõ ñòðîê³â ñ³âáè õàðàêòåðèçóâàëàñÿ ë³í³ÿ 
ÄÊ366 – 53,7 òà 45,0 ä³á â³äïîâ³äíî. Ñë³ä çàç-
íà÷èòè, ùî ÷îëîâ³÷³ ñóöâ³òòÿ â íå¿ çà îáîõ 
ñòðîê³â ñ³âáè çàöâ³òàëè ðàí³øå ïîð³âíÿíî ç 
³íøèìè ë³í³ÿìè ö³º¿ ãðóïè. Ìàêñèìàëüíèì 
çíà÷åííÿì äîñë³äæóâàíîãî ïîêàçíèêà ñåðåä 
ë³í³é ïëàçìè Mix çà îïòèìàëüíîãî ñòðîêó 
ñ³âáè â³äçíà÷èëàñÿ ÄÊÄ3 (65,3 äîáè), çà ï³ç-
íüîãî – ÄÊ2668 (58,7 äîáè).

Ïîêàçíèê «òðèâàë³ñòü ïåð³îäó ñõîäè–öâ³-
ò³ííÿ 50% êà÷àí³â» ò³ñíî êîðåëþº ç ïîêàçíè-
êîì «òðèâàë³ñòü ïåð³îäó ñõîäè–öâ³ò³ííÿ 50% 
âîëîòåé». Óïðîäîâæ ðîê³â äîñë³äæåíü çà îáîõ 
ñòðîê³â ñ³âáè êîåô³ö³ºíòè êîðåëÿö³¿ áóëè äî-
ñòîâ³ðíèìè òà ñòàá³ëüíî âèñîêèìè (r = 0,94). 

Íàéâèùó ñåðåäíþ âðîæàéí³ñòü çà ðîêè äîñ-
ë³äæåíü çà îáîõ ñòðîê³â ñ³âáè çàáåçïå÷èëè 
ë³í³¿ ïëàçìè Iodent – 3,14 ³ 1,51 ò/ãà çà îïòè-
ìàëüíîãî òà ï³çíüîãî ñòðîê³â â³äïîâ³äíî 
(òàáë. 3). Ì³í³ìàëüíèìè çíà÷åííÿìè ñåðåä-
íüî¿ âðîæàéíîñò³ çà îáîõ ñòðîê³â ñ³âáè õàðàê-
òåðèçóâàëèñÿ ë³í³¿ ïëàçìè Flint – 1,73 ò/ãà 
çà îïòèìàëüíîãî òà 0,96 ò/ãà çà ï³çíüîãî. Ñë³ä 
çàçíà÷èòè, ùî íà ï³çí³é ñòðîê ñ³âáè ë³í³¿ âñ³õ 
ãåíîïëàçì ðåàãóâàëè äîñòîâ³ðíèì çíèæåí íÿì 
óðîæàéíîñò³ çåðíà.

Ì³í³ìàëüíèé ñåðåäí³é ð³âåíü çáèðàëüíî¿ 
âîëîãîñò³ çåðíà çà îáîõ ñòðîê³â ñ³âáè çàô³ê-
ñîâàíî â ë³í³é ïëàçìè Flint – 14,3 òà 16,3% 
â³äïîâ³äíî.

Ñåðåä ë³í³é ïëàçìè Flint íàéâèùèé ñåðåä-
í³é ð³âåíü óðîæàéíîñò³ çà îïòèìàëüíîãî 
ñòðîêó ñ³âáè â³äçíà÷åíî â ÄÊ2073 (2,92 ò/ãà), 
çà ï³çíüîãî ñòðîêó ìàêñèìàëüíó âðîæàéí³ñòü 
çåðíà çàô³êñîâàíî â ÄÊ50-7 (1,36 ò/ãà). Ì³í³-
ìàëüíó çáèðàëüíó âîëîã³ñòü çåðíà ñåðåä ë³í³é 
ö³º¿ ãðóïè çà îáîõ ñòðîê³â ñ³âáè çàô³êñîâàíî 
â ë³í³¿ ÄÊ2459 – 13,4% çà îïòèìàëüíîãî òà 
14,1% çà ï³çíüîãî ñòðîêó, à ìàêñèìàëüíó – ó 
ÄÊ2275 – 17,1 òà 18,5% â³äïîâ³äíî. Îêðåìî 
ñë³ä âèä³ëèòè ë³í³¿ ÄÊ239, ÄÊ673, ÄÊ50-7, 
ÄÊ2459 òà ÄÊ2073, ÿê³ çà îáîõ ñòðîê³â ñ³âáè 
çàáåçïå÷èëè íàéâèùó ñåðåäíþ âðîæàéí³ñòü 
çà òðè ðîêè äîñë³äæåíü òà â³äçíà÷èëèñÿ ïî-
êàçíèêàìè âðîæàéíîñò³ çåðíà, äîñòîâ³ðíî âè-
ùèìè ïîð³âíÿíî ç ë³í³ºþ-ñòàíäàðòîì F2 
(òàáë. 4).

Ñåðåä ë³í³é ïëàçìè Iodent íàéâèùèì ð³â-
íåì óðîæàéíîñò³ â ñåðåäíüîìó çà ðîêè äîñ-
ë³äæåííÿ çà îïòèìàëüíîãî ñòðîêó ñ³âáè â³ä-
çíà÷àëàñÿ ë³í³ÿ ÄÊ7174 – 4,96 ò/ãà, çà ï³ç-
íüîãî – ÄÊ5568 – 2,72 ò/ãà. Ñë³ä çàçíà÷èòè, 
ùî öå áóëè íàéâèù³ çíà÷åííÿ ïîêàçíèêà 
âðîæàéíîñò³ ñåðåä äîñë³äæóâàíîãî ìàòåð³à-
ëó. Ì³í³ìàëüíà çáèðàëüíà âîëîã³ñòü çåðíà ó 
ö³é ãðóï³ çà îïòèìàëüíîãî ñòðîêó ñ³âáè áóëà 
â ë³í³¿ ÌÑ555 – 13,6%, çà ï³çíüîãî – â 
ÌÑ381ÌÂ – 15,2%. Ìàêñèìàëüíîþ çáèðàëü-
íîþ âîëîã³ñòþ çåðíà çà óìîâ îáîõ ñòðîê³â 
ñ³âáè â³äçíà÷èëàñÿ ë³í³ÿ ÄÊ2285: 15,9% çà 
îïòèìàëüíîãî òà 18,5% çà ï³çíüîãî ñòðîê³â 
ñ³âáè. Òàêîæ ìàêñèìàëüíèì çíà÷åííÿì äîñ-
ë³äæóâàíîãî ïîêàçíèêà çà ï³çíüîãî ñòðîêó 
ñ³âáè â³äçíà÷àëàñÿ ë³í³ÿ ÄÊ216. Îêðåìî ñë³ä 
âèä³ëèòè ë³í³¿ ÄÊ2285, ÄÊ2613, ÄÊ305, 
ÄÊ5510, ÄÊ5568, ÌÑ252ÂÌ3 òà ÄÊ7174, ÿê³ 
çà îáîõ ñòðîê³â ñ³âáè çàáåçïå÷èëè íàéâèùó 
ñåðåäíþ âðîæàéí³ñòü çà òðè ðîêè äîñë³-
äæåíü. Ñë³ä çàçíà÷èòè, ùî ë³í³¿ ÌÑ252ÂÌ3 
òà ÄÊ7174 çà îïòèìàëüíîãî ñòðîêó ñ³âáè â³ä-
çíà÷àëèñÿ äîñòîâ³ðíî âèùèìè ïîêàçíèêàìè 
âðîæàéíîñò³ çåðíà ïîð³âíÿíî ç ë³í³ºþ-ñòàí-
äàðòîì ÄÊ744.
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Òàáëèöÿ 3
Âàð³þâàííÿ ïîêàçíèê³â óðîæàéíîñò³ òà âîëîãîñò³ çåðíà íà ÷àñ çáèðàííÿ 

â ñàìîçàïèëåíèõ ë³í³é êóêóðóäçè ð³çíèõ ãåíåòè÷íèõ ïëàçì

Ïîêàçíèê Ïëàçìà
2016 ð. 2017 ð. 2018 ð. Ñåðåäíº

ÎÑÑ* ÏÑÑ ÎÑÑ ÏÑÑ ÎÑÑ ÏÑÑ ÎÑÑ ÏÑÑ

Óð
îæ

àé
í³

ñò
ü 

çå
ðí

à,
 ò

/ã
à x ± t

s(õ)

Flint 1,60
± 0,53

0,55
± 0,14

1,92
± 0,49

1,34
± 0,27

1,67
± 0,43

1,00
± 0,15

1,73
± 0,44

0,96
± 0,15

Iodent 3,09
± 0,71

0,98
± 0,35

3,21
± 0,52

2,11
± 0,36

3,13
± 0,59

1,45
± 0,34

3,14
± 0,59

1,51
± 0,32

Mix 2,22
± 0,53

0,63
± 0,20

2,75
± 0,45

1,54
± 0,31

2,53
± 0,47

1,10
± 0,21

2,50
± 0,46

1,09
± 0,20

Lim (min-max)

Flint 0,52–
3,30

0,26–
1,15

0,47–
3,37

0,46–
2,11

0,52–
2,85

0,37–
1,38

0,54–
2,94

0,38–
1,33

Iodent 0,52–
5,55

0,16–
2,55

0,82–
5,04

0,10–
2,93

0,64–
4,93

0,13–
2,64

0,66–
5,00

0,13–
2,64

Mix 0,27–
3,79

0,15–
1,64

0,88–
4,49

0,38–
2,52

0,56–
4,14

0,29–
1,85

0,57–
4,06

0,39–
1,89

V, %
Flint 62,24 48,16 47,05 37,06 48,30 27,52 47,82 28,02
Iodent 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

Çá
èð

àë
üí

à 
âî

ëî
ã³

ñò
ü 

çå
ðí

à,
 % x ± t

s(õ)

Flint 15,5
± 0,4

17,1
± 1,0

13,0
± 0,6

15,6
± 0,5

14,3
± 0,5

16,1
± 0,8

14,3
± 0,5

16,3
± 0,7

Iodent 15,8
± 0,4

18,1
± 0,7

13,3
± 0,7

15,7
± 0,5

14,6
± 0,3

17,0
± 0,4

14,6
± 0,3

16,9
± 0,4

Mix 15,6
± 0,3

17,4
± 0,5

13,1
± 0,3

15,7
± 0,6

14,3
± 0,3

16,5
± 0,4

14,3
± 0,3

16,6
± 0,4

Lim (min-max)

Flint 14,7–
17,7

14,8–
21,1

12,2–
16,7

13,4–
17,3

13,5–
17,0

14,0–
18,9

13,4–
17,1

14,1–
18,6

Iodent 14,5–
17,6

16,1–
21,7

12,0–
16,2

14,3–
17,4

13,6–
15,7

15,2–
18,6

13,7–
15,9

15,2–
18,5

Mix 14,8–
17,4

15,6–
20,2

12,2–
14,4

14,0–
19,0

13,5–
15,8

15,0–
18,6

13,5–
15,9

15,4–
18,3

V, %
Flint 4,6 10,7 8,9 6,1 6,1 9,1 6,3 7,7
Iodent 4,8 8,2 9,8 5,7 4,1 5,0 4,6 5,2
Mix 4,2 6,4 5,1 7,5 3,8 5,3 3,7 4,9

*Ñòðîêè ñ³âáè: ÎÑÑ – îïòèìàëüíèé; ÏÑÑ – ï³çí³é.

Ñåðåä ë³í³é ïëàçìè Mix íàéâèùèé ñåðåä-
í³é ð³âåíü óðîæàéíîñò³ çà îïòèìàëüíîãî 
ñòðîêó ñ³âáè çàáåçïå÷èëà ë³í³ÿ ÄÊ2668 – 
4,06 ò/ãà, çà ï³çíüîãî – ÄÊ367 – 1,92 ò/ãà. 
Ì³í³ìàëüíó çáèðàëüíó âîëîã³ñòü çåðíà ó 
ö³é ãðóï³ çà îïòèìàëüíîãî ñòðîêó ñ³âáè – 
13,5% – ïîêàçàëà ë³í³ÿ-ñòàíäàðò ÄÊ366, çà 
ï³çíüîãî – ÄÊ2323ÌÂ – 15,4%. Ìàêñèìàëü-
íà çáèðàëüíà âîëîã³ñòü çåðíà ñåðåä ë³í³é 
ö³º¿ ïëàçìè çà îïòèìàëüíîãî ñòðîêó ñ³âáè 
áóëà çàô³êñîâàíà â ë³í³¿ ÄÊ2668 – 15,9%, 
çà ï³çíüîãî – ó ÄÊ 247 – 18,3%. Îêðåìî 
ñë³ä âèä³ëèòè ë³í³¿ ÄÊÄ3, ÄÊ6356, ÄÊ367, 
ÄÊ2332, ÄÊ129-4, ÄÊ2659, ÄÊ247, ÄÊ6381 
òà ÄÊ2668, ÿê³ çà îáîõ ñòðîê³â ñ³âáè çàáåç-
ïå÷èëè íàéâèùó ñåðåäíþ âðîæàéí³ñòü çà 
òðè ðîêè äîñë³äæåíü. Ë³í³¿ ÄÊ6381, ÄÊ6356, 
ÄÊ2659, ÄÊ2668 òà ÄÊ367 çà îáîõ ñòðîê³â 
ñ³âáè â³äçíà÷àëèñÿ äîñòîâ³ðíî âèùèìè ïî-
êàçíèêàìè âðîæàéíîñò³ çåðíà ïîð³âíÿíî ç 
ë³í³ºþ-ñòàíäàðòîì ÄÊ366. 

Âèÿâëåíî âçàºìîçâ’ÿçêè ì³æ óðîæàéí³ñòþ 
òà ³íøèìè ãîñïîäàðñüêî-ö³ííèìè îçíàêàìè 

äîñë³äæóâàíîãî ìàòåð³àëó. Çîêðåìà, êîåô³ö³-
ºíò êîðåëÿö³¿ ì³æ óðîæàéí³ñòþ òà âîëîã³ñòþ 
çåðíà çà îáîõ ñòðîê³â ñ³âáè áóâ íåçíà÷íèì òà 
íåäîñòîâ³ðíèì çà îáîõ ñòðîê³â ñ³âáè (r = 0,13 
³ 0,14 â³äïîâ³äíî). Ì³æ óðîæàéí³ñòþ çåðíà òà 
âèñîòîþ ðîñëèí çà îáîõ ñòðîê³â ñ³âáè â³í áóâ 
ñåðåäí³ì òà äîñòîâ³ðíèì (r = 0,42 çà îïòèìàëü-
íîãî òà r = 0,36 çà ï³çíüîãî ñòðîê³â). Àíàëî-
ã³÷íèé âçàºìîçâ’ÿçîê áóâ ì³æ óðîæàéí³ñòþ 
çåðíà òà âèñîòîþ ïðèêð³ïëåííÿ êà÷àíà –
r = 0,54 çà îïòèìàëüíîãî òà r = 0,39 çà ï³ç-
íüîãî ñòðîê³â ñ³âáè. Êîðåëÿö³éíèé çâ’ÿçîê 
ì³æ îçíàêàìè «âðîæàéí³ñòü çåðíà» òà «òðè-
âàë³ñòü ïåð³îäó ñõîäè–öâ³ò³ííÿ 50% êà÷àí³â» 
çà îïòèìàëüíîãî ñòðîêó ñ³âáè áóâ ñåðåäí³ì 
òà äîñòîâ³ðíèì (r = 0,39), ïðîòå çà ï³çíüîãî 
ñòðîêó â³í áóâ íåäîñòîâ³ðíèì òà ñòàíîâèâ 
ëèøå r = 0,03. Êîðåëÿö³éíèé çâ’ÿçîê ì³æ 
îçíàêàìè «çáèðàëüíà âîëîã³ñòü çåðíà» òà «òðè-
âàë³ñòü ïåð³îäó ñõîäè–öâ³ò³ííÿ 50% êà÷à í³â» 
áóâ ñëàáêèì òà íåäîñòîâ³ðíèì ÿê çà îïòè-
ìàëüíîãî (r = 0,20), òàê ³ ï³çíüîãî (r = 0,17) 
ñòðîê³â ñ³âáè.
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Ñåëåêö³ÿ òà íàñ³ííèöòâî

Âèñíîâêè
Çà ðåçóëüòàòàìè îö³íþâàííÿ ñàìîçàïèëå-

íèõ ë³í³é êóêóðóäçè ð³çíèõ ãåíîïëàçì ìîæ-
íà çàçíà÷èòè òàêå:

– íàéâèùèì ð³âíåì óðîæàéíîñò³ â³äçíà÷è-
ëèñÿ ë³í³¿ ãðóïè Iodent çà îáîõ ñòðîê³â ñ³âáè;

– ì³í³ìàëüíîþ âîëîã³ñòþ çåðíà íà ÷àñ çáè-
ðàííÿ õàðàêòåðèçóâàëèñÿ ë³í³¿ ïëàçì Flint 
òà Mix;

– íàéìåíøó ñåðåäíþ òðèâàë³ñòü ïåð³îäó 
ñõîäè–öâ³ò³ííÿ 50% ÷îëîâ³÷èõ òà æ³íî÷èõ 
ñóöâ³òü çà îáîõ ñòðîê³â ñ³âáè ìàëè ë³í³¿ ïëàç-
ìè Flint;

– ñòàá³ëüíî âèñîê³ ïîêàçíèêè âèñîòè ðîñ-
ëèí çà îïòèìàëüíîãî ñòðîêó ñ³âáè â³äçíà÷åíî 
ó ãðóïè ë³í³é ïëàçìè Mix, çà ï³çíüîãî – ó 
ë³í³é ïëàçìè Iodent;

– ñòàá³ëüíî âèñîê³ çíà÷åííÿ ïîêàçíèêà âè-
ñîòè ïðèêð³ïëåííÿ êà÷àíà çà îáîõ ñòðîê³â 
ñ³âáè çàô³êñîâàíî â ë³í³é ïëàçìè Iodent;

– íàéñêîðîñòèãë³øèìè ñåðåä ð³çíèõ ãðóï 
ë³í³é áóëè: F2, ÄÊ23, ÄÊ239, ÄÊ3527, ÄÊ541, 
ÄÊ2275 – ïëàçìà Flint; ÄÊ7174, ÄÊ2285, 
ÄÊ305, ÄÊ2613, ÄÊ5568, ÌÑ381ÌÂ – Iodent;

ÄÊ366, ÊÃ232, ÄÊ2332, ÄÊ2659 – ïëàç ìà 
Mix. 

– íàéë³ïøèìè çà êîìïëåêñîì ãîñïîäàð-
ñüêî-ö³ííèõ îçíàê áóëè ë³í³¿ ÄÊ239, ÄÊ673, 
ÄÊ50-7, ÄÊ2459, ÄÊ2073 (ïëàçìà Flint), 
ÄÊ2285, ÄÊ2613, ÄÊ305, ÄÊ5510, ÄÊ5568, 
ÌÑ252ÂÌ3ñî, ÄÊ7174 (Iodent), ÄÊÄ3, 
ÄÊ6356, ÄÊ367, ÄÊ2332, ÄÊ129-4, ÄÊ2659, 
ÄÊ247, ÄÊ6381, ÄÊ2668 (Mix). Âîíè º ïåð-
ñïåêòèâíèìè äëÿ âèêîðèñòàííÿ â ñåëåêö³¿ 
ã³áðèä³â êóêóðóäçè, àäàïòîâàíèõ äî óìîâ 
Ñòåïó Óêðà¿íè.
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Òàáëèöÿ 4
Óðîæàéí³ñòü çåðíà ë³ïøèõ ³íáðåäíèõ ë³í³é ð³çíèõ ãåíåòè÷íèõ ãðóï 

çà äâîõ ñòðîê³â ñ³âáè, ò/ãà

Ë³í³ÿ
Óðîæàéí³ñòü çåðíà, ò/ãà

Îïòèìàëüíèé ñòðîê ñ³âáè Ï³çí³é ñòðîê ñ³âáè
2016 ð. 2017 ð. 2018 ð. õ* 2016 ð. 2017 ð. 2018 ð. õ

Flint
F2 st 0,95 0,47 0,82 0,74 0,33 0,48 0,39 0,40
ÄÊ239 2,04 1,61 1,86 1,84 0,74 1,65 1,17 1,19
ÄÊ673 0,88 3,27 1,96 2,04 0,57 1,70 1,06 1,11
ÄÊ50-7 3,14 2,51 2,67 2,77 1,15 1,67 1,27 1,36
ÄÊ2459 3,30 2,43 2,86 2,86 0,37 2,14 1,24 1,25
ÄÊ2073 2,65 3,37 2,74 2,92 0,56 1,68 1,14 1,13

Iodent
ÄÊ744 st 2,88 3,54 3,40 3,28 1,38 2,78 1,96 2,04
ÄÊ2285 3,19 2,94 3,16 3,10 1,05 2,44 1,59 1,69
ÄÊ2613 3,52 2,87 3,00 3,13 1,11 2,28 1,54 1,64
ÄÊ305 2,59 3,07 3,74 3,13 1,45 3,00 2,21 2,22
ÄÊ5510 2,45 3,94 3,21 3,20 0,69 2,59 1,80 1,69
ÄÊ5568 4,86 3,91 4,02 4,26 2,55 2,88 2,74 2,72
ÌÑ252ÂÌ3 5,55 4,51 4,73 4,93 1,66 2,17 2,13 1,99
ÄÊ7174 5,03 5,04 4,83 4,96 1,71 2,59 1,87 2,06

Mix
ÄÊ366 st 0,34 0,88 0,58 0,60 0,44 0,39 0,44 0,42
ÄÊÄ 3 2,35 2,47 2,23 2,35 0,45 1,93 1,17 1,19
ÄÊ 6356 2,74 2,07 2,44 2,42 1,01 1,53 1,21 1,25
ÄÊ367 2,23 2,94 2,38 2,52 1,64 2,23 1,90 1,92
ÄÊ 2332 3,15 2,30 2,66 2,70 0,46 1,61 0,98 1,02
ÄÊ 129-4 2,56 3,07 3,12 2,91 0,16 2,51 1,25 1,31
ÄÊ 2659 2,98 3,16 2,70 2,95 1,10 2,18 1,66 1,65
ÄÊ 247 2,85 3,50 3,43 3,26 0,45 2,63 1,55 1,54
ÄÊ 6381 3,79 3,42 3,43 3,55 0,90 1,30 1,17 1,12
ÄÊ 2668 3,56 4,49 4,14 4,06 0,93 2,50 1,73 1,72

Í²Ð
0,05

0,19 0,24 0,24 – 0,07 0,17 0,12 –

*õ – ñåðåäíº çà ðîêàìè.
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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 
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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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Âñòóï
Çàñòîñóâàííÿ áàêòåð³àëüíèõ äîáðèâ, âèãî-

òîâëåíèõ íà îñíîâ³ àçîòô³êñóâàëüíèõ ì³êðî-
îðãàí³çì³â, – öå áåçàëüòåðíàòèâíèé ñïîñ³á 
çàáåçïå÷åííÿ ðîñëèí á³îëîã³÷íèì àçîòîì, 
ÿêèé ìàº ïåðåâàãè ãîñïîäàðñüêîãî òà åêîëî-
ã³÷íîãî õàðàêòåðó ïîð³âíÿíî ç âèêîðèñòàí-
íÿì ì³íåðàëüíèõ äîáðèâ [1]. ²íîêóëÿö³ÿ íà-

ÓÄÊ 633.34:581.557: 631.847.21:581.133.1  https://doi.org/10.21498/2518-1017.17.2.2021.236517

Âïëèâ á³îïðåïàðàò³â áóëüáî÷êîâèõ áàêòåð³é 
³ç êàðìî¿çèíîì íà ôîðìóâàííÿ òà ôóíêö³îíóâàííÿ 
ñèìá³îòè÷íèõ ñèñòåì ñîÿ – Bradyrhizobium japonicum
Ê. Ï. Êóêîë*, Í. À. Âîðîáåé, Ï. Ï. Ïóõòàºâè÷, Ñ. ß. Êîöü

²íñòèòóò ô³ç³îëîã³¿ ðîñëèí ³ ãåíåòèêè ÍÀÍ Óêðà¿íè, âóë. Âàñèëüê³âñüêà, 31/17, ì. Êè¿â, 03022, Óêðà¿íà, 
*e-mail: katerinakukol@gmail.com

