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Introduction 
The rate of consumption of spicy-aromatic 

vegetables per year per person in Ukraine 
should be 1.7 kg [1]. According to other data, in 
the average annual norm of vegetable consump-
tion of 161 kg per capita, the share of spicy- 
aromatic vegetables should be about 2.4 kg, in-
cluding about 1.0 kg in the off-season period 
[2]. Other authors also support the consump-
tion rate of 1.7 kg per year, including 0.4 kg 
from greenhouses [3].  At the advice of the 
medical doctor, a person should consume 2 kg 
of spicy-aromatic vegetables per year, of which 
1.5 kg should be grown in open ground, and 
0.5 kg in greenhouses [4].

In view of the prospects of using and the 
efficiency of cultivation, basil (Ocimum basili-
cum L.) deserves special attention, although 

UDC 631.526.1/8:262:635.71(477.46)  https://doi.org/10.21498/2518-1017.17.4.2021.248975

Adaptive variability of basil (Ocimum basilicum L.) 
varieties
I. O. Kucher

Uman National University of Horticulture, 1 Instytutska St., Uman, Cherkasy region, 20305, Ukraine, 
e-mail: inna.kucher95@gmail.com

Purpose of the research was to estimate the state of varietal resources and adaptive-and-productive potential of basil 
plants. Methods. Field, laboratory, statistical and calculation-analytical. The field work included marking out of the ex-
perimental plot and field work. The laboratory method was used to analyze plants, assess the quality of the crop, and study 
physical, chemical and microbiological properties of the soil. Statistical and analytical calculation methods were used to 
calculate the results. Results. The varieties of ‘Temnyi Opal’, ‘MFI-2’, ‘Siaivo’ and ‘Badioryi’ where the regression coefficient 
was in the range of 0.57–0.78 can be included to the group of highly plastic varieties by the “commodity yield” feature ac-
cording to the results of research.  The highest rate of breeding value by the “plant weight” trait was observed in the variety 
of ‘Temnyi Opal’, Sc = 347.22. The group of highly plastic varieties on the basis of “plant weight” trait included the varie-
ties ‘Mister Barns’, ‘MFI-2’, ‘Rutan’, ‘Siaivo’ and ‘Badioryi’, where the regression coefficient was in the range of 0.91–0.99. 
The varieties ‘Temnyi Opal’, ‘Yerevanskyi’, ‘Ametyst’ and ‘Lymonnyi Aromat’ were classified as intensive. The regression 
coefficient of these varieties was in the range of 1.03–1.16. The analysis of the combination of high productivity, quantita-
tive characteristics of the crop structure with the level of ecological plasticity and stability indicates different ways of these 
indicators formation in separate varieties. It was revealed that a high level of plasticity and yield stability did not guarantee a 
similar result on some quantitative features of its structure. Conclusions. The degree of adaptability of basil varieties can also 
be assessed by the value of the parameters of features variation. The obtained results will allow more objectively assessing the 
adaptive-and-productive potential of varieties and qualitatively selecting initial forms for further breeding for adaptability. 

Keywords: adaptive ability; stability; plasticity; morphometric parameters; yielding capacity.

Inna Kucher
https://orcid.org/0000-0002-2864-5252
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та сортознавствота сортознавство

now its plantings are very few [5]. Cultivation 
of the genus Ocimum L. is growing all over 
the world due to its pharmaceutical and nut-
raceutical value, as well as easy adaptation to 
different soil and climatic conditions [6].

An important feature of basils is their un-
pretentiousness to agro-climatic growing con-
ditions. However, basils in Ukraine occupy 
insignificant areas. Usually they are grown by 
amateurs and certain processing enterprises 
[7]. In recent years, there has been a positive 
trend towards an increase in the species and 
varietal composition of basils to fill the mar-
ket with their own high-quality plant raw ma-
terials and products [8]. Extension of the exis-
ting assortment of basils is constrained by 
insufficient knowledge of varietal diversity, 
the biology of new and less common varieties, 
and the lack of the required amount of seed 
and planting material [9].

Therefore, the analysis of the prospects for 
basil species growing, the study of their varie-
tal diversity is relevant and important both 
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for the Right-Bank Forest-Steppe of Ukraine, 
since this soil-climatic zone is one of the most 
promising for growing aromatic plants, and 
for Ukraine as a whole.

 The aim of the research was a comprehen-
sive assessment of the state of varietal re-
sources and the potential of basils in the con-
ditions of the Right-Bank Forest-Steppe of 
Ukraine.

 
Materials and methods 
The research was conducted in 2019–2021 

on the experimental field of Uman National 
University of Horticulture. The relief of the 
experimental field was flat with a slope in the 
southern direction. The soil of the experimen-
tal plot is chernozem podzolic hard loam with 
a well-developed humus horizon (about 3%). 
The following varieties of basil were studied: 
‘Badioryi’, ‘Temnyi Opal’, ‘Yerevanskyi’, 
‘Ametyst’, ‘Mister Barns’, ‘Lymonnyi Aro-
mat’, ‘MFI-2’, ‘Rutan’, ‘Siaivo’. ‘Badioryi’ 
variety served as a control, as at the time of 
the research it was the most tested and for the 
longest time was in the State Register of Plant 
Varieties Suitable for Distribution in Ukraine. 
Varieties ‘Badioryi’,  ‘Siaivo’ and ‘Rutan’ are 
included in the Register of Plant Varieties of 
Ukraine. The originator of ‘Badioryi’ variety 
is «Nasko» agricultural company; «Maiak» 
Experimental Station of the Institute of Vege-
table and Melon Growing is the originator of 
‘Rutan’ and ‘Siaivo’ varieties. Given biomet-
ric parameters of basil plants were studied: 
plant height, leaf area, number of leaves, 
number of first order tillers. A randomized 
field experiment was conducted. The experi-
ment was performed in four repetitions. The 
experimental plot measured 10 m2, with 67 
basil plants on it. The cassette method of 
growing seedlings was used with a cell size of 
6 × 6 cm. Seedlings were planted with a spa-
cing of 50 × 30 cm. Morphological parameters 
were measured in 40 marked plants, 10 plants 
in repetition.  

Statistical processing of results. Mathema-
tical processing was carried out by the method 
of dispersion analysis. The coefficient of li-
near regression of the yield of a variety shows 
its response to changing growing conditions. 
The higher was the value of the coefficient 
(bi), the better was the response of the variety. 
In the case of bi < 1, the variety reacted poor-
ly to changing environmental conditions. 
When bi = 1, there was a complete correspon-
dence between the change in the yield of the 
variety in accordance with the change in gro-
wing conditions [10]. 

The total homeostaticity of varieties (H
om

) 
was calculated according to the method of 
V. V. Khangildin [11, 12]. 

The variation of the yield trait (H
om

) was 
determined by the formula: 

    X2

Íom =  
__,  (1)

      σ

Where
X – arithmetic mean value of the feature; 
σ –  generalized standard deviation. 
Breeding value of the variety: 
           Xlim(Sc) = X × __ (2)
           Xopt

X – arithmetic mean value of the feature; 
Xlim – arithmetic mean limited; 
Xopt – arithmetic mean is optimal. 
Multiplication coefficient (MC). In order to 

avoid a linear artifact of the regression coef-
ficient, V. A. Dragavtsev introduced a new 
parameter in 1981 – the multiplication coef-
ficient, which allows comparing the variabi-
lity of a trait [13]. The higher the numerical 
value of this coefficient, the more the sign 
changes:

        X
i 
+

 
bi × yiMC =   (3)

              xi

Where:

 xi
 – average value of the studied trait in 

the i variety; 
bi – coefficient of linear regression of the 

i-variety; 
yi – average value for all averages for all 

varieties yi for each j point of the experiment.
Index of ecological plasticity (according to 

the method of A. O. Gryaznov): 
         (  ÓÂ1     ÓÂ2 +

 
....

 
+ ÓÂ

n  )           ÑÓÎ1  ÑÓÎ2             ÑÓÎn²ÅP =           n             (4)
ÓÂ

1
, ÓÂ

2
, ÓÂ

n
 are the value of the trait in 

the variety in different years of testing; 
ÑÓÎ

1
, ÑÓÎ

2
, ÑÓÎ

n
 are the average value of 

variety trait for each of the variants of the 
experiment [14]. 

To determine the adaptive capacity, the va-
riety coefficient of adaptability (CA) was used. 

The annual coefficient of adaptability (CA) 
was calculated using the formula [15]: 

CA = (Xij) × 100 : X) : 100, (5) 
where:
Xij – characteristic of a certain variety in 

the year of testing; X – average varietal value 
of the trait in a particular year. 

The absolute average coefficient of adapta-
bility (CAA) was calculated for the variety by 
the formula: 
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CAA = (Õ³Ñ) × 100 : Õb) : 100  (6)
where: 
Õ³Ñ – average value of the variety trait over 

the years of testing; Õb – long-term average 
varietal value of the trait. 

Stress resistance and compensatory abili ty 
of varieties were determined according to            
A. A. Rossielle and S. Hemblin [16]: 

SR = Y
min

 – Y
max

 (7)
        Ymin – YmaxCA =  (8)
         2

where: 
Ymin, Ymax – the minimum and maximum va-

lue of the variety trait. 
The coefficient of variation is a relative 

value that serves to characterize the disper-
sion (variability) of a trait. It is the ratio of 
the standard deviation SD to the arithmetic 
mean, expressed as a percentage: 

        SD
CV =  (9)
         X

The coefficient of variation is used when it is 
necessary to compare the variability of the fea-
tures of an object, expressed in different units 
of measurement [17]. It has meaning exclusive-
ly for quantities measured in ratio scales: 

CV < 10% – weak variation; 
CV 11–25% – average; 
CV > 25% – significant. 
Statistical processing of the obtained results 

was performed with the calculation of the 
arithmetic mean (x) of the standard deviation 
(SD), calculated using Microsoft Excel 2016.

Results and discussion 
Such morphological features of basils as 

plant height, leaf area and bush density not on-

ly have a direct impact on crop productivity, 
but are also used in breeding to create varieties 
suitable for mechanized harvesting (the higher 
and denser the bush, the greater its suitability 
for high-quality mechanized harvesting). For 
some crops, including basils, a compact (com-
pressed) type of bush branching is preferable, 
which facilitates inter-row cultivation [18]. 
Low-growing plants can be used in breeding to 
create ornamental varieties and varieties in-
tended for growing in confined spaces. Medi-
um-sized and low-growing basil varieties also 
have greater resistance to lodging, which can 
be used in breeding for this trait [19].

The dynamics of growth and development of 
basils (plant height, leaf area, number of 
leaves and number of first order tillers) at 
different stages is characterized by the data 
presented in Table 1. According to the results 
of the studies, plant height was the least vari-
able sign. All the studied varieties were charac-
terized by low variability of the trait; their 
indicator was at the level of 3–9%. In general, 
the intervarietal variation for this trait was 
19%, indicating medium variability. 

On the basis of the leaf area, the varieties 
‘Ametyst’, ‘Yerevanskyi’ and ‘Temnyi Opal’ 
turned out to be slightly changing, which had 
an indicator in the range of 6–10%. Varieties 
‘Badioryi’, ‘Mister Barns’, ‘Lymonnyi Aro-
mat’, ‘MFI-2’, ‘Rutan’ and ‘Siaivo’ were mode-
rately changing, where the coefficient of vari a-
tion was in the range of 11–24%.

In terms of the leaf number, differences were 
noted between the varieties ‘Badioryi’, ‘Temnyi 
Opal’, ‘Ametyst’ and ‘Siaivo’, which were wi-
thin 21–24%, what indicates the average varia-
bi lity of the trait. Varieties ‘Yerevanskyi’, ‘Mis-
ter Barns’, ‘Lymonnyi Aromat’, ‘MFI-2’ and 
‘Rutan’ were characterized by strong variability 

Table 1
Morphometric indicators of basil varieties and the degree of their variability 

(mean for 2019–2021)

Variety 
Plant height, cm Leaf area, cm2 Number of leaves, pcs. Number of first order 

tillers, pcs.
õ±Sd CV, % õ±Sd CV, % õ±Sd CV, % õ±Sd CV, %

‘Badioryi’* 58.2±1.7 3 17.78±2.0 12 277.83±58.3 21 9.99±1.63 16
‘Temnyi Opal’ 59.4±1.6 3 26.69±2.3 9 301.81±73.2 24 10.66±0.95 9
‘Yerevanskyi’ 46.6±2.5 6 22.69±2.1 10 231.19±69.4 30 9.33±0.94 10
‘Ametyst’ 35.8±2.9 8 20.40±1.2 6 186.55±45.2 24 6.71±1.00 15
‘Mister Barns’ 37.5±2.3 6 14.47±2.2 16 201.21±55.8 27 6.66±0.94 14
‘Lymonnyi Aromat’ 36.3±3.2 9 14.10±2.7 19 200.87±56.2 28 6.66±0.94 14
‘MFI-2’ 39.0±1.8 5 16.87±3.9 24 220.86±63.7 29 7.33±0.94 13
‘Rutan’ 44.5±3.6 8 25.06±2.7 11 247.85±64.6 26 8.00±1.63 20
‘Siaivo’ 53.0±2.3 4 22.43±2.95 13 258.84±62.8 24 8.66±0.94 11

Xmed. 45.6 20.1 236.7 8.2
SD 8.80 4.27 36.03 1.43

CV, % 19 21 15 17
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(CV = 26–30%). The most stable varieties ‘Tem-
nyi Opal’, ‘Ametyst’ and ‘Siaivo’, with the coef-
ficient of variation of 24% were among them.

According to the trait, the number of first 
order tillers ‘Temnyi Opal’ and ‘Yerevanskyi’ 
varieties, with the indicator of 9 and 10%, 
turned out to be slightly changing. Other va-
rieties were characterized by medium variabili-
ty and were at the level of 11–20%.

As a result of the analysis, the group of 
highly plastic varieties included: ‘Mister 
Barns’, ‘MFI-2’, ‘Rutan’, ‘Siaivo’ and ‘Badio-
ryi’, where the regression coefficient was in 
the range of 0.91–0.99. Varieties ‘Temnyi 
Opal’, ‘Yerevanskyi’, ‘Ametyst’ and ‘Lymon-
nyi Aromat’ were classified as intensive, their 
regression coefficient was in the range of 
1.03–1.16 (Table 2).

Table 2
Parameters of adaptability of basil varieties depending on plant weight 

(mean for 2019–2021)
Variety Xmed. b³ Hom Sc MC IEP SR CA

‘Badioryi’* 303.4 0.95 1206.11 336.64 1.84 1.14 –146.59 320.14
‘Temnyi Opal’ 312.9 1.04 1283.11 347.22 1.89 1.17 –159.20 332.44
‘Yerevanskyi’ 243.8 1.06 778.83 270.52 2.17 0.90 –160.70 265.23
‘Ametyst’ 207.2 1.03 562.47 229.89 2.34 0.76 –158.80 226.31
‘Mister Barns’ 279.4 0.91 1023.11 310.05 1.87 1.05 –141.66 294.69
‘Lymonnyi Aromat’ 226.5 1.16 672.12 251.30 2.38 0.82 –177.71 248.75
‘MFI-2’ 298.0 0.93 1164.16 330.73 1.83 1.12 –145.61 312.65
‘Rutan’ 263.4 0.99 909.40 292.32 2.01 0.98 –152.67 281.21
‘Siaivo’ 282.7 0.93 1047.62 313.75 1.88 1.06 –149.65 294.69

*Xmed. – mean value on the basis of plants; b³ – coefficient of linear regression of the 
variety; Hom – general homeostaticity of the variety; SC – breeding value of the variety;            
MC – multiplication coefficient; IEP – index of ecological plasticity; SR – stress resistance; CA – 
compensatory ability of varieties.

Medium-plastic varieties were not revealed 
du ring the research. Varieties ‘Temnyi Opal’ 
(Hom – 1283.11; Sc – 347.22), ‘MFI-2’ (Hom – 
1164.16; Sc – 330.73), were characterized by 
high homeostaticity (Hom) and breeding va-
lue (Sc); variety ‘Badioryi’ also had a high 
homeosta sis (Hom – 1206.11; Sc – 336.64). 
The highest value of breeding value was noted 
in variety ‘Temnyi Opal’ – 347.22, which was 
sig nificantly higher than the control and other 
studied varieties. The coefficient of adaptive 
capacity over the years of research in basil 
cultivars varied slightly (Table 3). 

Table 3
Coefficient of adaptability of basil varieties based

on plant weight (2019–2021)

Variety 
Annual coefficient 

of adaptability 
Absolute coefficient 

of adaptability 
(CAA)2019 2020 2021

‘Temnyi Opal’ 1.17 1.21 1.13 1.16
‘Yerevanskyi’ 0.86 0.89 0.95 0.91
‘Ametyst’ 0.72 0.70 0.84 0.77
‘Mister Barns’ 1.07 1.07 1.01 1.04
‘Lymonnyi Aromat’ 0.78 0.77 0.93 0.84
‘MFI-2’ 1.15 1.15 1.06 1.11
‘Rutan’ 0.98 0.98 0.98 0.98
‘Siaivo’ 1.11 1.05 1.02 1.05
‘Badioryi’* 1.16 1.18 1.08 1.13

So, on average, over the years of research, 
the most adaptive varieties were ‘MFI-2’ (CAA 

= 1.11), ‘Badioryi’ (CAA = 1.13), ‘Temnyi 
Opal’ (CAA = 1.16).

Varieties ‘Yerevanskyi’, ‘Mister Barns’, 
‘Rutan’ and ‘Siaivo’ were characterized as 
moderately adaptive and had an index in the 
range of 0.91–1.05. Varieties ‘Ametyst’ and 
‘Lymonnyi Aromat’ proved to be low adaptive 
(CÀÀ = 0.77–0.84).

As a result of statistical analysis, the group 
of highly plastic varieties included: ‘Temnyi 
Opal’, ‘MFI-2’, ‘Siaivo’ and ‘Badioryi’, where 
the regression coefficient was in the range of 
0.57–0.78. Intensive varieties include: ‘Yere-
vanskyi’, ‘Ametyst’, ‘Mister Barns’, ‘Lymon-
nyi Aromat’ and ‘Rutan’, where the regres-
sion coefficient was in the range of 1.07–1.54. 
These varieties respond well to improved en-
vironmental conditions, so they are best used 
in intensive growing technologies that provide 
maximum early production. Medium-plastic 
varieties were not identified during the re-
search (Table 4).

Varieties ‘Temnyi Opal’ (Hom – 96.23; Sc – 
18.02), ‘MFI-2’ (Hom – 83.67; Sc – 16.80) 
were characterized by high homeostaticity 
(Hom) and breeding value (Sc). Variety ‘Badio-
ryi’ also had a high homeostaticity (Hom – 
89.55; Sc – 17.38). The highest value of bree ding 
value was noted in ‘Temnyi opal’ variety –
18.02, which was significantly higher than 
the control and other studied varieties. On 
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ave rage, over the years of research, the most 
adaptive varieties were ‘MFI-2’ (CÀÀ = 1.13), 
‘Badioryi’ (ÊÀÀ = 1.17), ‘Temnyi Opal’ (CÀÀ = 
1.22). Varieties ‘Yerevanskyi’, ‘Mister Barns’, 
‘Rutan’ and ‘Siaivo’ were characterized as me-
dium adaptive and had an index in the range 
of 0.92–1.06. Varieties ‘Ametyst’ and ‘Lymon-
nyi Aromat’ proved to be low adaptive (CÀÀ = 
0.74–0.82) (Table 5).

Table 5
Coefficient of adaptability of basil varieties 

based on marketable yield (2019–2021)

Variety
Annual coefficient 

of adaptability
Absolute 

coefficient of 
adaptability (CAA)2019 2020 2021

‘Badioryi’* 1.23 1.24 1.08 1.17
‘Temnyi Opal’ 1.26 1.28 1.13 1.22
‘Yerevanskyi’ 0.89 0.89 0.95 0.92
‘Ametyst’ 0.69 0.68 0.84 0.74
‘Mister Barns’ 0.98 0.99 1.01 0.99
‘Lymonnyi Aromat’ 0.75 0.75 0.93 0.82
‘MFI-2’ 1.19 1.17 1.06 1.13
‘Rutan’ 0.94 0.91 0.98 0.95
‘Siaivo’ 1.07 1.09 1.02 1.06

Conclusions
The study of productivity, variability of 

morphometric parameters, adaptive proper-
ties of basil varieties made it possible to 
identify the best of them for the conditions 
of the Right-Bank Forest-Steppe of Ukraine. 
According to the results of the research, the 
following varieties can be attributed to the 
group of highly plastic ones on the basis of 
«commercial yield» trait: ‘Temnyi Opal’, 
‘MFI-2’, ‘Siaivo’ and ‘Badioryi’, for which 
the regression coefficient was in the range 
of 0.57–0,78. Varieties ‘MFI-2’ (CAA = 
1.11), ‘Badioryi’ (CAA = 1.13), ‘Temnyi 
Opal’ (CAA = 1.16) turned out to be the 
most adaptive based on the trait «plant 
weight»; varieties ‘Badioryi’ (CÀÀ = 1.17), 
‘Temnyi Opal’ (CÀÀ = 1.16), and ‘MFI-2’ 
(CÀÀ = 1.13) – according to the trait «com-

Table 4
Parameters of adaptability of basils depending on the variety 

in terms of their marketable yield (mean for 2019–2021)
Variety Xmed. b³ Hom Sc MC IEP SR CA

‘Badioryi’* 15.3 0.57 89.55 17.38 1.49 1.18 –2.27 15.43
‘Temnyi Opal’ 15.9 0.66 96.23 18.02 1.54 1.22 –2.55 16.08
‘Yerevanskyi’ 11.9 1.14 54.48 13.56 2.25 0.91 –4.25 12.43
‘Ametyst’ 9.7 1.38 36.07 11.03 2.85 0.74 –5.07 10.34
‘Mister Barns’ 12.9 1.07 63.94 14.69 2.08 0.99 –3.99 13.40
‘Lymonnyi Aromat’ 10.7 1.54 43.44 12.11 2.88 0.81 –5.62 11.41
‘MFI-2’ 14.8 0.66 83.67 16.80 1.59 1.14 –2.73 14.87
‘Rutan’ 12.4 1.19 58.51 14.05 2.26 0.95 –4.56 12.78
‘Siaivo’ 13.8 0.78 72.50 15.64 1.74 1.06 –2.96 14.08

mercial yield». An analysis of the combinati-
on of high productivity, quantitative charac-
teristics of the crop structure with the level 
of ecological plasticity and stability indi-
cates different ways of forming these indi-
cators in individual varieties. It was re-
vealed that a high level of plasticity and 
yield stability does not give a similar result 
in terms of individual quantitative charac-
teristics of its structure.
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Ðîññèè. 2019. ¹ 3. Ñ. 18–20. doi: 10.18619/2072-9146-2019-
3-18-20

19. Ñà÷èâêî Ò. Â. Îöåíêà èñõîäíîãî ìàòåðèàëà áàçèëèêà (Ocimum L.) 
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Ìåòà. Îö³íþâàííÿ ñòàíó ñîðòîâèõ ðåñóðñ³â ³ àäàïòèâíî-
ïðîäóêòèâíîãî ïîòåíö³àëó ðîñëèí âàñèëüê³â ñïðàâæí³õ 
(áàçèë³êó). Ìåòîäè. Ïîëüîâ³, ëàáîðàòîðí³, ñòàòèñòè÷í³ 
³ ðîçðàõóíêîâî-àíàë³òè÷í³. Äî ïîëüîâèõ íàëåæàëè ðîç-
áèâêà äîñë³äíî¿ ä³ëÿíêè òà ïîëüîâ³ ðîáîòè. Ëàáîðàòîð-
íèé ìåòîä çàñòîñîâóâàëè äëÿ àíàë³çó ðîñëèí, îö³íþâàííÿ 
ÿêîñò³ âðîæàþ, äîñë³äæåííÿ ô³çè÷íèõ, õ³ì³÷íèõ òà 
ì³êðîá³îëîã³÷íèõ âëàñòèâîñòåé ´ðóíòó. Ñòàòèñòè÷íèì òà 
ðîçðàõóíêîâî-àíàë³òè÷íèì ìåòîäàìè îá÷èñëþâàëè ðå-
çóëüòàòè. Ðåçóëüòàòè. Çà ðåçóëüòàòàìè äîñë³äæåíü äî 
ãðóïè âèñîêîïëàñòè÷íèõ ñîðò³â çà îçíàêîþ «òîâàðíà 
âðîæàéí³ñòü» áóëî â³äíåñåíî ñîðòè ‘Òåìíèé îïàë’, ‘ÌÔ²-2’, 
‘Ñÿéâî’ òà ‘Áàäüîðèé’, äå êîåô³ö³ºíò ðåãðåñ³¿ áóâ ó ìåæàõ 
0,57–0,78. Íàéâèùå çíà÷åííÿ ñåëåêö³éíî¿ ö³ííîñò³ çà îç-
íàêîþ «ìàñà ðîñëèí» áóëî â³äçíà÷åíî ó ñîðòó ‘Òåìíèé 
îïàë’, Sc = 347,22. Äî ãðóïè âèñîêîïëàñòè÷íèõ ñîðò³â çà îç-
íàêîþ «ìàñà ðîñëèí» áóëî â³äíåñåíî ñîðòè ‘Ì³ñòåð Áàðíñ’, 
‘ÌÔ²-2’, ‘Ðóòàí’, ‘Ñÿéâî’ òà ‘Áàäüîðèé’, äëÿ ÿêèõ êîåô³ö³ºíò 

ðåãðåñ³¿ áóâ ó ìåæàõ 0,91–0,99. Äî ³íòåíñèâíèõ â³äíåñëè 
ñîðòè ‘Òåìíèé îïàë’, ‘ªðåâàíñüêèé’, ‘Àìåòèñò’ òà ‘Ëèìîííèé 
àðîìàò’. Ïîêàçíèê êîåô³ö³ºíòó ðåãðåñ³¿ äëÿ öèõ ñîðò³â 
çíàõîäèâñÿ ó ìåæàõ 1,03–1,16. Àíàë³ç ïîºäíàííÿ âèñîêî¿ 
ïðîäóêòèâíîñò³, ê³ëüê³ñíèõ îçíàê ñòðóêòóðè âðîæàþ ç 
ð³âíåì åêîëîã³÷íî¿ ïëàñòè÷íîñò³ òà ñòàá³ëüíîñò³ ñâ³ä÷èòü 
ïðî ð³çí³ øëÿõè ôîðìóâàííÿ öèõ ïîêàçíèê³â îêðåìèõ 
ñîðò³â. Âñòàíîâëåíî, ùî âèñîêèé ð³âåíü ïëàñòè÷íîñò³ òà 
ñòàá³ëüíîñò³ âðîæàéíîñò³ íå ãàðàíòóº àíàëîã³÷íîãî ðå-
çóëüòàòó çà îêðåìèìè ê³ëüê³ñíèìè îçíàêàìè éîãî ñòðóê-
òóðè. Âèñíîâêè. Çà âåëè÷èíîþ ïàðàìåòð³â âàð³þâàííÿ 
îçíàê ìîæíà îö³íþâàòè ñòóï³íü àäàïòèâíîñò³ ñîðò³â 
âàñèëüê³â ñïðàâæí³õ. Îòðèìàí³ ðåçóëüòàòè äîçâîëÿòü 
îá’ºêòèâíî îö³íèòè àäàïòèâíî-ïðîäóêòèâíèé ïîòåíö³àë 
ñîðò³â òà ÿê³ñíî ïðîâåñòè äîá³ð âèõ³äíèõ ôîðì äëÿ 
ïîäàëüøî¿ ñåëåêö³¿ íà àäàïòèâí³ñòü.
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Ñîðòîâèâ÷åííÿ òà ñîðòîçíàâñòâî

Âñòóï
Ðîäèíà Fabaceae – ðîñëèíè ³ç âèñîêèì 

âì³ñòîì ïîæèâíèõ ðå÷îâèí, çîêðåìà ïðîòå¿-
íó, à òàêîæ á³îàêòèâíèìè ô³òîåñòðîãåíàìè, 
ùî ðîáèòü ¿õ ïåðñïåêòèâíèìè äëÿ âèêîðèñ-
òàííÿ ó ð³çíèõ ñôåðàõ ãîñïîäàðþâàííÿ [1]. 
Âèäè ðîäó Galega º îäíèìè ³ç íàéö³íí³øèõ 
é âîäíî÷àñ ìàëîâèâ÷åíèìè ïðåäñòàâíèêàìè 
ö³º¿ ðîäèíè [2]. 

Ðîñëèíè âèäó G. orientalis äîñë³äæóþòüñÿ, 
çîêðåìà, ÿê êîðìîâ³ [3–7] çàâäÿêè ¿õí³é âè-
ñîê³é ïðîäóêòèâíîñò³ [8], ñò³éêîñò³ â ð³çíèõ 
êë³ìàòè÷íèõ óìîâàõ, åêîíîì³÷í³é ðåíòà-
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Ìåòà. Âñòàíîâèòè îñîáëèâîñò³ ôîðìóâàííÿ åëåìåíò³â ïðîäóêòèâíîñò³ ðîñëèí âèä³â ðîäó Galega çàëåæíî â³ä ñîðòîâèõ 
âëàñòèâîñòåé òà óìîâ âåãåòàö³¿ çà ³íòðîäóêö³¿ â Ïðàâîáåðåæíîìó Ë³ñîñòåïó Óêðà¿íè. Ìåòîäè. Óïðîäîâæ 2004–2020 ðð. 
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áåëüíîñò³. Ñåðåä ïåðåâàã öèõ ðîñëèí ìîæíà 
â³äì³òèòè òðèâàëå æèòòÿ àãðîô³òîöåíîç³â 
[9]. Çà ðàííüîñòèãë³ñòþ ö³ ðîñëèíè ïåðåâà-
æàþòü â³äîì³ àíàëîãè, õàðàêòåðèçóþòüñÿ 
ï³äâèùåíîþ ìîðîçîñò³éê³ñòþ, ëèñòêè íå 
îñèïàþòüñÿ â ñ³í³, ðîñëèíè íå ïîøêîäæó-
þòüñÿ øê³äíèêàìè òà õâîðîáàìè [10]. Çà 
êîðìîâèìè õàðàêòåðèñòèêàìè G. îrientalis 
íå ïîñòóïàºòüñÿ ³íøèì áîáîâèì êóëüòóðàì, 
òàêèì ÿê Trifolium pratense òà Medicago 
sativa. Âèêîðèñòàííÿ ¿¿ íà êîðì ìîæëèâå ÿê 
ó âèãëÿä³ çåëåíî¿ ìàñè, òàê ³ â ñóõîìó.                 
Çà âåãåòàö³éíèé ïåð³îä âèñîêîâðîæàéíèé             
òðàâîñò³é ìîæå çàáåçïå÷èòè âèõ³ä áëèçüêî 
3 ò/ãà á³ëêà. Ïîð³âíÿëüí³ äîñë³äæåííÿ 
G. îrientalis òà Medicago sativa ïîêàçàëè, ùî 
ö³ êóëüòóðè õàðàêòåðèçóþòüñÿ íå ò³ëüêè âè-
ñîêîþ ïðîäóêòèâí³ñòþ, à ìîæóòü âèêîðèñ-
òîâóâàòèñü ÿê â³äíîâëþâàëüíå äæåðåëî 
åíåðã³¿ [11–13]. Äîñë³äæåííÿ ðîñëèííî¿ ñèðî-
âèíè ó ð³çíèõ ôàçàõ âåãåòàö³¿ äîçâîëèëî 
ç’ÿñóâàòè, ùî çåëåíà ìàñà G. îrientalis º ö³í-
íîþ ñèðîâèíîþ äëÿ çàãîò³âë³ ñ³íà çà óìîâè 
äîòðèìàííÿ òåõíîëîã³÷íèõ âèìîã [14].

Â óìîâàõ ïîì³ðíîãî êë³ìàòè÷íîãî ïîÿñó 
âåãåòàö³éíèé ïåð³îä ðîñëèí ñêëàäàº 85–114 
ä³á çàëåæíî â³ä ðîêó æèòòÿ. 

Âèêîðèñòàííÿ íà á³îïàëèâî G. îrientalis 
ðåêîìåíäîâàíî ï³ñëÿ ïåðøîãî â³ä÷óæåííÿ 



275ISSN 2518-1017  Plant Varieties Studying and protection, 2021, Vol. 17, No 4

Variety studying and variety science

íàäçåìíî¿ ÷àñòèíè, à ÿê êîðìîâî¿ êóëüòóðè –
ï³ñëÿ äðóãîãî. Âðîæàéí³ñòü ñóõî¿ ìàñè 
9,1–12,8 ò/ãà [15]. 

Ó Íàö³îíàëüíîìó áîòàí³÷íîìó ñàäó ³ìåí³ 
Ì. Ì. Ãðèøêà ÍÀÍ Óêðà¿íè ó â³ää³ë³ êóëü-
òóðíî¿ ôëîðè âèâåäåíî ñîðòè âèäó G. orienta-
lis – ‘Ðÿá÷èê’ [16], ‘ÍÁÑ-75’, ‘Êàâêàçüêèé 
áðàíåöü’, ‘Ñàëþò’, âèäó G. officinalis – ‘Ôëà-
ì³íãî’ [17] òà ‘Ãàðàíò’.

Âïðîâàäæåííÿ êîçëÿòíèêà ó âèðîáíèöòâî 
ÿê åíåðãåòè÷íî¿ êóëüòóðè, îêð³ì îòðèìàííÿ 
äåøåâî¿ á³îìàñè, ñïðèÿòèìå çìåíøåííþ 
åíåðãîâèòðàò, çáàãà÷åííþ òà ïîë³ïøåííþ 
ñòðóêòóðè ´ðóíòó, çàõèñòó â³ä ïîâ³òðÿíî¿ òà 
âîäíî¿ åðîç³é. Âàæëèâîþ îñîáëèâ³ñòþ ö³º¿ 
êóëüòóðè º òðèâàëèé ïåð³îä ãîñïîäàðñüêîãî 
âèêîðèñòàííÿ (ïîíàä 10 ðîê³â), ñòàá³ëüíà 
âèñîêà ïðîäóêòèâí³ñòü. Áàãàòîôóíêö³îíàëü-
í³ñòü êîçëÿòíèêà äîçâîëÿº éîãî âèêîðèñòàí-
íÿ ó ñèðîâèííîìó êîíâåºð³ â ðîë³ íîâî¿ ñè-
äåðàëüíî¿, ìåäîäàéíî¿, ë³êàðñüêî¿, êîðìîâî¿ 
êóëüòóðè, à òàêîæ ÿê åíåðãåòè÷íî¿ ðîñëèíè 
äëÿ âèðîáíèöòâà á³îïàëèâà. Äîñèòü âàæëè-
âîþ îñîáëèâ³ñòþ êîçëÿòíèêà º åêîëîã³÷íà 
ïëàñòè÷í³ñòü ùîäî ïðèñòîñóâàííÿ äî ð³çíèõ 
çîâí³øí³õ ôàêòîð³â: õîëîäî-, çèìî-, ìîðîçî- 
³ ïîñóõîñò³éê³ñòü.

Ìàòåð³àëè òà ìåòîäè äîñë³äæåíü
Ó ðîáîò³ âèêîðèñòîâóâàëè òåîðåòè÷íèé òà 

ïðàêòè÷íèé ìåòîä äîñë³äæåííÿ âåãåòàö³éíî-
ãî ïåð³îäó – çà ôàçàìè ðîçâèòêó (ôåíîëîã³÷-
í³ ôàçè) â³äïîâ³äíî äî çàãàëüíîïðèéíÿòèõ 
ìåòîäèê. Ïðîäóêòèâí³ñòü íàäçåìíî¿ ìàñè 

âèçíà÷àëè çà ìåòîäèêàìè ÂÍÄ², Â³ííèöüêî-
ãî íàóêîâî-äîñë³äíîãî ³íñòèòóòó êîðì³â [18]. 
Âèçíà÷àëè âì³ñò ñóõîãî çàëèøêó çã³äíî ³ç 
çàãàëüíîïðèéíÿòîþ ìåòîäèêîþ [19]. Åíåðãå-
òè÷íó ö³íí³ñòü ñèðîâèíè âèçíà÷àëè íà êàëî-
ðèìåòð³ IKA C-200. Àêòèâí³ñòü ñèìá³îòè÷-
íî¿ àçîòô³êñàö³¿ äîñë³äæóâàëè çà ìåòîäèêîþ 
Â. Â. Âîëêîãîíà [20]. Ñòàòèñòè÷íó îáðîáêó 
åêñïåðèìåíòàëüíèõ äàíèõ âèêîíàíî çã³äíî  
ç ìåòîäèêîþ Ã. Ì. Çàéöåâà (1973, 1983), 
Á. Î. Äîñïºõîâà [21] ç âèêîðèñòàííÿì ïðîã-
ðàìè Anova. Äëÿ àíàë³çó ðåçóëüòàò³â ñòà-
òèñòè÷íèõ îáðàõóíê³â âèêîðèñòîâóâàëè 
ñåðåäí³ àðèôìåòè÷í³ (M), ïîõèáêè ñåðåä-
íüî¿ àðèôìåòè÷íî¿ (m), ñòàíäàðòíå â³äõè-
ëåííÿ (σ).

Ðåçóëüòàòè äîñë³äæåíü
Çàëó÷åí³ äî ³íòðîäóêö³éíîãî ïðîöåñó ðîñ-

ëèíè âèä³â ðîäó Galega ïðåäñòàâëåí³ áàãàòî-
ð³÷íèìè òðàâ’ÿíèñòèìè ðîñëèíàìè, íàäçåì-
íà ÷àñòèíà ÿêèõ ÿâëÿº ñîáîþ ñèñòåìó îäíî-
ð³÷íèõ ïàãîí³â (ðèñ. 1). Âèñîòà ðîñëèí ñòà-
íîâèòü 140–150 ñì çàëåæíî â³ä óìîâ çðîñ-
òàííÿ. Ëèñòêè íåïàðíîïåðèñòîñêëàäí³, ç 
5–6 ïàð ÿéöåïîä³áíèõ ëèñòî÷ê³â, ç ÷åðåøêà-
ìè çàâäîâæêè 15 ñì ó íèæí³õ ëèñòê³â, 
5–7 ñì – ó âåðõí³õ. Ñóöâ³òòÿ – êèòèöÿ ç 
30–50 êâ³òîê, çàëåæíî â³ä ñîðòîâèõ îñîáëè-
âîñòåé ìàº á³ëå, áëàêèòíî-ô³îëåòîâå, ïóðïó-
ðîâå, ðîæåâå òà ³í. çàáàðâëåííÿ. Ðîñëèíè 
÷óäîâî çàïèëþþòüñÿ êîìàõàìè. Ïë³ä – á³á, 
2–4 ñì çàâäîâæêè ç 3–7 æîâòóâàòèìè íàñ³-
íèíàìè.

Ðèñ. 1. Ñóöâ³òòÿ ñîðò³â ðîñëèí G. orientalis Lam. (1–4) òà G. officinalis L. (5, 6): 
1 – ‘Ðÿá÷èê’; 2 – ‘Ñàëþò’; 3 – ‘ÍÁÑ-75’; 4 – ‘Êàâêàçüêèé áðàíåöü’; 5 – ‘Ãàðàíò’; 6 – ‘Ôëàì³íãî’

1 2 3 4 5 6

Äëÿ êîìïëåêñíîãî îö³íþâàííÿ óñ³õ ïðî-
äóêòèâíèõ ïîêàçíèê³â áóëî ïðîàíàë³çîâàíî 
á³îìåòðè÷í³ ïàðàìåòðè ðîñëèí ïåðøîãî, äðó-
ãîãî òà òðåòüîãî ðîê³â æèòòÿ. Âñòàíîâëåíî 
ìàêñèìàëüíó ê³ëüê³ñòü ïàãîí³â çáàãà÷åííÿ
(² òà ²² ïîðÿäêó) – ïðîëåïòè÷íèõ òà ñèëåï-
òè÷íèõ, ùî ðîçâèâàþòüñÿ îäíî÷àñíî ç ãîëîâ-
íèì òà óïðîäîâæ âåãåòàö³¿, â³äïîâ³äíî. Ö³ 
ïàãîíè ôîðìóþòüñÿ íà âåãåòàòèâíî-ãåíåðàòèâ-
íèõ ïàãîíàõ (ÂÃÏ) ðîñëèí. Ðîñëèíè G. orienta-

lis çà âèñîòîþ òà ìîðôîìåòðè÷íèìè ïîêàçíè-
êàìè ëèñòê³â ïåðåâàæàëè ðîñëèíè G. offici-
nalis. Ê³ëüê³ñòü ÂÃÏ ó ðîñëèí G. officinalis íà 
äðóãîìó ðîö³ æèòòÿ çá³ëüøóâàëàñÿ ïîð³âíÿ-
íî ç ïåðøèì ðîêîì ó 1,1 ðàç³â, àëå çìåíøó-
âàëàñÿ íà òðåòüîìó ðîö³ æèòòÿ ó 7,55 ðàç³â. 
Ðîñëèíè G. orientalis – íàâïàêè â ïåðøèé ð³ê 
õàðàêòåðèçóâàëèñü ìàëîþ ê³ëüê³ñòþ ïàãîí³â, 
àëå ç êîæíèì íàñòóïíèì ðîêîì ¿õíÿ ê³ëü-
ê³ñòü çá³ëüøóâàëàñü ó 10,9 ðàç³â. Íàéá³ëüøà 
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ê³ëüê³ñòü ëèñòê³â, ñóöâ³òü òà äîâæèíà êîðåíÿ 
ó äàíèõ ðîñëèí ñïîñòåð³ãàëàñü íà äðóãîìó 
ðîö³ æèòòÿ (òàáë. 1). Ê³ëüê³ñòü ÂÃÏ çàëåæèòü 

â³ä ðîêó æèòòÿ ðîñëèí – ó ðîñëèí G. officinalis 
¿õíÿ ê³ëüê³ñòü çìåíøóâàëàñÿ íà òðåòüîìó 
ðîö³ æèòòÿ. 