Ìåòà. Óñòàíîâèòè îñîáëèâîñò³ ôîðìóâàííÿ òà ôóíêö³îíóâàííÿ ñèìá³îòè÷íèõ ñèñòåì ñî¿ çà ³íîêóëÿö³¿ íàñ³ííÿ 
á³îïðåïàðàòàìè íà îñíîâ³ ñò³éêèõ äî ôóíã³öèä³â øòàì³â Bradyrhizobium japonicum ÐÑ07 òà Â78 ç ð³çíèìè íîðìàìè ñèí-
òåòè÷íîãî áàðâíèêà êàðìî¿çèíó. Ìåòîäè. Ô³ç³îëîã³÷í³, ì³êðîá³îëîã³÷í³, ãàçîâà õðîìàòîãðàô³ÿ, ñòàòèñòè÷í³. Ðåçóëüòàòè. 
Óñòàíîâëåíî, ùî âíàñë³äîê ³íîêóëÿö³¿ ñî¿ [Glycine max (L.) Merr] ñîðòó ‘Àëìàç’ ì³êðîáíèìè ïðåïàðàòàìè, âèãîòîâëå-
íèìè íà îñíîâ³ B. japonicum ÐÑ07 òà Â78 ç äîäàâàííÿì êàðìî¿çèíó (0,25 òà 0,5 ã íà 200 ã ïðåïàðàòó), ê³ëüê³ñòü òà 
ìàñà ñôîðìîâàíèõ íà êîðåíÿõ áóëüáî÷îê óïðîäîâæ âåãåòàö³¿ áóëè íà ð³âí³ ïîêàçíèê³â êîíòðîëüíèõ ðîñëèí àáî ïå-
ðåâèùóâàëè ¿õ. Çà ³íîêóëÿö³¿ íàñ³ííÿ îáîìà øòàìàìè ðèçîá³é òà äîäàâàííÿ äî á³îïðåïàðàò³â ð³çíèõ íîðì áàðâíèêà 
íàéá³ëüøó ð³çíèöþ çà ïîêàçíèêàìè ê³ëüêîñò³ é ìàñè êîðåíåâèõ áóëüáî÷îê ì³æ ðîñëèíàìè êîíòðîëüíèõ ³ äîñë³äíèõ 
âàð³àíò³â â³äçíà÷åíî ó ôàç³ ïîâíîãî öâ³ò³ííÿ. Ó ðåçóëüòàò³ àíàë³çó àçîòô³êñóâàëüíî¿ àêòèâíîñò³ (ÀÔÀ) ñôîðìîâàíèõ 
ñèìá³îòè÷íèõ ñèñòåì â³äçíà÷åíî â³äñóòí³ñòü íåãàòèâíîãî âïëèâó ñèíòåòè÷íîãî áàðâíèêà íà ¿¿ ð³âåíü. Çà áàêòåðèçàö³¿ 
íàñ³ííÿ ñî¿ B. japonicum ÐÑ07 ó ôàç³ òðüîõ ñïðàâæí³õ ëèñòê³â ÀÔÀ áóëà âèùîþ íà 15,6–25,9%; ó ôàç³ áóòîí³çàö³¿–ïî-
÷àòêó öâ³ò³ííÿ – íà 7,4–29,5% ïîð³âíÿíî ç êîíòðîëüíèìè ðîñëèíàìè çà äîäàâàííÿ 0,25 òà 0,5 ã êàðìî¿çèíó â³äïîâ³äíî. 
Íà ôîí³ áàêòåðèçàö³¿ íàñ³ííÿ ñî¿ øòàìîì Â78 äî ôàçè ïîâíîãî öâ³ò³ííÿ ³íòåíñèâí³ñòü àñèì³ëÿö³¿ N

2
 çà äîäàâàííÿ äî 

á³îïðåïàðàòó 0,25 ã êàðìî¿çèíó áóëà íà ð³âí³ êîíòðîëüíèõ ðîñëèí. Ó ïåð³îä ïîâíîãî öâ³ò³ííÿ ðîñëèí öåé ïîêàçíèê 
ïåðåâèùóâàâ êîíòðîëü íà 7,6 òà 18,8% çà âíåñåííÿ 0,25 òà 0,5 ã áàðâíèêà â³äïîâ³äíî. Âèñíîâêè. Êàðìî¿çèí ìîæíà çà-
ëó÷àòè äî ïîäàëüøîãî âèâ÷åííÿ åôåêòèâíîñò³ éîãî çàñòîñóâàííÿ ÿê áàðâíèêà-³äåíòèô³êàòîðà êîíòðîëþ ð³âíîì³ðíîñò³ 
íàíåñåííÿ ñèïó÷èõ áàêòåð³àëüíèõ ïðåïàðàò³â íà íàñ³ííÿ, äîäàþ÷è 0,25 ³ 0,5 ã íà 200 ã á³îïðåïàðàòó, îñê³ëüêè ïðè öüîìó 
íå âèÿâëåíî íåãàòèâíîãî âïëèâó íà ôîðìóâàííÿ òà ôóíêö³îíóâàííÿ ñèìá³îòè÷íèõ ñèñòåì ñîÿ – B. japonicum.

Êëþ÷îâ³ ñëîâà: Bradyrhizobium japonicèm; ³íîêóëÿö³ÿ; êàðìî¿çèí; ê³ëüê³ñòü ³ ìàñà áóëüáî÷îê; àçîòô³êñóâàëüíà 
àêòèâí³ñòü.

ñ³ííÿ çåðíîáîáîâèõ êóëüòóð âèñîêîåôåêòèâ-
íèìè øòàìàìè áóëüáî÷êîâèõ áàêòåð³é, îäåð-
æàíèìè â ïðîöåñ³ ñåëåêö³éíîãî â³äáîðó, äàº 
çìîãó ðåàë³çóâàòè äî 15–50% ñèìá³îòè÷íîãî 
àçîòô³êñóâàëüíîãî ïîòåíö³àëó, à ðåøòà ðå-
çåðâó ìîæå áóòè âèêîðèñòàíà çà îïòèì³çàö³¿ 
óìîâ ôóíêö³îíóâàííÿ ñèìá³îçó [2]. 

Âàæëèâèìè çàâäàííÿìè ï³ä ÷àñ âèðîáíèö-
òâà áàêòåð³àëüíèõ äîáðèâ º ìàêñèìàëüíå íà-
êîïè÷åííÿ áàêòåð³àëüíèõ êë³òèí, ï³äòðè-
ìàííÿ ¿õ æèòòºçäàòíîñò³ íà âñ³õ ñòàä³ÿõ òåõ-
íîëîã³÷íîãî ïðîöåñó òà âèãîòîâëåííÿ íà ¿õ-
í³é îñíîâ³ ð³çíèõ ôîðì ïðåïàðàò³â ç³ çáåðå-
æåííÿì àêòèâíîñò³ âïðîäîâæ ãàðàíò³éíîãî 
òåðì³íó çáåð³ãàííÿ [3, 4]. 

Çà ïðåïàðàòèâíèìè ôîðìàìè áàêòåð³àëüí³ 
äîáðèâà ïîä³ëÿþòü íà ð³äê³, íàï³âð³äê³ (ñóñ-
ïåíç³éí³ ïðåïàðàòè, ïðåïàðàòè ç³ çãóùóâà-
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÷àìè – ãåëüíà ôîðìà), ñèïó÷³ òà ãðàíóëüîâà-
í³ ïðåïàðàòè [5]. Ð³äê³ ì³êðîáí³ ïðåïàðàòè 
ì³ñòÿòü ó ñâîºìó ñêëàä³ êóëüòóðàëüíó ð³äè-
íó (áàêòåð³¿ òà ¿õí³ ìåòàáîë³òè, çàëèøêè 
êîìïîíåíò³â ñåðåäîâèùà). Âîíè çðó÷í³ â çàñ-
òîñóâàíí³, îñîáëèâî çà ìåõàí³çîâàíîãî îá-
ðîáëÿííÿ íàñ³ííÿ [4, 6]. Âîäíî÷àñ ó ñâ³òîâ³é 
ïðàêòèö³ íàéïîøèðåí³ø³ òâåðä³ (ñèïó÷³) 
ôîðìè á³îïðåïàðàò³â íà îñíîâ³ òîðôó, âåð-
ìèêóë³òó, êàîë³íó òà ³í. [5]. Â³äîìî, ùî â 
ðàç³ çàñòîñóâàííÿ ³íîêóëÿíò³â íà âåðìèêó-
ë³ò³ ïåðåõ³ä áàêòåð³é ç íîñ³ÿ ó ́ ðóíò º á³ëüø 
òðèâàëèì, îñê³ëüêè éîãî ÷àñòèíêè ìàþòü 
ïîðèñòó áóäîâó é çàãàëüíà ïëîùà ïîâåðõí³ â 
íèõ º çíà÷íî á³ëüøîþ. ²ìîâ³ðíî, çãîäîì, çà 
ïîÿâè äåô³öèòó åëåìåíò³â æèâëåííÿ â ðîñ-
ëèí, öåé ïðîöåñ ìîæå ïðèñêîðèòèñÿ, ùî ïî-
çèòèâíî ïîçíà÷èòüñÿ íà ðîçâèòêó ìàêðîñèì-
á³îíòà. Ïðè öüîìó äîñë³äíèêè â³äçíà÷àëè 
ï³äâèùåííÿ âðîæàéíîñò³ çåðíà ñî¿ íà 21% 
ïîð³âíÿíî ç êîíòðîëåì. Ó âàð³àíò³ ç³ ñòàðòî-
âîþ äîçîþ àçîòó (N

30
) óðîæàéí³ñòü áóëà íà 

32% âèùå êîíòðîëüíî¿ [7].
Ó áàãàòüîõ êðà¿íàõ ñâ³òó äëÿ çàáåçïå÷åííÿ 

âèñîêî¿ ÿêîñò³ ³íîêóëÿíò³â íàóêîâö³ äîñë³-
äæóþòü æèòòºçäàòí³ñòü àçîòô³êñóâàëüíèõ 
ì³êðîîîðãàí³çì³â ó ð³çíèõ ñèïó÷èõ íîñ³ÿõ, 
çà ïîòðåáè êîðèãóþòü óìîâè çáåð³ãàííÿ ãî-
òîâèõ ïðåïàðàò³â àáî ê³ëüê³ñòü äîäàòêîâèõ 
êîìïîíåíò³â ó ¿õíüîìó ñêëàä³ [5, 6].

Äëÿ çàáåçïå÷åííÿ â³çóàëüíîãî åôåêòó íàíå-
ñåííÿ íà íàñ³ííÿ ñî¿ áàêòåð³àëüíèõ ïðåïàðà-
ò³â íà ñèïó÷èõ íîñ³ÿõ (çîêðåìà âåðìèêóë³ò³) 
äîö³ëüíî äîñë³äèòè ìîæëèâ³ñòü çàñòîñóâàííÿ 
õàð÷îâèõ áàðâíèê³â, àñîðòèìåíò ÿêèõ º äóæå 
øèðîêèì. Ç ë³òåðàòóðè â³äîìî, ùî ñïî÷àòêó 
äëÿ îòðèìàííÿ áàðâíèê³â âèêîðèñòîâóâàëè 
ïðîäóêòè ðîñëèííîãî é òâàðèííîãî ïîõîä-
æåííÿ, àëå ³ç ðîçâèòêîì îðãàí³÷íîãî ñèíòåçó 
ì³ñöå íàòóðàëüíèõ áàðâíèê³â çàéíÿëè ñèíòå-
òè÷í³. Íàéá³ëüøèì êëàñîì ñåðåä îðãàí³÷íèõ 
ñèíòåòè÷íèõ ñïîëóê º àçîáàðâíèêè [9]. ¯õ îò-
ðèìóþòü ïîºäíàííÿì àðîìàòè÷íèõ ä³àçî ç’ºä-
íàíü ³ç ôåíîëàìè, àðîìàòè÷íèìè àì³íàìè 
àáî ¿õí³ìè ïîõ³äíèìè [10, 11]. 

Ñèíòåòè÷í³ áàðâíèêè, ïîð³âíÿíî ç íàòó-
ðàëüíèìè, ìàþòü íèçêó ïåðåâàã: âîíè º 
ñò³éêèìè äî òåõíîëîã³÷íî¿ îáðîáêè, òðèâà-
ëîãî çáåð³ãàííÿ, íàäàþòü ÿñêðàâèõ êîëüîð³â, 
ùî ëåãêî â³äòâîðþþòüñÿ [12]. 

Íàìè ïîïåðåäíüî äîñë³äæåíî âïëèâ 0,5 òà 
1,0%-ãî ðîç÷èí³â ñèíòåòè÷íîãî áàðâíèêà 
êàðìî¿çèíó (àçîðóá³íó) íà åíåðã³þ ïðîðîñ-
òàííÿ òà ëàáîðàòîðíó ñõîæ³ñòü íàñ³ííÿ ñî¿ 
ñîðò³â ‘Àëìàç’ ³ ‘Âàñèëüê³âñüêà’. Óñòàíîâëå-
íî â³äñóòí³ñòü àáî ñëàáêèé ð³âåíü ô³òîòîê-
ñè÷íîñò³ öüîãî áàðâíèêà íà ïîñ³âí³ ÿêîñò³ 
íàñ³ííÿ ñî¿ âêàçàíèõ ñîðò³â [13]. 

Ñüîãîäí³ àêòóàëüíèì º ïîë³ïøåííÿ åëå-
ìåíò³â òåõíîëîã³¿ çàñòîñóâàííÿ ì³êðîáíèõ 
ïðåïàðàò³â ï³ä ñîþ, âèãîòîâëåíèõ íà îñíîâ³ 
âèñîêîàêòèâíèõ ³ êîíêóðåíòîçäàòíèõ øòà-
ì³â áóëüáî÷êîâèõ áàêòåð³é. Îñê³ëüêè çàõèñò 
ðîñëèí â³ä ô³òîïàòîãåí³â º íåâ³ä’ºìíèì åëå-
ìåíòîì òåõíîëîã³¿ âèðîùóâàííÿ ñî¿, ÿê ³ 
³íîêóëÿö³ÿ íàñ³ííÿ á³îïðåïàðàòàìè íà îñíî-
â³ ì³êðîîðãàí³çì³â-àçîòô³êñàòîð³â, äîö³ëüíî 
çàëó÷àòè â äîñë³äæåííÿ êîíòðîëþ ÿêîñò³ 
ïåðåäïîñ³âíîãî îáðîáëåííÿ øòàìè ðèçîá³é, 
ñò³éê³ äî âïëèâó ä³þ÷èõ ðå÷îâèí ôóíã³öèä³â. 

Ìåòà äîñë³äæåíü – óñòàíîâèòè îñîáëèâîñ-
ò³ ôîðìóâàííÿ òà ôóíêö³îíóâàííÿ ñèìá³î-
òè÷íèõ ñèñòåì ñî¿ çà ³íîêóëÿö³¿ íàñ³ííÿ á³î-
ïðåïàðàòàìè íà îñíîâ³ ñò³éêèõ äî ôóíã³öè-
ä³â øòàì³â B. japonicum ÐÑ07 òà Â78 ç ð³ç-
íèìè íîðìàìè ñèíòåòè÷íîãî áàðâíèêà êàð-
ìî¿çèíó.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Âåãåòàö³éí³ äîñë³äè ïðîâîäèëè ó 2019–

2020 ðð. ç ðîñëèíàìè ñî¿ [G. max (L.) Merrill] 
ñîðòó ‘Àëìàç’, ùî çàíåñåíèé äî Äåðæàâíîãî 
ðåºñòðó ñîðò³â ðîñëèí, ïðèäàòíèõ äî ïîøè-
ðåííÿ â Óêðà¿í³ ç 2007 ð., º ðàííüîñòèãëèì 
òà ðåêîìåíäîâàíèé äëÿ âèðîùóâàííÿ ó çîí³ 
Ë³ñîñòåïó [14]. 

Ïåðåä âèñ³âàííÿì (íà ïî÷àòêó äðóãî¿ äå-
êàäè òðàâíÿ) íàñ³ííÿ ñî¿ ³íîêóëþâàëè âïðî-
äîâæ 1 ãîä áàêòåð³àëüíèìè ïðåïàðàòàìè íà 
îñíîâ³ B. japonicum ÐÑ07 òà Â78. Îäíà ïîð ö³ÿ 
á³îïðåïàðàòó áóëüáî÷êîâèõ áàêòåð³é (200 ã)
âèêîðèñòîâóºòüñÿ äëÿ îáðîáëåííÿ 120 êã íà-
ñ³ííÿ ñî¿.

Ñõåìà äîñë³äó âêëþ÷àëà òàê³ âàð³àíòè ïåðåä-
ïîñ³âíî¿ ³íîêóëÿö³¿ íàñ³ííÿ:

1) B. japonicum B78 (êîíòðîëü – áåç áàðâ-
íèêà);

2) B. japonicum B78 + êàðìî¿çèí (0,25 ã/200 ã 
á³îïðåïàðàòó);

3) B. japonicum Â78 + êàðìî¿çèí (0,5 ã/200 ã 
á³îïðåïàðàòó);

4) B. japonicum ÐÑ07 (êîíòðîëü – áåç áàðâ-
íèêà);

5) B. japonicum ÐÑ07 + êàðìî¿çèí (0,25 ã/200 ã 
á³îïðåïàðàòó);

6) B. japonicum ÐÑ07 + êàðìî¿çèí (0,5 ã/200 ã 
á³îïðåïàðàòó).

Çàëó÷åí³ äî ðîáîòè øòàìè B. japonicum 
ÐÑ07 (àíàë³òè÷íî¿ ñåëåêö³¿) òà Â78 [Tn5-ìóòàíò 
øòàìó 646 (pSup5011::Tn5mob)] îòðèìàí³ ó 
â³ää³ë³ ñèìá³îòè÷íî¿ àçîòô³êñàö³¿ ²ÔÐÃ ÍÀÍ 
Óêðà¿íè ³ âõîäÿòü äî ñêëàäó êîëåêö³¿ àçîò-
ô³êñóâàëüíèõ ì³êðîîðãàí³çì³â ²ÔÐÃ ÍÀÍ 
Óêðà¿íè, ÿêà ìàº ñòàòóñ íàö³îíàëüíîãî íàä-
áàííÿ. Çà ðåçóëüòàòàìè ïðîâåäåíèõ íàìè ðà-
í³øå ëàáîðàòîðíèõ äîñë³ä³â, çàçíà÷åí³ øòàìè 
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âèÿâèëè ñò³éê³ñòü äî ð³çíèõ ôóíã³öèä³â ó ÷èñ-
ò³é êóëüòóð³ [15]. 

Ñîþ âèðîùóâàëè ïî 10 ðîñëèí ó 10-ê³ëî-
ãðàìîâèõ ïîñóäèíàõ, ïîïåðåäíüî ïðîñòåðèë³-
çîâàíèõ 20%-ì ðîç÷èíîì Í

2
Î

2
, íà ð³÷êîâîìó 

ï³ñêó ç³ âíåñåííÿì ïîæèâíî¿ ñóì³ø³ Ãåëüð³-
ãåëÿ [16], çáàãà÷åíî¿ ì³êðîåëåìåíòàìè ìîë³á-
äåíîì, áîðîì ³ ì³ääþ òà çá³äíåíî¿ íà àçîò – 
0,25 íîðìè [îäíà íîðìà â³äïîâ³äàº 708 ìã 
Ñà(NO

3
) 4Í

2
Î íà 1 êã ï³ñêó], çà ïðèðîäíîãî 

îñâ³òëåííÿ òà îïòèìàëüíîãî (60% ÏÂ) âîäî-
çàáåçïå÷åííÿ, íà ñïåö³àëüíî îáëàäíàíîìó 
ìàéäàí÷èêó ²ÔÐÃ ÍÀÍ Óêðà¿íè. Ïîâòîðþâà-
í³ñòü ó âàð³àíòàõ äîñë³äó ï’ÿòèðàçîâà. 

Êàðìî¿çèí (àçîðóá³í) – ñèíòåòè÷íèé àçîáàðâ-
íèê ÷åðâîíîãî êîëüîðó, º ä³àçîòîâàíèì ïî-
õ³äíèì ñóëüôîíàôòàë³í³â; êðèñòàë³÷íà ðå÷î-
âèíà ³ç êðèñòàëàìè ðîçì³ðîì â³ä 1 äî 50 ìêì 
òà ç òåìïåðàòóðîþ ïëàâëåííÿ ïîíàä 300 °Ñ, 
äîáðå ðîç÷èííèé ó âîä³ òà åòèëîâîìó ñïèðò³ 
[12]. Çà äîäàâàííÿ öüîãî áàðâíèêà äî ñèïó-
÷èõ á³îïðåïàðàò³â áóëüáî÷êîâèõ áàêòåð³é 
äëÿ îáðîáëåííÿ íàñ³ííÿ ñî¿ ÷åðâîíèé êîë³ð 
â³çóàëüíî ïîì³òí³øèé, ùî äàº çìîãó â³äð³ç-
íèòè ³íîêóëüîâàíå íàñ³ííÿ â³ä íå³íîêóëüî-
âàíîãî çà òàêèõ óìîâ âèêîðèñòàííÿ. 

ßê ñóáñòðàò-íîñ³é äëÿ ïðèãîòóâàííÿ áàêòå-
ð³àëüíîãî ïðåïàðàòó âèêîðèñòîâóâàëè âåðìè-
êóë³ò, ùî º ì³íåðàëîì êëàñó àëþìîñèë³êà-
ò³â òà ìàº ïîñò³éíèé õ³ì³÷íèé ñêëàä, çàâäÿ-
êè ÷îìó âèêëþ÷àºòüñÿ íåîáõ³äí³ñòü ïåðåâ³ð-
êè êîæíî¿ éîãî ïàðò³¿ [7]. Ó ñêëàä³ âåðìèêó-
ë³òó â³äçíà÷åíî íàÿâí³ñòü îêñèä³â òàêèõ 
åëåìåíò³â, ÿê êàëüö³é, ìàãí³é, êàë³é, àëþ-
ì³í³é, çàë³çî ³ êðåìí³é, òîìó â³í º åôåêòèâ-
íèì á³îñòèìóëÿòîðîì ðîñòó ðîñëèí. Õàðàê-
òåðèçóºòüñÿ âèñîêèìè ñîðáö³éíèìè é àåðà-
ö³éíèìè âëàñòèâîñòÿìè, íå º òîêñè÷íèì, íå 
ï³ääàºòüñÿ ãíèòòþ, ïåðåøêîäæàº ïîøèðåííþ 
ïë³ñíÿâè [17]. 

Äëÿ ïðèãîòóâàííÿ áàêòåð³àëüíîãî ïðåïà-
ðàòó (200 ã) íà òâåðäîìó íîñ³¿ ó ïàêåòè ç 
âåðìèêóë³òîì (130 ã) ââîäèëè ñòåðèëüíî 
50 ìë áàêòåð³àëüíî¿ ñóñïåíç³¿ ç âèõ³äíèì òè-
òðîì 5 × 109 ÊÓÎ/ìë (ïîïåðåäíüî âèðîùåíî¿ 
íà ìàí³òíî-äð³æäæîâîìó ñåðåäîâèù³ â êîë-
áàõ íà êà÷àëö³), 0,25 àáî 0,5 ã êàðìî¿çèíó 
(çã³äíî ç³ ñõåìîþ äîñë³äó), à òàêîæ ïîæèâí³ 
äîáàâêè: ìåëÿñó, êóêóðóäçÿíèé åêñòðàêò, 
ãëþêîçó ó ñï³ââ³äíîøåíí³ 1:1, ÿê³ ãîòóâàëè 
ç ðîçðàõóíêó íà 130 ã ñóõîãî âåðìèêóë³òó, 
äîáðå ïåðåì³øóâàëè. Ïðåïàðàò âèòðèìóâà-
ëè (äîðîùóâàëè) çà ê³ìíàòíî¿ òåìïåðàòóðè 
(18–23 °Ñ) 7 ä³á. Íàñ³ííÿ ñî¿ ³íîêóëþâàëè â 
àñåïòè÷íèõ óìîâàõ. 

Â³äáîðè ðîñëèí çä³éñíþâàëè ó ôàçè òðüîõ 
ëèñòê³â, áóòîí³çàö³¿–ïî÷àòêó öâ³ò³ííÿ òà ïîâ-
íîãî öâ³ò³ííÿ. Àçîòô³êñóâàëüíó àêòèâí³ñòü 

êîðåíåâèõ áóëüáî÷îê ñî¿ âèçíà÷àëè àöåòèëå-
íîâèì ìåòîäîì [18] ³ âèðàæàëè â ì³êðîìî-
ëÿõ åòèëåíó, ÿêèé óòâîðèâñÿ áóëüáî÷êàìè 
îäí³º¿ ðîñëèíè çà 1 ãîä. Ãàçîâó ñóì³ø àíàë³-
çóâàëè íà ãàçîâîìó õðîìàòîãðàô³ «Agilent 
Technologies 6850» (ÑØÀ) Network GC 
System ç ïîëóì’ÿíî-³îí³çàö³éíèì äåòåêòî-
ðîì. Ãàçè ðîçä³ëÿëè íà êîëîíö³ (Supelco 
Porapak N) çà òåìïåðàòóðè òåðìîñòàòà 55 °Ñ 
³ äåòåêòîðà 150 °Ñ. Ãàçîâèì íîñ³ºì áóâ àçîò 
(50 ìë çà 1 õâ), âèçíà÷åííÿ ïðîâîäèëè ó ÷î-
òèðèêðàòí³é ïîâòîðíîñò³.

Îòðèìàí³ äàí³ îáðîáëÿëè ñòàòèñòè÷íî. Ó 
òàáëèöÿõ íàâåäåíî ñåðåäíüîàðèôìåòè÷í³ çíà-
÷åííÿ. Äîñòîâ³ðí³ñòü â³äì³ííîñòåé ì³æ âè-
á³ðêàìè îö³íþâàëè ìåòîäîì îäíîôàêòîðíîãî 
äèñïåðñ³éíîãî àíàë³çó (ANOVA). Â³äì³ííîñ-
ò³ ââàæàëè äîñòîâ³ðíèìè çà P ≤ 0,05.