Òàáëèöÿ 1
Á³îìåòðè÷í³ ïîêàçíèêè ðîñëèí ðîäó Galega L. ïåðøîãî, äðóãîãî, òðåòüîãî ðîê³â æèòòÿ

ó ïåð³îä êâ³òóâàííÿ

Âèä Ð³ê 
âåãåòàö³¿

Âèñîòà ðîñëèí, 
ñì

Ê³ëüê³ñòü íà ðîñëèí³, øò. Äîâæèíà 
êîðåíåâî¿ 

ñèñòåìè, ñìïàãîí³â ëèñòê³â ñóöâ³òü 

G. officinalis
I 73,11±2,52 28,63±1,28 257,63±1,24 114,35±1,16 30,61±2,35
II 123,41±1,95 31,72±1,34 285,48±1,42 168,54±1,25 43,21±1,89
III 117,25±1,85 4,2±0,26 37,80±0,28 34,32±1,21 39,37±2,25

G. orientalis
I 58,46±1,75 2,96±0,24 17,25±1,36 – 18,93±2,14
II 130,34±1,36 18,28±0,98 164,52±1,23 62,14±1,52 38,72±1,32
III 141,43±1,51 32,54±0,75 292,86±1,47 87,56±1,14 41,46±1,47

Õàðàêòåðèçóþ÷è ïë³ä ðîñëèí ðîäó Galega 
ñë³ä çàçíà÷èòè, ùî â³í º òèïîâèì äëÿ óñ³õ 
Fabaceae, òîáòî á³á. Çà òèïîì ́ ³íåöåþ, ç ÿêî-
ãî á³á ðîçâèâàºòüñÿ, â³í áóâàº ïîë³ìåðíèì 
(á³ëüø ð³äêå ÿâèùå) òà ìîíîìåðíèì, ÿêùî 
´³íåöåé ïðåäñòàâëåíèé îäí³ºþ ìàòî÷êîþ 
(õàðàêòåðíî äëÿ Caesalpiniaceae, Fabaceae 
òà ³í.). Á³á áóâàº ëàíöåòîïîä³áíèé ñòèñíó-
òèé ç áîê³â, ùî õàðàêòåðíî äëÿ G. îrientalis 
[22] òà êîíóñ îïîä³áíèé îêðóãëî¿ ôîðìè – ÿê 
ó G. îfficinalis. 

Çà á³îìåòðè÷íèìè ïîêàçíèêàìè ïëîä³â 
(ñåðåäíüîãî ÿðóñó) ðîñëèíè G. officinalis ïå-
ðåâàæàëè ïëîäè ³íøîãî âèäó. Òàê, äîâæèíà, 
øèðèíà òà ä³àìåòð ïëîäó ó ðîñëèí 
G. officinalis ñòàíîâèëè 33,5; 3,81 òà 7,88 ìì, 
â³äïîâ³äíî. Äîâæèíà, øèðèíà òà ä³àìåòð 
ïëîäó â G. orientalis áóëè 27,7; 3,34 òà 
5,62 ìì, â³äïîâ³äíî (òàáë. 2). 

Ñèìá³îòè÷í³ â³äíîñèíè ç ì³êðîîðãàí³çìà-
ìè â³ä³ãðàþòü âàæëèâó ðîëü ó æèòò³ ðîñëèí. 
Âîíè çàáåçïå÷óþòü êðàùå ì³íåðàëüíå æèâ-
ëåííÿ, ï³äâèùóþòü çàõèñò ðîñëèí â³ä ïàòî-
ãåí³â, ïîëåãøóþòü àäàïòàö³þ äî ñòðåñ³â òà 

ïåâíîþ ì³ðîþ ïîêðàùóþòü ðåãóëÿö³þ ðîç-
âèòêó ðîñëèí [23]. Ì³êðîîðãàí³çìè âèêîíó-
þòü ð³çí³ âíóòð³øíüîêë³òèíí³ ñèìá³îíòè 
(áóëüáî÷êîâ³ áàêòåð³¿, åíäîì³êîðèçí³ ãðèáè), 
åíäîô³òè, ÿê³ çàñåëÿþòü òêàíèíè íàäçåìíèõ 
³ ï³äçåìíèõ îðãàí³â (àçîòô³êñàòîðè Aceto-
bacter ³ Azoarcus àáî ð³æêîâ³ ãðèáè), à òàêîæ 
åêòîñèìá³îíòè, ÿê³ çàñåëÿþòü ïîâåðõíþ ðîñ-
ëèí. 

Âèÿâëåíî, ùî ðîñëèíè ðîäó Galega óòâî-
ðþþòü íà êîðåíåâ³é ñèñòåì³ áóëüáî÷êè 
(ðèñ. 2), ç ÿêèõ âèä³ëåíî áàêòåð³¿ âèäó 
Rhizobium galegae, ùî âïåðøå áóëè äîñë³ä-
æåí³ T. Hauke-Pacewiczowa [24]. Óíàñë³äîê 
òàêîãî ñèìá³îçó â³äáóâàºòüñÿ àêóìóëÿö³ÿ 
ïîâ³òðÿíîãî àçîòó â ´ðóíò³.

Òàáëèöÿ 2
Á³îìåòðè÷í³ ïîêàçíèêè ïëîä³â ðîñëèí âèä³â 
ðîäó Galega L. (ñåðåäíº çà 2004–2020 ðð.)

Ïîêàçíèê ïëîäó G. officinalis G. orientalis
Äîâæèíà, ìì 33,5±0,11 27,7±1,35
Øèðèíà, ìì 3,81±0,31 3,34±0,26
Ä³àìåòð, ìì 7,87±0,22 5,62±0,45

Ðèñ. 2. Çàãàëüíèé âèãëÿä êîðåíåâî¿ ñèñòåìè ç áóëüáî÷êàìè íà êîðåíÿõ ðîñëèí 
G. officinalis L. (À) òà G. orientalis Lam. (Á)

ÁÀ
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Çà óìîâ ³íòðîäóêö³¿ â Ïðàâîáåðåæíîìó Ë³ñî-
ñòåïó Óêðà¿íè áóëüáî÷êè íà êîðåíåâ³é ñèñ-
òåì³ ðîñëèí ðîäó Galega ðîçïî÷èíàþòü ôîð-
ìóâàòèñÿ íà 15–17 äîáó ï³ñëÿ ïîÿâè ñõîä³â. 
Çà ñïðèÿòëèâèõ ïîãîäíî-êë³ìàòè÷íèõ óìîâ 
¿õíÿ ê³ëüê³ñòü äèíàì³÷íî çá³ëüøóºòüñÿ äî 
ïî÷àòêó ôîðìóâàííÿ áîá³â.

Äëÿ ï³äâèùåííÿ ïðîäóêòèâíîñò³ ñèìá³î-
òè÷íî¿ àçîòô³êñàö³¿ â àãðîöåíîçàõ íåîáõ³äíî 
âðàõîâóâàòè êîíêðåòí³ ´ðóíòîâî-êë³ìàòè÷í³ 
òà àãðîòåõí³÷í³ óìîâè, ïðîâîäèòè ñåëåêö³þ 
ñîðò³â áîáîâèõ êóëüòóð ³ øòàì³â áóëüáî÷êî-
âèõ áàêòåð³é, à òàêîæ  ñòâîðþâàòè ñïðèÿòëè-
â³ óìîâè äëÿ åôåêòèâíîãî ôóíêö³îíóâàííÿ 
áîáîâî-ðè çîá³àëüíîãî ñèìá³îçó [25]. 

Çà ðåçóëüòàòàìè äîñë³äæåíü âñòàíîâëåíî, 
ùî íàéá³ëüøà àçîòô³êñóþ÷à àêòèâí³ñòü â³ä-
áóâàºòüñÿ ó ôàçó êâ³òóâàííÿ ³ çàëåæèòü â³ä 
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ñîðòîâèõ îñîáëèâîñòåé, àäæå ó öåé ïåð³îä 
íàéá³ëüø ñïðèÿòëèâ³ óìîâè äëÿ ðîñòó ³ ðîç-
âèòêó ðîñëèí. ¥ðóíòîâà ì³êðîôëîðà äîñòàò-
íüî àêòèâíà ³ òîìó àçîòô³êñóþ÷³ áàêòåð³¿ 
³íòåíñèâíî ïðàöþþòü. Ó ïîñóøëèâèé ïåð³îä 
íà êîðåíåâ³é ñèñòåì³ ðîñëèí ôîðìóºòüñÿ 
çíà÷íî ìåíøà ê³ëüê³ñòü àêòèâíèõ áóëüáî-
÷îê. Âñòàíîâëåíî, ùî ì³æ àçîòô³êñóþ÷îþ 
çäàòí³ñòþ âèä³â ³ ñîðò³â º ñóòòºâ³ â³äì³ííîñ-
ò³. Íàéá³ëüøó àêòèâí³ñòü âèÿâëåíî ó ðîñëèí 
G. officinalis ñîðòó ‘Ôëàì³íãî’, ÿêà ñòàíîâè-
ëà 16,28 ìêã N

2
/ðîñëèíó çà ãîäèíó. Ó ðîñ-

ëèí G. orientalis íàéâèùèìè ïîêàçíèêàìè 
õàðàêòåðèçóâàâñÿ ñîðò ‘ÍÁÑ-75’ – 11,91 ìêã 
N

2
/ðîñëèíó çà ãîäèíó (ðèñ. 3). Íàéìåíøèìè 

ïîêàçíèêàìè ñåðåä óñ³õ ñîðò³â õàðàêòåðè-
çóâàâñÿ ‘Êàâêàçüêèé áðàíåöü’ – 1,86 ìêã               
N

2
/ðîñëèíó çà ãîäèíó [26]. 

Ðèñ. 3. Àçîòô³êñóþ÷à àêòèâí³ñòü ñîðò³â ðîñëèí G. officinalis L. òà G. orientalis Lam. 
çàëåæíî â³ä ñîðòîâèõ îñîáëèâîñòåé ó ôàçó êâ³òóâàííÿ

Ñîðò Ñîðò

‘Ñàëþò’ ‘ÍÁÑ-75’ ‘Ðÿá÷èê’‘Êàâêàçüêèé 
áðàíåöü’
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Ðèñ. 4. Ìàñà ïðîäóêòèâíèõ ïàãîí³â ðîñëèí* G. orientalis Lam. çàëåæíî â³ä ñîðòîâèõ îñîáëèâîñòåé
* àíàë³çóâàëè ïî 10 ðîñëèí ó ÷îòèðèðàçîâ³é ïîâòîðíîñò³

Äîñë³äæóâàí³ âèäè êîçëÿòíèê³â çäàòí³ 
ôîðìóâàòè çà âåãåòàö³éíèé ñåçîí â³ä 28,6 äî 

62,4 ò/ãà íàäçåìíî¿ ìàñè, çà âèõîäîì ñóõîãî 
çàëèøêó â³ä 7,12 äî 16,5 ò/ãà (ðèñ. 5). Çà 

 Ðåçóëüòàòè äîñë³äæåíü ñâ³ä÷àòü ïðî âèñî-
êèé ïðîäóêòèâíèé ïîòåíö³àë äîñë³äæóâà-

íèõ ðîñëèí ðîäó Galega çàëåæíî â³ä ¿õí³õ 
ñîðòîâèõ îñîáëèâîñòåé (ðèñ. 4).
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ïðîäóêòèâí³ñòþ ïàãîí³â âñòàíîâëåíî çíà÷íó 
ïåðåâàãó ñîðò³â ‘Ðÿá÷èê’ òà ‘ÍÁÑ-75’, ÿê³ 

ñòâîðåíî äëÿ âèêîðèñòàííÿ, íàñàìïåðåä, ÿê 
åíåðãåòè÷íèõ êóëüòóð. 

Ðèñ. 5. Óðîæàéí³ñòü ðîñëèí G. orientalis Lam. çàëåæíî â³ä ñîðòîâèõ îñîáëèâîñòåé 
ó ïåð³îä êâ³òóâàííÿ – ïëîäîíîøåííÿ

Çåëåíà ìàñà ïåâíîþ ì³ðîþ çàëåæèòü â³ä 
÷àñòêè ó í³é ëèñòê³â, ñòåáåë òà ñóöâ³òü, 
òîáòî ñòðóêòóðè âðîæàþ. Ó ñòðóêòóð³ íàä-
çåìíî¿ ìàñè ñîðò³â íà äîëþ ñòåáåë ïðèïà-
äàëî 37,0–44,2%, ëèñòê³â – 40,9–51,4%, 
ñóöâ³òü – 11,6–14,9%. Íàéá³ëüøó äîëüîâó 

ó÷àñòü ñòåáåë òà ñóöâ³òü áóëî âèÿâëåíî ó 
ñîðòó ‘Ðÿá÷èê’, à ëèñòê³â – ó ‘ÍÁÑ-75’ 
(ðèñ. 6). Öå äîçâîëÿº ðîçãëÿäàòè ñîðòè 
G. orientalis ÿê ïåðñïåêòèâí³ êóëüòóðè äëÿ 
êîðìîâèðîáíèöòâà, à òàêîæ äëÿ âèðîáíèö-
òâà á³îãàçó.

Ðèñ. 6. Íàäçåìíà ìàñà ïàãîí³â ðîñëèí âèäó G. orientalis Lam. çàëåæíî â³ä ñîðòîâèõ îñîáëèâîñòåé
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Òåïëîºìí³ñòü á³îìàñè òà ¿¿ åíåðãîïðîäóê-
òèâí³ñòü º âèäîñïåöèô³÷íèìè ïàðàìåòðàìè 
äëÿ äîñë³äæóâàíèõ âèä³â êîçëÿòíèê³â  òà ¿õ-
í³õ ñîðò³â. Çà øêàëîþ åíåðãåòè÷íî¿ îö³íêè 
ðîñëèí [27] çà óìîâ ³íòðîäóêö³¿ â Ë³ñîñòåïó 
Óêðà¿íè íàéá³ëüø åíåðãîïðîäóêòèâíèìè 
ñîðòàìè çà âè õîäîì ñóõî¿ ðå÷îâèíè âèÿâèëè-
ñÿ ‘Ðÿá÷èê’ òà ‘ÍÁÑ-75’, çà òåïëîºìí³ñòþ – 
‘Êàâêàçüêèé áðàíåöü’, çà óðîæàéí³ñòþ íàä-
çåìíî¿ ìàñè – ‘Ðÿá÷èê’. 

Åíåðãîïðîäóêòèâí³ñòü êóëüòóð çíà÷íîþ ì³-
ðîþ çàëåæèòü â³ä çàãàëüíî¿ ïðîäóêòèâíîñò³ 
ñîðò³â. Òåïëîºìí³ñòü ñèðîâèíè ðîñëèí G. orien-
talis ñòàíîâèëà 4051–4275 êêàë/ãà. Çàãàëü-
íèé âèõ³ä åíåðã³¿ ñÿãàâ 30,44–67,85 Ãêàë/ãà.

Ñåðåä äîñë³äæóâàíèõ ñîðò³â G. orientalis çà 
âñ³ìà ïðîäóêòèâíèìè ïîêàçíèêàìè â³äçíà-
÷èëèñÿ ñîðòè  ‘Ðÿá÷èê’ òà ‘ÍÁÑ-75’ (ò àáë. 3).

Òàáëèöÿ 3
Ïðîäóêòèâí³ñòü ñîðò³â ðîñëèí ðîäó Galega çà âèõîäîì 

ñóõîãî çàëèøêó òà åíåðã³¿ ç íàäçåìíî¿ ÷àñòèíè
ó ôàç³ êâ³òóâàííÿ 

Ñîðò  
Âèõ³ä ñóõîãî 

çàëèøêó, 
ò/ãà

Òåïëîºìí³ñòü, 
êêàë/êã

Âèõ³ä åíåðã³¿ 
ç íàäçåìíî¿ 

ìàñè, Ãêàë/ãà
‘Êàâêàçüêèé 
áðàíåöü’ 7,12 4275,21 30,44
‘Ñàëþò’ 10,54 4059,84 42,78
‘ÍÁÑ-75’ 15,41 4051,54 62,43
‘Ðÿá÷èê’ 16,52 4107,37 67,85

Ñîðò
‘Ñàëþò’ ‘ÍÁÑ-75’ ‘Ðÿá÷èê’‘Êàâêàçüêèé áðàíåöü’

ò/
ãà
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Âèñíîâêè
Äîñë³äæåíî âèäè òà ñîðòè ðîñëèí ðîäó 

Galega, ¿õí³ ìîðôîìåòðè÷í³ ïàðàìåòðè, àçîò-
ô³êñóþ÷ó àêòèâí³ñòü, ïðîäóêòèâíèé ïîòåí-
ö³àë, òåïëîºìí³ñòü, âèõ³ä ñóõîãî çàëèøêó             
ç (ò/ãà) òà åíåðã³¿ ç íàäçåìíî¿ ìàñè (Ãêàë/ãà).

Âñòàíîâëåíî, ùî ñåðåä äîñë³äæóâàíèõ ñîð-
ò³â íàéâèùèìè ïðîäóêòèâíèìè ïîêàçíèêà-
ìè õàðàêòåðèçóâàëèñü ‘Ðÿá÷èê’ òà ÍÁÑ-75’, 
ùî äîçâîëÿº ðåêîìåíäóâàòè ö³ ñîðòè 
G. orientalis ÿê ïåðñïåêòèâí³ äëÿ êîðìîâè-
ðîáíèöòâà, à òàêîæ äëÿ  âèðîáíèöòâà á³îãàçó.
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Purpose. To establish the features of the formation of 
productivity elements of plant of the genus Galega species, 
depending on the genotypic characteristics and conditions 
of vegetation during the introduction in the Right-Bank 
Forest-Steppe of Ukraine. Methods. In 2004–2020 in labo-
ratory and field conditions, six plant varieties of the genus 
Galega of the M. M. Gryshko National Botanical Garden se-
lection were studied. The following methods were used: 

general scientific, biological and morphological, laboratory, 
field and statistical. Morphometric parameters such as plant 
height, number of shoots, leaves, inflorescences per plant, 
fruit size, length of the root system, as well as productive 
potential, nitrogen-fixing ability of plants, mass of produc-
tive shoots, heat capacity, yield of aboveground mass, yield 
of dry matter per unit area were assessed. Results. It was 
found that the genotypes of G. orientalis Lam. (‘Kavkazkyi 



281ISSN 2518-1017  Plant Varieties Studying and protection, 2021, Vol. 17, No 4

Variety studying and variety science

Branets’, ‘Saliut’, ‘NBS-75’, ‘Riabchyk’) and G. officinalis L. 
(‘Harant’, ‘Flaminho’), when introduced in the Right-Bank 
Forest-Steppe of Ukraine, are characterized by high produc-
tivity of aboveground phytomass (from 28.6 to 62.4 t/ha), 
as well as by the yield of dry matter (from 7.12 to 16.5 t/ha).
In the structure of the aboveground mass of genotypes, 
stems accounted for 37.0–44.2%, leaves – 40.9–51.4%, in-
florescences – 11.6–14.9%. The heat capacity of the raw ma-
terial of G. orientalis plants was 4051–4275 kcal/ha. The total 

energy output reached 30.44–67.85 Gcal/ha. Conclusions.
It was revealed that plants of species of the genus Galega 
have a high bioproductive potential, and are able to pro-
vide raw materials for biogas production. The best of the 
six studied genotypes were ‘Flamingo’, ‘NBS-75’, and ‘Riab-
chyk’. 

Keywords: Galega officinalis; Galega orientalis; variety; 
morphology; nitrogen-fixing activity; heat capacity; outlet of 
aboveground mass and energy.
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Ñîðòîâèâ÷åííÿ òà ñîðòîçíàâñòâî

Âñòóï
×åðåç ãëîáàëüíó çì³íó êë³ìàòó â Óêðà¿í³ é 

ó ñâ³ò³ ç’ÿâëÿºòüñÿ ñåðéîçíà çàãðîçà âòðàòè 
á³îð³çíîìàí³òòÿ. Äëÿ çáàãà÷åííÿ òà çáåðå-
æåííÿ á³îëîã³÷íî¿ ð³çíîìàí³òíîñò³ âàæëèâå 
çíà÷åííÿ ìàº ³íòðîäóêö³ÿ òà ââåäåííÿ â 
êóëüòóðó íîâèõ íåòðàäèö³éíèõ ìàëîïîøèðå-
íèõ âèä³â ðîñëèí, ÿê³ äîçâîëÿþòü ïðèìíî-
æèòè ô³òîð³çíîìàí³òí³ñòü â ö³ëîìó òà ðîç-
øèðèòè àñîðòèìåíò ö³ííèõ âèñîêîïðîäóê-
òèâíèõ ñò³éêèõ ðîñëèí, ùî ñïðèÿº çàáåçïå-
÷åííþ ôàðìàöåâòè÷íî¿, õàð÷îâî¿, ïàðôóìåð-
íî-êîñìåòè÷íî¿ òà ³íøèõ ãàëóçåé ïðîìèñëî-
âîñò³ åêîëîã³÷íî ÷èñòîþ ñèðîâèíîþ [1, 2].

Äîñèòü øèðîêèé ñïåêòð ö³ííèõ îçíàê ìà-
þòü ð³çí³ âèäè ðîäèíè Lamiaceae Lindl., çî-
êðåìà Lavandula vera D.C., ÿêà º ö³ííîþ àðî-
ìàòè÷íîþ, åô³ðîîë³éíîþ, ë³êàðñüêîþ, ìå-
äîíîñíîþ, â³òàì³ííîþ ³ äåêîðàòèâíîþ ðîñëè-
íîþ [3–5].