Ðåçóëüòàòè äîñë³äæåíü
Óñòàíîâëåíî, ùî çà äîäàâàííÿ ð³çíî¿ ê³ëü-

êîñò³ êàðìî¿çèíó â ñèïó÷èé áàêòåð³àëüíèé 
ïðåïàðàò íà îñíîâ³ ñò³éêèõ äî ôóíã³öèä³â 
øòàì³â ðèçîá³é çàãàëüíà ê³ëüê³ñòü ñôîðìî-
âàíèõ íà êîðåíÿõ áóëüáî÷îê óïðîäîâæ âåãå-
òàö³¿ áóëà íà ð³âí³ êîíòðîëüíèõ ðîñëèí àáî 
ïåðåâèùóâàëà ¿õ. Çîêðåìà, çà áàêòåðèçàö³¿ 
íàñ³ííÿ á³îïðåïàðàòîì íà îñíîâ³ B. japonicum 
Â78 ³ äîäàâàííÿì 0,25 òà 0,5 ã êàðìî¿çèíó 
ê³ëüê³ñòü áóëüáî÷îê áóëà âèùîþ ïîð³âíÿíî 
ç ðîñëèíàìè êîíòðîëüíîãî âàð³àíòó â³äïî-
â³äíî íà 10,4 ³ 16,0% (ôàçà òðüîõ ñïðàâæí³õ 
ëèñòê³â), 13,8% (áóòîí³çàö³¿–ïî÷àòêó öâ³-
ò³ííÿ) òà 29,2 ³ 33,3% (ïîâíîãî öâ³ò³ííÿ). 

Çà ³íîêóëÿö³¿ íàñ³ííÿ ñî¿ á³îïðåïàðàòîì 
íà îñíîâ³ B. japonicum ÐÑ07 ³ç ôàðáóâàëü-
íèì àãåíòîì (0,25 òà 0,5 ã êàðìî¿çèíó) òà-
êîæ íå â³äçíà÷åíî íåãàòèâíîãî âïëèâó íà 
çàãàëüíó ê³ëüê³ñòü óòâîðåíèõ áóëüáî÷îê íà 
êîðåíÿõ ðîñëèí. Çàçíà÷åíèé ïîêàçíèê áóâ 
âèùèì ó äîñë³äíèõ ðîñëèí ïîð³âíÿíî ç êîíò-
ðîëüíèìè çà ³íîêóëÿö³¿ àíàë³òè÷íî ñåëåêö³î-
íîâàíèìè ðèçîá³ÿìè øòàìó ÐÑ07 â³äïîâ³äíî 
íà 9,0 ³ 19,4% (ôàçà òðüîõ ñïðàâæí³õ ëèñò-
ê³â), 3,9 ³ 20,8% (ôàçà áóòîí³çàö³¿–ïî÷àòêó 
öâ³ò³ííÿ) òà íà 16,9 ³ 28,9% (ôàçà ïîâ íîãî 
öâ³ò³ííÿ) (òàáë. 1).

Ìàñà óòâîðåíèõ áóëüáî÷îê íà êîðåíÿõ ñî¿, 
³íîêóëüîâàíî¿ á³îïðåïàðàòîì íà îñíîâ³ 
B. japonicum Â78 + 0,25 ã êàðìî¿çèíó, ó ôàç³ 
òðüîõ ñïðàâæí³õ ëèñòê³â áóëà ìåíøîþ ïî-
ð³âíÿíî ç ðîñëèíàìè íà êîíòðîë³ íà 13,5%. 
Îäíàê öåé ïîêàçíèê ïåðåâèùóâàâ êîíòðîëü-
í³ ðîñëèíè â 1,4 ðàçà ó ôàç³ áóòîí³çàö³¿–ïî-
÷àòêó öâ³ò³ííÿ òà ó 2,4 ðàçà ó ôàç³ ïîâíîãî 
öâ³ò³ííÿ. Ó ðàç³ çàñòîñóâàííÿ ïðåïàðàòó ç 
á³ëüøîþ ê³ëüê³ñòþ áàðâíèêà (0,5 ã) ìàñà 
ñèìá³îòè÷íèõ óòâîðåíü ó ôàç³ òðüîõ ñïðàâæ-
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í³õ ëèñòê³â áóëà íà ð³âí³ ðîñëèí êîíòðîëþ, 
à â íàñòóïí³ ôàçè ðîñòó é ðîçâèòêó â 1,6–2,3 
ðàçà ïåðåâèùóâàëà ¿õ. 

Àíàëîã³÷íó òåíäåíö³þ â³äçíà÷åíî òàêîæ ó 
ðîñëèí âàð³àíò³â ç îáðîáëåííÿì íàñ³ííÿ ïðå-
ïàðàòàìè íà îñíîâ³ áóëüáî÷êîâèõ áàêòåð³é 

Òàáëèöÿ 1
Çàãàëüíà ê³ëüê³ñòü êîðåíåâèõ áóëüáî÷îê (øò./ðîñëèíó) íà ðîñëèíàõ ñî¿ ñîðòó ‘Àëìàç’ 

çà îáðîáëåííÿ á³îïðåïàðàòàìè íà îñíîâ³ øòàì³â B. japonicum 
³ç äîäàâàííÿì ð³çíèõ íîðì êàðìî¿çèíó

Âàð³àíò Øòàì-³íîêóëÿíò
Ôàçà ðîçâèòêó ðîñëèí

òðè ëèñòêè áóòîí³çàö³ÿ–
ïî÷àòîê öâ³ò³ííÿ ïîâíå öâ³ò³ííÿ 

Êîíòðîëü – áåç áàðâíèêà

B. japonicum ÐÑ07

7,0 11,4 19,0
0,25 ã êàðìî¿çèíó /
200 ã á³îïðåïàðàòó 7,6 11,8 22,2

0,5 ã êàðìî¿çèíó /
200 ã á³îïðåïàðàòó 8,4 13,8 24,5

Í²Ð
0,05

0,5 0,4 0,9
Êîíòðîëü – áåç áàðâíèêà

B. japonicum Â78

4,5 8,8 16,1
0,25 ã êàðìî¿çèíó /
200 ã á³îïðåïàðàòó 5,0 10,0 20,8

0,5 ã êàðìî¿çèíó / 
200 ã á³îïðåïàðàòó 5,2 9,0 21,5

Í²Ð
0,05

0,1 0,5 0,6

B. japonicum ÐÑ07. Ïðè öüîìó ìàêñèìàëüíå 
ïåðåâèùåííÿ ïîêàçíèê³â ó êîíòðîëüíèõ 
ðîñëèí óñòàíîâëåíî ó ôàç³ ïîâíîãî öâ³ò³ííÿ 
ñî¿ – â 1,2 ³ 1,4 ðàçà â³äïîâ³äíî çà âíåñåííÿ 
0,25 òà 0,5 ã êàðìî¿çèíó íà îäíîãåêòàðíó 
íîðìó á³îïðåïàðàòó (òàáë. 2). 

Òàáëèöÿ 2
Çàãàëüíà ìàñà êîðåíåâèõ áóëüáî÷îê (ã/ðîñëèíó) íà ðîñëèíàõ ñî¿ ñîðòó ‘Àëìàç’ 

çà îáðîáëåííÿ á³îïðåïàðàòàìè íà îñíîâ³ øòàì³â B. japonicum
³ç äîäàâàííÿì ð³çíèõ íîðì êàðìî¿çèíó

Âàð³àíò Øòàì-³íîêóëÿíò
Ôàçà ðîçâèòêó ðîñëèí

òðè ëèñòêè áóòîí³çàö³ÿ–
ïî÷àòîê öâ³ò³ííÿ ïîâíå öâ³ò³ííÿ 

Êîíòðîëü – áåç áàðâíèêà

B. japonicum ÐÑ07

0,176 0,208 0,693
0,25 ã êàðìî¿çèíó /
200 ã á³îïðåïàðàòó 0,157 0,229 0,807

0,5 ã êàðìî¿çèíó /
200 ã á³îïðåïàðàòó 0,189 0,303 0,999

Í²Ð
0,05

0,011 0,018 0,112
Êîíòðîëü – áåç áàðâíèêà

B. japonicum Â78

0,052 0,114 0,249
0,25 ã êàðìî¿çèíó /
200 ã á³îïðåïàðàòó 0,045 0,157 0,596

0,5 ã êàðìî¿çèíó / 
200 ã á³îïðåïàðàòó 0,055 0,189 0,576

Í²Ð
0,05

0,006 0,028 0,120

Ó ðåçóëüòàò³ âèâ÷åííÿ ôóíêö³îíàëüíî¿ àê-
òèâíîñò³ ñôîðìîâàíèõ ñèìá³îòè÷íèõ ñèñòåì 
ó á³ëüøîñò³ âàð³àíò³â äîñë³äó âèÿâëåíî ï³ä-
âèùåííÿ ³íòåíñèâíîñò³ àçîòô³êñàö³¿ êîðåíå-
âèõ áóëüáî÷îê ñî¿ çà âèêîðèñòàííÿ á³îïðåïà-
ðàò³â ç êàðìî¿çèíîì. Çîêðåìà, çà ³íîêóëÿö³¿ 
íàñ³ííÿ ñî¿ B. japonicum ÐÑ07 ó ôàç³ òðüîõ 
ñïðàâæí³õ ëèñòê³â ÀÔÀ áóëà âèùîþ íà 
15,6–25,9%; ó ôàç³ áóòîí³çàö³¿–ïî÷àòêó öâ³-
ò³ííÿ íà 7,4–29,5% ïîð³âíÿíî ç êîíòðîëü-
íèìè ðîñëèíàìè çà äîäàâàííÿ 0,25 òà 0,5 ã 
êàðìî¿çèíó â³äïîâ³äíî. Ó ôàç³ ïîâíîãî öâ³-
ò³ííÿ ñî¿ ð³âåíü ÀÔÀ ñèìá³îòè÷íèõ ñèñòåì, 

ñôîðìîâàíèõ çà ó÷àñòþ áóëüáî÷êîâèõ áàêòå-
ð³é øòàìó B. japonicum ÐÑ07, ³ñòîòíî íå â³ä-
ð³çíÿâñÿ â êîíòðîëüíèõ òà äîñë³äíèõ ðîñëèí. 

Çà áàêòåðèçàö³¿ íàñ³ííÿ ñî¿ á³îïðåïàðà-
òîì B. japonicum Â78 + 0,25 ã êàðìî¿çèíó 
àêòèâí³ñòü àçîòô³êñàö³¿ êîðåíåâèõ áóëüáî-
÷îê áóëà íà ð³âí³ ðîñëèí êîíòðîëüíîãî âà-
ð³àíòó àæ äî ôàçè ïîâíîãî öâ³ò³ííÿ. Ó ïå-
ð³îä ïîâíîãî öâ³ò³ííÿ ðîñëèí â³äçíà÷åíî 
çá³ëüøåííÿ öüîãî ïîêàçíèêà â³äïîâ³äíî íà 
7,6 òà 18,8% ó âàð³àíòàõ ³ç çàñòîñóâàííÿì 
á³îïðåïàðàòó ç 0,25 òà 0,5 ã êàðìî¿çèíó 
(òàáë. 3). 
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Îòæå, îòðèìàí³ â ö³é ðîáîò³ ðåçóëüòàòè â³ä-
êðèâàþòü ïåðñïåêòèâó ïîäàëüøîãî ´ðóíòîâí³-
øîãî äîñë³äæåííÿ ìîæëèâîñò³ çàñòîñóâàííÿ 
êàðìî¿çèíó ÿê áàðâíèêà – äîáàâêè äî âåðìè-
êóë³òó, ÿêà ñëóãóâàòèìå ³äåíòèô³êàòîðîì â³-
çóàëüíîãî êîíòðîëþ ÿêîñò³ ð³âíîì³ðíîãî íà-
íåñåííÿ íà íàñ³ííÿ ñî¿ ñèïó÷èõ á³îïðåïàðàò³â 
íà îñíîâ³ áóëüáî÷êîâèõ áàêòåð³é B. japonicum.

Ó ë³òåðàòóð³ äîñèòü îáìåæåíà ê³ëüê³ñòü ðî-
á³ò (ïóáë³êàö³é) ïðî âïëèâ êàðìî¿çèíó (àçîðó-
á³íó) íà ðîñëèíè. Îäíàê, º äàí³ ùîäî çàñòîñó-
âàííÿ ðîç÷èí³â êàðìî¿çèíó äëÿ á³ëüø äåòàëü-
íîãî âèâ÷åííÿ á³îëîã³÷íèõ âëàñòèâîñòåé ô³òî-
ïàðàçèòè÷íèõ íåìàòîä Meloidogyne javanica 
(Treub) òà M. incognita (Kofold & White) íà 
ïîâåðõí³ êîðåí³â òà â òêàíèíàõ ðîñëèí ³ ðîç-
ðîáëåííÿ ïðîòèíåìàòîäíèõ çàõîä³â [19]. 

Òàêîæ â³äîìî, ùî ³íòåíñèâí³ñòü âïëèâó 
ñèíòåòè÷íèõ àçîáàðâíèê³â íà áàêòåð³¿ òà 
ðîñëèíè çàëåæèòü â³ä ¿õ êîíöåíòðàö³¿ â ñå-
ðåäîâèù³ êóëüòèâóâàííÿ ì³êðîîðãàí³çì³â òà 
âì³ñòó ôàðáóâàëüíîãî àãåíòà â ðîç÷èí³, ÿêèì 
îáðîáëÿþòü íàñ³ííÿ àáî ïîëèâàþòü ïðîðîñò-
êè. Çîêðåìà, äîñë³äæóþ÷è ô³òîòîêñè÷íèé 
âïëèâ êàðìî¿çèíó íà ïðîðîñòàííÿ íàñ³ííÿ 
ïøåíèö³, íàóêîâö³ â³äçíà÷àëè ïðèãí³÷åííÿ 
ðîñòîâèõ ïðîöåñ³â òà çì³íè àíòèîêñèäàíòíî¿ 
àêòèâíîñò³ â êë³òèíàõ Triticum aestivum L. 
ç³ çá³ëüøåííÿì (äî 0,25%) êîíöåíòðàö³¿ 
áàðâíèêà ó ðîç÷èí³ òà òðèâàëîñò³ ïåð³îäó ä³¿ 
ñèíòåòè÷íî¿ ñïîëóêè íà ïðîðîñòêè [12]. Âè-
ÿâëåíî òàêîæ çðîñòàííÿ àêòèâíîñò³ êàòàëà-
çè ó 2,5 ðàçà â ðîñëèí êðîïó ïàõó÷îãî 
(Anethum gravtolens L.) çà âïëèâó ³íøîãî 
áàðâíèêà – ïîíñî (Å124) ó êîíöåíòðàö³¿ 
0,01% ïîð³âíÿíî ç 0,001%-ì ðîç÷èíîì. Çà 
âèêîðèñòàííÿ äëÿ ïîëèâó Å124 ó êîíöåí-
òðàö³¿ ïîíàä 10 ìã/ë ó ðîñëèí âèíèêàº îêèñ-
ëþâàëüíèé ñòðåñ [20]. Íà ï³äñòàâ³ âèùå çà-

Òàáëèöÿ 3 
Çàãàëüíà àçîòô³êñóâàëüíà àêòèâí³ñòü áóëüáî÷îê 

íà êîðåíÿõ ñî¿ [ìêìîëü Ñ2Í4/(ðîñë•ãîä)] çà îáðîáëåííÿ á³îïðåïàðàòàìè 
íà îñíîâ³ øòàì³â B. japonicum ³ç äîäàâàííÿì ð³çíèõ íîðì êàðìî¿çèíó

Âàð³àíò Øòàì-³íîêóëÿíò
Ôàçà ðîçâèòêó ðîñëèí

òðè ëèñòêè áóòîí³çàö³ÿ–
ïî÷àòîê öâ³ò³ííÿ

ïîâíå
öâ³ò³ííÿ

Êîíòðîëü – áåç áàðâíèêà

B. japonicum ÐÑ07

3,97 4,98 10,68
0,25 ã êàðìî¿çèíó /
200 ã á³îïðåïàðàòó 4,59 5,35 9,41

0,5 ã êàðìî¿çèíó /
200 ã á³îïðåïàðà òó 5,01 6,45 10,48

Í²Ð
0,05

0,33 0,35 1,15
Êîíòðîëü – áåç áàðâíèêà

B. japonicum Â78

1,56 2,80 7,81
0,25 ã êàðìî¿çèíó /
200 ã á³îïðåïàðàòó 1,54 2,56 8,40

0,5 ã êàðìî¿çèíó / 
200 ã á³îïðåïàðàòó 2,56 3,07 9,28

Í²Ð
0,05

0,39 0,26 0,57

çíà÷åíîãî, ïåðñïåêòèâíèì ó ïîäàëüø³é íà-
ø³é ðîáîò³ ìîæå áóòè âèçíà÷åííÿ âïëèâó 
êàðìî¿çèíó íà ôåðìåíòàòèâíó àêòèâí³ñòü 
ìàêðîñèìá³îíòà, çà ïåðåäïîñ³âíîãî îáðîá ëåí-
íÿ íàñ³ííÿ áàêòåð³àëüíèìè äîáðèâàìè íà 
âåðìèêóë³ò³ ç äîäàâàííÿì áàðâíèêà.

Íà öüîìó åòàï³ íàøî¿ ðîáîòè, âèêîðèñòàâ-
øè êàðìî¿çèí ÿê ôàðáóâàëüíèé àãåíò ó ñêëà-
ä³ á³îïðåïàðàòó, ìè äîñÿãëè â³çóàë³çàö³¿ íà-
íåñåííÿ âåðìèêóë³òíîãî ïðåïàðàòó áóëüáî÷-
êîâèõ áàêòåð³é íà íàñ³ííÿ ñî¿, ïðè öüîìó 
íàÿâí³ñòü áàðâíèêà (ó äîñë³äæóâàíèõ êîí-
öåíòðàö³ÿõ) íå çàøêîäèëà ôîðìóâàííþ òà 
ôóíêö³îíóâàííþ áîáîâî-ðèçîá³àëüíî¿ ñèìá³î-
òè÷íî¿ ñèñòåìè, à íàâïàêè ïðèâåëà äî ïîë³ï-
øåííÿ öèõ ïîêàçíèê³â.

Âèñíîâêè
Êàðìî¿çèí ìîæíà çàëó÷àòè äî ïîäàëüøîãî 

âèâ÷åííÿ åôåêòèâíîñò³ éîãî çàñòîñóâàííÿ 
ÿê áàðâíèêà-³äåíòèô³êàòîðà êîíòðîëþ ð³â-
íîì³ðíîñò³ íàíåñåííÿ ñèïó÷èõ áàêòåð³àëü-
íèõ ïðåïàðàò³â íà íàñ³ííÿ, äîäàþ÷è 0,25 ³ 
0,5 ã íà 200 ã á³îïðåïàðàòó, îñê³ëüêè ïðè 
öüîìó íå âèÿâëåíî íåãàòèâíîãî âïëèâó íà 
ôîðìóâàííÿ é ôóíêö³îíóâàííÿ ñèìá³îòè÷-
íèõ ñèñòåì ñîÿ – 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 PC07 
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 
PC07 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 

B. japonicum PC07 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

2
 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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Introduction 
Exotic mushrooms have already become an 

integral part of functional diets due to the con-
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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
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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 CaCO

3
» 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 /
CaCO

3
» in the ratio 40: 90: 20: 25: 1. Fruiting bodies of P. citrinopileatus obtained from the SC3 substrate composed of  

«pellets / rapeseed / corn / CaCO
3
» 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.

Iryna Bandura
http://orcid.org/0000-0001-7835-3293
Alina Kulyk
http://orcid.org/0000-0001-5403-3084
Serhii Makohon
http://orcid.org/0000-0002-4791-5115
Olena Khareba 
https://orcid.org/0000-0002-6763-1988
Volodymyr Khareba
https://orcid.org/0000-0001-9947-2689

tent of bioactive substances with proven nutri-
tional and medicinal value. In Asian countries, 
which are leaders in the production and con-
sumption of mushrooms, wood-decay fungi are 
preferred, and shiitake and various species of 
oyster mushrooms are popular: oyster mush-
room, king oyster mushroom, Lung Oyster and 
others. But in recent years, the demand for 
golden oyster mushroom Pleurotus citrinopilea-
tus Singer («Gold mushroom») and poplar mush-
room Cyclocybe aegerita (V.Brig.) Vizzini, known 
in Europe and America as «velvet pioppini» 
has been growing rapid ly [1, 2].

The golden oyster mushroom is appreciated for 
its bright, rich yellow color of the cap and the 
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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 nut ritional 
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-pro ducts and 
its effect on the quality of mushroom products. 
Researchers emphasize the sig nificant 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 

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 mil let 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-
bu ted 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 sho wed 
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 frui ting 
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 (CaCO

3
) 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 so a-
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 × 480 mm, 
with four filters in the upper part measuring 
20 × 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: 

ρ = m / V,
where ρ – 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 = π × à × b × h,
where π – 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 

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 carbohyd rate 
content, adjusted for the biochemical cha rac-
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 humi dity 
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 °Ñ 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 sus pended 
endopolysaccharide fraction was dried at 60 °C 

              a               a 

bb

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 × 
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:

         M
fbBE =       × 100 %

         Mdm
          

where M
fb
 – mass of raw fruit bodies; M

dm
 – 

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/m3), 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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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 2
Characteristic  of substrate compositions in the experiment 

(mean ± standard error)
Code Moisture (%) Total nitrogen (%) Ash (%) C/N ratio Density (kg/m³)

 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

0.05
1.9 0.25 0.93 1.7 75

Table 3
Indicators of cultivation of C. aegerita and P. citrinopileatus 

(average over 3 growing cycles ± standard error) (2019–2020)

Culture SC Primordia 
formation (day) Harvesting (day) Total yield (g/kg) Biological 

efficiency (%)

 C. aegerita
1 25.3c ± 1.45 35.22b ± 1.66 122.7à ± 23.1 31.46b ± 5.92
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

P. citrinopileatus
1 26.3bc ± 1.62  41.18a ± 2.43 167.5a ± 27.2 42.95ab ± 6.96
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
0.05

– 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 

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-
ri ta 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

Species SC Crude protein 
(%) Lipids (%) Endopolysaccharides 

(%)
Other 

polysaccharides (%) Ash (%) Dry matter (%)

C. aegerita
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
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

P. citrinopileatus
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
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
3  22.47a ± 0.19 1.63b ± 0.41 2.54c ± 0.54 65.90 ± 1.63 7.65a ± 0.26 8.22b ± 0.03

LSD
0.05

3.63 0.93 2.03 – 2.76 0.80
ð 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 par ti-
cular, a high amount of endopolysacchari des 
(6.81 ± 0.41%) was isolated from the fruiting 
bodies of C. aegerita, grown on SC3, and the 
smallest (1.38 ± 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 

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 substra tes 
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

3
 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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Ìåòà. Óñòàíîâèòè âïëèâ ñêëàäó ñóáñòðàòíèõ êîìïî-
çèö³é íà òåõí³÷í³ ïîêàçíèêè òà õ³ì³÷íèé ñêëàä ïëîäîâèõ 
ò³ë ãëèâè çîëîòî¿ òà îïåíüêà òîïîëåâîãî. Ìåòîäè. Ñõåìà 
åêñïåðèìåíòó âêëþ÷àëà âèðîùóâàííÿ äâîõ âèä³â äåðåâî-
ðóéí³âíèõ ãðèá³â Pleurotus citrinopileatus Singer (øòàì 

2161 ²ÂÊ) òà Cyclocybe aegerita (V.Brig.) Vizzini (øòàì 
2230 ²ÂÊ) íà òðüîõ âàð³àíòàõ ñóáñòðàòíèõ êîìïîçèö³é. 
Çàñòîñîâàíî ëàáîðàòîðí³, ëàáîðàòîðíî-âèðîáíè÷³ ìå-
òîäè îö³íêè åôåêòèâíîñò³ òåõíîëîã³¿ âèðîùóâàííÿ, õ³-
ì³÷íîãî ñêëàäó îòðèìàíî¿ ñèðîâèíè, ñòàòèñòè÷í³ ìåòîäè 
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àíàë³çó. Ðåçóëüòàòè. Ñòðóêòóðà òà ñêëàä ñóáñòðàò³â âïëè-
âàþòü íà òåõíîëîã³÷í³ õàðàêòåðèñòèêè êóëüòóðè, ô³çè÷í³ 
òà õ³ì³÷í³ âëàñòèâîñò³ ïëîäîâèõ ò³ë. Íàéêîðîòøèé öèêë 
ïëîäîíîøåííÿ ó 35,2 ± 1,7 äîáè âèçíà÷åíî äëÿ êóëüòóðè 
C. aegerita çà óìîâ âèðîùóâàííÿ íà ñóáñòðàò³ ÑÊ 1 ç ôîð-
ìóëîþ «ñîëîìà / ëóøïèííÿ / ãðàíóëè / ð³ïàê / êóêóðó-
äçà / êðåéäà» ó ñï³ââ³äíîøåíí³ 30 : 40 : 70 : 20 : 20 : 1. 
Íàéâèùó âðîæàéí³ñòü (170,5 ± 15,2 ã íà 1 êã ñóáñòðàòó) 
ó äîñë³ä³ âèçíà÷åíî äëÿ P. citrinopileatus íà ñóáñòðàò³ 
ÑÊ2 ç ôîðìóëîþ «ñîëîìà / ãðàíóëè / ð³ïàê / êóêóðóäçà / 
êðåéäà» ó ñï³ââ³äíîøåíí³ 40 : 90 : 20 : 25 : 1. Ïëîäîâ³ 
ò³ëà P. citrinopileatus, îòðèìàí³ ³ç ñóáñòðàòó ÑÊ3 ç ôîð-
ìóëîþ «ãðàíóëè / ð³ïàê / êóêóðóäçà / êðåéäà» ó ñï³ââ³ä-
íîøåíí³ 60 : 110 : 20 : 30 : 1, ìàëè íàéâèùèé ó äîñë³ä³ 
âì³ñò á³ëê³â – 22,47 ± 0,19%, à íàéìåíøó ê³ëüê³ñòü á³ë-
ê³â – 17,38 ± 2,60% – ìàëè ïëîäîâ³ ò³ëà ³ç ñóáñòðàòó ÑÊ1. 
Ïëîäîâ³ ò³ëà C. aegerita ì³ñòèëè á³ëüøå ë³ï³ä³â ïîð³âíÿíî 

ç ïëîäîâèìè ò³ëàìè P. citrinopileatus, àëå ÷èííèê âïëèâó 
ñêëàäó ñóáñòðàòó íà çàãàëüíó ê³ëüê³ñòü ë³ï³ä³â äëÿ äåÿêèõ 
êóëüòèâàð³â âèÿâèâñÿ íåñóòòºâèì. Íàéâèùó ê³ëüê³ñòü åíäî-
ïîë³ñàõàðèä³â âèä³ëåíî ç ïëîäîâèõ ò³ë C. aegerita (6,81 
± 0,41%), îòðèìàíèõ ³ç ñóáñòðàòó ÑÊ3, à íàéìåíøó – ó âà-
ð³àíò³ ÑÊ1 (1,38 ± 0,25%). Óì³ñò åíäîïîë³ñàõàðèä³â ó ïëî-
äîâèõ ò³ëàõ P. citrinopileatus ìàâ ìåíøó âàð³àòèâí³ñòü: â³ä 
2,54 ± 0,54 (ÑÊ3) äî 4,72 ± 0,61% (ÑÊ1). Âèñíîâêè. Ñêëàä 
ñóáñòðàòíèõ êîìïîçèö³é ñóòòºâî âïëèâàº íà á³îëîã³÷íó 
åôåêòèâí³ñòü êóëüòèâàð³â òà âì³ñò íóòð³ºíò³â ó ïëîäî-
âèõ ò³ëàõ äîñë³äæåíèõ âèä³â. Îòðèìàí³ ðåçóëüòàòè äàþòü 
çìîãó ãðèá³âíèêàì ñïðîãíîçóâàòè åôåêòèâí³ñòü âèðîá-
íèöòâà òà ÿê³ñòü îòðèìàíèõ ãðèá³â â³äïîâ³äíî äî âèêî-
ðèñòàííÿ äîñòóïíî¿ ñèðîâèíè.