Ëàâàíäà ñïðàâæíÿ (Lavandula vera D.C.) – 
áàãàòîð³÷íèé íàï³âêóùèê, áàòüê³âùèíîþ 
ÿêîãî º Ñåðåäçåìíîìîð’ÿ. Ðîñëèíà ïîøèðå-
íà â áàãàòüîõ ðåã³îíàõ Àç³¿, Ï³âí³÷íî¿ Àôðè-
êè, Áëèçüêîãî Ñõîäó. Ëàâàíäó êóëüòèâóþòü 
ó êðà¿íàõ ï³âäåííî¿ ÷àñòèíè Çàõ³äíî¿ ªâðî-

ÓÄÊ 633.8:631.529(477.4)  https://doi.org/10.21498/2518-1017.17.4.2021.248997 

Îñîáëèâîñò³ ââåäåííÿ â êóëüòóðó Lavandula vera D.C.
â Öåíòðàëüíîìó Ïîë³ññ³ Óêðà¿íè
Ë. À. Êîòþê1, Ã. Â. Òðîô³ìîâà2

1Ïîë³ñüêèé íàö³îíàëüíèé óí³âåðñèòåò, Ñòàðèé áóëüâàð, 7, ì. Æèòîìèð, 10002, Óêðà¿íà, e-mail: kotyuk-la@ukr.net
2Óêðà¿íñüêèé ³íñòèòóò åêñïåðòèçè ñîðò³â ðîñëèí, âóë. Ãåíåðàëà Ðîäèìöåâà, 15, ì. Êè¿â, 03041, Óêðà¿íà, 
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Ìåòà. Âèçíà÷åííÿ îö³íêè ïåðñïåêòèâíîñò³ é óñï³øíîñò³ ³íòðîäóêö³¿ Lavandula vera D.C. â Öåíòðàëüíîìó Ïîë³ññ³ 
Óêðà¿íè. Ìåòîäè. Çàãàëüíîíàóêîâ³ ³ ñïåö³àëüí³: ìîðôîëîã³÷íî-îïèñîâ³, á³îìåòðè÷í³, ëàáîðàòîðí³, ïîëüîâ³, á³îõ³ì³÷í³. 
Ðåçóëüòàòè. Íà îñíîâ³ àíàë³çó ë³òåðàòóðíèõ äæåðåë òà åêñïåðèìåíòàëüíèõ äîñë³äæåíü ðîçãëÿíóòî ïèòàííÿ ïîøè-
ðåííÿ, îíòîìîðôîãåíåòè÷íèõ îñîáëèâîñòåé, á³îõ³ì³÷íîãî ñêëàäó ðîñëèííî¿ ñèðîâèíè òà êîìïîíåíò³â åô³ðíèõ îë³é 
íåòðàäèö³éíî¿ àðîìàòè÷íî¿ ðîñëèíè Lavandula vera. Óïðîäîâæ ³íäèâ³äóàëüíîãî ðîçâèòêó ðîñëèí L. vera â³äì³÷åíî òðè 
ïåð³îäè (ëàòåíòíèé, ïðåãåíåðàòèâíèé ³ ãåíåðàòèâíèé) ³ 6 â³êîâèõ ñòàí³â ðîñëèí: íàñ³ííÿ, ïðîðîñòêè, þâåí³ëüíèé, 
³ìàòóðíèé, â³ðã³í³ëüíèé, ãåíåðàòèâíèé. Âñòàíîâëåíî, ùî ðîçñàäíèé òà âåãåòàòèâíèé ñïîñîáè ðîçìíîæåííÿ ëàâàíäè 
(ïîä³ë îñîáèí íà ÷àñòêè) ìàº ïåðåâàãè íàä íàñ³ííºâèì ó çâ’ÿçêó ç íèçüêèìè ïîêàçíèêàìè ïîëüîâî¿ ñõîæîñò³ íàñ³ííÿ 
(5–10%). Ðîñëèííà ñèðîâèíà ëàâàíäè ñïðàâæíüî¿, âèðîùåíà â óìîâàõ Ïîë³ññÿ Óêðà¿íè, º äæåðåëîì îðãàí³÷íèõ ðå÷î-
âèí, äóáèëüíèõ ñïîëóê, â³òàì³í³â ³ ìàêðîåëåìåíò³â. Âèñíîâêè. ²íôîðìàö³ÿ ùîäî ïîøèðåííÿ, îíòîìîðôîãåíåòè÷íèõ 
³ á³îõ³ì³÷íèõ îñîáëèâîñòåé íåòðàäèö³éíî¿ àðîìàòè÷íî¿ ðîñëèíè L. vera âêàçóº íà ïåðñïåêòèâí³ñòü ¿¿ êóëüòèâóâàííÿ â 
óìîâàõ Öåíòðàëüíîãî Ïîë³ññÿ Óêðà¿íè ÿê àðîìàòè÷íî¿, ñìàêîâî¿, åô³ðîîë³éíî¿, ë³êàðñüêî¿, ìåäîíîñíî¿, ô³òîíöèäíî¿, 
äåêîðàòèâíî¿ êóëüòóðè.

Êëþ÷îâ³ ñëîâà: åô³ðíà îë³ÿ; îíòîìîðôîãåíåç; ñïîñîáè ðîçìíîæåííÿ; á³îõ³ì³÷íèé ñêëàä.
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ïè. Ó Ñõ³äí³é ªâðîï³ ïðîìèñëîâ³ ïëàíòàö³¿ 
çíàõîäÿòüñÿ â Ìîëäîâ³, Êðèìó òà Êðàñíî-
äàðñüêîìó êðà¿ Ðîñ³¿. Ó äèêîðîñëîìó ñòàí³ 
ëàâàíäà ñïðàâæíÿ ïîøèðåíà ó áàñåéí³ Ñåðåä-
çåìíîãî ìîðÿ [4, 6].

Êâ³òêè é ñóöâ³òòÿ L. vera âêëþ÷åí³ äî 
ñêëàäó ôàðìàêîïå¿ 16 êðà¿í ñâ³òó. Ó ìåäèöè-
í³ çàñòîñîâóþòü ëèñòêè òà ñóöâ³òòÿ ëàâàíäè, 
ç³áðàí³ ï³ä ÷àñ öâ³ò³ííÿ, à òàêîæ ¿õíþ åô³ðíó 
îë³þ [4, 7, 8]. Çíà÷åííÿ íàòóðàëüíèõ àðîìà-
òè÷íèõ ðå÷îâèí, ³ çîêðåìà, åô³ðíî¿ îë³¿ 
L. vera, äîñèòü âàæëèâå. Åô³ðíà îë³ÿ ìàº áàê-
òåðèöèäí³ âëàñòèâîñò³, à çàñòîñóâàííÿ ¿¿ ó 
ïàðôóìåðíèõ ³ êîñìåòè÷íèõ âèðîáàõ ñïðèÿº 
îçäîðîâëåííþ íå ò³ëüêè ëþäèíè, à é íàâêî-
ëèøíüîãî ñåðåäîâèùà. Ñàìå òîìó îñòàíí³ì 
÷àñîì çð³ñ ïîïèò íà ëàâàíäîâó îë³þ [9–11]. 
¯¿ øèðîêî âèêîðèñòîâóþòü ó âèðîáíèöòâ³ 
îäåêîëîíó, òîí³ê³â, ð³çíèõ ïàñò òà åêñòðàê-
ò³â, äëÿ àðîìàòèçàö³¿ òóàëåòíèõ ñîðò³â ìèëà 
òà ³íøèõ êîñìåòè÷íèõ çàñîá³â. Â ²ñïàí³¿ îë³þ 
L. vera âèêîðèñòîâóþòü ó âåòåðèíàð³¿, ëàêî-
ôàðáíîìó òà ôàðôîðîâîìó âèðîáíèöòâ³ [12, 
13]. Äî ñêëàäó åô³ðíî¿ îë³¿ L. vera âõîäèòü 
ïîíàä 36 êîìïîíåíò³â, îñíîâí³ ç íèõ – òåð-
ïåíîâèé ñïèðò ë³íàëîîë ³ éîãî îöòîâèé åô³ð 
ë³íàë³ëàöåòàò, à òàêîæ ³íø³ ñïîëóêè (êàì-
ôåí, ï³íåí, öèíåîë, ãåðàí³îë, áîðíåîë, òåðï³-
íåîë, öèòðàëü, êàìôîðà) [14, 15].

Åêñïåðèìåíòàëüíèìè äîñë³äæåííÿìè äî-
âåäåíî, ùî îë³ÿ L. vera ìàº àíòèñåïòè÷í³ òà 
áàêòåðèöèäí³ âëàñòèâîñò³ [16–18]. Ðîç÷èí 
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åô³ðíî¿ îë³¿ ñòèìóëþº çàãîºííÿ ðàí, çîêðåìà 
ãí³éíèõ, ïðè öüîìó íå çàëèøàþòüñÿ ãðóá³ 
ðóáö³ íà øê³ð³. Îë³ÿ L. vera âõîäèòü äî ñêëà-
äó ïðåïàðàò³â, ÿê³ õàðàêòåðèçóþòüñÿ íåéðî- 
é ì³îòðîïíîþ àêòèâí³ñòþ [19–21].

Îñíîâí³ ïëîù³ êóëüòèâóâàííÿ ëàâàíäè 
ñïðàâæíüî¿ çîñåðåäæåí³ ïåðåâàæíî ó Êðèìó 
òà ï³âäåíí³é ÷àñòèí³ Óêðà¿íè [22]. Âîäíî÷àñ 
ìàëî ³íôîðìàö³¿ ïðî á³îëîãî-ìîðôîëîã³÷í³ òà 
îíòîìîðôîãåíåòè÷í³ îñîáëèâîñò³ ö³º¿ ðîñëèíè 
òà âïëèâ åêîëîã³÷íèõ ÷èííèê³â íà ð³ñò ³ ðîçâè-
òîê Lavandula vera  â àãðîêë³ìàòè÷íèõ óìîâàõ 
Öåíòðàëüíîãî Ïîë³ññÿ Óêðà¿íè [22, 23].

Ñàìå òîìó âàæëèâî ìàòè îö³íêó óñï³øíîñ-
ò³ òà ïåðñïåêòèâíîñò³ ³íòðîäóêö³¿ öüîãî âèäó 
³ ìîäåðí³çóâàòè éîãî ââåäåííÿ â êóëüòóðó 
äëÿ çàáåçïå÷åííÿ çáàãà÷åííÿ á³îëîã³÷íî¿ ð³ç-
íîìàí³òíîñò³ ðåã³îíó, ùî ñïðèÿòèìå ðîçøè-
ðåííþ ñèðîâèííî¿ áàçè ö³ííèõ àðîìàòè÷íî-
ë³êàðñüêèõ ðîñëèí, çá³ëüøåííþ åêîëîã³÷íî-
ãî òà åêîíîì³÷íîãî åôåêòó ³ ïîë³ïøåííþ 
ÿêîñò³ æèòòÿ íàñåëåííÿ.

Ìåòà äîñë³äæåíü – âñòàíîâèòè îñîáëèâîñ-
ò³ îíòîìîðôîãåíåçó, âèÿâèòè îïòèìàëüí³ ìå-
òîäè ðîçìíîæåííÿ, á³îõ³ì³÷íèé ñêëàä ô³òî-
ñèðîâèíè òà åô³ðíî¿ îë³¿ ðîñëèí L.  vera  â 
Öåíòðàëüíîìó Ïîë³ññ³ Óêðà¿íè äëÿ ïîäàëü-
øîãî ââåäåííÿ â ïðîìèñëîâó êóëüòóðó.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Äîñë³äæåííÿ çä³éñíþâàëè ó áîòàí³÷íîìó 

ñàäó Æèòîìèðñüêîãî íàö³îíàëüíîãî àãðîåêî-
ëîã³÷íîãî óí³âåðñèòåòó (ì. Æèòîìèð) óïðî-
äîâæ 2008–2018 ðîê³â. Åêîëîã³÷í³ óìîâè 
ðàéîíó áîòàí³÷íîãî ñàäó òèïîâ³ ÿê äëÿ Öåíò-
ðàëüíîãî Ïîë³ññÿ Óêðà¿íè. Êë³ìàò ïîì³ðíî-
êîíòèíåíòàëüíèé, ôîðìóºòüñÿ â³í ï³ä âïëè-
âîì ñîíÿ÷íî¿ ðàä³àö³¿, àòìîñôåðíî¿ öèðêó-
ëÿö³¿ òà ï³äñòèëàþ÷î¿ ïîâåðõí³, à òàêîæ àò-
ìîñôåðíèõ ôðîíò³â àç³àòñüêîãî ìàòåðèêà é 
õîëîäíîãî âïëèâó ç áîêó Àðêòèêè. Ñïåöè-
ô³÷íà îçíàêà êë³ìàòó – òåïëå âîëîãå ë³òî é 
ì’ÿêà çèìà. Ðàä³àö³éíèé áàëàíñ çà ð³ê íà 
Ïîë³ññ³ Óêðà¿íè äîñÿãàº 35–40 ÌÄæ/ì2. 

Ó äîñë³äæåííÿõ âèêîðèñòîâóâàëè íàñ³í-
íºâèé ìàòåð³àë ³ç êîëåêö³¿ àðîìàòè÷íèõ ðîñ-
ëèí â³ää³ëó êóëüòóðíî¿ ôëîðè Íàö³îíàëüíî-
ãî áîòàí³÷íîãî ñàäó ³ìåí³ Ì. Ì. Ãðèøêà. 
Äîñë³äè çàêëàäàëè íà â³äêðèò³é ñîíÿ÷í³é 
ä³ëÿíö³, äîáðèâà é ïîëèâ íå çàñòîñîâóâàëè. 
Äîãëÿä çà ðîñëèíàìè ïðîòÿãîì óñ³õ ðîê³â 
äîñë³äæåíü ïîëÿãàâ ó âèäàëåíí³ áóð’ÿí³â, 
ðîçïóøóâàíí³ ì³æðÿäü òà ïðîð³äæåíí³ ðîñ-
ëèí ó ðÿäêàõ. Ðîçì³ðè äîñë³äíèõ ïëîù ï³ä 
÷àñ ïîëüîâèõ äîñë³äæåíü ñòàíîâèëè 10 ì2 

(ïîâòîðí³ñòü øåñòèðàçîâà). 
Îñîáëèâîñò³ ³íäèâ³äóàëüíîãî ðîçâèòêó ðîñ-

ëèí âèâ÷àëè çà çàãàëüíîïðèéíÿòèìè ìåòîäè-

êàìè ². Ì. Áåéäåìàíà [24], ². Ã. Ñåðåáðÿêîâà 
[25], Ä. Á. Ðàõìåòîâà [2]. 

Äëÿ á³îõ³ì³÷íîãî àíàë³çó çð³çàëè íàäçåìíó 
÷àñòèíó ï’ÿòíàäöÿòè ðîñëèí, ïîäð³áíþâàëè é 
â³äáèðàëè ñåðåäíþ ïðîáó. Äîñë³äæåííÿ çä³é-
ñíþâàëè ó òðüîõ á³îõ³ì³÷íèõ ïîâòîðåííÿõ. 
Àáñîëþòíî ñóõó ðå÷îâèíó âèçíà÷àëè âèñóøó-
þ÷è çðàçêè ïðè òåìïåðàòóð³ 105 °Ñ äî ïîñò³é-
íî¿ ìàñè; âì³ñò æèð³â – ìåòîäîì âèçíà÷åííÿ 
çíåæèðåíîãî çàëèøêó; «ñèðó» êë³òêîâèíó – 
çà Ãåííåáåðãîì òà Øòîìàíîì; êàëüö³é – òðè-
ëîíîìåòðè÷íèì ìåòîäîì [26]; ïðîòå¿í – ìåòî-
äîì Ê’ºëüäàëÿ; ôîñôîð – îá’ºìíèì ìåòîäîì ç 
ìîë³áäåíîâîþ ð³äèíîþ [27]; çîëó – ìåòîäîì 
ñóõîãî îçîëåííÿ – ñïàëþâàííÿ â ìóôåëüí³é 
ïå÷³ (300–700 °Ñ); ìîêðå îçîëåííÿ – ìåòîäîì 
Êóðêàºâà; àñêîðá³íîâó êèñëîòó – çà Ìóðð³ 
[28]; êàðîòèí – ñïåêòðîôîòîìåòðè÷íî ç çàñòî-
ñóâàííÿì ðîç÷èííèêà áåíçèíó Êàëîøà (ñïåê-
òðîôîòîìåòð UNICO 2800) [29]; çàãàëüíèé 
âì³ñò öóêð³â – çà Êðèùåíêî [30]; êàë³é – ó 
ïîëóì’ÿíîìó ôîòîìåòð³ CL 378 (ELICO Limited, 
India) [28]. Âèçíà÷åííÿ âì³ñòó åô³ðíî¿ îë³¿ 
çä³éñíþâàëè ìåòîäîì Êëåâåíäæåðà [31].

Äëÿ âñòàíîâëåííÿ ÿê³ñíîãî òà ê³ëüê³ñíîãî 
ñêëàäó åô³ðíî¿ îë³¿ ç ô³òîñèðîâèíè âèêîðèñ-
òîâóâàëè íàâàæêó ðîñëèííîãî ìàòåð³àëó, 
ìàñîþ 0,5 ã. Õðîìàòîãðàô³÷íèé àíàë³ç êîì-
ïîíåíòíîãî ñêëàäó åô³ðíî¿ îë³¿ âèêîíóâàëè 
íà ãàçîð³äèííîìó õðîìàòîãðàô³ Agilent 
Technologies 6890 ³ç ìàñ-ñïåêòðîìåòðè÷íèì 
äåòåêòîðîì 5973. Óìîâè àíàë³çó: õðîìàòî-
ãðàô³÷íà êîëîíêà – êàï³ëÿðíà DB-5, ä³àìåò-
ðîì 0,25 ìì ³ çàâäîâæêè 30 ì. Øâèäê³ñòü 
ãàçó-íîñ³ÿ (ãåë³þ) – 2 ìë/õâ, òåìïåðàòóðà 
íàãð³âà÷à ïðè ââåäåíí³ ïðîáè – 250 °Ñ. Òåìïå-
ðàòóðà òåðìîñòàòà ç ïðîãðàìóâàííÿì â³ä 50 
äî 320 °Ñ ç³ øâèäê³ñòþ 4 °Ñ/õâ. Äëÿ ³äåíòè-
ô³êàö³¿ êîìïîíåíò³â âèêîðèñòîâóâàëè á³áë³-
îòåêó ìàñ-ñïåêòð³â NIST05 ³ WILEY 2007            
³ç çàãàëüíîþ ê³ëüê³ñòþ ñïåêòð³â á³ëüøå 
470 000 â êîìïëåêñ³ ç ïðîãðàìàìè äëÿ ³äåí-
òèô³êàö³¿ AMDIS ³ NIST [32].

Ðåçóëüòàòè äîñë³äæåíü
Ïî÷àòêîâèì åòàïîì ââåäåííÿ ë³êàðñüêèõ 

ðîñëèí ó êóëüòóðó º äîñâ³ä ¿õíüî¿ ïåðâèííî¿ 
³íòðîäóêö³¿ â áîòàí³÷íèõ ñàäàõ, íà ôàðìàêî-
ëîã³÷íèõ ä³ëÿíêàõ. Äîñâ³ä ïåðâèííî¿ ³íòðî-
äóêö³¿ äîçâîëÿº âñòàíîâèòè àäàïòèâí³ ìîæ-
ëèâîñò³ ë³êàðñüêèõ ðîñëèí ³ ðîçïî÷àòè ðîáî-
òó ùîäî ðîçðîáêè êîìïëåêñó àãðîòåõí³÷íèõ 
çàõîä³â, íåîáõ³äíèõ äëÿ óñï³øíî¿ ðåàë³çàö³¿ 
¿õíüîãî á³îëîã³÷íîãî ïîòåíö³àëó â íîâèõ 
óìîâàõ çðîñòàííÿ [23].

Ïðè âèâ÷åíí³ á³îëîãî-ìîðôîëîã³÷íèõ îñîá-
ëèâîñòåé òà çàêîíîì³ðíîñòåé ôîðìóâàííÿ 
âåãåòàòèâíèõ ³ ãåíåðàòèâíèõ îðãàí³â L. vera  
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â óìîâàõ Öåíòðàëüíîãî Ïîë³ññÿ Óêðà¿íè 
âñòàíîâëåíî, ùî ðîñëèíè íà ðàíí³õ åòàïàõ 
îíòîãåíåçó ôîðìóþòü ñòðèæíåâèé êîð³íü. 
Êîð³íü ó ðîñëèí L. vera çäåðåâ’ÿí³ëèé, ãàëó-
çèñòèé, ïðîíèêàº â ´ðóíò íà ãëèáèíó 2 ì ³ 
á³ëüøå. Ëàâàíäà ñïðàâæíÿ íàëåæèòü äî åï³-
ãåîãåííî-êîðåíåâèùíèõ, êàóäåêñîóòâîðþþ-
÷èõ ðîñëèí, ÿêèì âëàñòèâà ïàðòèêóëÿö³ÿ. 
Íàäçåìíà ÷àñòèíà, ÿêà äîñÿãàº ó âèñîòó ïî-
íàä 60–80 ñì, ñêëàäàºòüñÿ ç ÷èñëåííèõ ïà-
ãîí³â, ÿê³ óòâîðþþòü êîìïàêòíó êðîíó ñôå-
ðè÷íî¿ ôîðìè (ðèñ. 1). 