Êëþ÷îâ³ ñëîâà: êóëüòèâóâàííÿ ãðèá³â; ãëèâà çîëîòà; 
îïåíüîê òîïîëåâèé; á³îëîã³÷íà åôåêòèâí³ñòü; õ³ì³÷íèé 
ñêëàä. 
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Âñòóï
Ñîðãî çåðíîâå – ïîøèðåíà ïîñóõî- òà ñîëå-

ñò³éêà ðîñëèíà, ùî ìàº çíà÷í³ ïåðåâàãè ó âè-
ðîùóâàíí³, çáåð³ãàíí³ òà âèêîðèñòàíí³ ïîð³â-
íÿíî ç ³íøèìè çåðíîâèìè êóëüòóðàìè [1–3]. 
Åôåêòèâí³ñòü éîãî âèðîùóâàííÿ çóìîâëåíà 
âèñîêîþ âðîæàéí³ñòþ òà óí³âåðñàëüí³ñòþ âè-
êîðèñòàííÿ: ó õàð÷îâ³é ïðîìèñëîâîñò³, êîðìî-
âèðîáíèöòâ³ é åíåðãåòè÷í³é ãàëóç³ [4–8]. Ñîðãî 
çàéìàº ó ñâ³ò³ ï’ÿòå ì³ñöå ï³ñëÿ ïøåíèö³, ðèñó, 
êóêóðóäçè òà ÿ÷ìåíþ, ³ òðåòº ñåðåä çåðíîôó-
ðàæíèõ êóëüòóð, ³ âèðîùóºòüñÿ çäåá³ëüøîãî 
äëÿ âèðîáíèöòâà á³îïàëèâà [9].

Îòðèìàííÿ âèñîêî¿ ïðîäóêòèâíîñò³ ñîðãî 
çåðíîâîãî ìîæëèâå ëèøå çà ôîðìóâàííÿ 
îïòèìàëüíî¿ ãóñòîòè ñòåáëîñòîþ òà ð³âíîì³ð-
íîãî ðîçïîä³ëó ðîñëèí íà ïîñ³âí³é ïëîù³ ç 
óðàõóâàííÿì ìîðôîëîã³÷íèõ îñîáëèâîñòåé 
äîñë³äæóâàíèõ ñîðò³â. ²ç øèðèíîþ ì³æðÿäü 
³ ãóñòîòîþ ïîñ³â³â ò³ñíî ïîâ’ÿçàí³ âàæëèâ³ 
ôóíêö³¿ ðîñëèí, ÿê-îò æèâëåííÿ, òðàíñï³ðà-
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Îñîáëèâîñò³ ðîñòó ðîñëèí ñîðãî çåðíîâîãî 
[Sorghum bicolor (L.) Moench] çàëåæíî â³ä øèðèíè 
ì³æðÿäü òà íîðìè âèñ³âó íàñ³ííÿ 
â óìîâàõ Ïðàâîáåðåæíîãî Ë³ñîñòåïó Óêðà¿íè
Ë. À. Ïðàâäèâà 

²íñòèòóò á³îåíåðãåòè÷íèõ êóëüòóð ³ öóêðîâèõ áóðÿê³â ÍÀÀÍ Óêðà¿íè, âóë. Êë³í³÷íà, 25, ì. Êè¿â, 03110, Óêðà¿íà, 
e-mail: bioplant_@ukr.net

Ìåòà. Óñòàíîâèòè îïòèìàëüí³ øèðèíó ì³æðÿäü òà íîðìó âèñ³âó íàñ³ííÿ ñîðãî çåðíîâîãî ñîðò³â ‘Äí³ïðîâñüêèé 39’ 
é ‘Â³íåöü’, îá´ðóíòóâàòè ¿õí³é âïëèâ íà òðèâàë³ñòü âåãåòàö³éíîãî ïåð³îäó é á³îìåòðè÷í³ ïîêàçíèêè ðîñëèí â óìîâàõ 
Ïðàâîáåðåæíîãî Ë³ñîñòåïó Óêðà¿íè. Ìåòîäè. Ïîëüîâèé, ëàáîðàòîðíèé, ìàòåìàòè÷íî-ñòàòèñòè÷íèé. Ðåçóëüòàòè. 
Íàé³íòåíñèâí³øèé ð³ñò ³ ðîçâèòîê ðîñëèí ñîðãî çåðíîâîãî â³äçíà÷åíî çà ñ³âáè íàñ³ííÿ ³ç øèðèíîþ ì³æðÿäü 45 ñì òà 
íîðìîþ âèñ³âó 200 òèñ. øò./ãà. Çîêðåìà, òðèâàë³ñòü âåãåòàö³éíîãî ïåð³îäó çà òàêèõ óìîâ áóëà íàéìåíøîþ: 108 ä³á ó 
ñîðòó ‘Äí³ïðîâñüêèé 39’ òà 106 ä³á ó ñîðòó ‘Â³íåöü’. Âîäíî÷àñ ïîêàçíèêè ïîëüîâî¿ ñõîæîñò³ íàñ³ííÿ, âèñîòè ðîñëèí 
òà ä³àìåòðà ñòåáëà áóëè ìàêñèìàëüíèìè â äîñë³ä³: ‘Äí³ïðîâñüêèé 39’ – 88,7%, 137,3 òà 1,7 ñì, ‘Â³íåöü’ – 86,9%, 121,8 
òà 1,6 ñì â³äïîâ³äíî. Óñòàíîâëåíî, ùî ç³ çá³ëüøåííÿì íîðìè âèñ³âó íàñ³ííÿ çìåíøóþòüñÿ ïîêàçíèêè ïðîäóêòèâíî¿ 
êóùèñòîñò³, ïëîù³ ëèñòêîâî¿ ïîâåðõí³ òà ìàñè îäí³º¿ ðîñëèíè. Íàé³íòåíñèâí³øå ðîñëèíè ñîðãî çåðíîâîãî êóùèëèñü 
çà íîðìè âèñ³âó íàñ³ííÿ 150 òà 200 òèñ. øò./ãà çà âñ³õ äîñë³äæóâàíèõ âàð³àíò³â øèðèíè ì³æðÿäü: ó ñåðåäíüîìó äî äâîõ 
äîáðå âèïîâíåíèõ çåðíîì âîëîò³ íà îäíó ðîñëèíó çàëåæíî â³ä ñîðòîâèõ îñîáëèâîñòåé. Çà íîðìè 250 òèñ. øò./ãà êóù³ííÿ 
ðîñëèí â îáîõ ñîðò³â â³äáóâàëîñÿ äåùî ñëàáê³øå – 1,0–1,1 âîëîò³ íà ðîñëèíó. Íàéá³ëüøèìè ïîêàçíèêè ïëîù³ ëèñòêîâî¿ 
ïîâåðõí³ òà ìàñè îäí³º¿ ðîñëèíè áóëè çà øèðèíè ì³æðÿäü 45 ñì: 1528–2320 ñì2 ³ 169,2–185,6 ã ó ñîðòó ‘Äí³ïðîâñüêèé 39’ 
òà 1476–2180 ñì2 ³ 143,1–162,3 ã ó ñîðòó ‘Â³íåöü’ çàëåæíî â³ä ãóñòîòè ïîñ³âó. Çìåíøåííÿ øèðèíè ì³æðÿäü äî 15 ñì ³ 
çá³ëüøåííÿ äî 70 ñì ïðèçâîäèëî äî çíèæåííÿ îñíîâíèõ ïàðàìåòð³â ðîñòó é ðîçâèòêó ðîñëèí. Âèñíîâêè. Íàéë³ïøå 
ðîçâèâàëèñÿ ðîñëèíè ñîðãî çåðíîâîãî çà ñ³âáè ³ç øèðèíîþ ì³æðÿäü 45 ñì òà íîðìîþ âèñ³âó 200 òèñ. øò./ãà, ÿê³ é ðå-
êîìåíäóþòüñÿ äëÿ âèðîùóâàííÿ êóëüòóðè â óìîâàõ Ïðàâîáåðåæíîãî Ë³ñîñòåïó Óêðà¿íè.

Êëþ÷îâ³ ñëîâà: ñîðòè; âåãåòàö³éíèé ïåð³îä; ïîëüîâà ñõîæ³ñòü íàñ³ííÿ; á³îìåòðè÷í³ ïîêàçíèêè.
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ö³ÿ, òðèâàë³ñòü âåãåòàö³éíîãî ïåð³îäó, ð³ñò ³ 
ðîçâèòîê ðîñëèí òîùî [10–13].

Çà äàíèìè Ì. Î. Áîéêà [14], Ë. Õ. Ìàêàðîâà 
òà Ì. Â. Ñêîðîãî [15], îïòèìàëüíèì º øèðîêî-
ðÿäíèé ñïîñ³á ñ³âáè ç ì³æðÿääÿì 70 ñì. Îäíàê 
â óìîâàõ Ï³âäíÿ Óêðà¿íè äîö³ëüí³øå âèñ³âà-
òè íèçüêîðîñëå ñîðãî çåðíîâå çà øèðèíè ì³æ-
ðÿäü 45 ñì. Çà òàêèõ óìîâ ïðèð³ñò óðîæàé-
íîñò³ çåðíà, ïîð³âíÿíî ç ì³æðÿääÿìè 70 ñì, 
ñòàíîâèâ ïðèáëèçíî 0,5 ò/ãà.

Â óìîâàõ Ë³ñîñòåïó Óêðà¿íè äëÿ îäåðæàí-
íÿ âðîæàéíîñò³ çåðíà íà ð³âí³ 8,0–8,3 ò/ãà 
ñîðãî çåðíîâå ðåêîìåíäóºòüñÿ âèñ³âàòè íîð-
ìîþ 300–400 òèñ. íàñ³íèí/ãà çà øèðèíè ì³æ-
ðÿäü 45 ñì òà ç óíåñåííÿì ì³íåðàëüíèõ äîá-
ðèâ ó íîðì³ N

90
P

60
K

60
 [16].

Çà äàíèìè Ñ. Ì. Êàëåíñüêî¿ òà Â. Ì. Íàé-
äåíêî [17], â óìîâàõ Ë³âîáåðåæíîãî Ë³ñîñòåïó 
Óêðà¿íè ìàêñèìàëüíó âðîæàéí³ñòü ã³áðèäè 
ñîðãî çåðíîâîãî ôîðìóâàëè çà ñ³âáè ç ì³æðÿä-
äÿìè çàâøèðøêè 50 ñì.

Ïðÿìó çàëåæí³ñòü ì³æ ñïîñîáîì ñ³âáè, íîð-
ìîþ âèñ³âó é òðèâàë³ñòþ ôåíîôàç óñòàíîâ-
ëåíî äîñë³äíèêàìè â óìîâàõ Ñõ³äíîãî Ë³ñî-
ñòåïó Óêðà¿íè [18]. Çîêðåìà, ñïîñòåð³ãàëîñÿ 
ñêîðî÷åííÿ ôàçè âèõîäó â òðóáêó âíàñë³äîê 
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Ðîñëèííèöòâî

ïîñëàáëåííÿ öåíîòè÷íî¿ íàïðóãè ì³æ ðîñëè-
íàìè â ïîñ³âàõ ó ðàç³ çìåíøåííÿ íîðì âèñ³âó 
íàñ³ííÿ òà çâóæåííÿ øèðèíè ì³æðÿäü ³ç 70 
äî 45 ñì ³, â³äïîâ³äíî, çá³ëüøåííÿ òðèâàëîñ-
ò³ ïåð³îä³â êóù³ííÿ é ôîðìóâàííÿ–äîñòèãàí-
íÿ çåðíà çà ä³¿ öèõ æå ÷èííèê³â.

Âîäíî÷àñ ñüîãîäí³ ïðàêòè÷íî â³äñóòí³ äîê-
ëàäí³ íàóêîâ³ äàí³ ùîäî îñîáëèâîñòåé ðîñòó 
é ðîçâèòêó ðîñëèí ñîðãî çåðíîâîãî çàëåæíî 
â³ä âïëèâó øèðèíè ì³æðÿäü ³ íîðì âèñ³âó íà-
ñ³ííÿ â óìîâàõ Ïðàâîáåðåæíîãî Ë³ñîñòåïó Óê-
ðà¿íè, ùî, âëàñíå, é âèçíà÷àº àêòóàëüí³ñòü 
ïðî âåäåííÿ òàêèõ äîñë³äæåíü.

Ìåòà äîñë³äæåíü – óñòàíîâèòè îïòèìàëü-
í³ øèðèíó ì³æðÿäü òà íîðìó âèñ³âó íàñ³ííÿ 
ñîðãî çåðíîâîãî ñîðò³â ‘Äí³ïðîâñüêèé 39’ ³ 
‘Â³íåöü’, îá´ðóíòóâàòè ¿õí³é âïëèâ íà òðèâà-
ë³ñòü âåãåòàö³éíîãî ïåð³îäó é á³îìåòðè÷í³ 
ïîêàçíèêè ðîñëèí â óìîâàõ Ïðàâîáåðåæíîãî 
Ë³ñîñòåïó Óêðà¿íè.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Äîñë³äæåííÿ ïðîâîäèëè âïðîäîâæ 2016–

2020 ðð. ó çîí³ íåñò³éêîãî çâîëîæåííÿ â óìî-
âàõ Á³ëîöåðê³âñüêî¿ äîñë³äíî-ñåëåêö³éíî¿ 
ñòàíö³¿ ²íñòèòóòó á³îåíåðãåòè÷íèõ êóëüòóð ³ 
öóêðîâèõ áóðÿê³â ÍÀÀÍ Óêðà¿íè. 

¥ðóíò äîñë³äíîãî ïîëÿ – ÷îðíîçåì òèïîâèé 
ìàëîãóìóñíèé, êðóïíîïèëóâàòî-ñåðåäíüîñó-
ãëèíêîâîãî ãðàíóëîìåòðè÷íîãî ñêëàäó. Êàð-
áîíàòè ìàãí³þ é êàëüö³þ çàëÿãàþòü íà ãëè-
áèí³ 55–65 ñì. Îðíèé øàð (0–30 ñì) ì³ñòèòü 
ïðèáëèçíî 17% ìóëóâàòèõ ÷àñòèíîê òà â³ä 
46 äî 54% êðóïíîãî ïèëó. Àãðîô³çè÷í³ é àãðî-
õ³ì³÷í³ âëàñòèâîñò³ îðíîãî øàðó ´ðóíòó             
(0–30 ñì) õàðàêòåðèçóþòüñÿ òàêèìè ïîêàç-
íèêàìè: óì³ñò ãóìóñó – 3,5%, çàãàëüíîãî àçî-
òó – 0,31%; ëåãêîã³äðîë³çîâàíîãî àçîòó (N) – 
13,4; Ð

2
Î

5
 – 27,6; Ê

2
Î – 9,8 ìã/100 ã ´ðóíòó; 

ã³äðîë³òè÷íà êèñëîòí³ñòü – 2,41 ìã-åêâ. Ñòó-
ï³íü íàñè÷åíîñò³ îñíîâàìè – 90%.

Ñõåìà äîñë³äó: ÷èííèê À – ñîðòè: ‘Äí³-
ïðîâñüêèé 39’, ‘Â³íåöü’; ÷èííèê Â – øèðèíà 
ì³æðÿäü: 15, 45 ³ 70 ñì; ÷èííèê Ñ – íîðìà 
âèñ³âó íàñ³ííÿ: 150, 200 òà 250 òèñ. øò./ãà.

Ïëîùà ïîñ³âíî¿ ä³ëÿíêè – 50 ì2, îáë³êîâî¿ – 
25 ì2. Ïîâòîðþâàí³ñòü äîñë³ä³â – ÷îòèðèðà-
çîâà. Äîñë³ä çàêëàäàëè çà ìåòîäîì ñèñòåìà-
òè÷íèõ ïîâòîðþâàíü: ó êîæíîìó ïîâòîðåíí³ 
âàð³àíòè äîñë³äó ðîçì³ùóâàëè íà ä³ëÿíêàõ 
ïîñë³äîâíî.

Ó äîñë³äæåííÿõ çä³éñíþâàëè ôåíîëîã³÷í³ 
ñïîñòåðåæåííÿ çà ðîñëèíàìè: ïî÷àòîê êîæ-
íî¿ ôàçè ðîñòó é ðîçâèòêó âñòàíîâëþâàëè 
ï³ñëÿ íàñòàííÿ ¿¿ ó 10% ðîñëèí, ìàñîâ³ çíà-
÷åííÿ – ó 75% ðîñëèí. Ïîëüîâó ñõîæ³ñòü 
íàñ³ííÿ âèçíà÷àëè ï³ñëÿ ôîðìóâàííÿ ïîâ-
íèõ ñõîä³â, â³äíîøåííÿì ê³ëüêîñò³ íàñ³ííÿ, 

ùî ç³éøëî, äî âèñ³ÿíîãî, âèðàæåíå ó â³äñîò-
êàõ. Âèñîòó ðîñëèí âèçíà÷àëè ì³ðíîþ ë³-
í³éêîþ â³ä ïîâåðõí³ ´ðóíòó äî âåðõ³âêè ãî-
ëîâíîãî ñòåáëà â äîñë³äæóâàí³ ôàçè ðîñòó é 
ðîçâèòêó (40 ïîñò³éíèõ ðîñëèí íà äâîõ íå-
ñóì³æíèõ ïîâòîðåííÿõ). Ä³àìåòð ñòåáëà âèç-
íà÷àëè øòàíãåíöèðêóëåì íà âèñîò³ ñêîøó-
âàííÿ ðîñëèí ó ïåð³îä çáèðàííÿ êóëüòóðè 
[19, 20].

Äîñë³äæóâàí³ ñîðòè ñîðãî çåðíîâîãî ïîñóõî-
ñò³éê³, äîáðå ðåàãóþòü íà çðîøåííÿ òà âèñî-
êèé àãðîôîí, ñåðåäíüî ïîøêîäæóþòüñÿ çëà-
êîâèìè ïîïåëèöÿìè [21].

‘Äí³ïðîâñüêèé 39’. Îðèã³íàòîð – Ñèíåëüíè-
ê³âñüêà ñåëåêö³éíî-äîñë³äíà ñòàíö³ÿ ²íñòèòó-
òó çåðíîâèõ êóëüòóð ÍÀÀÍ Óêðà¿íè. Ðàííüî-
ñòèãëèé, çàíåñåíèé äî Äåðæàâíîãî ðåºñòðó 
ñîðò³â ðîñëèí, ïðèäàòíèõ äî ïîøèðåííÿ â 
Óêðà¿í³ ç 2000 ð. Ðåêîìåíäîâàíèé äëÿ âèðî-
ùóâàííÿ íà çåðíî. Ïîòåíö³éíà âðîæàéí³ñòü 
çåðíà – 6–7 ò/ãà.

‘Â³íåöü’. Îðèã³íàòîð – Ãåí³÷åñüêà ÄÑ ²íñòèòó-
òó çåðíîâèõ êóëüòóð ÍÀÀÍ Óêðà¿íè. Ðàííüî-
ñòèãëèé, çàíåñåíèé äî Äåðæàâíîãî ðåºñòðó ç 
2004 ð. Íàïðÿì âèêîðèñòàííÿ – çåðíîâèé ³ 
çåðíî-êîðìîâèé. Ïîòåíö³éíà âðîæàéí³ñòü 
çåðíà – äî 4–6 ò/ãà (íà íåçðîøóâàíèõ çåìëÿõ). 

Ðåçóëüòàòè äîñë³äæåíü
Óñòàíîâëåíî, ùî øèðèíà ì³æðÿäü òà íîðìà 

âèñ³âó íàñ³ííÿ ñîðãî çåðíîâîãî îáîõ ñîðò³â 
âïëèâàëè ÿê íà òðèâàë³ñòü âåãåòàö³éíîãî ïå-
ð³î äó êóëüòóðè, òàê ³ íà ð³ñò ³ ðîçâèòîê ðîñ-
ëèí çàãàëîì. Íàéêîðîòøèì ïåð³îä âåãåòàö³¿ 
áóâ çà øèðèíè ì³æðÿäü 45 ñì ³ çàëåæíî â³ä 
íîðìè âèñ³âó ñòàíîâèâ â³ä 108 äî 111 ä³á ó 
ñîðòó ‘Äí³ïðîâñüêèé 39’ òà â³ä 106 äî 111 ä³á 
ó ñîðòó ‘Â³íåöü’ (òàáë. 1).

Çà ñ³âáè íàñ³ííÿ ³ç øèðèíîþ ì³æðÿäü 15 ñì 
âåãåòàö³éíèé ïåð³îä áóâ äåùî á³ëüøèì ³ ñòà-
íîâèâ â³ä 117 äî 119 ä³á ó ñîðòó ‘Äí³ïðîâñü-
êèé 39’ òà â³ä 115 äî 117 ä³á ó ñîðòó ‘Â³íåöü’. 
Íàéäîâøèé ïåð³îä âåãåòàö³¿ â³äçíà÷åíî çà 
ñ³âáè ³ç øèðèíîþ ì³æðÿäü 70 ñì: ó ñîðòó 
‘Äí³ïðîâñüêèé 39’ â³í ñòàíîâèâ 116–120 ä³á, ó 
ñîðòó ‘Â³íåöü’ – 114–119 ä³á.

Ùîäî íîðìè âèñ³âó, òî öåé ÷èííèê íå ìàâ 
ñóòòºâîãî âïëèâó íà òðèâàë³ñòü ì³æôàçíèõ 
ïåð³îä³â ðîñòó é ðîçâèòêó ðîñëèí: ç ¿¿ çá³ëü-
øåííÿì ç³ 150 äî 250 òèñ. íàñ³íèí/ãà ð³çíèöÿ 
áóëà â ìåæàõ îäí³º¿-äâîõ ä³á. 

Â³äïîâ³äíî äî ïàðàìåòð³â øèðèíè ì³æ-
ðÿäü òà ê³ëüêîñò³ âèñ³ÿíèõ íàñ³íèí çì³íþâà-
ëàñÿ é ïîëüîâà ñõîæ³ñòü îáîõ ñîðò³â êóëüòóðè 
(ðèñ. 1 ³ 2).

Çà ñ³âáè íàñ³ííÿ ³ç øèðèíîþ ì³æðÿäü 45 ñì 
òà íîðìè âèñ³âó 200 òèñ. øò./ãà éîãî ïîëüîâà 
ñõîæ³ñòü áóëà íàéâèùîþ é ñòàíîâèëà 88,7% 
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ó ñîðòó ‘Äí³ïðîâñüêèé 39’ òà 86,9% ó ñîðòó 
‘Â³íåöü’. Çà ö³º¿ æ øèðèíè ì³æðÿäü, àëå íîðì 
âèñ³âó 150 òà 250 òèñ. íàñ³íèí/ãà, ïîëüîâà ñõî-
æ³ñòü áóëà äåùî ìåíøîþ: ‘Äí³ïðîâñüêèé 39’ –
87,2 òà 88,0%, ‘Â³íåöü’ – 85,7 òà 85,9% â³ä-
ïîâ³äíî.

Òàáëèöÿ 1
Òðèâàë³ñòü ôåíîëîã³÷íèõ ôàç ñîðãî çåðíîâîãî çàëåæíî â³ä øèðèíè ì³æðÿäü òà íîðìè âèñ³âó íàñ³ííÿ, ä³á 

(ñåðåäíº çà 2016–2020 ðð.)
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’ 15
150 11 5 5 16 13 14 4 18 21 12 119
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45
150 10 5 4 15 12 13 4 17 19 12 111
200 9 4 4 15 12 13 4 17 19 11 108
250 9 4 4 15 13 13 4 18 19 11 110

70
150 9 4 5 17 13 14 4 18 20 12 116
200 9 4 5 18 13 14 5 19 20 13 120
250 9 4 5 18 13 14 5 19 20 13 120

‘Â
³í

åö
ü’

15
150 10 5 5 16 13 13 4 19 20 12 117
200 9 5 5 15 13 13 4 19 20 12 115
250 9 5 5 15 13 13 4 20 20 12 116

45
150 9 4 4 14 13 13 4 19 19 12 111
200 9 4 4 13 12 12 4 18 19 11 106
250 9 4 4 14 13 12 4 18 19 11 108

70
150 9 4 5 15 13 13 4 19 20 12 114
200 9 4 5 16 13 13 5 19 20 12 116
250 9 4 5 16 13 14 5 20 20 13 119

Í²Ð
0,05

1,0

Íàñ³ííÿ, âèñ³ÿíå øèðîêîðÿäíèì ñïîñîáîì 
(70 ñì), ìàëî äåùî íèæ÷ó ïîëüîâó ñõîæ³ñòü, 
ÿêà çà íîðìè âèñ³âó 150, 200 òà 250 òèñ. øò./ãà
ñòàíîâèëà â ñîðòó ‘Äí³ïðîâñüêèé 39’ – 83,0; 
84,6 òà 83,2%; ó ‘Â³íåöü’ – 82,0; 84,7 òà 83,2% 
â³äïîâ³äíî.

Í²Ð
0,05

: À – 1,68; Â – 1,68; Ñ – 1,12; ÀÂÑ – 2,53
Ðèñ. 1. Ïîëüîâà ñõîæ³ñòü íàñ³ííÿ ñîðãî çåðíîâîãî ‘Äí³ïðîâñüêèé 39’ çàëåæíî â³ä øèðèíè ì³æðÿäü 

òà íîðìè âèñ³âó, % (ñåðåäíº çà 2016–2020 ðð.)
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Çà âóçüêîðÿäíî¿ ñ³âáè (15 ñì) ïîëüîâà ñõî-
æ³ñòü âèñ³ÿíîãî íàñ³ííÿ áóëà íàéìåíøîþ ³ 
ñòàíîâèëà çà íîðìè âèñ³âó 150 òèñ. øò./ãà â 
ñîðòó ‘Äí³ïðîâñüêèé 39’ 80,4%, ó ‘Â³íåöü’ – 
79,7%; 200 òèñ. øò./ãà – 82,3 òà 81,4%, 
250 òèñ. øò./ãà – 81,1 òà 81,0% â³äïîâ³äíî.

Ó ñåðåäíüîìó ïî äîñë³äó â ñîðòó ‘Äí³ïðîâ-
ñüêèé 39’ çà øèðèíè ì³æðÿäü 15 ñì âîíà ñòà-
íîâèëà 81,3%; 45 ñì – 87,9%; 70 ñì – 83,6%; ó 
ñîðòó ‘Â³íåöü’ – 80,7; 86,2 òà 83,3% â³äïîâ³äíî. 

Ùîäî ïîëüîâî¿ ñõîæîñò³ íàñ³ííÿ çàëåæíî 
â³ä íîðìè âèñ³âó, òî â ñåðåäíüîìó ïî äîñë³äó 
â ñîðòó ‘Äí³ïðîâñüêèé 39’ âîíà ñòàíîâèëà: 
150 òèñ. øò./ãà – 83,5%; 200 òèñ. øò./ãà – 
85,2%; 250 òèñ. øò./ãà – 84,1%; ó ñîðòó ‘Â³-
íåöü’ – 82,4; 84,3 òà 83,4% â³äïîâ³äíî.

Çàãàëîì ó ñîðòó ‘Äí³ïðîâñüêèé 39’ öåé ïî-
êàçíèê çàëåæíî â³ä øèðèíè ì³æðÿäü ó ñå-
ðåäíüîìó ñòàíîâèâ 84,3%, ó ñîðòó ‘Â³íåöü’ – 
83,4%.

Í²Ð
0,05

: À – 1,68; Â – 1,68; Ñ – 1,12; ÀÂÑ – 2,53
Ðèñ. 2. Ïîëüîâà ñõîæ³ñòü íàñ³ííÿ ñîðãî çåðíîâîãî ‘Â³íåöü’ çàëåæíî â³ä øèðèíè ì³æðÿäü 

òà íîðìè âèñ³âó íàñ³ííÿ, % (ñåðåäíº çà 2016–2020 ðð.)

Îäíèì ³ç îñíîâíèõ ìîðôî-ô³ç³îëîã³÷íèõ 
ïîêàçíèê³â ðîñëèí º ¿õíÿ âèñîòà [22]. Íà 
÷àñ çáèðàííÿ âðîæàþ ñîðãî çåðíîâîãî íàé-
âèù³ ðîñëèíè â³äçíà÷åíî ó âàð³àíò³ ñ³âáè ³ç 
øèðèíîþ ì³æðÿäü 45 ñì: ó ñîðòó ‘Äí³ïðîâ-
ñüêèé 39’ çà íîðìè âèñ³âó íàñ³ííÿ 150, 200 
òà 250 òèñ. øò./ãà – 130,9; 137,3 òà 134,8 ñì; 
ó ñîðòó ‘Â³íåöü’ – 120,3; 121,8 òà 120,7 ñì â³ä-
ïîâ³äíî. Çà øèðèíè ì³æðÿäü 15 ñì öåé ïî-
êàçíèê ñòàíîâèâ 128,4; 134,7 ³ 133,1 ñì òà 
119,6; 120,4 òà 119,6 ñì çà ñîðòàìè â³äïîâ³äíî. 
Çà ñ³âáè ³ç øèðèíîþ ì³æðÿäü 70 ñì ðîñëèíè 
áóëè äåùî íèæ÷èìè: ‘Äí³ïðîâñüêèé 39’ – â³ä 
127,8 äî 131,1 ñì, ‘Â³íåöü’ – â³ä 118,9 äî 
120,7 ñì.

Ä³àìåòð (òîâùèíà) ñòåáëà õàðàêòåðèçóº ð³ñò 
ðîñëèí ñîðãî, â³ä ÿêîãî çàëåæèòü ¿õíÿ ñò³é-
ê³ñòü äî âèëÿãàííÿ é ïðîäóêòèâí³ñòü. Íàé-
ìåíøèì öåé ïîêàçíèê íà ÷àñ çáèðàííÿ êóëü-
òóðè áóâ çà íîðìè âèñ³âó íàñ³ííÿ 250 òèñ. 
øò./ãà ³ çà øèðèíè ì³æðÿäü 15, 45 ³ 70 ñì 
ñòàíîâèâ â³äïîâ³äíî 1,4; 1,5 òà 1,3 ñì ó ñîðòó 
‘Äí³ïðîâñüêèé 39’ òà 1,4; 1,4 ³ 1,2 ñì ó ñîðòó 
‘Â³íåöü’. Çà îïòèìàëüíèõ ïàðàìåòð³â øèðè-
íè ì³æðÿäü (45 ñì) òà íîðìè âèñ³âó íàñ³ííÿ 

(200 òèñ. øò./ãà) ä³àìåòð ñòåáëà ìàâ íàéâèù³ 
çíà÷åííÿ â îáîõ äîñë³äæóâàíèõ ñîðò³â, ùî 
ïîÿñíþºòüñÿ çì³íîþ ïëîù³ æèâëåííÿ ðîñ-
ëèí óíàñë³äîê çìåíøåííÿ ³ çá³ëüøåííÿ øè-
ðèíè ì³æðÿäü òà ê³ëüêîñò³ ðîñëèí íà îäèíè-
ö³ äîâæèíè ðÿäêà, â³äïîâ³äíî ï³äâèùåííÿ êîí-
êóðåíö³¿ ðîñëèí ó ïîñ³âàõ óïðîäîâæ óñüî ãî 
ïåð³îäó ðîñòó é ðîçâèòêó.

Âàæëèâèì ïîêàçíèêîì, ùî âèçíà÷àº âåëè-
÷èíó àñèì³ëÿö³éíî¿ ïîâåðõí³ çëàêîâèõ êóëü-
òóð íà îäèíèö³ ïëîù³, º êóùèñò³ñòü, ÿêà çà-
ëåæèòü â³ä îñîáëèâîñòåé ðîçâèòêó ðîñëèí, 
çîêðåìà â³ä çäàòíîñò³ â êîíêðåòíèõ óìîâàõ 
óòâîðþâàòè äîäàòêîâ³ ïàãîíè. Ïðîöåñ êóù³í-
íÿ â ñîðãî çàëåæèòü â³ä îñîáëèâîñòåé ñîðòó 
òà óìîâ âèðîùóâàííÿ. Ïðîäóêòèâíà êóùèñ-
ò³ñòü º îäíèì ç îñíîâíèõ åëåìåíò³â ñòðóêòóðè 
âðîæàéíîñò³ [23].

Çà âñ³õ äîñë³äæóâàíèõ âàð³àíò³â øèðèíè 
ì³æðÿäü íàéá³ëüøó ïðîäóêòèâíó êóùèñò³ñòü 
êóëüòóðè çàô³êñîâàíî çà íîðìè âèñ³âó íàñ³ííÿ 
150 òèñ. øò./ãà, íàéìåíøó – çà 250 òèñ. øò./ãà.
Â îñòàííüîìó âèïàäêó ðîñëèíè îáîõ ñîðò³â 
ïðàêòè÷íî íå êóùèëèñÿ – 1,0–1,1 øò. íà
ðîñëèíó. Öå ïîÿñíþºòüñÿ òèì, ùî ç³ çá³ëü-

79,7

81,4 81

85,7

86,9

85,9

82

84,7

83,2

76

78

80

82

84

86

88

150 200
òèñ. øò./ãà

250 150 200
òèñ. øò./ãà

250 150 200
òèñ.øò./ãà

250

15 ñì 45 ñì 70 ñì

Ï
îë

üî
âà

ñõ
îæ

³ñ
òü

íà
ñ³
íí

ÿ,
%

Øèðèíà ì³æðÿäü

Íîðìà 
âèñ³âó



143ISSN 2518-1017  Plant Varieties Studying and protection, 2021, Vol. 17, No 2

Plant production

øåííÿì íîðìè âèñ³âó íàñ³ííÿ ç 150 äî 250 òèñ. 
øò./ãà çìåíøóºòüñÿ ïëîùà æèâëåííÿ ðîñ-
ëèí, óíàñë³äîê ÷îãî ðîñëèíè êîíêóðóþòü ì³æ 
ñîáîþ, ùî íåãàòèâíî âïëèâàº íà êóùèñò³ñòü. 

Ç³ çá³ëüøåííÿì øèðèíè ì³æðÿäü äî 70 ñì 
÷è çìåíøåííÿì äî 15 ñì ê³ëüê³ñòü ñòåáåë íà 
îäí³é ðîñëèí³ çìåíøóºòüñÿ âíàñë³äîê çì³íè 
ôîðìè ïëîù³ æèâëåííÿ (òàáë. 2).

Òàáëèöÿ 2 
Á³îìåòðè÷í³ ïîêàçíèêè ðîñëèí ñîðò³â ñîðãî çåðíîâîãî çàëåæíî â³ä øèðèíè ì³æðÿäü òà íîðìè âèñ³âó íàñ³ííÿ 

(ñåðåäíº çà 2016–2020 ðð.)

Ñî
ðò Øèðèíà 

ì³æðÿäü, ñì
Íîðìà âèñ³âó 

íàñ³ííÿ, òèñ. øò./ãà

Ïåð³îä 
çáèðàííÿ âèêèäàííÿ âîëîò³–öâ³ò³ííÿ

âèñîòà
ðîñëèí, ñì

ä³àìåòð 
ñòåáëà, ñì

êóùèñò³ñòü, 
øò./ðîñë.

ìàñà îäí³º¿ 
ðîñëèíè, ã

ïëîùà ëèñòêîâî¿ ïîâåðõí³ 
îäí³º¿ ðîñëèíè, ñì2

‘Ä
í³

ïð
îâ

ñü
êè

é 
39

’ 15
150 128,4 1,5 1,5 174,2 1826
200 134,7 1,6 1,5 167,8 1430
250 133,1 1,4 1,4 153,2 1172

45
150 130,9 1,6 1,9 185,6 2320
200 137,3 1,7 1,8 177,6 1890
250 134,8 1,5 1,7 169,2 1528

70
150 127,8 1,4 1,2 131,4 1790
200 131,1 1,3 1,1 124,1 1480
250 129,4 1,3 1,0 114,3 1152

‘Â
³í

åö
ü’

15
150 119,5 1,5 1,8 158,6 1813
200 120,4 1,5 1,6 150,3 1420
250 119,6 1,4 1,5 141,5 1192

45
150 120,3 1,5 2,0 162,3 2180
200 121,8 1,6 1,9 157,6 1780
250 120,7 1,4 1,8 143,1 1476

70
150 118,9 1,3 1,4 124,3 1720
200 120,7 1,3 1,2 116,3 1365
250 120,1 1,2 1,1 112,8 1156

Í²Ð
0,05

: À 
Â 
Ñ 
ÀÂÑ 

1,13
1,13
0,75
1,70

0,068
0,068
0,047
0,098

0,062
0,062
0,041
0,094

1,62
1,62
1,08
2,43

9,38
9,38
6,25

14,07

Ïëîùà ëèñòêîâî¿ ïîâåðõí³ çá³ëüøóâàëàñÿ 
â³ä ôàçè êóù³ííÿ äî ôàçè ïîâíîãî öâ³ò³ííÿ. 
Íàäàë³ âîíà ïî÷èíàëà çìåíøóâàòèñÿ äî ôàçè 
ïîâíî¿ ñòèãëîñò³ çåðíà ÷åðåç ³íòåíñèâíå â³äìè-
ðàííÿ íèæí³õ ëèñòê³â òà ïðèïèíåííÿ óòâîðåí-
íÿ íîâèõ. Íàéá³ëüøà ïëîùà ëèñòêîâî¿ ïîâåðõ-
í³ îäí³º¿ ðîñëèíè ñïîñòåð³ãàëàñÿ çà íàéìåíøî¿ 
ãóñòîòè â óñ³õ äîñë³äæóâàíèõ âàð³àíòàõ [24].

Ó ñîðòó ‘Äí³ïðîâñüêèé 39’ çà íîðìè âèñ³âó 
150 òèñ. øò./ãà ïëîùà ëèñòêîâî¿ ïîâåðõí³ îä-
í³º¿ ðîñëèíè áóëà ìàêñèìàëüíîþ ó ôàç³ öâ³-
ò³ííÿ é çà øèðèíè ì³æðÿäü 15, 45 òà 70 ñì 
ñòàíîâèëà 1826, 2320 òà 1790 ñì2. ²ç çàãóùåí-
íÿì ïîñ³â³â öåé ïîêàçíèê çìåíøóâàâñÿ: çà 
íîðìè âèñ³âó 200 òèñ. øò./ãà – 1430, 1890 òà 
1480 ñì2; 250 òèñ. øò./ãà – 1172, 1528 òà 
1152 ñì2 â³äïîâ³äíî. Àíàëîã³÷íà çàêîíîì³ð-
í³ñòü ñïîñòåð³ãàëàñÿ ³ â ñîðòó ‘Â³íåöü’: çà íîð-
ìè 150 òèñ. øò./ãà ïëîùà ëèñòêîâî¿ ïîâåðõí³ 
îäí³º¿ ðîñëèíè çà øèðèíè ì³æðÿäü 15, 45 òà 
70 ñì ñòàíîâèëà 1813, 2180 òà 1720 ñì2. ²ç çàãó-
ùåííÿì ïîñ³â³â ïëîùà ëèñòêîâî¿ ïîâåðõí³ îä-
í³º¿ ðîñëèíè çìåíøóâàëàñü: 200 òèñ. øò./ãà – 
1420, 1780 òà 1365 ñì2; 250 òèñ. øò./ãà – 1192, 
1476 òà 1156 ñì2 â³äïîâ³äíî.

Íàéá³ëüøîþ ìàñà îäí³º¿ ðîñëèíè áóëà çà 
îïòèìàëüíî¿ øèðèíè ì³æðÿäü (45 ñì): 169,2–
185,6 ã ó ñîðòó ‘Äí³ïðîâñüêèé 39’ òà 143,1–
162,3 ã ó ñîðòó ‘Â³íåöü’. 

Çìåíøåííÿ øèðèíè ì³æðÿäü äî 15 ñì ³ 
çá³ëüøåííÿ äî 70 ñì òà çìåíøåííÿ íîðìè âè-
ñ³âó äî 150 òèñ. øò./ãà ³ çá³ëüøåííÿ äî 250 òèñ. 
øò./ãà ïðèçâîäèëî äî çíèæåííÿ á³îìåòðè÷-
íèõ ïîêàçíèê³â, ÿê³ º ñêëàäíèêàìè âðîæàé-
íîñò³ êóëüòóðè.

Âèñíîâêè
Íàéë³ïøå ðîçâèâàëèñÿ ðîñëèíè ñîðãî çåð-

íîâîãî çà ñ³âáè ³ç øèðèíîþ ì³æðÿäü 45 ñì òà 
íîðìîþ âèñ³âó 200 òèñ. øò./ãà, ÿê³ é ðåêî-
ìåíäóþòüñÿ äëÿ âèðîùóâàííÿ êóëüòóðè â 
óìîâàõ Ïðàâîáåðåæíîãî Ë³ñîñòåïó Óêðà¿íè.

Çà øèðèíè ì³æðÿäü 45 ñì òðèâàë³ñòü âå-
ãåòàö³éíîãî ïåð³îäó îáîõ äîñë³äæóâàíèõ 
ñîðò³â ñîðãî çåðíîâîãî çìåíøóâàëàñÿ. Îòðè-
ìàíî âèñîêó ïîëüîâó ñõîæ³ñòü íàñ³ííÿ, ÿêà 
ñòàíîâèëà 88,7% ó ñîðòó ‘Äí³ïðîâñüêèé 39’ 
òà 86,9% ó ñîðòó ‘Â³íåöü’. Á³îìåòðè÷í³ ïî-
êàçíèêè ðîñòó é ðîçâèòêó ðîñëèí ó öüîìó 
âàð³àíò³ äîñë³äó òàêîæ áóëè ìàêñèìàëüíè-
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ìè. Ïîêàçíèêè êóùèñòîñò³ ðîñëèí, ïëîù³ 
ëèñòêîâî¿ ïîâåðõí³ òà ìàñè îäí³º¿ ðîñëèíè ç³ 
çá³ëüøåííÿì íîðìè âèñ³âó íàñ³ííÿ çìåíøó-
âàëèñü.
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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 

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 cm: 1528–2320 cm2 and 169.2–185.6 g in the variety 
‘Dniprovskyi 39’ and 1476–2180 cm2 and 143.1–162.3 g in 
the variety ‘Vinets’ depending on planting density. Reduc-
tion of row spacing up to 15 cm 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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Ðîñëèííèöòâî

Âñòóï
Ïðîñî ïîñ³âíå âèðîùóºòüñÿ ïåðåâàæíî â 

ïîñóøëèâèõ ðåã³îíàõ ç îáìåæåíîþ ê³ëüê³ñòþ 
îïàä³â òà ìîæå àäàïòóâàòèñÿ äî ð³çíèõ àãðî-
êë³ìàòè÷íèõ óìîâ [1]. Âîíî ìàº âèñîêó ñò³é-
ê³ñòü ïðîòè øê³äíèê³â ³ õâîðîá, êîðîòêèé 
ïåð³îä âåãåòàö³¿ òà çàáåçïå÷óº ïðîäóêòèâ-
í³ñòü â óìîâàõ ïîñóõè ïîð³âíÿíî ç îñíîâíè-
ìè çåðíîâèìè êóëüòóðàìè [2, 3]. Âàæëèâî 
â³äçíà÷èòè, ùî ïðîñî íå ì³ñòèòü ãëþòåíó, 
ùî ðîáèòü éîãî ö³ííîþ õàð÷îâîþ êóëüòó-
ðîþ [4, 5]. Îñíîâíèìè âèðîáíèêàìè ïðîñà º 
êðà¿íè Àç³¿ òà Àôðèêè (òàáë. 1). Â Óêðà¿í³ 
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çà 2011–2015 ðð. ïëîù³ ï³ä ïîñ³âàìè ïðîñà 
ñòàíîâèëè 91,57 òèñ. ãà, ó 2016–2020 ðð. – 
93,30 òèñ. ãà.

Ïðîñî – âàæëèâà é äîñèòü ïîøèðåíà â 
Óêðà¿í³ êðóï’ÿíà êóëüòóðà. Çà ñìàêîâèìè 
ÿêîñòÿìè òà õàð÷îâèìè âëàñòèâîñòÿìè âîíî 
çàéìàº îäíå ç ïåðøèõ ì³ñöü ñåðåä ³íøèõ 
êðóï. Íåâåëèêà íîðìà âèñ³âó, ï³çí³ø³ ñòðî-
êè ñ³âáè é êîðîòêèé ïåð³îä âåãåòàö³¿ ðîáëÿòü 
ïðîñî íåçàì³ííîþ ñòðàõîâîþ êóëüòóðîþ çà 
íåîáõ³äíîñò³ ïåðåñ³âó îçèìèíè [6]. Óïðîâà-
äæåííÿ êóëüòóð, ÿê³ íàéåôåêòèâí³øå âèêî-
ðèñòîâóþòü âóãëåêèñëèé ãàç òà çäàòí³ çàáåç-
ïå÷óâàòè ñòàá³ëüíó ïðîäóêòèâí³ñòü ó ïîñóø-
ëèâèõ óìîâàõ, º ñüîãîäí³ àêòóàëüíèì çàâ-
äàííÿì âèðîáíèê³â ðîñëèííî¿ ïðîäóêö³¿. Ïðî-
ñî, ÿê òèïîâèé ïðåäñòàâíèê êóëüòóð òè ïó 
Ñ4, ìàº çäàòí³ñòü åôåêòèâí³øå âèêîðèñòîâó-
âàòè àçîò ³ íàêîïè÷óâàòè äîñèòü çíà÷íó ñóõó 
ìàñó íà îäèíèöþ éîãî çàñâîºííÿ. Ñàìå òîìó 
ðîñëèíè ö³º¿ êóëüòóðè º âèñîêîïðîäóêòèâ-
íèìè, ç âèñîêîþ ñò³éê³ñòþ äî íåñïðèÿòëè-
âèõ óìîâ âèðîùóâàííÿ [7]. Äëÿ âèðîáíèöòâà 
âàæëèâèì º íå ò³ëüêè âèñîêèé ð³âåíü ïðî-
äóêòèâíîñò³, àëå ³ çäàòí³ñòü îòðèìóâàòè ñòà-
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Åêîëîã³÷íà ïëàñòè÷í³ñòü òà ñòàá³ëüí³ñòü óðîæàéíîñò³ 
ïðîñà ïîñ³âíîãî (Panicum miliaceum L.)
ó ð³çíèõ ´ðóíòîâî-êë³ìàòè÷íèõ çîíàõ Óêðà¿íè
Ë. Ì. Ïðèñÿæíþê*, Î. Â. Íî÷â³íà, Þ. Â. Øèò³êîâà, Í. À. Ì³çåðíà, Ñ. Ì. Ãðèí³â

Óêðà¿íñüêèé ³íñòèòóò åêñïåðòèçè ñîðò³â ðîñëèí, âóë. Ãåíåðàëà Ðîäèìöåâà, 15, ì. Êè¿â, 03041, Óêðà¿íà, 
*e-mail: prysiazhniuk_l@ukr.net

Ìåòà. Îö³íèòè åêîëîã³÷íó ïëàñòè÷í³ñòü óðîæàéíîñò³ ïðîñà ïîñ³âíîãî â óìîâàõ Ñòåïó, Ë³ñîñòåïó òà Ïîë³ññÿ Óêðà¿íè. 
Ìåòîäè. Ìàòåìàòèêî-ñòàòèñòè÷í³: âèçíà÷åííÿ ñòàá³ëüíîñò³ òà ïëàñòè÷íîñò³ çà ìåòîäèêîþ Åáåðãàðäà–Ðàññåëà, 
êîðåëÿö³éíèé àíàë³ç. Ðåçóëüòàòè. Çà ðåçóëüòàòàìè êîðåëÿö³éíîãî àíàë³çó ïîñ³âíèõ ïëîù ïðîñà ïîñ³âíîãî çà ïåð³îä 
2011–2020 ðð. âèçíà÷åíî, ùî ïëîù³ ï³ä ïîñ³âàìè ïðîñà ïîñ³âíîãî â Óêðà¿í³ çàëåæàòü â³ä ñâ³òîâèõ (r = 0,34). Âèçíà÷åíî, 
ùî âèñîêèé ð³âåíü óðîæàéíîñò³ ïðîñà ïîñ³âíîãî îòðèìàíî â çîí³ Ë³ñîñòåïó, à ñàìå â Ïîëòàâñüê³é, Õìåëüíèöüê³é, 
×åðêàñüê³é, Ñóìñüê³é òà Õàðê³âñüê³é îáëàñòÿõ (2,20–2,51 ò/ãà). Äîñòàòíüî âèñîê³ ïîêàçíèêè îòðèìàíî ó Â³ííèöüê³é, 
Êè¿âñüê³é (çîíà Ë³ñîñòåïó) òà Ê³ðîâîãðàäñüê³é (çîíà Ñòåïó) îáëàñòÿõ (1,86–2,02 ò/ãà). Íèçüêó âðîæàéí³ñòü çà 10 
ðîê³â â³äçíà÷åíî ó Ð³âíåíñüê³é, Æèòîìèðñüê³é òà Âîëèíñüê³é îáëàñòÿõ, ÿê³ íàëåæàòü äî çîíè Ïîë³ññÿ (1,09–1,34 ò/ãà). 
Ïîêàçàíî, ùî ïðîòÿãîì 2011–2015 ðð. âèñîêà âàð³àáåëüí³ñòü óðîæàéíîñò³ ïðîñà ñïîñòåð³ãàëàñÿ â Õìåëüíèöüê³é, 
Â³ííèöüê³é òà Âîëèíñüê³é îáëàñòÿõ. Êîåô³ö³ºíò âàð³àö³¿ ñòàíîâèâ 42,0–71,3%. Ó 2016–2020 ðð. íàéá³ëüøó âàð³àö³þ 
â³äçíà÷åíî â Äîíåöüê³é, Âîëèíñüê³é òà Îäåñüê³é îáëàñòÿõ. Êîåô³ö³ºíò âàð³àö³¿ – 31,8–43,9%. Âèçíà÷åíî, ùî çà ïåð³îä 
2011–2015 ðð. âèñîêîþ ïëàñòè÷í³ñòþ âðîæàéíîñò³ ïðîñà ïîñ³âíîãî õàðàêòåðèçóþòüñÿ Â³ííèöüêà, Äîíåöüêà, Êè¿âñüêà, 
Ê³ðîâîãðàäñüêà, Ñóìñüêà, Õàðê³âñüêà, Õìåëüíèöüêà, ×åðêàñüêà òà Ïîëòàâñüêà îáëàñò³. Ó ïðîì³æîê ³ç 2016 äî 2020 ðð. 
âèñîêó ïëàñòè÷í³ñòü îçíàêè âðîæàéíîñò³ â³äçíà÷åíî ó Â³ííèöüê³é, Êè¿âñüê³é, Õàðê³âñüê³é, Ïîëòàâñüê³é, ×åðêàñüê³é, 
Ñóìñüê³é òà Õìåëüíèöüê³é îáëàñòÿõ. Âèñíîâêè. Çà ðåçóëüòàòàìè ïðîâåäåíèõ äîñë³äæåíü óñòàíîâëåíî, ùî ï³ä ÷àñ ñêî-
ðî÷åííÿ ïîñ³âíèõ ïëîù ï³ä ïðîñîì ïîñ³âíèì ó ñâ³ò³, îáñÿã éîãî âèðîáíèöòâà â Óêðà¿í³ çá³ëüøóºòüñÿ. Âèçíà÷åíî, ùî 
íàéá³ëüøà âðîæàéí³ñòü ïðîñî ïîñ³âíîãî çà äîñë³äæóâàí³ ðîêè îòðèìàíà â çîí³ Ë³ñîñòåïó. Â³äïîâ³äíî äî ðîçðàõîâàíî¿ 
ïëàñòè÷íîñò³ âðîæàéíîñò³ ïðîñà ïîñ³âíîãî âèçíà÷åíî, ùî äëÿ ðåàë³çàö³¿ á³îëîã³÷íîãî ïîòåíö³àëó ñïðèÿòëèâ³ óìîâè 
áóëè â Äîíåöüê³é òà Ê³ðîâîãðàäñüê³é îáëàñòÿõ çîíè Ñòåïó, ó ë³ñîñòåïîâ³é çîí³ – Ïîëòàâñüêà, Êè¿âñüêà, Õàðê³âñüêà, 
Õìåëüíèöüêà, ×åðêàñüêà òà Ñóìñüêà îáëàñò³.