Ó íèæí³é ÷àñòèí³ ðîñëèíè ïàãîíè çäåðåâ’ÿ-
í³ë³, ó âåðõí³é – òðàâ’ÿí³. Ñòàð³ ïàãîíè ãîë³, 
ç ïëàñòèí÷àñòîþ áóðîþ êîðîþ, ÿêà â³ää³ëÿ-
ºòüñÿ, ìîëîä³ – ÷îòèðèãðàíí³, âêðèò³ ñ³ðèìè 
òðèõîìàìè [3, 33].

Çà ðåçóëüòàòàìè äåñÿòèð³÷íèõ äîñë³äæåíü 
áóëî âèä³ëåíî òðè ïåð³îäè (ëàòåíòíèé, ïðåãå-
íåðàòèâíèé ³ ãåíåðàòèâíèé) ³ 6 â³êîâèõ ñòàí³â 
ðîñëèí: íàñ³ííÿ, ïðîðîñòêè, þâåí³ëüíèé, ³ìà-
òóðíèé, â³ðã³í³ëüíèé, ãåíåðàòèâíèé. Ëàòåíò-
íèé ïåð³îä (se) – íàñ³ííÿ ó ñòàí³ ñïîêîþ, òðè-
âàº â³ä äîçð³âàííÿ íàñ³ííîãî ìàòåð³àëó äî éîãî 
ïðîðîñòàííÿ. Äëÿ ïðåãåíåðàòèâíîãî ïåð³îäó 
õàðàêòåðí³ â³êîâ³ ñòàíè: ïðîðîñòêè (pl), þâå-
í³ëüíèé (j), ³ìàòóðíèé (im) ³ â³ðã³í³ëüíèé (v). 
Ãåíåðàòèâíèé ïåð³îä (g) ðîñëèí ðîçïî÷èíàâñÿ 
ç óòâîðåííÿ áóòîí³â íà ãåíåðàòèâíèõ ïàãîíàõ. 
Ìîëîä³ ãåíåðàòèâí³ îñîáèíè (g

1
) ìàëè íåâåëè-

êó ê³ëüê³ñòü ãåíåðàòèâíèõ ïàãîí³â. Ñåðåäíüî-
â³êîâ³ ãåíåðàòèâí³ îñîáèíè (g

2
) õàðàêòåðèçó-

âàëèñü óòâîðåííÿì çíà÷íî¿ ê³ëüêîñò³ âåãåòà-
òèâíî-ãåíåðàòèâíèõ ïàãîí³â (ðèñ. 1).

Ðèñ. 1. Îíòîãåíåç ëàâàíäè ñïðàâæíüî¿: ëàòåíòíèé (íàñ³ííÿ) – se. Ïð åãåíåðàòèâíèé ïåð³îä: pl – ïðîðîñòêè; 
j  – þâåí³ëüí³ ðîñëèíè; im – ³ìàòóðí³ ðîñëèíè; v – â³ðã³í³ëüí³ ðîñëèíè. 

Ãåíåðàòèâíèé ïåð³îä: g
1
 – ìîëîä³ ãåíåðàòèâí³ ðîñëèíè; g

2
 – ñåðåäíüîâ³êîâ³ ãåíåðàòèâí³ ðîñëèíè.

j

g1

v

g2

implse

Ïàãîíîâ³ ñèñòåìè ðîñëèí L. vera óòâîðåí³ 
ïåðåâàæíî âåãåòàòèâíî-ðåïðîäóêòèâíèìè, 
çð³äêà âåãåòàòèâíèìè ïàãîíàìè, ùî óçãîä-
æóºòüñÿ ç â³äîìîñòÿìè É. Ì. Áåðêî [33].                

Â óìîâàõ ³íòðîäóêö³¿ ïàãîíè ðîñëèí L. vera 
îðòîòðîïí³ é âèñõ³äí³. Ó ñòðóêòóð³ ïàãîí³â 
ðîñëèí ôîðìóâàëèñÿ ïëàã³îòðîïí³ ä³ëÿíêè, 
ÿê³ ìåòàìîðô³çóâàëèñÿ â àí³çîòðîïí³ ïàãî-
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íè, ã³ïî- àáî åï³ãåîãåíí³ êîðåíåâèùà, ùî, 
î÷åâèäíî, º ïðèñòîñóâàííÿì äî óìîâ ñåðåäî-
âèùà. 

Ó L. vera â³äì³÷åíî âàð³þâàííÿ çà ïîêàçíè-
êàìè äîâæèíè é ê³ëüêîñò³ ïàãîí³â. Íà ïåðøî-
ìó ðîö³ æèòòÿ äîâæèíà ïàãîíó ñÿãàëà 
8,5 ± 0,5 ñì, ôîðìóâàâñÿ îäèí âåãåòàòèâíèé 
ïàã³í. Ìàêñèìàëüíèõ á³îìåòðè÷íèõ ïîêàçíè-
ê³â ðîñëèíè äîñÿãàëè ó ïåð³îä öâ³ò³ííÿ íà ÷åò-
âåðòîìó ðîö³ – 63,2 ± 4,5 ñì, ê³ëüê³ñòü âåãå-
òàòèâíî-ãåíåðàòèâíèõ ïàãîí³â – 28,2 ± 3,7 øò.
Ïðîäóêòèâí³ñòü íàäçåìíî¿ ðîñëèííî¿ ñèðîâè-
íè ñòàíîâèëà 1,96 ± 0,11 êã/ì2, åðåì³â – 
0,045 ± 0,003 êã/ì2.

Êâ³òêè ó ðîñëèí L. vera äâîñòàòåâ³, ðîç-
ì³ùåí³ ó ïàçóõàõ ïðèêâ³òê³â ïî 3–5 øòóê 
àáî á³ëüøå ñóïðîòèâíèìè íàï³âê³ëü÷àòêà-
ìè, ç³áðàíèìè íà âåðõ³âêàõ ïàãîí³â ó êîëî-
ñîïîä³áí³ ñóöâ³òòÿ. ×àøå÷êà êâ³òêè öèë³í-
äðè÷íà, ðåáðèñòà, çëåãêà ðîçøèðåíà â ñåðåä-
í³é ÷àñòèí³, ï’ÿòèçóá÷àñòà. Â³íî÷îê îáïàä-
íèé, äâîãóáèé, çðîñëîïåëþñòêîâèé. Òè÷è-
íîê ÷îòèðè, ìàòî÷êà îäíà.

Ðîñëèíè ïîë³êàðï³÷í³ [25], êâ³òóâàííÿ ³ 
ïëîäîíîøåííÿ ñïîñòåð³ãàëè ùîð³÷íî, ïî÷è-
íàþ÷è ç òðåòüîãî ðîêó æèòòÿ. Ïëîäè ëàâàí-
äè ñïðàâæíüî¿ – öåíîá³¿, ôîðìóþòüñÿ ó ÷à-
øå÷ö³ êâ³òêè ç öåíîêàðïíîãî (ñèíêàðïíîãî) 
äâî÷ëåííîãî ã³íåöåþ, ùî º õàðàêòåðíèì äëÿ 
ðîñëèí ðîäèíè Lamiaceae.

Íàñ³ííºâèé ìàòåð³àë – 4 åðåìè, ÿê³ ôîð-
ìóþòüñÿ ó öåíîá³¿, ïðè äîçð³âàíí³ íå âèñè-
ïàþòüñÿ ³ç òðóá÷àñòî¿ ÷àøå÷êè. Åðåìè òåì-
íî-áóðîãî êîëüîðó, ãëàäåíüê³, áëèñêó÷³, âè-
äîâæåíî¿ ôîðìè, 0,3–0,46 ñì ó äîâæèíó ³ 
0,16 ñì ó øèðèíó. Ìàñà 1000 øòóê åðåì³â – 
0,8–1,2 ã. Íàñ³ííÿ ó ëàáîðàòîðíèõ óìîâàõ 
ïðîðîñòàëî óïðîäîâæ 8–9 ä³á, ñõîæ³ñòü áåç 
ñòðàòèô³êàö³¿ ñêëàäàëà 25%, ï³ñëÿ ñòðàòè-
ô³êàö³¿ – 75%. Åíåðã³ÿ ïðîðîñòàííÿ ñêëàäà-
ëà â³äïîâ³äíî 11 ³ 28%.

Ãîëîâíèìè êðèòåð³ÿìè, ÿê³ ñâ³ä÷àòü ïðî 
ïåðñïåêòèâí³ñòü ââåäåííÿ âèäó â êóëüòóðó, 
º âñòàíîâëåííÿ ìåòîä³â ðîçìíîæåííÿ, îïòè-
ìàëüíèõ ñòðîê³â ïîñ³âó, îñîáëèâîñòåé äîãëÿ-
äó çà ðîñëèíàìè âïðîäîâæ ¿õíüî¿ âåãåòàö³¿.

Ðîñëèíè L. vera ðîçìíîæóâàëè íàñ³ííº-
âèì ñïîñîáîì ³ âåãåòàòèâíî. Íàéîïòèìàëüí³-
øèé ïåð³îä ñ³âáè ðîñëèí L. vera – òðåòÿ äå-
êàäà êâ³òíÿ – ïåðøà äåêàäà òðàâíÿ, à îïòè-
ìàëüíà ãëèáèíà çàãîðòàííÿ åðåì³â – 15 ìì. 
Çà íàñ³ííºâîãî ðîçìíîæåííÿ ëàâàíäè ñïðàâ æ-
íüî¿ áåç ñòðàòèô³êàö³¿ â³äçíà÷àëè íèçüêó ïî-
ëüîâó ñõîæ³ñòü (5–10%), ñõîäè ç’ÿâëÿ ëèñü 
÷åðåç 25–30 ä³á.

Ðîçìíîæåííÿ ðîñëèí L. vera íàñ³ííºâèì 
ñïîñîáîì ïîòðåáóº õîëîäíî¿ ñòðàòèô³êàö³¿ 
âïðîäîâæ 30 ä³á çà òåìïåðàòóðè 5–7 °Ñ. Ñõå-

ìà ðîçì³ùåííÿ ðîñëèí 50 × 30 ñì. Óïðîäîâæ 
ïåðøîãî ðîêó æèòòÿ ðîñëèíè ôîðìóâàëè 
îäèí âåãåòàòèâíèé ïàã³í, íà ÿêîìó çàêëàäà-
ëèñÿ ïàãîíè äðóãîãî ïîðÿäêó, íà äðóãèé ð³ê 
æèòòÿ ç’ÿâëÿëèñÿ ïàãîíè òðåòüîãî ïîðÿäêó, 
çá³ëüøóâàëàñÿ ê³ëüê³ñòü ³ äîâæèíà ïàãîí³â. 
Êâ³òóâàííÿ é ïëîäîíîøåííÿ âèÿâëåíî íà 
òðåò³é ³ íàñòóïí³ ðîêè æèòòÿ, êîëè ðîñëèíè 
óòâîðþâàëè çíà÷íó ê³ëüê³ñòü âåãåòàòèâíî-
ãåíåðàòèâíèõ ïàãîí³â. Êâ³òóâàííÿ ðîñëèí 
ñïîñòåð³ãàëè â ÷åðâí³, ïëîäîíîøåííÿ – ó 
ñåðïí³. Ïðè çð³çàíí³ êâ³òêîíîñ³â ó ôàç³ öâ³-
ò³ííÿ ïîâòîðíå êâ³òóâàííÿ ðîñëèí L. vera 
â³äì³÷åíî â ñåðïí³ – âåðåñí³. Âñòàíîâëåíî, 
ùî â óìîâàõ ³íòðîäóêö³¿ ó ðîñëèí L. vera ñà-
ìîñ³â áóâ â³äñóòí³é.

Â³äîìî, ùî ðîñëèíè L. vera ðîçìíîæóþòü 
æèâöÿìè àáî ðîçñàäíèì ñïîñîáîì, îäíàê ö³ 
ñïîñîáè ïîòðåáóþòü äîäàòêîâîãî äîãëÿäó é 
ïîëèâó [34]. Ðîñëèíè L. vera òðåòüîãî é íà-
ñòóïíîãî ðîê³â æèòòÿ äîáðå ïðèæèâàëèñü 
ïðè ïîä³ë³ íà ÷àñòèíè (ïàðòèêóëè), ùî 
ñâ³ä÷èòü ïðî ïåðåâàãè âåãåòàòèâíîãî ðîç-
ìíîæåííÿ. 

Äëÿ ãîñïîäàðñüêèõ ïîòðåá ãàëóçåé âèêî-
ðèñòîâóþòü ïåðåâàæíî ñóöâ³òòÿ, ùî ñêëàäàº 
áëèçüêî 30% â³ä íàäçåìíî¿ ÷àñòèíè ðîñëèí. 
Îäíàê çåëåí³ ïàãîíè ³ç ëèñòêàìè, çð³çàí³ íà 
âèñîò³ 15–20 ñì â³ä ïîâåðõí³ ´ðóíòó, º íå 
ìåíø ö³ííîþ ô³òîñèðîâèíîþ é äæåðåëîì 
ÁÀÑ. Âì³ñò ñóõîãî çàëèøêó â íàäçåìí³é ìàñ³ 
L. vera íà ð³âí³ 28,8 ± 1,70% ââàæàºòüñÿ 
äîñèòü âèñîêèì ñåðåä àðîìàòè÷íèõ ðîñëèí. 
Áóëî âñòàíîâëåíî, ùî ó íàäçåìí³é ìàñ³ ðîñ-
ëèí ëàâàíäè ì³ñòèëîñü 15,8 ± 0,74% êë³òêî-
âèíè, 2,7 ± 0,6% ë³ï³ä³â, 40,2 ± 1,95 ìã% 
íà àáñîëþòíî ñóõó ìàñó àñêîðá³íîâî¿ êèñëî-
òè, 5,8 ± 0,49% äóáèëüíèõ ðå÷îâèí, 
1176,9 ± 61,63 ìã% íà àáñîëþòíî ñóõó ìàñó 
êàë³þ (òàáë. 1).

Áóëî âèÿâëåíî, ùî åô³ðíà îë³ÿ ðîñëèí 
Lavandula vera, âèðîùåíèõ â óìîâàõ Öåí-
òðàëüíîãî Ïîë³ññÿ Óêðà¿íè, â³äð³çíÿëàñü çà 
ÿê³ñíèì ñêëàäîì ÁÀÑ ïîð³âíÿíî ç³ ñêëàäîì 
îë³¿ ³ç ñèðîâèíè, âèðîùåíî¿ â ³íøèõ ðåã³î-
íàõ. Â³äîìî, ùî íàéêðàùà çà ÿê³ñòþ åô³ðíà 
îë³ÿ, ÿêà ìàº ñîëîäêèé àðîìàò, ì³ñòèòü 50–
55% ë³íàë³ëàöåòàòó ³ 1,6–2,4% òåðï³íåí-4-
îëó, çðîñòàº ó Ôðàíö³¿, ²òàë³¿, Áîëãàð³¿, Êðè-
ìó, Óãîðùèí³ [12].

Îñíîâí³ êîìïîíåíòè åô³ðíî¿ îë³¿ ðîñëèí 
L. vera â óìîâàõ Öåíòðàëüíîãî Ïîë³ññÿ Óêðà-
¿íè – ë³íàëîîë (26,539%), ë³íàë³ëàöåòàò 
(24,591%), α-êàä³íîë (12,11%), α-òåðï³íåîë 
(4,526%), áîðíåîë (4,000%), ëàâàíäóë³ëàöå-
òàò (2,376%), ãåðàí³ëàöåòàò (2,763%), 
β-êàð³îô³ëåí (2,141%), ãåðàí³îë (2,032%) 
(òàáë. 2, ðèñ. 2). 
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Òàáëèöÿ 1
Á³îõ³ì³÷íèé ñêëàä ñèðîâèíè L. vera ó ïåð³îä êâ³òóâàííÿ â óìîâàõ Öåíòðàëüíîãî Ïîë³ññÿ Óêðà¿íè 

(2011–2013 ðð., N = 9)
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Òàáëèöÿ 2
Êîìïîíåíòíèé ñêëàä åô³ðíî¿ îë³¿ L. vera çà óìîâ ³íòðîäóêö³¿ 

â Öåíòðàëüíîìó Ïîë³ññ³ Óêðà¿íè (2011–2013 ðð., N = 9)
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1 4,74 öèñ-3-ãåêñåí-1-îë 0,292 18 15,58 α-òåðï³íåîë 4,526
2 6,78 ì³ðöåí 0,470 19 16,48 ë³íàë³ëàöåòàò 24,591
3 7,3 1-îêòåí-3-îë 0,388 29 16,64 ïàðà-öèìåí-8-îë 0,314
4 7,31 ∆3-êàðåí 0,436 21 17,13 êðèïòîí 1,139
5 7,45 îêòàíîë-3 0,190 22 17,44 ãåðàí³îë 2,032
6 7,89 îêòàíîí-3 0,132 23 17,83 ëàâàíäóë³ëàöåòàò 2,376
7 8,08 ë³ìîíåí 0,641 24 18,14 áîðí³ëàöåòàò 0,260
8 8,39 β-ôåëàíäðåí 1,562 25 18,4 – 0,489
9 8,54 òðàíñ-îöèìåí 2,308 26 18,72 êóì³íîâèé àëüäåã³ä 0,385

10 8,78 öèñ-îöèìåí 1,394 27 20,4 α-ñàíòàëåí 0,282
11 10,4 òåðï³íîëåí 0,289 28 20,72 íåðèëàöåòàò 1,293
12 11,46 ë³íàëîîë 26,539 29 21,11 β-êàð³îô³ëåí 2,141
13 13,96 ëàâàíäóëîë 0,691 30 21,54 ãåðàí³ëàöåòàò 2,763
14 14,69 áîðíåîë 4,000 31 24,75 α-àìîðôåí 1,243
15 14,71 òåðï³íåí-4-îë  2,632 32 27,74 êàð³îô³ëåíîêñèä 0,764
16 14,79 êàìôîðà  0,386 33 28,03 – 0,733
17 14,84 – 0,207 34 28.93 α-êàä³íîë 12,110

Ðèñ. 2. Õðîìàòîãðàìà åô³ðíî¿ îë³¿ L. vera ó ôàçó öâ³ò³ííÿ
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Îòðèìàíà îë³ÿ ëàâàíäè õàðàêòåðèçóâà-
ëàñü «ñåðåäíüîþ ÿê³ñòþ», òîìó ùî çã³äíî ç³ 
ñòàíäàðòîì ÷àñòêà ë³íàë³ëàöåòàòó â åô³ðí³é 
îë³¿ L. vera íå ïîâèííà áóòè íèæ÷îþ 47% 
[12]. Îäíàê, çàâäÿêè íàÿâíîñò³ òåðïåíî¿ä³â 
(ë³íàëîîëó, áîðíåîëó, ãåðàí³îëó) òà ñêëàä-
íèõ åô³ð³â (ë³íàë³ëàöåòàòó òà ãåðàí³ëàöåòà-
òó) ðîñëèíè L. vera ìàþòü áàêòåðèöèäí³, 
ôóíã³öèäí³ é ³íñåêòèöèäí³ âëàñòèâîñò³.

Âèñíîâêè 
Â³äîìîñò³ ùîäî ïîøèðåííÿ, ìîðôîá³îëî-

ã³÷íèõ ³ á³îõ³ì³÷íèõ îñîáëèâîñòåé âêàçóþòü 
íà ïåðñïåêòèâí³ñòü âèêîðèñòàííÿ íåòðàäè-
ö³éíî¿ àðîìàòè÷íî¿ ðîñëèí L. vera ó ÿêîñò³ 
àðîìàòè÷íî¿, ñìàêîâî¿, åô³ðîîë³éíî¿, ë³êàð-
ñüêî¿, ìåäîíîñíî¿, ô³òîíöèäíî¿, äåêîðàòèâ-
íî¿ êóëüòóðè.

Óïðîäîâæ îíòîìîðôîãåíåçó ðîñëèí L. vera 
áóëî â³äì³÷åíî òðè ïåð³îäè (ëàòåíòíèé, ïðå-
ãåíåðàòèâíèé ³ ãåíåðàòèâíèé) ³ 6 â³êîâèõ 
ñòàí³â ðîñëèí: íàñ³ííÿ, ïðîðîñòêè, þâåí³ëü-
íèé, ³ìàòóðíèé, â³ðã³í³ëüíèé, ãåíåðàòèâ-
íèé. Ç äðóãîãî ðîêó æèòòÿ ðîñëèíè ïåðåõî-
äÿòü äî ìîëîäîãî ãåíåðàòèâíîãî ñòàíó. Íà 
òðåò³é ð³ê æèòòÿ áóëî â³äì³÷åíî ñåðåäíüî-
â³êîâèé ãåíåðàòèâíèé ñòàí îíòîãåíåçó, ÿêèé 
â óìîâàõ ³íòðîäóêö³¿ òðèâàº ïîíàä 10 ðîê³â.

Âñòàíîâëåíî, ùî ðîçñàäíèé òà âåãåòàòèâ-
íèé ñïîñîáè ðîçìíîæåííÿ ëàâàíäè (ïîä³ë 
îñîáèí íà ÷àñòêè) ìàº ïåðåâàãè íàä íàñ³ííº-
âèì, çâàæàþ÷è íà íèçüê³ ïîêàçíèêè ïîëüî-
âî¿ ñõîæîñò³ íàñ³ííÿ (5–10%).

Ðîñëèííà ñèðîâèíà ëàâàíäè ñïðàâæíüî¿, 
âèðîùåíà â óìîâàõ Ïîë³ññÿ Óêðà¿íè, ìîæå 
áóòè äæåðåëîì îðãàí³÷íèõ ðå÷îâèí, äóáèëü-
íèõ ñïîëóê, â³òàì³í³â ³ ìàêðîåëåìåíò³â. Ïî-
ð³âíÿíî âèñîêèé âì³ñò äóáèëüíèõ ðå÷îâèí 
(5,8 ± 0,49%) ó ô³òîñèðîâèí³ ëàâàíäè äî-
çâîëÿº ðåêîìåíäóâàòè ¿¿ ÿê ïðîòèçàïàëüíèé 
³ â’ÿæó÷èé çàñ³á, à âèñîêèé óì³ñò êë³òêîâè-
íè (32,91 ± 1,24%) – äëÿ ïîïåðåäæåííÿ àòå-
ðîñêëåðîçó, ã³ïåðòîí³¿ ³ íîðìàë³çàö³¿ ïðîöå-
ñ³â òðàâëåííÿ.

Åô³ðíà îë³ÿ L. vera ì³ñòèòü á³îëîã³÷íî àê-
òèâí³ ñïîëóêè ë³íàëîîë (26,539%), ë³íàë³ëà-
öåòàò (24,591%) ³ α-êàä³íîë (12,11%), òîìó º 
äîö³ëüíèì ¿¿ âèêîðèñòàííÿ ó ôàðìàö³¿, ïàð-
ôóìåðíî-êîñìåòè÷í³é ³ õàð÷îâ³é ãàëóçÿõ. 
Íàÿâí³ñòü â åô³ðí³é îë³¿ ëàâàíäè 2,632% 
òåðï³íåí-4-îëó òà 0,386% êàìôîðè ñâ³ä÷èòü 
ïðî ¿¿ äîáðó ÿê³ñòü. Á³îõ³ì³÷íèé ñêëàä ô³òî-
ñèðîâèíè é åô³ðíèõ îë³é L. vera çàñâ³ä÷óº ¿¿ 
á³îëîã³÷íó ö³íí³ñòü ³ äîö³ëüí³ñòü âïðîâà-
äæåííÿ â êóëüòóðó â çîí³ Ïîë³ññÿ Óêðà¿íè 
äëÿ îòðèìàííÿ íîâèõ õàð÷îâèõ á³îäîì³øîê, 
ô³òîïðåïàðàò³â, ïàðôóìåðíèõ, êîñìåòè÷íèõ, 
³íñåêòèöèäíèõ òà àêàðèöèäíèõ çàñîá³â. 
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Purpose. Determining the assessment of the prospects 
and success of Lavandula vera D.C. introduction in the Cen-
tral Polissia of Ukraine. Methods. General scientific and 
special: morphological and descriptive, biometric, labora-
tory, field, biochemical. Results. Based on the analysis of 
literary sources and experimental studies, the issues of dis-
tribution, onthomorphogenetic features, biochemical com-
position of plant materials and components of essential oils 
of the non-traditional aromatic plant L. vera were studied. 
During the individual development of L. vera plants, three 
periods (latent, pregenerative, and generative) and 6 age 
states of plants were noted: seeds, seedlings, juvenile, im-
mature, virginal, and generative. It was revealed that seed-

ling and vegetative propagation of lavender (separation of 
individual plants into parts) has advantages over seeds due 
to low field germination of seeds (5–10%). Plant raw mate-
rials of lavender, grown in the conditions of Ukrainian Polis-
sia, are a source of organic substances, tannins, vitamins 
and macroelements. Conclusions. Information on distribu-
tion, onthomorphogenetic and biochemical characteristics 
of the non-traditional aromatic plant L. vera indicates the 
prospects for its cultivation in the conditions of the Central 
Polissia of Ukraine as an aromatic, flavoring, essential oil, 
medicinal, melliferous, phytoncidal, and ornamental plant. 

Keywords: essential oil; onthomorphogenesis; reproduc-
tion methods; biochemical composition.

Íàä³éøëà / Received 12.10.2021
Ïîãîäæåíî äî äðóêó / Accepted 29.11.2021



290 ISSN 2518-1017  Plant Varieties Studying and protection, 2021, Т. 17, № 4

Ãåíåòèêà

Introduction 
Sunflower (Helianthus annuus L.) is the 

main oilseed crop in Ukraine; in 2020 it was 
grown on an area of more than 6 million hec-
tares [1]. In industrial production, high-yiel-

UDC 57.084.5:582.998:581.143.5  https://doi.org/10.21498/2518-1017.17.4.2021.249004

Adaptability of F1 sunflower hybrids, created according
to an integrated system of line selection for economically 
valuable traits in various agroclimatic zones
V. Î. Babych1,2*, I. Yu. Borovska2, Ya. Yu. Sharypina2, Ya. F. Parii2, Yu. V. Symonenko1,2

1Institute of Cell Biology and Genetic Engineering, NAS of Ukraine, 148 Academika Zabolotnoho St., 03143, Kyiv, Ukraine, 
*e-mail: vikuhababych@gmail.com
2Ukrainian Scientific Institute of Plant Breeding (VNIS), 30 Vasylkivska St., Kyiv, 03041, Ukraine

Purpose. Determine the ecological plasticity and productivity of F
1
 sunflower hybrids created on the basis of maternal 

and parental lines, selected according to an accelerated selection system of lines resistant to herbicides (imidazoline and 
sulfonylurea groups) and broomrape (Orobanche cumana Wallr.). Methods. Statistical analysis of F

1
 sunflower hybrids 

was carried out using the methods of variation statistics, regression and analysis of variance using the Microsoft Office 
Excel 2016 application package. Molecular biological, biotechnological and classical selection methods were used for the 
accelerated system of line selection. Thus, for the purpose of targeted selection of sunflower sterility fixers, we used HRG01 
molecular SCAR marker to identify the gene for the restoration of pollen fertility (Rf

1
). To accelerate the creation of parental 

lines resistant to tribenuron-methyl, we used a culture of immature embryos in vitro. Results. The results of testing of F
1 

sunflower hybrids at Kyiv, Chernihiv, Cherkasy (Uman and Shpolianskyi districts), Khmelnytskyi, Kharkiv, Kherson and Odesa 
regions. The hybrids were created on the basis of selected lines, chosen according to an accelerated selection system 
for herbicide-resistant lines (imidazoline (IMI-hybrids) and sulfonylurea (SU-hybrids) groups) and broomrape (Orobanche 
cumana Wall). The standards for comparison with hybrids were: for IMI hybrids – hybrids ‘NK Neoma’ (Syngenta) and                        
‘ES Genesis’ (Euralis), and for SU-hybrids – ‘SY Sumiko’ (Syngenta) and ‘P64LE25’ (Pioneer). As a result, it was found that 
among SU-hybrids, UA 2/106 had a 3.9% higher yield when compared to the standards (‘SY Sumiko’ and ‘P64LE25’). And 
for IMI-hybrids it was found that hybrids UA 1/67, UA 1/66, UA 1/84 have the same yield of 2.76 t/ha as the ‘NK Neoma’ 
standard. IMI hybrids UA 1/92, UA 1/102 have the same yield of 2.91 t/ha as ‘ES Genesis’. Conclusions. F

1
 hybrids were 

created on the basis of the original breeding material selected due to the accelerated system of sunflower lines selection. 
The hybrids were analyzed according to the yield indicator. The most productive among the tested SU-hybrids was UA 2/106 
hybrid, among the IMI hybrids – UA 1/67, UA 1/66, UA 1/84, UA 1/92 and UA 1/102. 
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ГенетикаенетикаГГенетикаенетика

ding sunflower hybrids characterized by a set 
of certain economically valuable traits, such 
as resistance to: herbicides of sulfonylurea 
and imidazoline groups, diseases, pests, and 
parasitic weed sunflower broomrape are used. 
To create sunflower F

1
 hybrids, cytoplasmic 

male sterility (CMS) is used, where the main 
components of the hybrid are a sterile sun-
flower pollen maintainer (Nrf

1
rf

1
), its sterile 

analogue (Srf
1
rf

1
) and a sunflower pollen fer-

tility restorer (N/SRf
1
Rf

1
) [2]. The selection 

of each component based on valuable traits 
[resistance to herbicides and parasitic weed 
broomrape (Orobanche cumana Wallr.)] is a 
long selection process that lasts for 6 years, 
and with testing of hybrids and their subse-
quent registration lasts 12 years [2, 3]. The 
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use of molecular biological, biotechnological 
and immunological methods (testing lines on 
an artificial infectious background in labora-
tory conditions to determine the resistance of 
the starting material to the parasitic plant 
sunflower broomrape) together with classical 
breeding methods allows for the accelerated 
creation and selection of parental lines with 
economically valuable traits. For example, using 
molecular markers (RAPD, ALFP, SSR, etc.), 
it is possible to identify resistance genes: to 
downy mildew (Pl genes) [3–5], parasitic plant 
sunflower broomrape (Or genes) [3, 6, 7], her-
bicides (AHAS/ALS genes) [3, 8, 9] and pollen 
fertility restoration genes (Rf genes) [10–14] 
in paternal sunflower lines. This method al-
lows to carry out targeted selections among 
the source material of sunflower by the given 
genes (Pl, Or, Rf, AHAS/ALS, etc.). Among 
the methods for obtaining paternal compo-
nents with certain characteristics, the method 
of culture of immature embryos in vitro is 
effective. This method is also used to study 
somatic embryogenesis, organogenesis, and 
regeneration [15–19], to obtain plants with 
altered traits after their genetic transformati-
on [20], to reproduce seeds with low viability, 
as well as to obtain distant hybrids [2, 21].

The ultimate goal of selecting the sunflow-
er resulting lines is their further crossing to 
create hybrids (F

1
), which will have certain 

economically valuable traits (resistance to 
herbicides and to a parasitic weed sunflower 
broomrape, drought, increased yield and oil 
content, etc.). 

A prerequisite for the introduction of new 
sunflower hybrids into industrial cultivation 
is testing of hybrids for an objective assess-
ment of their genetic potential, competitive-
ness and adaptability, in order to determine 
the cultivation zone to obtain the maximum 
yield level. Environmental tests make it pos-
sible to assess the ecological plasticity in terms 
of yield, which is one of the methods for stu-
dying the reaction rates for this trait and the 
growing area [22–24].

The aim of the study is to determine the 
ecological plasticity and yield of F

1
 sunflower 

hybrids in an ecological test, obtained on the 
basis of maternal and paternal lines, selected 
according to an accelerated selection system 
of lines resistant to herbicides (imidazoline 
and sulfonylurea groups) and broomrape 
(Orobanche cumana Wallr.).

The hybrids tested in 2020 were selected 
according to the accelerated selection system 
for the initial material of sunflower resistant 
to herbicides (imidazoline and sulfonylurea 

groups) and a plant-parasitic weed sunflower 
broomrape, developed during 2016–2020. A 
feature of the created system of accelerated 
selection is the phased application of a com-
plex of biotechnological, molecular biological 
and breeding methods of acceleration and tar-
geted selection of lines with the desired eco-
nomically valuable traits.

Materials and research methods 
Plant material 
Sunflower hybrids are created on the basis 

of maternal and paternal lines resistant to 
herbicides and broomrape, selected according 
to an accelerated selection system.

To create hybrids resistant to herbicides of 
the imidazoline group (the Euro-Lightning 
herbicide of the Clearfield production system 
of BASF with the active ingredient imizapyr 
15 g/l and imazamox 33 g/l), the following 
material was used:

– maternal lines – ÂÍ320/‘NK Neoma’ (11/15), 
ÂÍ320/‘NK Neoma’ (11/103), ÂÍ320/‘NK Ne-
oma’ (11/104), ÂÍ039/‘ÅÑ Artemis’ (11/162), 
ÂÍ3978/‘Dragan’ (12/155) òà ÂÍ3978/‘Dra-
gan’ (12/156) [25];

– paternal line – line 3 [26].
For hybrids resistant to sulfonylurea herbi-

cides (herbicide Granstar Gold 75 by Dupont 
with the active ingredient tribenuron-methyl 
750 g/kg), the following was used:

– maternal lines – Ls8A/Lc1093Â (9/10), 
Ls8A/Lc1093Â (9/12), Ls8A/Lc1093Â (9/117), 
Zoria FN/Lc1093Â (9/138), Zoria FN/Lc1093Â 
(9/166), A12/Lc1093Â (10/124) òà A12/
Lc1093Â (10/216) [25];

– paternal lines – ÂÍ0118/SURES-2 (101/1), 
ÂÍ0118/SURES-2 (101/4), ÂÍ0118/SURES-2 
(101/6), ÂÍ0118/SURES-2 (101/7), ÂÍ0218/
SURES-2 (101/11, ÂÍ0218/SURES-2 (101/12), 
ÂÍ0218/SURES-2 (101/16), ÂÍ0218/SURES-2 
(101/17), ÂÍ0218/SURES-2 (101/18), ÂÍ0318/
SURES-2 (101/21), ÂÍ0318/SURES-2 (101/24), 
ÂÍ0318/SURES-2 (101/28), ÂÍ0318/SURES-2 
(101/30) [26].

The system of accelerated selection of pater-
nal lines was carried out according to the scheme 
shown in Figure 1. Work with the mother lines 
was conducted in two stages: 1) isolation of ste-
rility maintainers using SCAR marker HRG01; 
2) the isolation of broomrape resistant sterility 
maintainers on an artificial infectious back-
ground in laboratory conditions. Work with 
paternal forms included: 1) study of the regene-
rative capacity of sunflower pollen fertility re-
storer lines resistant to imidazolinones, and ac-
celerated creation of fertility restorer lines re-
sistant to tribenuron-methyl when using a cul-
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ture of immature embryos; 2) isolation of pollen 
fertility restorer lines resistant to broomrape 

on an artificial infectious background in labora-
tory conditions.

Creating sunflower hybrids (F1) based on the selected maternal 
and paternal lines resistant to herbicides and broomrape

Evaluation of selected sunflower materials for resistance to broomrape 
on an artificial infectious background in laboratory conditions

Accelerated creation of fertility 
restorer lines resistant 

to tribenuron-methyl when using a culture
of immature embryos

Study of the regenerative 
capacity of sunflower pollen 

fertility restorer lines

Isolation of sterility 
maintainers using 

SCAR marker HRG01

PATERNAL FORMS

Fig. 1. General scheme of the accelerated system of sunflower parental lines selection

MATERNAL FORMS

Analysis of sunflower hybrids (F1) by yield, 
resistance to herbicides and broomrape

Identification of SCAR marker HRG01 was 
carried out by PCR using a pair of primers flan-
king the 1.1 cM region between OPK13_454 and 
E33M61_136 in 13 sunflower linkage group 
[11]. The nucleotide sequence of the primers to 
the HRG01 locus was as follows: F primer: 5`-
TATGCATAATTAGTTATACCC-3`; R primer: 
5’-ACATAAGGATTATGTACGGG-3’ [11]. PCR 
was performed using GenePak PCR Core rea-
gent kits, «Isogen» (Russia). DNA was isolated 
using the STAB method [27]. The reaction mix-
ture consisted of 0.2 µl of each primer, 2 µl of 
PCR buffer 10x DreamTagTM GreenBuffer 
(Thermo Scientific), 0.2 mM of each deoxyribo-
nucleoside triphosphate (dNTP) (Thermo Scien-
tific), 2 units of polymerase 20 ng of genomic 
DNA. The final volume of the reaction mixture 
was 20 µL, to which additional 20 µL of min-
eral oil was added to prevent evaporation of the 
reaction mixture because thermostat lid is not 
heated. PCR was carried out in thermal cycler 
«Tertsik» (Russia) according to the program: 
initial denaturation for 10 min at 94 °C; 35 
cycles – denaturation for 45 s at 94 °C; annea-
ling for 45 seconds at 58 °C; elongation for 60 s 
at 72 °C; final elongation for 6 min at 72 °C to 
detect the HRG01 marker. 

After the completion of PCR, the amplifica-
tion products were separated by electrophore-
sis in 2% agarose gel, stained with ethidium 
bromide. The DNA ladders 50 bp kit (Thermo 
Scientific) was used to mark the length of the 
obtained fragments [14]. 

The studies of the regenerative capacity of 
sunflower fertility restorer lines resistant to 

herbicides of the imidazoline group were car-
ried out on 4 sunflower fertility restorer lines 
(2, 3, 19, 35) for the induction of organoge-
nesis in vitro. To obtain an in vitro culture, 
cotyledons isolated from immature sunflower 
embryos selected on the 21st day after pollina-
tion were used. This work consisted of the 
following stages: sterilization of seeds, isola-
tion of explants (cotyledons), induction of ad-
ventitious shoots and their elongation, root-
ing of regenerated plants, and adaptation of 
regenerated plants in a greenhouse.

21-day-old immature seeds were soaked for 
one day in distilled water to soften the shell, 
then the husks were separated from the im-
mature seeds and the immature seeds were 
sterilized in 70% ethyl alcohol (1–2 min), a 
solution of household bleach «Bilyzna» (dilu-
tion in water in ratio 1 : 2) for 20 min, fol-
lowed by washing with sterile distilled water 
(three times).

For the induction of adventitious buds, 5 
modifications of the Murashige-Skoog medi-
um (MS) [28] were used, supplemented with 
vitamins B5 [29], 3% sucrose, 5 mg/L AgNO3 
and the following growth regulators: 

1) 2 mg/L N-isopentenylaminopurine (2-iP), 
0.5 mg/L indole-3-acetic acid (IAA), 0.1 mg/L 
thidiazuron (TDZ) [26]; 

2) 2 mg/L N-isopentenylaminopurine (2-iP), 
0.5 mg/L picloram, 0.1 mg/L thidiazuron 
(TDZ); 

3) 1 mg/L 6-benzylaminopurine (BAP), 1 mg/L 
1-Naphthaleneacetic acid (NAA), 0.1 mg/L gib-
berellic acid (GA

3
) [18]; 
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4) 1   mg/l   6-benzylaminopurine   (BAP), 
0.25 mg/L indole-3-acetic acid (IAA), 0.1 mg/L 
gibberellic acid (GA

3
); 

5) 2 mg/L kinetin (Kn), 0.5 mg/L 1-Naph-
thaleneacetic acid (NAA).

The pH of the medium was adjusted to            
5.7 ± 0.1 using 1M KOH or HCl solution and 
autoclaved at 120 °C for 20 minutes. 

The proliferation of adventitious buds was 
carried out on medium 1 and on medium sup-
plemented with 3 mg/L 6-benzylaminopurine 
(BAP) and 2 mg/L N-isopentenyl aminopurine 
(2-iP). 

For induction of morphogenesis, part of the 
explants were cultured for 21 days at a 16-
hour photoperiod at a temperature of 25 °C, 
the rest of the explants were cultured for 14 
days in darkness and 7 days at a 16-hour pho-
toperiod at a temperature of 25 °C.

Adventitious shoots elongation was per-
formed on MS media [28] with vitamins B5 
[29], 3% sucrose, 5 mg/l AgNO3, supplemen-
ted with: 1) 0.1 mg/L 6-benzylaminopurine 
(BAP) [20]; 2) 1 mg/L N-isopentenyl aminopu-
rine (2-iP), 0.5 mg/L 6-benzylaminopurine 
(BAP) [30]; 3) 0.2 mg/L gibberellic acid (GA

3
) 

[18]. Regenerated plants, which formed a 
well-developed root system, were adapted in a 
greenhouse with photoperiodic lighting (16 
hours of light: 8 hours of dark) and a tem-
perature of 25 °C.

As a result of these experiments, the opti-
mal cultivation conditions were established to 
obtain the maximum proportion of sunflower 
regenerants, and an effective rooting system 
of adventitious shoots was developed, which 
allows the regenerant plants to be adapted to 
the greenhouse conditions [17]. 

Using an immature embryo culture of sun-
flower for the accelerated isolation of triben-
uron-methyl resistant lines. The study carried 
out during 2017–2019, began with the cros-
sing of fertility restorer lines BH0118, BH0218, 
and BH0318, which do not contain the tribenu-
ron methyl resistance donor SURES-2 (TBM 
gene-resistance AHASL1-2) [19].

As a result of crossing the fertility line re-
storers BH0118, BH0218, and BH0318 with 
the tribenuron methyl resistance donor 
SURES-2, the genotypes SURES-2/BH0118, 
SURES-2/BH0218, SURES-2/BH were ob-
tained. On the 21st day after flowering, 30 
immature seeds were isolated from each bas-
ket and introduced into in vitro culture. For 
introduction into in vitro culture, immature 
seeds were sterilized in 70% ethyl alcohol 
(1–2 min), a solution of household bleach «Bi-
lyzna» (dilution in water in a ratio of 1 : 2) 

for 20 min, followed by washing with sterile 
distilled water (three times). After steriliza-
tion of immature seeds, the embryo with en-
dosperm was peeled off. Then it was placed in 
Petri dishes with a basic MC medium [28] with 
the addition of 0.1 mg/L 6-benzylaminopurine 
(BAP). On 10–14 days of in vitro cultivation, 
sunflower seedlings with formed roots were 
obtained; they were subsequently planted in 
the soil, where they were adapted to green-
house conditions and self-pollinated to pro-
duce ²

1
 seeds. On days 10–14 of in vitro culti-

vation, sunflower seedlings with formed roots 
were obtained; they were subsequently planted 
in the soil, where they were adapted to green-
house conditions and self-pollinated for ob-
taining ²

1
 seeds.