Êëþ÷îâ³ ñëîâà: ïðîñî ïîñ³âíå; ïëàñòè÷í³ñòü; óðîæàéí³ñòü; ïîñ³âíà ïëîùà; êîåô³ö³ºíò âàð³àö³¿.
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á³ëüíó âðîæàéí³ñòü ó íåñïðèÿòëèâèõ óìî-
âàõ âèðîùóâàííÿ, ùî âèçíà÷àºòüñÿ àäàï-
òèâíèì ïîòåíö³àëîì ðîñëèí [8]. Ç³ çì³íîþ 
êë³ìàòè÷íèõ óìîâ, àêòóàëüíîñò³ íàáóâàþòü 
äîñë³äæåííÿ ùîäî îö³íþâàííÿ óìîâ âèðî-
ùóâàííÿ ïðîñà â Óêðà¿í³ â ð³çíèõ ´ðóíòîâî-
êë³ìàòè÷íèõ çîíàõ. Â Óêðà¿í³ äîñë³äæåí-
íÿì àäàïòèâíîãî ïîòåíö³àëó ñîðò³â ïðîñà ïî-
ñ³âíîãî çàéìàëèñÿ â÷åí³ ²íñòèòóòó ðîñëèí-
íèöòâà ³ìåí³ Â. ß. Þð’ºâà ÍÀÀÍ [8, 9]. Àâ-
òîðàìè âèâ÷àëèñÿ ïëàñòè÷í³ñòü äåÿêèõ ñîð-
ò³â â óìîâàõ íåñò³éêîãî çâîëîæåííÿ. Ïðîòå, 
çâàæàþ÷è íà çá³ëüøåííÿ ïëîù ï³ä ïîñ³âàìè 
ïðîñà ïîñ³âíîãî îñòàíí³ìè ðîêàìè, àêòóàëü-
íèì º âèâ÷åííÿ âïëèâó óìîâ âèðîùóâàííÿ 
äëÿ âèçíà÷åííÿ ðåã³îí³â, ó ÿêèõ ïðîñî çíà÷-
íîþ ì³ðîþ ìîæå ðåàë³çóâàòè ñâ³é á³îëîã³÷-
íèé ïîòåíö³àë. 

Ìåòà äîñë³äæåíü – îö³íèòè åêîëîã³÷íó 
ïëàñòè÷í³ñòü óðîæàéíîñò³ ïðîñà ïîñ³âíîãî â 
óìîâàõ Ñòåïó, Ë³ñîñòåïó òà Ïîë³ññÿ Óêðà¿íè. 

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Àíàë³çóâàëè ïîêàçíèêè âðîæàéíîñò³, âà-

ëîâîãî çáîðó òà ïëîù³ ïðîñà ïîñ³âíîãî çà ðå-
ã³îíàìè Óêðà¿íè çà 2011–2020 ðð. çà äàíè-
ìè Äåðæàâíî¿ ñëóæáè ñòàòèñòèêè Óêðà¿íè 
[10]. Äîñë³äæåííÿ åêîëîã³÷íî¿ ïëàñòè÷íîñò³ 
ïðîäóêòèâíîñò³ ïðîñà ïîñ³âíîãî ïðîâîäèëè 
çà ïîêàçíèêàìè âðîæàéíîñò³ ïðîñà ó 19 ðå-
ã³îíàõ Óêðà¿íè. Äàí³ ³ç ÷îòèðüîõ îáëàñòåé 
(Çàêàðïàòñüêà, ²âàíî-Ôðàíê³âñüêà, Ëüâ³âñü-
êà òà ×åðí³âåöüêà) òà Àâòîíîìíî¿ Ðåñïóáë³-
êè Êðèì íå âðàõîâóâàëè, îñê³ëüêè â öèõ ðå-
ã³îíàõ ïðîñî ïîñ³âíå âèñ³âàëè â íåçíà÷íèõ 
ê³ëüêîñòÿõ ³ ò³ëüêè ó ïåâí³ ðîêè, àáî âèðîùó-
âàííÿ âåäåòüñÿ íà çðîøóâàíèõ çåìëÿõ, ùî 
íå â³äîáðàæàº âïëèâó îáìåæóâàëüíèõ ÷èííè-
ê³â äîâê³ëëÿ.

Âèçíà÷åííÿ êîðåëÿö³éíèõ çàëåæíîñòåé 
ì³æ îáñÿãîì ïîñ³âíèõ ïëîù òà ñâ³òîâèìè 
ìàñøòàáàìè ïðîâîäèëè çà äîïîìîãîþ êîðå-
ëÿö³éíî-ðåãðåñ³éíîãî àíàë³çó ç âèêîðèñòàí-
íÿì ôóíêö³é Microsoft Excel [11]. Äëÿ àíà-
ë³çó âçÿòî ³íôîðìàö³þ ïðî ïîñ³âí³ ïëîù³, 
óðîæàéí³ñòü òà âàëîâèé çá³ð ïðîñà ïîñ³âíîãî 

ó ñâ³ò³ çà äàíèìè Ïðîäîâîëü÷î¿ òà ñ³ëüñüêî-
ãîñïîäàðñüêî¿ îðãàí³çàö³¿ ÎÎÍ [12].

Ðîçðàõóíîê ñòàíäàðòíîãî â³äõèëåííÿ òà 
êîåô³ö³ºíò³â âàð³àö³¿ ç ³íòåðâàëîì ó 5 ðîê³â 
ó ð³çíèõ ðåã³îíàõ Óêðà¿íè çä³éñíþâàëè ó 
ïðîãðàì³ Statistica 12.0 (òåñòîâà âåðñ³ÿ) [13].

Ñòàá³ëüí³ñòü òà ïëàñòè÷í³ñòü ïîêàçíèê³â 
óðîæàéíîñò³ ïðîñà ïîñ³âíîãî àíàë³çóâàëè 
çà ìåòîäèêîþ Åáåðãàðäà–Ðàññåëà [14] ç âè-
êîðèñòàííÿì ïðîãðàìíîãî çàáåçïå÷åííÿ 
PTC Mathcad Prime 3.1 (òåñòîâà âåðñ³ÿ). Çà-
ñòîñóâàííÿ ö³º¿ ìåòîäèêè ïåðåäáà÷àº îö³-
íþâàííÿ ð³âíÿ ïðîäóêòèâíîñò³ êóëüòóðè çà 
ïëàñòè÷í³ñòþ (β), ÿêà º â³äîáðàæåííÿì ðå-
ãðåñ³¿ ïå âíî¿ êóëüòóðè íà çì³íó óìîâ êóëü-
òèâóâàííÿ, òà ñòàá³ëüí³ñòþ (W) òàêî¿ ðåàê-
ö³¿ [15]. 

Ïîêàçíèêîì ïëàñòè÷íîñò³ êóëüòóðè (β) äî 
óìîâ âèðîùóâàííÿ âèñòóïàº êîåô³ö³ºíò ðå-
ãðåñ³¿. Äëÿ ïåðåäáà÷åííÿ ë³í³éíî¿ çàëåæíîñ-
ò³ ì³æ âïëèâîì ãåíîòèïîâîãî ñêëàäíèêà òà 
åôåêòîì ñåðåäîâèùà âèêîðèñòîâóºòüñÿ ðå-
ãðåñ³ÿ ïåâíî¿ îçíàêè íà åêîëîã³÷í³ ³íäåêñè 
ñåðåäîâèùà. Ââàæàºòüñÿ, ùî çà β > 1 â³ä-
íîñíî ñåðåäíüîãîðóïîâî¿ äèñïåðñ³¿ ïðè ïî-
ð³âíÿíí³ ïîêàçíèê³â ïëàñòè÷íîñò³, óìîâè 
âèðîùóâàííÿ º âèñîêîïëàñòè÷íèìè. Ó ðàç³ 
1 > β = 0 óìîâè âèðîùóâàííÿ âèçíà÷àþòüñÿ 
ÿê íèçüêîïëàñòè÷í³. ßêùî çíà÷åííÿ ðåãðå-
ñ³¿ íàáëèæåíå äî îäèíèö³, òî óìîâè íå â³ä-
ð³çíÿþòüñÿ â³ä ñåðåäíüîãðóïîâîãî ïîêàçíè-
êà ïëàñòè÷íîñò³. Äëÿ âèçíà÷åííÿ òèïó óìîâ 
âèðîùóâàííÿ ðîçðàõîâóþòü ñòàá³ëüí³ñòü ðå-
àêö³¿ çà ñòóïåíåì â³äõèëåííÿ W. Äî óìîâ, 
ÿê³ ñïðèÿþòü îòðèìàííþ âèñîêî¿ âðîæàé-
íîñò³ òà ðåàë³çàö³¿ á³îëîã³÷íîãî ïîòåíö³àëó 
êóëüòóðè çà óìîâè îïòèìàëüíîãî ïîºäíàííÿ 
÷èííèê³â ñåðåäîâèùà, íàëåæàòü âèñîêî-
ïëàñòè÷í³ óìîâè ç íèçüêèì çíà÷åííÿì ñòà-
á³ëüíîñò³ ðåàêö³¿. Íèçüêîïëàñòè÷í³ óìîâè 
ôîðìóâàííÿ âðîæàéíîñò³ ïðîñà ïîñ³âíîãî, 
ÿêèì ïðèòàìàííå íèçüêå çíà÷åííÿ ñòàá³ëü-
íîñò³ ðåàêö³¿, íå çíèæóþòü óðîæàéí³ñòü çà 
âïëèâó îáìåæóâàëüíèõ ÷èííèê³â, ïðîòå é 
íå ñïðèÿþòü ôîðìóâàííþ âèñîêî¿ ïðîäóê-
òèâíîñò³.

Òàáëèöÿ 1
Ïëîùà, óðîæàéí³ñòü òà âàëîâèé çá³ð ïðîñà ïîñ³âíîãî â ðåã³îíàõ ñâ³òó

Ðåã³îí
2010–2014 ðð. 2015–2019 ðð.

Ïëîùà, 
òèñ. ãà

Óðîæàéí³ñòü,
ò/ãà

Âàëîâèé çá³ð, 
òèñ. ò

Ïëîùà, 
òèñ. ãà

Óðîæàéí³ñòü,
ò/ãà

Âàëîâèé çá³ð, 
òèñ. ò

ªâðîïà 552,45 1,23 702,51 449,26 1,41 642,35
Çàõ³äíà ªâðîïà 141,48 3,32 46,94 8,11 4,06 31,39
Ï³âäåííà ªâðîïà 0,93 1,79 1,65 0,83 1,40 1,42
Ñõ³äíà ªâðîïà 540,37 1,25 693,31 440,32 1,41 629,25
Àç³ÿ 12444,97 1,19 14717,14 10927,85 1,30 14258,83
Àôðèêà 19742,51 0,63 12523,20 19833,98 0,69 13646,96
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Ðîñëèííèöòâî

Ðåçóëüòàòè äîñë³äæåíü
Ïðîòÿãîì 2009–2019 ðð. ñïîñòåð³ãàëîñÿ 

âàð³þâàííÿ ïîñ³âíèõ ïëîù, óðîæàéíîñò³ òà 
âàëîâîãî çáîðó ïðîñà ïîñ³âíîãî ÿê ó ñâ³òî-
âîìó ìàñøòàá³, òàê ³ â Óêðà¿í³. Äàí³ êîðå-

ëÿö³éíî-ðåãðåñ³éíîãî àíàë³çó ñâ³ä÷àòü, ùî 
ïîñ³âí³ ïëîù³ êóëüòóðè â Óêðà¿í³ çàëåæàòü 
â³ä ñâ³òîâèõ (r = 0,34): ó êîæåí íàñòóïíèé 
ð³ê ïëîù³ ï³ä ïîñ³âàìè ïðîñà â Óêðà¿í³ 
çá³ëüøóþòüñÿ â ðàç³ çìåíøåííÿ ¿õ ó ñâ³ò³ â 
ïîïåðåäí³é ð³ê (ðèñ. 1). 

Ðèñ. 1. Çàëåæí³ñòü ïîêàçíèêà ïîñ³âíèõ ïëîù ïðîñà ïîñ³âíîãî â Óêðà¿í³ â³ä ñâ³òîâèõ (2009–2019 ðð.)

Öå ñâ³ä÷èòü ïðî òå, ùî âèðîáíèöòâî ö³º¿ 
êóëüòóðè â Óêðà¿í³ ðåàãóº íà êîëèâàííÿ ñâ³-
òîâîãî ðèíêó ïðîñà òà íàö³ëåíå íà çàäîâî-
ëåííÿ ñâ³òîâîãî ïîïèòó. Äåùî ñëàáê³ø³ êî-
ðåëÿö³éí³ çàëåæíîñò³, âèçíà÷åí³ ì³æ îáñÿ-
ãîì ïëîù ïðîñà ïîñ³âíîãî â Óêðà¿í³ òà Êèòà¿ 
(r = 0,20), â Óêðà¿í³ òà ²íä³¿ (r = 0,16). Ì³æ 
ðåã³îíàìè, ÿê³ º ë³äåðàìè ó âèðîùóâàíí³ 
ïðîñà ïîñ³âíîãî â ñâ³ò³, òà Óêðà¿íîþ ñïîñòå-
ð³ãàëèñÿ ñëàáê³ êîðåëÿö³éí³ çàëåæíîñò³: 
Óêðà¿íà òà Àç³ÿ – r = 0,19; Óêðà¿íà òà Àô-
ðèêà – r = 0,15.

Îñê³ëüêè âèðîùóâàííÿ ïðîñà ïîñ³âíîãî 
åêîíîì³÷íî äîö³ëüíå â ïîñóøëèâèõ ðåã³îíàõ, 
â Óêðà¿í³ îñíîâí³ éîãî ïîñ³âí³ ïëîù³ çîñå-
ðåäæåí³ â Çàïîð³çüê³é, Îäåñüê³é òà Õåðñîí-
ñüê³é îáëàñòÿõ: 10,54; 10,51 òà 10,45 òèñ. ãà 
â³äïîâ³äíî (òàáë. 2).

Âèñîê³ ïîêàçíèêè âðîæàéíîñò³ â³äçíà÷å-
íî â çîí³ Ë³ñîñòåïó: Êè¿âñüê³é, Ïîëòàâñüê³é, 
Ñóìñüê³é, Õìåëüíèöüêèé, ×åðêàñüê³é òà Õàð-
ê³âñüê³é îáëàñòÿõ (2,02–2,51 ò/ãà). Ó Ñòå ïó 
äîñòàòíüî âèñîêà âðîæàéí³ñòü ñôîðìîâàíà â 
Ê³ðîâîãðàäñüê³é îáëàñò³ – 1,86 ò/ãà. Íèçüêó 
âðîæàéí³ñòü ïðîñà â³äçíà÷åíî ó Ð³âíåíñüê³é, 
Æèòîìèðñüê³é òà Âîëèíñüê³é îáëàñòÿõ, ùî 
íàëåæàòü äî çîíè Ïîë³ññÿ (1,09–1,36 ò/ãà). 
Îäíàê, ó òèõ îáëàñòÿõ, äå îòðèìàíî íèçüêèé 
óðîæàé, âèñîêèé çá³ð ïðîñà äîñÿãàºòüñÿ âè-
ñîêèìè ïîêàçíèêàìè ïîñ³âíèõ ïëîù. Çîêðå-
ìà, âàëîâèé çá³ð ó Äí³ïðîïåòðîâñüê³é îáëàñ-
ò³ äîñÿãàº 16,08 òèñ. ò, ó Çàïîð³çüê³é – 15,39; 
ó Õåðñîíñüê³é – 14,71; â Îäåñüê³é – 14,23 òèñ. ò. 

Ñë³ä çàçíà÷èòè, ùî íàéá³ëüøèé çá³ð çåðíà çà 
äîñë³äæóâàí³ ðîêè îòðèìàíî â Õàðê³âñüê³é 
îáëàñò³ – 22,55 òèñ. ò. Íàéíèæ÷³ ïîêàçíèêè 
çàô³êñîâàíî â Òåðíîï³ëüñüê³é, Ð³âíåíñüê³é 
òà Âîëèíñüê³é îáëàñòÿõ (0,29–0,96 òèñ. ò) çà 

Ïîñ³âí³ ïëîù³ â Óêðà¿í³, òèñ. ãà

Ï
îñ

³â
í³

 ï
ëî

ù
³ ó

 ñ
â³

ò³
, ò

èñ
. ã

à

y = 28,324x + 29836

R2 = 0,3438

0

5000

10000

15000

20000

25000

30000

35000

40000

0 50 100 150 200

Òàáëèöÿ 2
Ñåðåäíüîáàãàòîð³÷í³ ïîêàçíèêè âðîæàéíîñò³, ïëîù³ 

òà âàëîâîãî çáîðó ïðîñà ïîñ³âíîãî çà ðåã³îíàìè 
Óêðà¿íè (ñåðåäíº çà 2011–2020 ðð.)*

 Ðåã³îí Óðîæàéí³ñòü, 
ò/ãà

Ïëîùà, 
òèñ. ãà

Âàëîâèé çá³ð, 
òèñ. ò

Óêðà¿íà çàãàëîì 1,60 92,43 171,08
Â³ííèöüêà 1,98 1,06 2,91
Âîëèíñüêà 1,35 0,67 0,96
Äí³ïðîïåòðîâñüêà 1,44 9,42 16,08
Äîíåöüêà 1,48 6,70 12,26
Æèòîìèðñüêà 1,36 3,86 6,21
Çàïîð³çüêà 1,34 10,54 15,39
Êè¿âñüêà 2,02 1,74 4,64
Ê³ðîâîãðàäñüêà 1,86 2,34 5,60
Ëóãàíñüêà 1,52 4,14 8,45
Ìèêîëà¿âñüêà 1,37 8,78 13,09
Îäåñüêà 1,43 10,51 14,23
Ïîëòàâñüêà 2,32 3,59 10,01
Ð³âíåíñüêà 1,09 0,34 0,49
Ñóìñüêà 2,20 2,10 5,76
Òåðíîï³ëüñüêà 1,42 0,19 0,29
Õàðê³âñüêà 2,13 9,04 22,55
Õåðñîíñüêà 1,35 10,45 14,71
Õìåëüíèöüêà 2,38 0,28 0,85
×åðêàñüêà 2,51 1,27 4,10
×åðí³ã³âñüêà 1,66 4,41 8,72

*áåç óðàõóâàííÿ ÀÐ Êðèì, Çàêàðïàòñüêî¿, ²âàíî-Ôðàíê³â-
ñüêî¿, Ëüâ³âñüêî¿ òà ×åðí³âåöüêî¿ îáëàñòåé.
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ðàõóíîê íèçüêî¿ âðîæàéíîñò³ òà íåçíà÷íèõ 
ïîñ³âíèõ ïëîù. Òàêèì ÷èíîì, â óìîâàõ, 
ùî ñêëàëèñÿ â çîí³ Ë³ñîñòåïó çà äîñë³äæó-
âàí³ ðîêè, ïðîñî ïîñ³âíå çàáåçïå÷èëî âèñî-
êó âðîæàéí³ñòü òà íàâ³òü çà íåâåëèêîãî îá-
ñÿãó ïîñ³âíèõ ïëîù äàëî äîñòàòíüî âèñî-
êèé çá³ð çåðíà. Â óìîâàõ ïîñóõè ïðîñî 
ìîæå çàáåçïå÷óâàòè âèù³ âðîæà¿, í³æ ³íø³ 

çåðíîâ³ êóëüòóðè, à çà ðàõóíîê çá³ëüøåííÿ 
ïîñ³âíèõ ïëîù – âèñîê³ ïîêàçíèêè çáîðó 
çåðíà.

Äëÿ âèçíà÷åííÿ âàð³àáåëüíîñò³ âðîæàé-
íîñò³ ïðîñà ïîñ³âíîãî â ïåð³îä 2011–2020 ðð. 
ó ðîçð³ç³ ðåã³îí³â éîãî âèðîùóâàííÿ â Óêðà-
¿í³ ðîçðàõîâóâàëè ñòàíäàðòíå â³äõèëåííÿ òà 
êîåô³ö³ºíò âàð³àö³¿ (òàáë. 3).

Òàáëèöÿ 3
Ñòàíäàðòíå â³äõèëåííÿ òà êîåô³ö³ºíò âàð³àö³¿ âðîæàéíîñò³ ïðîñà ïîñ³âíîãî çà ðåã³îíàìè Óêðà¿íè*

Ðåã³îí
2011–2015 ðð. 2016–2020 ðð.

Ñòàíäàðòíå â³äõèëåííÿ Êîåô³ö³ºíò âàð³àö³¿ Ñòàíäàðòíå â³äõèëåííÿ Êîåô³ö³ºíò âàð³àö³¿
Óêðà¿íà çàãàëîì 0,37 23,9 0,15 9,4
Â³ííèöüêà 0,80 50,1 0,50 21,3
Âîëèíñüêà 0,72 71,3 0,61 35,9
Äí³ïðîïåòðîâñüêà 0,48 33,5 0,20 13,7
Äîíåöüêà 0,56 32,0 0,39 31,8
Æèòîìèðñüêà 0,06 5,6 0,17 10,1
Çàïîð³çüêà 0,42 31,3 0,35 26,1
Êè¿âñüêà 0,27 14,7 0,58 26,1
Ê³ðîâîãðàäñüêà 0,58 30,4 0,31 16,9
Ëóãàíñüêà 0,34 21,3 0,26 18,2
Ìèêîëà¿âñüêà 0,50 35,1 0,32 24,1
Îäåñüêà 0,31 22,6 0,64 43,9
Ïîëòàâñüêà 0,53 22,3 0,34 15,1
Ð³âíåíñüêà 0,23 33,2 0,36 23,9
Ñóìñüêà 0,35 18,2 0,53 21,4
Òåðíîï³ëüñüêà 0,49 32,3 0,36 27,0
Õàðê³âñüêà 0,45 21,1 0,36 17,1
Õåðñîíñüêà 0,35 33,8 0,31 18,8
Õìåëüíèöüêà 0,84 42,0 0,64 23,0
×åðêàñüêà 0,47 19,5 0,41 15,8
×åðí³ã³âñüêà 0,28 18,0 0,33 18,9

*áåç óðàõóâàííÿ ÀÐ Êðèì, Çàêàðïàòñüêî¿, ²âàíî-Ôðàíê³âñüêî¿, Ëüâ³âñüêî¿ òà ×åðí³âåöüêî¿ îáëàñòåé.