In the spring of 2018, ²
1
 seeds obtained from 

self-pollinated regenerant plants that under-
went adaptation after cultivation in vitro were 
sown at the breeding base of the All-Ukrainian 
Scientific Institute of Breeding (VNIS) located 
in the Obukhiv district of the Kyiv region in 
the village of Bezimenne. The plants were 
treated with the herbicide Granstar Gold 75 
with the active ingredient tribenuron-methyl 
at a dose of 100 g/ha. For spraying, a selec-
tion sprayer created by the engineers of the 
VNIS company according to their technology 
was used, which made it possible to uniformly 
apply the herbicide to the leaf plate and the 
growth point of sunflower plants. Plants that 
showed no signs of herbicidal stress were 
forced to self-pollination. In July of the same 
year, immature embryos were selected from 
self-pollinated plants resistant to tribenuron-
methyl on the 21st day after flowering and 
reintroduced into in vitro culture to carry out 
another cycle of self-pollination and obtain ²

3
 

seeds.
In 2019, ²

3
 seeds were sown in a breeding 

field (Obukhiv district of Kyiv region, Bez-
imenne village) and treated with herbicide. 
Plants noted to be resistant to the herbicide 
were forced to self-pollinate again [19]. 

Testing for resistance to broomrape of ma-
ternal and paternal lines. Testing of these 
lines was carried out in the department of 
plant immunity to diseases and pests of 
Ukrainian Scientific Institute of Plant Bree-
ding (VNIS).

Seeds of the parasite weed broomrape were 
collected from the host plant in the phase of 
physiological ripeness to carry out such tes-
ting. Seeds were collected in the Zaporizhzhia, 
Kharkiv, Kirovohrad, Odesa, Donetsk, Luhansk 
and Kherson regions on the fields of sunflo-
wer hybrids resistant to the E, F and G broom-
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rape races (information on the resistance of 
hybrids was used from the catalogs of Lima-
grain, Syngenta, Pioneer companies with de-
tailed information on sunflower hybrids), as 
well as from the demonstration fields of sun-
flower seed producing companies located near 
the central roads in each area, which were sub-
sequently sieved to separate dry plant resi-
dues.

Seeds of sterility maintainer and fertility 
restorer lines were sown in pots with an in-
fected peat mixture, which included 5 L of 
peat (= 1 kg 300 g), 2 kg of sand and 2 g of 
broomrape seeds.

After 30–35 days, the sunflower plants 
were carefully removed from the peat mixture 
and recorded the presence of broomrape tuber-
cles. The count was carried out visually – the 
presence or absence of broomrape tubercles 
was determined on each of the studied plants.

Limagrain hybrids, namely ‘LG 50505’ (re-
sistant to the G race of broomrape) – resis tan-
ce standard (St R «resistance») and ‘LG 5665’ 
(resistant to the E race of broomrape) –
susceptibility standard (St S «susceptible») 
were used as standards (St), for comparison 
the level of plant damage by bloomrape [26].

Method for environmental testing of F
1
 hy-

brids and statistical processing of the results. 
Testing of sunflower hybrids was carried out 
in accordance with the method generally ac-
cepted for the culture [31, 32]. In accordance 
with the methods [33, 34], the parameters of 
ecological plasticity and stability of sunflower 
hybrids were calculated. When calculating the 
coefficient of linear regression (bi), the level 
of ecological plasticity of hybrids was estab-
lished. When using the standard deviation 
from the regression line (S

i
2), the stability of 

the hybrid to various growing conditions was 
revealed, where Õ

i
 is the mean value of the 

trait of the I genotype under points, I
i
 is the 

environmental index. According to the coef-
ficient of ecological plasticity (bi), hybrids are 
divided into three groups:

1) high plasticity bi > (1 + σ) – under fa-
vorable conditions (under conditions with the 
maximum manifestation of the trait), the 
manifestation of the trait increases; 

2) medium plasticity bi = (1 ± σ) – the mani-
festation of the trait is at the level of medium 
sensitivity in the sample of hybrids under 
study; 

3) low plasticity bi = (1 – σ) – the manifesta-
tion of the trait decreases under favorable con-
ditions. 

Hybrids were created in a winter nursery 
located in South America (Chile), the city of 

Rancagua, during 2019–2020. The line used 
in the creation of sunflower hybrids was pre-
viously selected according to the accelerated 
complex selection system described above.

Depending on the resistance to certain her-
bicides, the hybrids were divided into sulfony-
lurea herbicide resistant (SU hybrids) and 
imidazoline herbicide resistant (IMI hybrids). 
The standards against which yields were com-
pared were hybrids: for IMI hybrids, a hybrid 
of Syngenta ‘NK Neoma’ and Euralis ‘ES Gene-
sis’, and for SU hybrids, a hybrid of Syngenta 
‘SY Sumiko’ and Pioneer ‘P64LE25’, as these 
hybrids are among the most productive in 
Ukraine.

F
1
 hybrids were tested during 2020 at 8 

sites in the Obukhiv district of Kyiv region, 
Borozna district of Chernihiv region, Shpola 
district of Cherkasy region, Uman district of 
Cherkasy region, Teofipol district of the 
Khmelnytskyi region, Pervomaisk district of 
Kharkiv region, Novotroinske district of 
Kherson region, Kalievskyi district of Odesa 
region. The hybrids were sowed according to 
a randomized scheme in two repetitions. The 
hybrids were divided into blocks, 40 hybrids 
per block, where 4 hybrids were standards. 

The total size of the plot was 20 m2, the size 
of the accounting plot was 10 m2. The density 
of plant standing before harvesting corre-
sponded to the recommended number for the 
zone – 60–65 thousand plants per hectare in 
the zone of sufficient moisture and 50–55 
thousand plants in the zone with moisture de-
ficiency. So, the zone of sufficient moisture 
includes Khmelnytskyi, Kyiv and Chernihiv 
regions, the zone of insufficient moisture – 
Cherkasy and Kharkiv, the zone of deficient 
moisture – Kherson and Odesa regions.

Research results
The creation of a high-yielding sunflower 

hybrid takes about 12 years, of which it takes 
from 6 to 8 years to create maternal and pa-
ternal lines, therefore various methods are 
increasingly being used in sunflower breeding 
programs to speed up the creation of initial 
sunflower breeding material. Methods that al-
low targeted selection for certain characteris-
tics include molecular biology methods, bio-
technological methods (immature embryo cul-
ture, in vitro cell and tissue culture), assess-
ment of material resistance to pathogens using 
an artificial infectious background, etc. 

Thus, currently there are works that are sepa-
rately aimed at the use of molecular markers to 
determine the presence of certain genes respon-
sible for the manifestation of a trait [4–7]. 
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Among the various biotechnological methods 
used to improve sunflower lines are immature 
embryo culture, culture of protoplasts and hap-
loids [35]. However, work with sunflower is 
limited by its regenerative capacity in vitro [36, 
37]. Although methods for studying sunflower 
regeneration by direct organogenesis were de-
scribed [16, 30, 38], it has been established that 
sunflower regenerative capacity depends on a 
number of factors, such as: genotype, nutrient 
medium components, explant type and age, and 
in vitro cultivation methods. Therefore, a criti-
cal moment in the development of an effective 
sunflower regeneration protocol is the selection 
of cultivation conditions, the choice of an ex-
plant and a genotype that will be marked by a 
high regenerative capacity.

The proposed system for selecting maternal 
and paternal sunflower lines with economi-
cally valuable traits is based on a phased com-
bination of biotechnological, molecular bio-
logical and breeding methods combined into 
one complex system for accelerated selection 
of lines (Fig. 2 and Fig. 3). The system of ac-

celerated selection of paternal lines was car-
ried out according to the scheme shown in 
Figure 1. The molecular SCAR marker HRG01 
was used on maternal lines to identify the fer-
tility restorer gene (Rf1). Using this method, 
we carried out a targeted selection of sterility 
maintainers among maternal lines, with geno-
type Nrf

1
rf

1
 [14]. This accelerated the selec-

tion of maternal lines, which were later tested 
on an artificial infectious background in the 
laboratory for resistance to broomrape [25].

The work with paternal lines was carried 
out in two directions: 1) the regenerative ca-
pacity was studied by direct organogenesis on 
pollen fertility restorer lines resistant to imi-
dazoline group herbicides [17]; 2) accelerated 
creation of sunflower pollen fertility restorer 
lines resistant to sulfonylurea group herbi-
cides using an immature embryo culture of 
[19]. As a result of the studies performed with 
fertility restorer lines, the selected material 
was tested on an artificial infectious back-
ground in order to isolate the lines resistant 
to broomrape [26].

MATERNAL FORMS

MOLECULAR METHODS BREEDING METHODS

in vivo
carrying out analyzing crosses of maternal lines 
resistant to herbicides of the imidazoline and 
sulfonylurea groups, candidates for sterility 

maintainers
Molecular analysis of maternal lines with 

resistance to herbicides of the imidazoline 
and sulfonylurea groups using 

SCAR marker HRG01

in vivo
analysis of the conducted test cross

Evaluation of selected sunflower material for resistance to broomrape on an artificial infectious background 
in laboratory conditions, 2019–2020

Creation and evaluation of first-generation (F1) herbicide-resistant hybrids in terms 
of yield and adaptability (2020)
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Fig. 2. Scheme of research when working with maternal forms

So, we have shown that when using SCAR 
marker HRG01, it is possible to carry out a 
targeted selection of sunflower sterility main-
tainers. 477 lines resistant to herbicides of the 
imidazoline group were tested, including 130 
lines BH320/‘NK Neoma’, 156 lines BH039/          
‘ES Arti mis’, 191 lines BH3978/‘Dragan’. As 

a result, it was found that the sterility main-
tainers (Nrfrf) [samples in which fertility re-
storer gene (Rf

1
) was not detected] in the 

BH320/‘NK Neoma’ maternal lines were all tes-
ted samples, 107 among the BH039/‘ES Ar-
timis’ line (4) and 128 samples in the BH3978/ 
‘Dragan’ combination. In total, out of 477 
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imidazoline lines, 365 were sunflower pollen 
sterility maintainers.

When testing 344 samples of lines resistant 
to herbicides of the sulfonylurea group, 
where 105 samples of lines of the Ls8A/

Lc1093B combination, 120 samples of the 
‘Zoria FN’/Lc1093B combination, and 119 
samples of the A12/Lc109B combination, it 
was found that all samples are sterility main-
tainers [14]. 
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BIOTECHNOLOGICAL METHODS BREEDING METHODS

Evaluation of selected (IMI) and created (SU) sunflower material for resistance
to broomrape on an artificial infectious background in laboratory conditions in 2019–2020

in vitro
assessment of the regenerative 

capacity of imidazolinone-resistant 
pollen fertility restorer lines

in vivo
hybridization ♀ CVEF carrier / ♂ SURES-2 (SU)

in vitro
immature embryo culture 

in vivo
sowing of I1, herbicide treatment, 

self-pollination of resistant plants → ²2

in vivo
adaptation of F1 immature embryos obtained as a 

result of crossing in greenhouse, self-pollination → ²1

in vitro
immature embryo culture ²2

adaptation of regenerants I2 in greenhouse, 
self-pollination → ²3
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Creation and evaluation of hybrids of the first generation (F1), 
resistant to herbicides, in terms of yield, adaptability
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Fig. 3. Scheme of research when working with paternal forms

PATERNAL FORMS

in vivo
sowing ²3, herbicide treatment, self-pollination

of resistant plants → I4, selection of tribenuron-
methyl resistant plants

Fig. 4. Electrophoregram of amplification products using SCAR marker HRG01 of BH039/ ‘ES Artimis’ maternal line

426 bp426 bp

M50 – 50 bp DNA Ladder molecular weight 
marker. Lanes: 113, 115, 117, 122, 124, 127, 
129, 131, 132 – individual plants of the stu-
died lines (no 426 bp amplicon); 114, 116, 
119–121, 126, 128, 130, 133–137 – amplicon 
is observed in plants.

In the study of sunflower pollen fertility 
restorer lines resistant to imidazolinones, ac-
cording to the regenerative ability, which con-
sisted of the induction and elongation of ad-
ventitious shoots, rooting and adaptation of 
regenerative plants to greenhouse conditions, 
line 35 was selected for high regenerative abi-

lity. As a result of the study, optimal cultiva-
tion conditions were selected to obtain the 
maximum share of sunflower regenerants and 
an effective system for adventitious shoots 
rooting was developed, which allowed to adapt 
regenerated plants to aseptic conditions [17].

As a result of crossing the fertility restorer 
lines BH0118, BH0218 and BH0318 with the 
tribenuron-methyl resistance donor SURES-2 
(TBM gene-resistance AHASL1-2), these com-
binations were obtained: BH02 2, BH0318/
SURES-2. As a result of the staged cultivation 
of 21-day immature sunflower embryos and 
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with the selection of tribenuron-methyl-re-
sistant plants (in the field), during 2017–2019 
ten lines homozygous for tribenuron-methyl 
resistance were isolated from each combina-
tion of BH0118/SURES-2, BH0218/SURES-2, 
BH0318/SURES-2 [19].

Selected maternal (709 sterility maintainers, 
of which 365 were resistant to imidazolinones 
and 344 were resistant to tribenuron-methyl) 
and paternal lines (4 lines with resistance to 

Fig. 5. Visual assessment of the presence of broomrape on sunflower lines, where 1 is a resistant plant
(no broomrape was found) and 2, 3 is a susceptible to broomrape plant (tubercle of a parasitic weed were found)

imidazolinones and 30 lines from each combi-
nation of BH0118/SURES-2, BH3/SURES-2) 
were tested on an artificial infectious back-
ground in laboratory conditions in order to iso-
late the lines resistant to broomrape.

Testing on an artificial infectious back-
ground in the laboratory was carried out by 
visual assessment of the presence of broom-
rape (Fig. 5.) during the winter period of 
2019.

11 22 33

When evaluating maternal lines resistant 
to imidazolinones on an artificial infectious 
background, it was found that three lines 
from BH320/‘NK Neoma’ (11/15, 11/103, 
11/104), one line (11/162) from BH039/‘ES 
Artimis’ and two lines from the combina-
tion BH3978/‘Dragan’ (12/155, 12/156) 
were highly resistant to G-race of broom-
rape. Among lines resistant to tribenuron-
methyl three lines from Ls8A/Lc1093B 
(9/10, 9/12, 9/117) and two lines from ‘Zo-
ria FN’/Lc1093B (9/138, 9/166) and A12/
Lc1093B (10/124, 10/216), as highly re-
sistant to broomrape were chosen [25]. The 
results of the visual assessment are presen-
ted in Table 1. 

When assessing the parental lines, it was 
found that among the imidazoline lines (2, 3, 
19, 35) on an artificial infectious background 
under laboratory conditions, line 35 was iso-
lated as highly resistant, since no signs of 
damage by broomrape were found in 100% of 
the plants. Among those resistant to tribe-
nuron-methyl, four lines highly resistant to 
G-race of broomrape were distinguished from 
the combinations BH0118/SURES-2 (101/1, 
101/4, 101/6, 101/7) and BH0318/SURES-2 

(101/21, 101/24, 101/28, 101/30, and five 
lines (101/11, 101/12, 101/16, 101/17, 
101/18) from the BH0218/SURES-2 combina-
tion [26] (Table 2).

Therefore, using the accelerated selection 
system, we chose maternal and paternal lines 
resistant to herbicides (imidazoline and sul-
fonylurea groups) and sunflower broomrape 
in a short period of time (2016–2020) [14, 
17, 19, 25, 26]. 

The selected lines were used to create hyb-
rids of the first generation of sunflower used 
in tests in various agroecological zones of 
Ukraine.

During the testing of F
1
 sunflower hybrids, 

it was observed how environmental conditions 
affect yield. Therefore, the adaptability of hy-
brids to different agro-climatic conditions was 
assessed by the coefficient of ecological plas-
ticity (b

i
) and the indicator of reproduction of 

this trait under different growing conditions 
(S

i
2) [33, 34].
It was revealed that for SU-hybrids the most 

comfortable growing conditions and obtaining 
high yields were observed in Chernihiv (I

i
 = 

1.29) and Cherkasy (Shpolianskyi district) (I
i
 = 

1.00) regions. The least comfortable gro wing 
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Table 1 
Resistance to broomrape of lines maintainers of sterility

Lines Sample number Total number of plants, 
pcs.

Number of resistant plants
pcs. %

Lines resistant to imidazoline herbicides

ÂÍ320/‘NK Neoma’
11/15 20 20 100

11/103 20 20 100
11/104 20 20 100

ÂÍ039/‘ÅS Artemis’ 11/162 17 17 100

ÂÍ3978/‘Dragan’ 12/155 20 20 100
12/156 20 20 100
Lines resistant to sulfonylurea herbicides

Ls8A/Lc1093Â
11/10 20 20 100
11/12 20 20 100

11/117 20 20 100

‘Zoria FN’/Lc1093Â 11/138 20 20 100
11/166 19 19 100

A12/Lc1093Â 12/124 20 20 100
12/216 17 17 100

Standards
LG 50505 (St R) St1 20 20 100
LG 5665 (St S) St2 20 20 0

Table 2 
Resistance to bloomrape in fertility restorer lines 

Lines Sample number Total number 
of plants, pcs.

Number of unstable plants Number of resistant plants
pcs. % pcs. %

Lines resistant to sulfonylurea herbicides

ÂÍ
01

18
/S

U
RE

S-
2

101/1 20 0 0.0 20 100
101/2 15 15 100 0 0.0
101/3 13 13 100 0 0.0
101/4 20 0 0.0 20 100
101/5 16 2 12.5 14 87.5
101/6 20 0 0.0 20 100
101/7 18 0 0.0 18 100
101/8 19 19 100 0 0.0
101/9 14 14 100 0 0.0

101/10 20 3 15.0 17 85.0
Total number 175 66 37.7 109 62.3

ÂÍ
02

18
/S

U
RE

S-
2

101/11 12 0 0.0 12 100
101/12 12 0 0.0 12 100
101/13 19 19 100 0 0.0
101/14 19 19 100 0 0.0
101/15 15 15 100 0 0.0
101/16 8 0 0.0 8 100
101/17 20 0 0.0 20 100
101/18 20 0 0.0 20 100
101/19 21 19 90.5 2 9.5
101/20 15 15 100 0 0.0

Total number 161 87 54.0 74 46.0

ÂÍ
03

18
/

SU
RE

S-
2

101/21 20 0 0.0 20 100
101/22 13 2 15.4 11 84.6
101/23 18 5 27.8 13 72.2
101/24 15 0 0.0 15 100
101/25 14 13 92.9 1 7.1

ÂÍ
03

18
/

SU
RE

S-
2

101/26 13 10 76.9 3 23.1
101/27 19 2 10.5 17 89.5
101/28 13 0 0.0 13 100
101/29 19 5 26.3 14 73.7
101/30 18 0 0.0 18 100

Total number 162 37 22.8 125 77.2
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Lines Sample number Total number 
of plants, pcs.

Number of unstable plants Number of resistant plants
pcs. % pcs. %

Lines resistant to imidazoline herbicides
2 l1/1 20 3 15.0 17 85.0
3 l1/2 17 13 76.5 4 23.5

35 l1/3 20 0 0.0 20 100
19 l1/4 19 5 26.3 14 73.7

Standards
LG 50505 (St R) St1 20 0 0.0 20 100
LG 5665 (St S) St2 20 20 100.0 0 0.0

Table 3
Yield and adaptability of SU hybrids

Number

Yield of hybrids, t/ha Adaptability 
parameters
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High plasticity
UA 2/205 1.49 0.56 3.67 3.34 3.18 2.58 1.72 4.53 2.63 1.26 13.43
UA 2/206 1.06 0.85 4.09 2.95 3.14 3.61 1.24 4.24 2.65 1.30 14.43
UA 2/186 1.38 0.99 4.05 3.19 2.70 2.87 1.61 4.41 2.65 1.20 12.15
UA 2/117 1.16 0.44 3.80 3.37 2.55 3.07 2.24 4.58 2.65 1.30 14.32
UA 2/235 2.03 1.15 4.56 2.69 2.22 2.50 1.32 4.79 2.66 1.18 12.21
UA 2/207 1.29 0.48 3.66 3.18 3.35 3.18 1.80 4.33 2.66 1.27 13.66
UA 2/136 1.50 0.63 4.11 3.85 2.75 2.81 1.82 4.08 2.69 1.24 13.11
UA 2/189 1.06 0.80 3.49 2.99 2.96 3.98 1.94 4.49 2.71 1.21 12.62
UA 2/162 1.22 0.86 4.29 3.13 2.39 3.27 2.10 4.52 2.72 1.25 13.27
UA 2/114 1.95 0.75 3.70 3.39 2.94 3.13 1.93 4.64 2.80 1.17 11.62
UA 2/204 1.02 0.60 3.74 3.73 3.41 3.07 2.14 4.80 2.81 1.38 16.12

Medium plasticity
UA 2/123 2.72 1.06 3.55 3.42 3.03 2.16 1.59 4.03 2.69 0.89 6.91
UA 2/192 2.05 1.23 3.59 2.88 2.77 2.86 1.73 4.10 2.65 0.91 6.97
UA 2/184 1.07 1.03 3.68 2.93 3.00 3.56 2.22 3.38 2.61 0.94 7.74
UA 2/109 1.86 0.86 3.48 3.94 2.81 2.59 2.16 3.62 2.67 0.94 7.67
UA 2/106 2.13 1.30 4.01 3.96 3.31 2.37 2.21 3.96 2.91 0.95 7.83
UA 2/131 1.97 0.67 3.15 3.75 2.99 2.15 2.16 3.94 2.60 0.97 8.08
UA 2/166 1.20 1.23 3.64 2.98 2.95 2.44 2.30 4.21 2.62 0.99 8.35
UA 2/143 1.84 0.96 3.64 3.44 2.67 2.74 1.81 3.95 2.63 1.00 8.45
UA 2/118 1.93 0.82 3.32 3.04 2.84 3.10 1.64 4.12 2.60 1.01 8.70
UA 2/170 1.71 0.94 3.70 3.28 3.18 2.89 1.76 3.76 2.65 1.01 8.67
UA 2/177 1.71 0.95 3.99 2.64 3.23 2.66 1.98 3.98 2.64 1.01 8.78
UA 2/210 1.50 0.63 3.52 2.65 3.23 3.96 1.76 3.63 2.61 1.04 9.47
UA 2/130 1.50 0.84 3.45 3.54 2.94 1.98 2.25 4.29 2.60 1.06 9.71
UA 2/187 2.13 0.75 3.28 2.92 2.85 3.21 1.42 4.51 2.64 1.08 10.05
UA 2/209 1.82 0.60 3.35 2.90 2.96 3.52 1.75 4.40 2.66 1.12 10.76
UA 2/115 1.98 0.53 4.20 3.44 2.74 3.25 1.71 3.61 2.68 1.12 10.79

Low plasticity
UA 2/110 3.30 0.94 3.13 3.25 1.90 3.41 1.38 3.68 2.62 0.72 5.01

Mean 1.6 0.9 3.5 3.1 2.8 2.7 1.8 3.8 2.5 1.0 8.8
Environment index (²

³
) –0.97 –1.69 1.00 0.52 0.24 0.15 –0.74 1.29 – – –

LCD0,05 0.08 0.05 0.08 0.08 0.07 0.11 0.08 0.11 0.04 – –
σ – – – – – – – – – 0.2 2.77

Continue table 2 

conditions were in Kharkiv (I
i
 = –0.74), Ode-

sa (I
i
 = –0.97) and Kherson (I

i
 = –1.69) re-

gions.