Âèñîêà âàð³àáåëüí³ñòü óðîæàéíîñò³ ïðîñà 
ïîñ³âíîãî â³äì³÷åíà â á³ëüøîñò³ äîñë³äæóâà-
íèõ ðåã³îí³â Óêðà¿íè ó ïðîì³æîê ç 2011 äî 
2015 ð. Äóæå âèñîêà âàð³àáåëüí³ñòü ñïîñòå-
ð³ãàëàñü ó Â³ííèöüê³é òà Âîëèíñüê³é îáëàñ-
òÿõ. Êîåô³ö³ºíò âàð³àö³¿ ñòàíîâèâ 50,1 òà 
71,3 â³äïîâ³äíî. Ó Õìåëüíèöüê³é îáëàñò³ òà-
êîæ â³äçíà÷åíî âèñîêó âàð³àáåëüí³ñòü óðî-
æàéíîñò³ – êîåô³ö³ºíò âàð³àö³¿ 42,0. 

Çà ïåð³îä 2016–2020 ðð. âèñîêà âàð³àáåëü-
í³ñòü ïîêàçíèêà âðîæàéíîñò³ â³äçíà÷åíà ó 
Â³ííèöüê³é, Âîëèíñüê³é, Äîíåöüê³é, Çàïî-
ð³çüê³é, Êè¿âñüê³é, Ìèêîëà¿âñüê³é, Ð³âíåí-
ñüê³é, Ñóìñüê³é, Òåðíîï³ëüñüê³é òà Õìåëü-
íèöüê³é îáëàñòÿõ. Ñë³ä çàçíà÷èòè, ùî äîñ-
òàòíüî âèñîêèé ð³âåíü âàð³àáåëüíîñò³ ñïîñ-
òåð³ãàâñÿ â Îäåñüê³é îáëàñò³. Êîåô³ö³ºíò 
âàð³àö³¿ – 43,9. Íàéìåíø âàð³àáåëüíîþ âðî-
æàéí³ñòü ïðîñà ïîñ³âíîãî çà ïåð³îäè 2011–
2015 òà 2016–2020 ðð. áóëà â Æèòîìèðñüê³é 
îáëàñò³. ßê âèäíî ç ïîïåðåäíüîãî àíàë³çó, ó 
ö³é îáëàñò³ âïðîäîâæ äîñë³äæóâàíèõ ðîê³â 
ïðîñî ïîñ³âíå ôîðìóâàëî íå âèñîêó âðîæàé-
í³ñòü. 

Âèñîêà âàð³àáåëüí³ñòü óðîæàéíîñò³ ïðîñà 
ïîñ³âíîãî âïðîäîâæ äîñë³äæóâàíèõ ðîê³â 
ìîæå áóòè çóìîâëåíà çì³íîþ êë³ìàòó Óêðà-
¿íè íà á³ëüø ïîñóøëèâèé, çà óìîâ ÿêîãî 
äîö³ëüí³øå âèðîùóâàòè ïîñóõîñò³éê³ êóëü-
òóðè. Òàêîæ îäí³ºþ ç ïðè÷èí ìîæå áóòè 
âïðîâàäæåííÿ íîâèõ òåõíîëîã³é âèðîùó-
âàííÿ ïðîòÿãîì îñòàíí³õ ðîê³â, ÿê³ ñïðèÿ-
þòü ï³äâèùåííþ âðîæàéíîñò³ ó ïåâíèõ ðå-
ã³îíàõ [16].

Çà ìåòîäèêîþ Åáåðãàðäà–Ðàññåëà óìîâè 
âèðîùóâàííÿ ç êîåô³ö³ºíòîì ðåãðåñ³¿ β > 1 
â³äíîñÿòü äî âèñîêîïëàñòè÷èõ, çà óìîâè 
1 > β = 0 – äî â³äíîñíî íèçüêîïëàñòè÷íèõ çà 
âðîæàéí³ñòþ ïðîñà ïîñ³âíîãî. Ïîêàçíèêè 
åêîëîã³÷íî¿ ïëàñòè÷íîñò³ òà ñòàá³ëüíîñò³ íà-
âåäåíî â òàáëèö³ 4. 

Àíàë³ç äàíèõ ïëàñòè÷íîñò³ é ñòàá³ëüíîñò³ 
âðîæàéíîñò³ ïðîñà ïîñ³âíîãî â ð³çíèõ ðåã³î-
íàõ Óêðà¿íè äàâ çìîãó äàòè ïîâíó õàðàêòå-
ðèñòèêó óìîâàì âèðîùóâàííÿ çà åêîëîã³÷-
íîþ ïëàñòè÷í³ñòþ é ñòàá³ëüí³ñòþ âðîæàéíîñ-
ò³ ïðîñà òà ðîçïîä³ëèòè ðåã³îíè çà îáìåæó-
âàëüíèìè ÷èííèêàìè ñåðåäîâèùà. 
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Ó ïåð³îä 2011–2015 ðð. âèñîêîþ ïëàñòè÷-
í³ñòþ âðîæàéíîñò³ ïðîñà ïîñ³âíîãî õàðàêòåðè-
çóâàëèñü óìîâè Â³ííèöüêî¿, Äîíåöüêî¿, Êè¿â-
ñüêî¿, Ê³ðîâîãðàäñüêî¿, Ïîëòàâñüêî¿, Ñóìñü-
êî¿, Õàðê³âñüêî¿, Õìåëüíèöüêî¿ òà ×åðêàñü-
êî¿ îáëàñòåé (ðèñ. 1).

Ó 2016–2020 ðð. óìîâè, ùî ñêëàëèñü ó Â³í-
íèöüê³é, Êè¿âñüê³é, Ïîëòàâñüê³é, Ñóìñü ê³é, 
Õàðê³âñüê³é, Õìåëüíèöüê³é òà ×åðêàñü ê³é îá-
ëàñ òÿõ, áóëè ñïðèÿòëèâèìè äëÿ îòðèìàííÿ âè-
ñîêî¿ ïðîäóêòèâíîñò³ ïðîñà ïîñ³âíîãî (ðèñ. 2).

Âèñîêà ïëàñòè÷í³ñòü óðîæàéíîñò³ ó ïîºä-
íàíí³ ç íèçüêèì çíà÷åííÿì êîåô³ö³ºíòà ñòà-
á³ëüíîñò³ ðåàêö³¿ (W) õàðàêòåðèçóº ðåã³îíè 
ç ³íòåíñèâíèìè óìîâàìè. Çîêðåìà, çà ïåð³îä 
2011–2015 ðð. ³íòåíñèâí³ óìîâè âèðîùóâàí-
íÿ ïðîñà ïîñ³âíîãî ñêëàëèñü ó Äîíåöüê³é, 
Êè¿âñüê³é, Ê³ðîâîãðàäñüê³é, Ïîëòàâñüê³é, 
Ñóìñüê³é, Õàðê³âñüê³é, Õìåëüíèöüê³é òà 
×åðêàñüê³é îáëàñòÿõ (ðèñ. 3).

Ó ïðîì³æîê ³ç 2016 äî 2020 ð. ³íòåíñèâí³ñ-
òþ óìîâ âèðîùóâàííÿ ïðîñà ïîñ³âíîãî õà-
ðàêòåðèçóâàëèñü Â³ííèöüêà, Êè¿âñüêà, Ïîë-
òàâ ñü êà, Ñóìñüêà, Õàðê³âñüêà, Õìåëüíèöü-
êà òà ×åðêàñüêà îáëàñò³ (ðèñ. 4).

Òàáëèöÿ 4
Ñòàá³ëüí³ñòü (β) òà ïëàñòè÷í³ñòü (W) óðîæàéíîñò³ 

ïðîñà ïîñ³âíîãî çà ðåã³îíàìè Óêðà¿íè

Ðåã³îí
2011–2015 ðð. 2016–2020 ðð.
β W β W

Â³ííèöüêà 1,70 7,42 × 104 2,55 9,25 × 104

Âîëèíñüêà -2,11 7,72 × 104 1,22 9,63 × 104

Äí³ïðîïåòðîâñüêà 1,49 7,51 × 104 -0,37 9,76 × 104

Äîíåöüêà 1,81 7,35 × 104 1,54 9,90 × 104

Æèòîìèðñüêà 0,05 7,69 × 104 -0,11 9,64 × 104

Çàïîð³çüêà 1,26 7,54 × 104 0,92 9,83 × 104

Êè¿âñüêà 0,93 7,31 × 104 2,60 9,34 × 104

Ê³ðîâîãðàäñüêà 2,27 7,27 × 104 1,55 9,57 × 104

Ëóãàíñüêà 1,03 7,41 × 104 1,26 9,77 × 104

Ìèêîëà¿âñüêà 1,62 7,50 × 104 0,80 9,84 × 104

Îäåñüêà 0,73 7,52 × 104 -2,59 9,76 × 104

Ïîëòàâñüêà 1,89 7,04 × 104 1,42 9,32 × 104

Ð³âíåíñüêà -0,63 7,87 × 104 0,10 9,74 × 104

Ñóìñüêà 1,28 7,27 × 104 2,01 9,20 × 104

Òåðíîï³ëüñüêà 1,68 7,47 × 104 0,18 9,83 × 104

Õàðê³âñüêà 1,72 7,15 × 104 1,39 9,40 × 104

Õåðñîíñüêà 0,97 7,70 × 104 0,55 9,64 × 104

Õìåëüíèöüêà 0,04 7,23 × 104 2,83 9,04 × 104

×åðêàñüêà 1,30 7,02 × 104 0,96 9,14 × 104

×åðí³ã³âñüêà 0,97 7,43 × 104 1,19 9,60 × 104

*áåç óðàõóâàííÿ ÀÐ Êðèì, Çàêàðïàòñüêî¿, ²âàíî-Ôðàíê³â-
ñüêî¿, Ëüâ³âñüêî¿ òà ×åðí³âåöüêî¿ îáëàñòåé. 

Ðèñ. 1. Â³äõèëåííÿ ñåðåäíüî¿ äèñïåðñ³¿ âðîæàéíîñò³ ïðîñà ïîñ³âíîãî çà 2011–2015 ðð. çà ðåã³îíàìè Óêðà¿íè 
(áåç óðàõóâàííÿ ÀÐ Êðèì, Çàêàðïàòñüêî¿, ²âàíî-Ôðàíê³âñüêî¿, Ëüâ³âñüêî¿ òà ×åðí³âåöüêî¿ îáëàñòåé)
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Òàêèì ÷èíîì, íàéñïðèÿòëèâ³øèìè äëÿ 
îòðèìàííÿ âèñîêèõ óðîæà¿â ïðîñà ïîñ³â-
íîãî áóëè ïîãîäí³ óìîâè, ùî ñêëàëèñÿ ïðî-
òÿãîì 2011–2020 ðð. ó ðåã³îíàõ Ë³ñîñòåïó 
Óêðà¿íè: Êè¿âñüê³é, Ïîëòàâñüê³é, Ñóì-
ñüê³é, Õàðê³âñüê³é, Õìåëüíèöüê³é òà ×åð-
êàñüê³é îáëàñòÿõ. Âàðòî çàçíà÷èòè, ùî ë³-
ì³òîâàí³ óìîâè âèðîùóâàííÿ ïðîñà ïîñ³â-

íîãî âïðîäîâæ äîñë³äæóâàíèõ ðîê³â ñêëà-
ëèñÿ ò³ëüêè â Ëóãàíñüê³é îáëàñò³ ó 2011–
2015 ðð.

Ïîïðè äîñòàòíüî âèñîêó ê³ëüê³ñòü ðåã³î-
í³â Óêðà¿íè, óìîâè â ÿêèõ ñïðèÿëè âèñîê³é 
ïëàñòè÷íîñò³ âðîæàéíîñò³ ïðîñà ïîñ³âíîãî, 
çà ïåð³îä 2011–2015 ðð. íèçüêà ïëàñòè÷-
í³ñòü ð³âíÿ ïðîäóêòèâíîñò³ êóëüòóðè ñïîñòå-
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Ðèñ. 3. Â³äõèëåííÿ îçíàêè ñòàá³ëüíîñò³ çà âðîæàéí³ñòþ ïðîñà ïîñ³âíîãî çà 2011–2015 ðð. çà ðåã³îíàìè Óêðà¿íè 
(áåç óðàõóâàííÿ ÀÐ Êðèì, Çàêàðïàòñüêî¿, ²âàíî-Ôðàíê³âñüêî¿, Ëüâ³âñüêî¿ òà ×åðí³âåöüêî¿ îáëàñòåé)

Ðèñ. 2. Â³äõèëåííÿ ñåðåäíüî¿ äèñïåðñ³¿ âðîæàéíîñò³ ïðîñà ïîñ³âíîãî çà 2016–2020 ðð. çà ðåã³îíàìè Óêðà¿íè 
(áåç óðàõóâàííÿ ÀÐ Êðèì, Çàêàðïàòñüêî¿, ²âàíî-Ôðàíê³âñüêî¿, Ëüâ³âñüêî¿ òà ×åðí³âåöüêî¿ îáëàñòåé)
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Îáëàñòü

ð³ãàëàñü ïåðåâàæíî â çîíàõ Ñòåïó òà Ïîë³ñ-
ñÿ. Íåñïðèÿòëèâ³ óìîâè äëÿ åôåêòèâíî¿ ðåà-
ë³çàö³¿ ðîñëèíàìè á³îëîã³÷íîãî ïîòåíö³àëó ó 
2016–2020 ðð. òàêîæ ñêëàëèñÿ â ðåã³îíàõ 
Ñòåïó òà Ïîë³ññÿ. Îäíàê, ñë³ä çàçíà÷èòè, ùî 
â ñòåïîâ³é çîí³ ò³ëüêè â Äîíåöüê³é îáëàñò³ ó 
2011–2015 ðð. â³äçíà÷åíî ôîðìóâàííÿ ³í-
òåíñèâíèõ óìîâ äëÿ ðåàë³çàö³¿ á³îëîã³÷íîãî 
ïîòåíö³àëó ïðîñà ïîñ³âíîãî. Óìîâè, ùî ñêëà-
ëèñÿ â Äîíåöüê³é îáëàñò³ ó 2016–2020 ðð., 

ìîæíà â³äíåñòè ïåðåâàæíî äî òàêèõ, ùî ÷è-
íÿòü åêñòðåìàëüíèé âïëèâ íà ôîðìóâàííÿ 
âðîæàéíîñò³. 

Îòæå, çâàæàþ÷è íà ãëîáàëüí³ çì³íè êë³-
ìàòó, ó çâ’ÿçêó ç³ çá³ëüøåííÿì ðåã³îí³â ³ç 
íåäîñòàòíüîþ âîëîãîþ òà, ÿê íàñë³äîê, çì³-
ùåííÿì ìåæ ´ðóíòîâî-êë³ìàòè÷íèõ çîí â 
Óêðà¿í³, íàéñïðèÿòëèâ³øèìè óìîâàìè äëÿ 
âèðîùóâàííÿ ïðîñà ïîñ³âíîãî ó 2011–2020 ðð. 
áóëà çîíà Ë³ñîñòåïó. 
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Ðîñëèííèöòâî

Ï³ä ÷àñ äîñë³äæåííÿ åêîëîã³÷íî¿ ïëàñòè÷-
íîñò³ òà ñòàá³ëüíîñò³ ñîðò³â ïðîñà ïîñ³âíîãî 
ó ñõ³äí³é ÷àñòèí³ Ë³ñîñòåïó Óêðà¿íè [8], âèç-
íà÷åíî, ùî ãåíîòèïîâèé ñêëàäíèê ñîðòó 
çíà÷íîþ ì³ðîþ âïëèâàº íà ïðîäóêòèâí³ñòü ó 
çîí³ íåñò³éêîãî çâîëîæåííÿ. Äîñë³äæåííÿ-
ìè Øåâåëü òà ³í. [17] ïîêàçàíî åôåêòèâí³ñòü 
âèêîðèñòàííÿ ñò³éêèõ äî ïîñóõè ñîðò³â ïðîñà 
ïîñ³âíîãî â óìîâàõ Ï³âäíÿ Óêðà¿íè. 

Ó ðîáîò³ Áºëºí³õ³íî¿ òà ³í. [9] íà îñíîâ³ 
àíàë³çó àäàïòèâíîñò³ ñîðò³â ïðîñà ïîñ³âíîãî 
â ðåã³îíàõ Óêðà¿íè ç ð³çíèì ð³âíåì çâîëî-
æåííÿ ïîêàçàíî, ùî ïåâí³ ñîðòè ïðîñà ïî-
ñ³âíîãî ðåàë³çóþòü ñâ³é ãåíåòè÷íèé ïîòåíö³-
àë ó á³ëüø ïîñóøëèâèõ óìîâàõ âèðîùóâàí-
íÿ, à ³íø³ – âèìîãëèâ³ø³ äî çàáåçïå÷åííÿ 
çâîëîæåíèõ óìîâ âèðîùóâàííÿ.

Òàêèì ÷èíîì, çâàæàþ÷è íà ðåçóëüòàòè 
íàøèõ äîñë³äæåíü ùîäî ôîðìóâàííÿ ïðî-
äóêòèâíîñò³ ïðîñà ïîñ³âíîãî â ð³çíèõ ðåã³-
îíàõ Óêðà¿íè, äëÿ îòðèìàííÿ âèñîêîãî 
âðîæàþ ö³º¿ êóëüòóðè ñë³ä óðàõîâóâàòè 
îñîáëèâîñò³ ïåâíî¿ ´ðóíòîâî-êë³ìàòè÷íî¿ 
çîíè.

Âèñíîâêè
Ó ðåçóëüòàò³ äîñë³äæåíü âèçíà÷åí³ êîðå-

ëÿö³éí³ çàëåæíîñò³ ì³æ ïëîùàìè, çàéíÿòè-
ìè ï³ä ïðîñîì ïîñ³âíèì â Óêðà¿í³ òà ñâ³ò³, à 
òàêîæ ó ðåã³îíàõ òà êðà¿íàõ ñâ³òó, ÿê³ º 
îñíîâíèìè âèðîáíèêàìè ö³º¿ êóëüòóðè. 
Óñòàíîâëåíî, ùî îáñÿãè âèðîùóâàííÿ ïðîñà 
ïîñ³âíîãî â Óêðà¿í³ ó 2011–2020 ðð. çàëåæà-
ëè â³ä ñâ³òîâîãî ïîïèòó íà öþ êóëüòóðó. Âèç-

íà÷åíî ðåã³îíè Óêðà¿íè, ÿê³ çàáåçïå÷èëè 
íàé á³ëüøó âðîæàéí³ñòü òà âàëîâèé çá³ð ïðî-
ñà ïîñ³âíîãî â Óêðà¿í³. Ïîêàçàíî, ùî çà äîñ-
ë³äæóâàí³ ðîêè íàéá³ëüøèé çá³ð ïðîñà ïîñ³â-
íîãî çàáåçïå÷èëè ðåã³îíè çîíè Ë³ñîñòåïó òà 
Ñòåïó (Äîíåöüêà îáëàñòü). 

Âèçíà÷åíî âèñîêó âàð³àáåëüí³ñòü óðîæàé-
íîñò³ ïðîñà ïîñ³âíîãî â óñ³õ ðåã³îíàõ Óêðà¿-
íè âïðîäîâæ 2011–2020 ðð., ùî ìîæå áóòè 
çóìîâëåíî çì³íîþ ÿê ´ðóíòîâî-êë³ìàòè÷íèõ 
óìîâ, òàê ³ òåõíîëîã³÷íèõ çàõîä³â âèðîùó-
âàííÿ. Íàéâèùó ïðîäóêòèâí³ñòü ïðîñà ïîñ³â-
íîãî îòðèìàëè â ðåã³îíàõ Ë³ñîñòåïó Óêðà¿-
íè: Êè¿âñüê³é, Ïîëòàâñüê³é, Ñóìñüê³é, Õàðê³â-
ñüê³é, Õìåëüíèöüê³é òà ×åðêàñüê³é îáëàñ-
òÿõ, ïðî ùî ñâ³ä÷àòü ðåçóëüòàòè àíàë³çó ïëàñ-
òè÷íîñò³ òà ñòàá³ëüíîñò³ âðîæàéíîñò³ êóëüòó-
ðè âïðîäîâæ 2011–2020 ðð. 

Ïðîòÿãîì äîñë³äæóâàíèõ ðîê³â íåñïðèÿò-
ëèâ³ óìîâè äëÿ âèðîùóâàííÿ ïðîñà ïîñ³â-
íîãî ñêëàëèñü ó Ëóãàíñüê³é îáëàñò³ (2011–
2015 ðð.), îäíàê çà öåé æå ïðîì³æîê ÷àñó â 
ñòåïîâ³é çîí³ âèñîêó ïðîäóêòèâí³ñòü ïðîñà 
çàáåçïå÷èëà Äîíåöüêà îáëàñòü ³ç âèñîêèìè 
ïîêàçíèêàìè ïëàñòè÷íîñò³ âðîæàéíîñò³.

Òàêèì ÷èíîì, ðåã³îíè ç íèçüêîþ ïëàñòè÷-
í³ñòþ âðîæàéíîñò³ ïðîñà ïîñ³âíîãî íå çàáåç-
ïå÷óþòü âèñîêèé ð³âåíü óðîæàéíîñò³ òà íå º 
ïåðñïåêòèâíèìè äëÿ çíà÷íîãî ïîøèðåííÿ 
ïîñ³âíèõ ïëîù ï³ä ö³ºþ êóëüòóðîþ. Ó ðåã³-
îíàõ ³ç âèñîêîþ ïëàñòè÷í³ñòþ âðîæàéíîñò³ 
ïðîñî ïîñ³âíå â ðîêè ç³ ñïðèÿòëèâèìè óìî-
âàìè ðåàë³çóº ñâ³é á³îëîã³÷íèé ïîòåíö³àë íà 
çíà÷íîìó ð³âí³.

Ðèñ. 4. Â³äõèëåííÿ îçíàêè ñòàá³ëüíîñò³ çà âðîæàéí³ñòþ ïðîñà ïîñ³âíîãî çà 2016–2020 ðð. çà ðåã³îíàìè Óêðà¿íè 
(áåç óðàõóâàííÿ ÀÐ Êðèì, Çàêàðïàòñüêî¿, ²âàíî-Ôðàíê³âñüêî¿, Ëüâ³âñüêî¿ òà ×åðí³âåöüêî¿ îáëàñ òåé)

2015–2020 ðð.

-3049

683,98

1961

3375

823,189

2715

-2188

71,634

2142
2794

1975

-2433

1836

-3611

2652

-1558

842,028

-5214

-4245

428,015

-6000

-5000

-4000

-3000

-2000

-1000

0

1000

2000

3000

4000

Â³
íí

èö
üê
à

Âî
ëè

íñ
üê
à

Ä
í³
ïð

îï
åò
ðî

âñ
üê
à

Ä
îí

åö
üê
à

Æ
èò
îì

èð
ñü
êà

Çà
ïî

ð³
çü
êà

Êè
¿â
ñü
êà

Ê³
ðî

âî
ãð
àä
ñü
êà

Ë
óã
àí

ñü
êà

Ì
èê

îë
à¿
âñ

üê
à

Îä
åñ
üê
à

Ï
îë

òà
âñ
üê
à

Ð³
âí

åí
ñü

êà

Ñó
ìñ

üê
à

Òå
ðí

îï
³ë
üñ

üê
à

Õà
ðê

³â
ñü
êà

Õå
ðñ

îí
ñü
êà

Õì
åë
üí

èö
üê
à

×
åð

êà
ñü
êà

×
åð

í³
ã³
âñ

üê
à

Îáëàñòü

Â³
äõ

èë
åí

íÿ
 â

³ä
 ñ

åð
åä

íü
îã

ðó
ïî

âî
ãî

 
çí

à÷
åí

íÿ
 ∆

W
³³



153ISSN 2518-1017  Plant Varieties Studying and protection, 2021, Vol. 17, No 2

Plant production

Âèêîðèñòàíà ë³òåðàòóðà
1. Abah C. R., Ishiwu C. N., Obiegbuna J. E., Oladejo A. A. Nutritional 

composition, functional properties and food applications of 
millet grains. Asian. J. Agric. Food Sci. 2020. Vol. 14, Iss. 2.                  
P. 9–19. doi: 10.9734/AFSJ/2020/v14i230124

2. Saleh A. S., Zhang Q., Chen J., Shen Q. Millet grains: nutritional 
quality, processing, and potential health benefits. Compr. Rev. 
Food Sci. Food Saf. 2013. Vol. 12, Iss. 3. P. 281–295.                                         
doi: 10.1111/1541-4337.12012

3. Karaś M., Jakubczyk A., Szymanowska U. et al. Different tem-
perature treatments of millet grains affect the biological ac-
tivity of protein hydrolyzates and peptide fractions. Nutrients. 
2019. Vol. 11, No. 3. 550. doi: 10.3390/nu11030550

4. Chandrasekara A., Naczk M., Shahidi F. Effect of processing on 
the antioxidant activity of millet grains. Food Chem. 2012. 
Vol. 133, Iss. 1. P. 1–9. doi: 10.1016/j.foodchem.2011.09.043

5. Budhwar S., Sethi K., Chakraborty M. Efficacy of germination 
and probiotic fermentation on underutilized cereal and millet 
grains. Food Prod. Process. Nutr. 2020. Vol. 2. 12. doi: 10.1186/
s43014-020-00026-w

6. Ãàìàþíîâà Â. Â., Øåâåëü Â. ²., Êë³ìáîâñüêèé Ñ. Î. Êóëüòóðà 
ïðîñà íà Ï³âäí³ Óêðà¿íè. Ðîäþ÷èé ´ðóíò – çàïîðóêà äîáðî-
áóòó : ìàòåð. ðåã³îíàëüíî¿ íàóê.-ïðàêò. êîíô., ïðèñâ. Âñå-
ñâ³òíüîìó äíþ ´ðóíòó (ì. Ñóìè, 2016 ð.). Ñóìè, 2016. Ñ. 46–47.

7. Ðóäíèê-²âàùåíêî Î. ²., Ãðèãîðàùåíêî Ë. Â. Îñîáëèâîñò³ ôîòî-
ñèíòåçó ðîñëèí ïðîñà ïîñ³âíîãî. Â³ñí. àãðàð. íàóêè. 2010. 
¹ 7. Ñ. 35–38.

8. Áºëºí³õ³íà À. Â., Êîñòðîì³ò³í Â. Ì. Ñîðòîâèâ÷åííÿ ïðîñà ïî-
ñ³âíîãî çà àãðîåêîëîã³÷íîþ ñòàá³ëüí³ñòþ ³ ïëàñòè÷í³ñòþ. 
Ñåëåêö³ÿ ³ íàñ³ííèöòâî. 2014. Âèï. 106. Ñ. 141–147. 
doi: 10.3 0835/2413-7510.2014.42143

9. Áºëºí³õ³íà À. Â., Êîñòðîì³ò³í Â. Ì., Ãëóáîêèé Î. Ì. Àäàïòèâ-
í³ñòü ³ åêîëîã³÷íà ïëàñòè÷í³ñòü ñîðò³â ïðîñà çàëåæíî â³ä 
óìîâ ðîêó. Â³ñíèê ÖÍÇ ÀÏÂ Õàðê³âñüêî¿ îáë. 2013. Âèï. 15. 
Ñ. 10.

10. Äåðæàâíà ñëóæáà ñòàòèñòèêè Óêðà¿íè. URL: http://www.ukrstat.
gov.ua/

11. Ïðèñÿæíþê Î. ²., Êîðîëü Ë. Â. Îö³íêà ñîðò³â ãîðîõó íà îñíî-
â³ êîðåëÿö³¿ ê³ëüê³ñíèõ îçíàê òà ³íäåêñ³â. Plant Var. Stud. 
Prot. 2016. Ò. 33, ¹ 4. Ñ. 51–55. doi: 10.21498/2518-
1017.4(33).2016.88674

12. Food and Agriculture Organization of the United Nations. URL: 
http://www.fao.org/faostat/ru/#data/QC

13. Åðìàíòðàóò Å. Ð., Ïðèñÿæíþê Î. ²., Øåâ÷åíêî ². Ë. Ñòàòèñòè÷íèé 
àíàë³ç àãðîíîì³÷íèõ äîñë³äíèõ äàíèõ â ïàêåò³ Statistica 6.0. 
Êè¿â : Ïîë³ãðàôÊîíñàëòèíã, 2007. 55 ñ.

14. Eberhart S. À., Russell W. A. Stability parameters for comparing 
varieties. Crop Sci. 1966. Vol. 6, No. 1. P. 36–40. doi: 10.2135/
cropsci1966.0011183X000600010011x

15. Ïðèñÿæíþê Î. ²., Ñòîðîæèê Ë. ²., Çàâãîðîäíÿ Ñ. Â. Åêîëîã³÷-
íà ïëàñòè÷í³ñòü ñîðãî çåðíîâîãî. Íîâ³òí³ àãðîòåõíîëîã³¿. 
2019. ¹ 7. doi: 10.47414/na.7.2019.204818

16. Àâåð÷åâ Î. Â., Í³ê³òåíêî Ì. Ï. Âèðîùóâàííÿ ïðîñî â óìîâàõ 
Ï³âäíÿ Óêðà¿íè. Òàâð³éñüêèé íàóêîâèé â³ñíèê. 2020. Âèï. 116, 
×. 2. Ñ. 26–27. doi: 10.32851/2226-0099.2020.116.2.7

17. Øåâåëü Â. ²., Êîíîâàëîâ Ñ. Ñ., Áè÷êîâà Þ. Â., Îãàð Ð. Î. Êóëüòó-
ðà ïðîñà íà Ï³âäí³ Óêðà¿íè. ²ííîâàö³éí³ ðîçðîáêè ìîëîä³ – ñó-
÷àñíîìó çåìëåðîáñòâó : çá³ðíèê ìàòåð. Ì³æíàð. íàóê.-ïðàêò. 
êîíô. ìîëîäèõ ó÷åíèõ (ì. Õåðñîí, 15 òðàâíÿ 2018 ð.). Õåð-
ñîí, 2018. Ñ. 90–92.

References
1. Abah, C. R., Ishiwu, C. N., Obiegbuna, J. E., & Oladejo, A. A. 

(2020). Nutritional composition, functional properties and 
food applications of millet grains. Asian Food Sci. J., 14(2), 
9–19. doi: 10.9734/AFSJ/2020/v14i230124

2. Saleh, A. S., Zhang, Q., Chen, J., & Shen, Q. (2013). Millet grains: 
nutritional quality, processing, and potential health benefits. 
Compr. Rev. Food Sci. Food Saf., 12(3), 281–295. doi: 10.1111/ 
1541-4337.12012

3. Karaś, M., Jakubczyk, A., Szymanowska, U., Jęderka, K., Lewicki, 
S., & Złotek, U. (2019). Different temperature treatments of 
millet grains affect the biological activity of protein hydroly-
zates and peptide fractions. Nutrients, 11(3), 550. doi: 10.3390/
nu11030550

4. Chandrasekara, A., Naczk, M., & Shahidi, F. (2012). Effect of pro-
cessing on the antioxidant activity of millet grains. Food 
Chem., 133(1), 1–9. doi: 10.1016/j.foodchem.2011.09.043

5. Budhwar, S., Sethi, K., & Chakraborty, M. (2020). Efficacy of 
germination and probiotic fermentation on underutilized ce-
real and millet grains. Food Prod. Process. Nutr., 2, 12. doi: 10.1186/ 
s43014-020-00026-w

6. Hamaiunova, V. V., Shevel, V. I., & Klimbovskyi, S. O. (2016). Mil-
let crop in the South of Ukraine. In Rodiuchyi grunt – zaporuka 
dobrobutu: materialy rehionalnoi naukovo-praktychnoi konfe-
rentsii, prysviachenoi Vsesvitnomu dniu gruntu [Fertile soil – the 
key to prosperity: materials of the regional scientific-practi-
cal conference dedicated to the World Soil Day] (pp. 46–47). 
Sumy, Ukraine. [in Ukrainian]

7. Rudnyk-Ivashchenko, O. I., & Hryhorashchenko, L. V. (2010). 
Features of photosynthesis of millet plants. Vìsn. agrar. nauki 
[Bull. Agric. Sci.], 7, 35–38.

8. Bielienikhina, A. V., & Kostromitin, V. M. (2014). Varietal study 
of grain millet for sowing on agroecological stability and plas-
ticity. Selekciâ i nasìnnictvo [Plant Breeding and Seed Produc-
tion], 106, 141–147. doi: 10.30835/2413-7510.2014.42143 [in 
Ukrainian]

9. Bielienikhina, A. V., Kostromitin, V. M., & Hlubokyi, O. M. (2013). 
Adaptability and ecological plasticity of millet varieties de-
pending on the conditions of the year. Vìsnik Centru naukovogo 
zabezpečennâ APV Harkìvsʹkoï oblastì [Bulletin of the Center for 
Science Provision of Agribusiness in the Kharkiv region], 15, 10. 
[in Ukrainian]

10. Derzhavna sluzhba statystyky Ukrainy [State Statistics Service 
of Ukraine]. Retrieved from http://www.ukrstat.gov.ua [in 
Ukrainian]

11. Prysiazhniuk, O. I., & Korol, L. V. (2016). Evaluati on of pea 
varieties based on correlation of quantitative traits and in-
dices. Plant Var. Stud. Prot., 4, 51–55. doi: 10.21498/2518-
1017.4(33).2016.88674. [in Ukrainian]

12. Food and Agriculture Organization of the United Nations. Re-
trieved from http: //www.fao.org/faostat/ru/#data/QC

13. Ermantraut, E. R., Prysiazhniuk, O. I., & Shevchenko, I. L. (2007). 
Statystychnyi analiz ahronomichnykh doslidnykh danykh v pa-
keti Statistica 6.0 [Statistical analysis of agronomic stu dy data 
in the Statistica 6.0 software suite]. Kyiv: PolihrafKonsaltynh. 
[in Ukrainian]

14. Eberhart, S. À., & Russell, W. A. (1966). Stability parameters for 
comparing varieties. Crop Sci., 6(1), 36–40. doi: 10.2135/crop
sci1966.0011183X000600 010011x

15. Prysiazhniuk, O. I., Storozhyk, L. I., & Zavhorodnia, S. V. (2019). 
Ecological plasticity of grain sorghum. Novìtnì agrotehno-
logìï [Advanced Agr itechnologies], 7. doi: 10.47414/na.7 . 
2019.204818. [in Ukrainian]

16. Averchev, O. V., & Nikitenko, M. P. (2020). Growing millet in the 
South of Ukraine. Tavrìjsʹkij naukovij vìsnik [Tavria Scientific 
Bulletin], 116, 26–27. [in Ukrainian]

17. Shevel, V. I., Konovalov, S. S., Bychkova, Yu. V., & Ohar, R. O. 
(2018). Millet crop in the South of Ukraine. In Innovatsiini 
rozrobky molodi – suchasnomu zemlerobstvu: zbirnyk materialiv 
mizhnarodnoi naukovo-praktychnoi konferentsii molodykh uche-
nykh [Innovative developments of youth – modern agricul-
ture: book of proceedings of the international scientific and 
applied conference of young scientists] (pp. 90–92). May 15, 
2018, Kherson, Ukraine. [in Ukrainian]



154 ISSN 2518-1017  Plant Varieties Studying and protection, 2021, Т. 17, №2

Ðîñëèííèöòâî

UDC 633.171:311.14/15
Prysiazhniuk, L. M., Nochvina, O. V., Shytikova, Yu. V., Mizerna, N. A., & Hryniv, S. M. (2021). Ecological 

plasticity and stability of common millet (Panicum miliaceum L.)   productivity in different environmental 
conditions of Ukraine. Plant Varieties Studying and Protection, 17(2), 146–154. https://doi.org/10.21498/2518-
1017.17.2.2021.236522

Ukrainian Institute for Plant Variety Examination, 15 Henerala Rodymtseva St., Kyiv, 03041, Ukraine, *e-mail: prysiazhniuk_l@ukr.net
Purpose. To estimate the ecological plasticity of com-

mon millet yield under conditions o f 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 

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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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). 

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-

https://doi.org/10.21498/2518-1017.17.2.2021.236523
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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 
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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 fami ly 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. Mexi can sunflower, an annual 
plant from the Aste raceae 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 

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

  
° 37ꞌ N

  
, 5

  
° 44ꞌ 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, 
Aku ngba-Akoko, and jute seeds from Ondo State 
Agricultural Development Programme (ADP) 
Ika re-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, seven ty-two (72) 
nylon pots measuring 22 × 16 cm and 200 cm2 at 
the open end were filled with 10 kg soil each and 
later arranged 1 m apart in the screen-house. 

a a 

bb
  

cc
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Raising of seedlings in the nursery 
Three beds of 1 × 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 

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 harves ted 
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 
Ana lytical Chemists [20]. The moisture content 
was determined by drying jute samples to a 
constant weight in an air-oven (Unident, 
UNI0009B, 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-
tima ted using a multiplying factor of 6.25.                                 

Fig. 2. Treatment plan showing the varying density of weeds coexisting with jute plant

No weed

Jute plant

Treatment 1 Treatment 2

Treatment 3 Treatment 4

Treatment 5

Treatment 6

2 weed 
plants

4 weed 
plants

6 weed 
plants

10 weed 
plants

8 weed 
plants
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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+ EAl3+ CEC pH Sand Clay Slit
(%) mg/kg (Cmol/kg) (1 : 2) H

2
O (%) 

0.54 0.9 0.12 12.2 0.14 0.11 1.2 0.9 1.1 0.01 14.12 5.24 57 28 15
*OC: 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

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

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 4.83 b 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 4
Effect of Mexican sunflower density on the nutritional composition of jute at 8 weeks after sowing

Mexican sunflower –
Jute Interaction

Jute
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)

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 

Table 3
Effect of Mexican sunflower density on the weights 

of jute at 8 weeks after sowing
Mexican sunflower – Jute Interaction Total fresh 

weight (g)
Total dry 

weight (g)(Sunflower plants/pot)
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)

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 cat nip 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 5
Effect of catnip density on the number of leaves, number of branches, and plant height of jute

Catnip – 
Jute Interaction

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

(Catnip
plants/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 0a 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 0a 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 

(g/plant)
Total dry weight 

(g/plant)(Catnip plants/pot)

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 
Interaction

Jute

(Catnip 
plants/pot) Moisture Ash Crude 

protein
Crude 
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 

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 L aw-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 

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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Ìåòà. Äæóò äîâãîïë³äíèé (Corchorus olitorius L) – öå 
îâî÷åâà é ëóá’ÿíà êóëüòóðà, ÿêó âèðîùóþòü ó òðîï³êàõ. Ïî-
øèðåíèìè áóð’ÿíàìè, ùî çàñì³÷óþòü éîãî ïîñ³âè, º êîòÿ÷à 

ì’ÿòà ñïðàâæíÿ (Nepeta cataria L.) ³ ìåêñèêàíñüêèé ñîíÿø-
íèê (Tithonia diversifolia L). Ó íàøîìó äîñë³äæåíí³ âèâ÷àëè 
ð³ñò, óðîæàéí³ñòü ³ ñêëàä äåÿêèõ êîìïîíåíò³â ó ðîñëèíàõ 
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äæóòó äîâãîïë³äíîãî çà óìîâè ïðèñóòíîñò³ êîòÿ÷î¿ ì’ÿòè 
ñïðàâæíüî¿ ³ ìåêñèêàíñüêîãî ñîíÿøíèêó òà â ñåðåäîâèù³, 
â³ëüíîìó â³ä áóð’ÿí³â. Ìåòîäè. Äîñë³äæåííÿ âêëþ÷àëî äâà 
ñêðèí³íãîâèõ åêñïåðèìåíòè çà ïîâí³ñòþ ðåíäîì³çîâàíîþ 
ñõåìîþ â øåñòè ïîâòîðåííÿõ. Ñõåìà äîñë³äó â åêñïåðè-
ìåíòàõ áóëà òàêîþ: 0 (êîíòðîëü), 2, 4, 6, 8 ³ 10 áóð’ÿí³â íà 
ºìí³ñòü äëÿ âèðîùóâàííÿ. Ç óðàõóâàííÿì ïëîù³ ïîâåðõí³ 
âèêîðèñòàíèõ ºìíîñòåé, òàêà ê³ëüê³ñòü â³äïîâ³äàëà 0, 100, 
200, 300, 400 ³ 500 áóð’ÿíàì íà 1 ì2. Ïàðàìåòðè ðîñòó äæó-
òó äîâãîïë³äíîãî ðåºñòðóâàëè ùîòèæíÿ ç 5 äî 8 òèæíÿ 
ï³ñëÿ ñ³âáè, à âðîæàé çáèðàëè ÷åðåç 8 òèæí³â. Óì³ñò äåÿ-
êèõ ñïîëóê ó ðîñëèíàõ äæóòó îö³íþâàëè ç âèêîðèñòàííÿì 
ñòàíäàðòíèõ ïðîöåäóð, âèêëàäåíèõ Àñîö³àö³ºþ îô³ö³éíèõ 
ñ³ëüñüêîãîñïîäàðñüêèõ õ³ì³ê³â. Îòðèìàí³ ðåçóëüòàòè áóëè 
îáðîáëåí³ ³ç çàñòîñóâàííÿì ìåòîä³â äèñïåðñ³éíîãî àíàë³çó 

(ANOVA). Ðåçóëüòàòè. Êîòÿ÷à ì’ÿòà ñïðàâæíÿ é ìåêñèêàí-
ñüêèé ñîíÿøíèê çà ù³ëüíîñò³ â³ä 100 ðîñëèí íà êâàä ðàò íèé 
ìåòð íàá³ëüø íåãàòèâíî âïëèâàëè íà ìîðôîëîã³÷í³ õà ðàê-
òåðèñòèêè äæóòó äîâãîïë³äíîãî. Ö³ áóð’ÿíè, çà ù³ëü íîñ ò³ 
100–500 ðîñëèí íà êâàäðàòíèé ìåòð, çóìîâëþâàëè òàêîæ 
çìåíøåííÿ ñóõî¿ âàãè äæóòó äîâãîïë³äíîãî. Çà ïåâ íèõ
óìîâ, ìåêñèêàíñüêèé ñîíÿøíèê ìîæå òàêîæ ñïðè ÷èíÿòè 
çìåíøåííÿ âì³ñòó ñèðîãî ïðîòå¿íó â äæóò³ äîâãîïë³äíîìó. 
Âèñíîâêè. Äëÿ çàïîá³ãàííÿ âòðàò óðîæàþ ðåêîìåíäóºòüñÿ 
ï³äòðèìóâàòè ÷èñåëüí³ñòü ðîñëèí êîòÿ÷î¿ ì’ÿòè ñïðàâæ-
íüî¿ òà ìåêñèêàíñüêîãî ñîíÿøíèêó â ïîñ³âàõ äæóòó äîâ ãî-
ïë³äíîãî ìåíøîþ í³æ 100 øò./ì2. 

Êëþ÷îâ³ ñëîâà: Corchorus olitorius; ìåêñèêàíñüêèé ñî-
íÿøíèê; êîòÿ÷à ì’ÿòà ñïðàâæíÿ; ãóñòîòà áóð’ÿí³â; óì³ñò 
ñïîëóê.
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Біотехнологія
та біобезпека
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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-

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 (GFLV), 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-

https://doi.org/10.21498/2518-1017.17.2.2021.236525
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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 
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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.
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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, inclu ding 
leafroll (GLRaV’s) and especially Fanleaf (GFLV) 
virus, being rapid, sensitive, reliable, reducing 
the contamination risk and circumventing the 
problem with low viral concentrati on, 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 pat hogens. 

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 
bardh¸’, ‘Debin¸’, ‘Pul¸z’. 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-

ly, about 100 mg of pulverized plant material 
was treated for ten minutes at 56 °C in 900 µl 
CTAB solution (2% CTAB, 100 mM tris HCl, 
20 mM NaEDTA, 1.4M NaCl, 2% PVP) where 
1% β-mercapthoethanol was added prior to use. 
The samples were centrifuged and the suspen-
sion was treated with 900 µl 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 µl 
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 absor ban ce 
was evaluated at 230, 260, and 280 nm, using 
a UV-3100PC (VWR) spectrophotometer. The 
integrity of extracted RNA was evalu ated on 
1% agarose gel. The data were analy sed 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 µl, containing: 12,5 µl 2X 
PlatinumTM SuperFiTM RT-PCR Master Mix, 
10 µM specific forward and reverse primer, 
0.5 µl SuperScriptTM IV RT Mix, a maximum 
of 0.5 µg RNA template and nuclease free wa-
ter up to 25 µl. 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

GLRaV3 LC1 5’ CGCTAGGGCTGTGGAAGTATT 3’
LC2 5’ GTTGTCCCGGGTACCAGATAT 3’ 546 bp [15]

GFLV H2999 5’ TCGGGTGAGACTGCGCAACTTCCTA 3’
C3310 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 isola ting 
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. 

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 met hod 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).

a b
Figure 1. Boxplot chart comparing (a) CTAB-LiCl and CTAB-TRIzol® total yield/100 mg FW and (b) RNA purity 

A260/A280 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 µg/mg, while CTAB-LiCl method 
recorded a total yield of 8.83 ± 0.96 µg/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 

[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 Hančević 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. 

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-

Table 2
Analysed cultivars and overall infection 

(number of samples infected/total number of samples tested)
Cultivar ‘Merlot’ ‘Shesh i zi’ ‘Shesh i Bardh¸’ ‘Kallmet’ ‘Debin¸’ ‘Pul¸z’ 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%

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].

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-
n¸’ variety samples. 

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 – ‘Pul¸s’,

3 – ‘Shesh i zi’, 4 – ‘Shesh i Bardh¸’, 5 – ‘Merlot’, 6 – ‘Debin¸’, 7 – Positive Control, 8 – Negative Control,
(c) M – 100 bp, 1 – Negative control, 2 – Positive control, ‘Pul¸s’ (3, 4), ‘Debin¸’ (5, 6), ‘Kallmet’ (7, 8, 9), 

‘Shesh i bardh¸’ (10, 11, 12), and ‘Shesh i Zi’ (13, 14, 15) tested for GLRaV3

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 

a b

c
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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-
a ses spread across vineyards can prevent plant 
deterioration, increase product quality and 
provide sanitation at the same time. 
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Ìåòà. Ðîñëèíè âèíîãðàäó (Vitis spp.) óðàæóþòüñÿ áàãàòü-
ìà â³ðóñíèìè çáóäíèêàìè, ùî ñïðè÷èíÿþòü ¿õí³ ñåðéîçí³ 
çàõâîðþâàííÿ. Äî íàéïîøèðåí³øèõ íàëåæàòü â³ðóñ ñêðó-
÷óâàííÿ ëèñòÿ âèíîãðàäó (GLRaV-3) òà â³ðóñ êîðîòêîâóçëÿ 
âèíîãðàäó (GFLV), äåñòðóêòèâíèé ïàòîãåí, ÿêèé çìåíøóº 
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òðèâàë³ñòü æèòòÿ âèíîãðàäíî¿ ëîçè. Ç îãëÿäó íà âàæëèâ³ñòü 
³ ïîøèðåííÿ çàõâîðþâàíü, ùî ñïðè÷èíÿþòüñÿ çãàäàíèìè 
â³ðóñàìè, íàøîþ ìåòîþ áóëî ïðîàíàë³çóâàòè ¿õíþ ïðè-
ñóòí³ñòü ó ñîðòàõ âèíîãðàäó ç êîëåêö³¿ Öåíòðó Òðàíñôåðó 
Àãàðíèõ Òåõíîëîã³é (ATTC Vlore). Îòðèìàí³ äàí³ ïðî ðîñëèí-
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í³ ïàòîãåíè ïîòð³áí³ äëÿ çàïîá³ãàííÿ ¿õíüîìó ïîøèðåííþ 
³ º îáîâ’ÿçêîâèìè äëÿ êîíòðîëþâàííÿ ÿêîñò³ ñåðòèô³êîâà-
íîãî ðîñëèííîãî ìàòåð³àëó ï³ä ÷àñ éîãî âåãåòàòèâíîãî ðîç-
ìíîæåííÿ. Ìåòîäè. Íàÿâí³ñòü â³ðóñ³â ïåðåâ³ðÿëè ìåòîäîì 
îäíîñòàä³éíî¿ ÇÒ-ÏËÐ ç âèêîðèñòàííÿì â³ðóñ-ñïåöèô³÷íèõ 
ïðàéìåð³â: ïàðà ïðàéìåð³â LC1 / LC2, ùî ðîçðîáëåíà äëÿ 
äåòåêòóâàííÿ ãåíà hHSP70 â³ðóñó ñêðó÷óâàííÿ ëèñòÿ âèíî-
ãðàäó-3 (GLRaV3), ³ ïàðà ïðàéìåð³â C3390 / H2999, äëÿ 
âèçíà÷åííÿ êîäóâàëüíèõ ïîñë³äîâíîñòåé á³ëêà îáîëîíêè 
â³ðóñó êîðîòêîâóçëÿ âèíîãðàäó (GFLV). Àíàë³ç øåñòè ñîð-
ò³â êóëüòóðè – ‘Merlot’, ‘Kallmet’, ‘Shesh i zi’, ‘Shesh i bardh¸’, 

‘Debin¸’ ³ ‘Pul¸z’ – çä³éñíþâàëè ç âèêîðèñòàííÿì ïðîöåäóðè 
ðàíäîì³çîâàíî¿ âèá³ðêè. Ðåçóëüòàòè. Íàéïîøèðåí³øèì â³-
ðóñîì äëÿ äîñë³äæåíèõ çðàçê³â âèÿâèâñÿ GLRaV3, ÿêèé òðàï-
ëÿâñÿ ó 100% ïðîàíàë³çîâàíèõ ðîñëèí. Âèçíà÷åííÿ â³ðóñó 
GFLV ïîêàçàëî íèçüêèé ð³âåíü ³íô³êóâàííÿ, â³ðóñ áóâ ëèøå 
â îäíîìó çðàçêó. Âèñíîâêè. Ïîêàçàíà ìîæëèâ³ñòü âèêîðèñ-
òàííÿ îäíîñòàä³éíî¿ ÇÒ-ÏËÐ ÿê åôåêòèâíîãî, øâèäêîãî é 
â³äòâîðþâàíîãî ìåòîäó âèÿâëåííÿ â³ðóñ³â âèíîãðàäíî¿ ëîçè. 

Êëþ÷îâ³ ñëîâà: îäíîñòàä³éíà ÇÒ-ÏËÐ; åêñòðàêö³ÿ 
ÐÍÊ; ñîðòè âèíîãðàäó; GLRaV3; GFLV; âåãåòàòèâíå ðîç-
ìíîæåííÿ.
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