It was found that among hybrids resistant 
to sulfonylurea herbicides, 50.5% of hybrids 
have a high yield level (2.55–2.91 t/ha). It 
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was established that among the SU hybrids, 
the most productive hybrid is UA 2/106 
(2.91 t/ha), since in terms of yield the hybrid 
had an excess of 3.9% compared to standard 
hybrids.

Among the hybrids with a yield in the 
range of 2.55–2.91 t/ha, the hybrid 
RU 2/110 was less sensitive to growing con-
ditions with an average yield of 2.62 t/ha, 
with an ecological plasticity coefficient b

i
 = 

0.72  and  stability  index  S
i
2 = 5.01.  Medi-

um sensitive hybrids included: UA 2/130, 
UA 2/131, UA 2/118, UA 2/184, UA 2/210, 
UA 2/166, UA 2/143, UA 2/187, UA 2/177, 
RU 2/192, RU 2/170, RU 2/209, RU 2/109, 
RU 2/115, RU 2/123, RU 2/106 with a yield 
of 2.60–2.69 t/ha and an ecological plasti-
city coefficient b

i
 = 0.89–1.12. The hybrids 

with the maximum manifestation of traits 
with the coefficient of ecological plasticity 
b

i
 = 1.17–1.32 were hybrids UA 2/114,              

UA 2/235, UA 2/186, UA 2/189, UA 2/136, 
UA 2/ 162, RU 2/205, RU 2/207, RU 2/117, 

RU 2/206, RU 2/204 with a yield of 2.63–
2.81 t/ha (Table 3).

For IMI hybrids, the most favorable condi-
tions were noted in Cherkasy region (Shpo-
lianskyi district) (I

i
 = 1.09), and unfavorable 

conditions were observed in Kharkiv (I
i
 = 

–0.39), Odesa (I
i
 = –0.07) and Kherson re-

gions (I
i
 = –1.82). 

The share of IMI hybrids with a yield in the 
range of 2.55–2.91 t/ha, was 46.2%. Among 
them with high plasticity (b

i
 = 1.18–1.29) were 

hybrids UA 1/92, UA 1/102, UA 1/94, UA 
1/62, UA 1/76 with a yield of 2.61–2, 91 t/ha.
And the middle plasticity was noted in hybrids 
UA 1/67, UA 1/66, UA 1/84, UA 1/23, 
UA 1/61, UA 1/59, UA 1/60, UA 1/55,               
UA 1/89, UA 1/101, RU 1/86, RU 1/87,            
RU 1/83, RU 1/100 with a yield of 2.60–
2.76 t/ha (Table 4).

In addition, it was found that among the 
IMI hybrids, three hybrids – UA 1/67,                   
UA 1/66, UA 1/84 with averaged in 8 loca-
tions of Ukraine yield indicators (2.76 t/ha) 

Table 4
Yield and adaptability of IMI hybrids

Number

Yield of hybrids, t/ha Adaptability 
parameters
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High plasticity
UA 1/92 1.84 0.81 4.23 3.73 2.75 3.21 2.11 4.58 2.91 1.21 7.45
UA 1/102 1.84 0.81 4.23 3.73 2.75 3.21 2.11 4.58 2.91 1.21 7.45
UA 1/94 1.68 0.40 4.16 3.31 2.51 3.42 2.39 3.90 2.72 1.18 7.57
UA 1/62 0.98 0.66 4.16 3.06 2.83 3.28 1.57 4.31 2.61 1.29 8.39
UA 1/76 0.98 0.66 4.16 3.06 2.83 3.28 1.57 4.31 2.61 1.29 8.39

Medium plasticity
UA 1/67 2.53 0.60 3.31 3.89 2.53 2.89 2.21 4.13 2.76 0.97 5.35
UA 1/66 2.76 0.39 3.69 4.19 2.51 2.83 2.28 3.40 2.76 0.97 5.63
UA 1/84 1.18 0.96 4.05 3.11 2.91 2.75 3.24 3.85 2.76 1.01 5.66
UA 1/23 1.84 0.63 4.04 3.88 2.71 2.89 2.27 3.74 2.75 1.11 6.53
UA 1/61 1.46 0.81 3.73 3.50 3.44 3.06 2.06 3.74 2.72 1.06 6.17
UA 1/59 1.71 1.09 3.38 3.97 2.69 2.66 2.64 3.65 2.72 0.89 4.32
UA 1/60 1.41 0.59 3.43 3.87 2.85 3.43 2.49 3.72 2.72 1.11 6.90
UA 1/55 1.74 0.76 3.74 3.89 3.22 3.03 1.59 3.73 2.71 1.10 6.43
UA 1/89 2.03 1.15 4.56 2.69 2.22 2.50 1.32 4.79 2.66 1.07 5.58
UA 1/101 2.03 1.15 4.56 2.69 2.22 2.50 1.32 4.79 2.66 1.07 5.58
UA 1/86 1.71 0.95 3.99 2.64 3.23 2.66 1.98 3.98 2.64 0.96 4.89
UA 1/87 1.50 0.63 3.52 2.65 3.23 3.96 1.76 3.63 2.61 1.02 6.21
UA 1/83 1.34 0.40 3.33 3.35 2.62 3.18 2.49 4.13 2.60 1.13 7.15
UA 1/100 1.34 0.40 3.33 3.35 2.62 3.18 2.49 4.13 2.60 1.13 7.15

Mean 1.45 0.70 3.61 3.31 2.63 2.83 2.13 3.50 2.52 1.00 –
Environment index –1.07 –1.82 1.09 0.79 0.11 0.31 –0.39 0.98 – – –

LCD0,05 0.07 0.05 0.09 0.09 0.06 0.09 0.07 0.12 0.03 – –
σ – – – – – – –  – – 0.17 –
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are at a yield level with the standard ‘NK 
Neo ma’. And the hybrids UA 1/92 and                   
UA 1/102 with an average yield of 2.91 t/ha 
correspond to the yield level of ‘ES Genesis’ 
standard.

The study was carried out in the Department 
of Genetic Engineering of Institute of Cell Biol-
ogy and Genetic Engineering of the National 
Academy of Sciences of Ukraine in the frame-
work of scientific projects III-1-15 «Study of 
physiological, biochemical and molecular bio-
logical features of the functioning and inherit-
ance of heterological genes in plant systems» 
and III-1-20 «Targeted changes in the genome 
and pleiotropic effects in genetically trans-
formed plant systems» during 2016–2020.

Conclusions 
As a result of the accelerated system of ma-

ternal and paternal lines selection, material 
resistant to herbicides and sunflower broom-
rape was selected; on its basis sunflower F

1
 

hybrids were created. 
As a result of ecological tests conducted in 

Kyiv, Chernihiv, Cherkasy (Uman and Shpola 
districts), Khmelnytskyi, Kharkiv, Kherson 
and Odesa regions, the yield of the obtained 
sunflower hybrids was studied. Based on the 
findings, it was revealed that among hybrids 
resistant to sulfonylurea herbicides, the high-
yielding hybrid was UA 2/106, which showed 
a 3.9% increase in yield compared to ‘SY Su-
miko’ and ‘P64LE25’ standard hybrids. 
Among hybrids resistant to imidazoline herbi-
cides, the yields at the level of the ‘NK Neo-
ma’ standard were hybrids UA 1/67, UA 1/66, 
UA 1/84, with a yield of 2.76 t/ha. Yield at 
the level of the hybrid standard ‘ES Genesis’ 
(2.91 t/ha) was for hybrids UA 1/92,                           
UA 1/102. 

Thus, it was determined that with the use of 
an accelerated system of source material selec-
tion, it is possible to create high-yielding sun-
flower hybrids in a short period of time (4 years).
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Ìåòà. Âèçíà÷èòè åêîëîã³÷íó ïëàñòè÷í³ñòü òà óðî æàé-
í³ñòü ã³áðèä³â F

1
 ñîíÿøíèêà, ñòâîðåíèõ íà îñíîâ³ ìàòå-

ðèíñüêèõ òà áàòüê³âñüêèõ ë³í³é, ùî áóëè â³ä³áðàí³ çà ïðè-
ñêîðåíîþ ñèñòåìîþ äîáîðó ë³í³é, ñò³éêèõ äî ãåðá³öèä³â 
(³ì³äàçîë³íîâî¿ òà ñóëüôîí³ëñå÷îâèííî¿ ãðóï) òà âîâ÷êà 
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òèñòè÷íèé àíàë³ç ã³áðèä³â F
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 ñîíÿøíèêà ïðîâåäåíî çà äî-

ïîìîãîþ ìåòîä³â âàð³àö³éíî¿ ñòàòèñòèêè, ðåãðåñ³éíîãî òà 
äèñïåðñ³éíîãî àíàë³çó çà âèêîðèñòàííÿ ïàêåòó ïðèêëàä-
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Ãåíåòèêà

íèõ ë³í³é, äîá³ð ÿêèõ ïðîâîäèëè çà ïðèñêîðåíîþ ñèñòå-
ìîþ äîáîðó ë³í³é, ñò³éêèõ äî ãåðá³öèä³â [³ì³äàçîë³íîâî¿ 
(²Ì²-ã³áðèäè) òà ñóëüôîí³ëñå÷îâèííî¿ (SU-ã³áðèäè) ãðóï] 
³ äî âîâ÷êà ñîíÿøíèêîâîãî. Ñòàíäàðòàìè, ç ÿêèìè ïðîâî-
äèëè ïîð³âíÿííÿ ã³áðèä³â, âèñòóïàëè: äëÿ IMI-ã³áðèä³â –
ã³áðèäè ‘NK Neoma’ (Syngenta) òà ‘ES Genesis’ (Euralis), 
à äëÿ SU-ã³áðèä³â – ‘SY Sumiko’ (Syngenta) òà ‘P64LE25’ 
(Pioneer). Â ðåçóëüòàò³ âñòàíîâëåíî, ùî ñåðåä SU-ã³áðèä³â 
UA 2/106 ìàâ á³ëüøó íà 3,9% óðîæàéí³ñòü ó ïîð³âíÿíí³ ç³ 
ñòàíäàðòàìè (‘SY Sumiko’ òà ‘P64LE25’). À äëÿ ²Ì²-ã³áðèä³â 
âñòàíîâëåíî, ùî ã³áðèäè UA 1/67, UA 1/66, UA 1/84 ìàþòü 

òàêó æ âðîæàéí³ñòü ó 2,76 ò/ãà, ùî é ñòàíäàðò ‘NK Neoma’. 
²Ì²-ã³áðèäè UA 1/92, UA 1/102 ìàþòü òàêó æ âðîæàéí³ñòü 
ó 2,91 ò/ãà, ùî é ñòàíäàðò ‘ES Genesis’. Âèñíîâêè. Çàâäÿêè 
ïðèñêîðåí³é ñèñòåì³ äîáîðó ë³í³é ñîíÿøíèêà áóëî â³ä³á-
ðàíî âèõ³äíèé ñåëåêö³éíèé ìàòåð³àë, íà îñíîâ³ ÿêîãî áóëî 
ñòâîðåíî ã³áðèäè F

1
. Ã³áðèäè àíàë³çóâàëè çà ïîêàçíèêîì 

óðîæàéíîñò³. Íàéóðîæàéí³øèìè ñåðåä ïðîòåñòîâàíèõ 
SU-ã³áðèä³â áóâ ã³áðèä UA 2/106, ñåðåä ²Ì²-ã³áðèä³â – 
UA 1/67, UA 1/66, UA 1/84, UA 1/92 òà UA 1/102.

Êëþ÷îâ³ ñëîâà: Heliànthus ànnuus L.; ã³áðèä; óðîæàé-
í³ñòü; âèïðîáóâàííÿ.
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Îö³íþâàííÿ ñîðò³â ñàëàòó ñòåáëîâîãî çà 

ïàðàìåòðàìè åêîëîã³÷íî¿ ïëàñòè÷íîñò³ çàáåç-
ïå÷óº âèñîêó òî÷í³ñòü ðîçðàõóíêó ñòàá³ëüíî¿ 
âðîæàéíîñò³ âïðîäîâæ áàãàòüîõ ðîê³â ó êîí-
êðåòí³é åêîëîã³÷í³é çîí³ çà ñòàëèõ ë³ì³ò³â 
´ðóíòîâî-êë³ìàòè÷íèõ ïàðàìåòð³â. Ñîðòè ñà-
ëàòó ïîñ³âíîãî ñòåáëîâîãî ð³çíîâèäó (var. angu-
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ó Çàõ³äíîìó Ë³ñîñòåïó Óêðà¿íè
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Ìåòà. Óñòàíîâèòè àäàïòèâíèé ïîòåíö³àë ñîðò³â ñàëàòó ñòåáëîâîãî (Lactuca sativa L. var. angustana Irish) çà ïàðà-
ìåòðàìè âðîæàéíîñò³, åêîëîã³÷íî¿ ïëàñòè÷íîñò³, ñòàá³ëüíîñò³ òà àäàïòèâíîñò³ â óìîâàõ Çàõ³äíîãî Ë³ñîñòåïó Óêðà¿íè. 
Ìåòîäè. Ñòàá³ëüí³ñòü ³ ïëàñòè÷í³ñòü óðîæàéíîñò³ ñàëàòó ñòåáëîâîãî îö³íþâàëè çà ìåòîäèêîþ S. A. Eberhart òà W. A. Rassel. 
¥ðóíòîâî-êë³ìàòè÷í³ óìîâè çîíè ïðîâåäåííÿ äîñë³äæåíü â ö³ëîìó áóëè ñïðèÿòëèâèìè äëÿ ðîñòó é ðîçâèòêó ñàëàòó 
ïîñ³âíîãî. Ìåòîäè äîñë³äæåííÿ: ïîëüîâèé, ëàáîðàòîðíèé òà ñòàòèñòè÷íèé. Ðåçóëüòàòè. Ñîðòè ñàëàòó ñòåáëîâîãî çà-
áåçïå÷èëè ð³çíó òðèâàë³ñòü ì³æôàçíîãî ïåð³îäó ñõîäè–òåõí³÷íà ñòèãë³ñòü: ñîðò ‘Ïîãîíè÷’ – 35 ä³á, ùî íà 6 ä³á ðàí³øå 
çàáåçïå÷èâ çáèðàííÿ òîâàðíî¿ ïðîäóêö³¿ ïîð³âíÿíî ç êîíòðîëåì. Íàéá³ëüøó ïëîùó ëèñòêîâî¿ ïîâåðõí³ çàáåçïå÷èâ 
ñîðò ‘Êîáðà’ (13 109,12 ì2). Îáë³ê óðîæàéíîñò³ ðîçåòêè ëèñòê³â ³ ñòåáåë ñâ³ä÷èòü, ùî âåëè÷èíà ïîêàçíèêà çà ðîêè 
äîñë³äæåíü çíàõîäèëàñü ó ä³àïàçîí³ 53,2–57,0 ò/ãà. Ñîðò ‘Ïîãîíè÷’ çàáåçïå÷èâ íàéâèù³ ïîêàçíèêè Óï.ì. 

³ Óñ. – 74,0 ³ 
7,8 ò/ãà â³äïîâ³äíî. Ñîðòè ñàëàòó ñòåáëîâîãî ìàëè âèñîêèé êîåô³ö³ºíò àãðîíîì³÷íî¿ ñòàá³ëüíîñò³ > 70%. Íàéâèùå 
çíà÷åííÿ ³íäåêñó óìîâ ñåðåäîâèùà çàáåçïå÷èâ ñîðò ‘Öåëòóñ’ (bi = 1,07), ùî ñâ³ä÷èòü éîãî ïðî âèñîêó ÷óòëèâ³ñòü â 
óìîâàõ Çàõ³äíîãî Ë³ñîñòåïó Óêðà¿íè. Åêîëîã³÷íî ïëàñòè÷íèì âèÿâèâñÿ ñîðò ‘Ïîãîíè÷’. Âèñíîâêè. Ñîðò ñàëàòó ñòåáëî-
âîãî ‘Ïîãîíè÷’ çàðåêîìåíäóâàâ ñåáå åêîëîã³÷íî ïëàñòè÷íèì, ñòàá³ëüíèì ³ òîëåðàíòíèì äî ñòðåñîâèõ óìîâ ñåðåäîâèùà 
â Çàõ³äíîìó Ë³ñîñòåïó Óêðà¿íè, àëå ìåíø àäàïòèâíèì çà ñòàëèõ ë³ì³ò³â ´ðóíòîâî-êë³ìàòè÷íèõ ïàðàìåòð³â ÷èííèê³â 
äîâê³ëëÿ. Âèñîêà ãîìåîñòàòè÷í³ñòü áóëà ïðèòàìàííà âñ³ì äîñë³äæóâàíèì ñîðòàì, ó ÿêèõ ñïîñòåð³ãàëè âèùèé çà 70% 
êîåô³ö³ºíò àãðîíîì³÷íî¿ ñòàá³ëüíîñò³, à ñàìå: ‘Ïîãîíè÷’, ‘Êîáðà’ ³ ‘Öåëòóñ’.

Êëþ÷îâ³ ñëîâà: ñòàá³ëüí³ñòü; àäàïòèâí³ñòü; ïëàñòè÷í³ñòü; óðîæàéí³ñòü; ÿê³ñòü, ïîòåíö³àë ñîðòó, êîåô³ö³ºíò 
óìîâ ñåðåäîâèùà; ïðîäóêòèâí³ñòü; ôîòîñèíòåç.

stana Irish) çäàòí³ ìàêñèìàëüíî åôåêòèâíî 
âèêîðèñòîâóâàòè á³îêë³ìàòè÷íèé ðåñóðñ 
êîíêðåòíîãî ðåã³îíó, âèÿâëÿòè òîëåðàíò-
í³ñòü äî ñòðåñîâèõ óìîâ ñåðåäîâèùà, çàáåç-
ïå÷óâàòè âèñîêó ðåàë³çàö³þ ãåíåòè÷íîãî ïî-
òåíö³àëó ïðîäóêòèâíîñò³, ùî º ñòðàòåã³÷íèì 
çàâäàííÿì ñó÷àñíî¿ ãàëóç³ îâî÷³âíèöòâà. Çà 
ïîñò³éíî¿ ä³¿ ì³íëèâèõ ïðèðîäíèõ ³ àíò-
ðîïîãåííèõ ôàêòîð³â íîâ³ âèñîêîàäàïòèâí³ 
ñîðòè ìàþòü ãàðàíòóâàòè îäåðæàííÿ ñòà-
á³ëüíî âèñîêèõ óðîæà¿â çà ñòàëèõ ë³ì³ò³â 
´ðóíòîâî-êë³ìàòè÷íèõ ïàðàìåòð³â àáî çà 
óìîâ ³íòåíñèâíîãî îâî÷³âíèöòâà. Ó çâ’ÿçêó ç 
âèùåçàçíà÷åíèì, çà âèâ÷åííÿ ñîðò³â, àäàï-
òîâàíèõ äî ð³çíèõ åêîëîã³÷íèõ óìîâ, ñåëåê-
ö³éíèé ìàòåð³àë ìàº îö³íþâàòèñü íå ëèøå çà 
âåëè÷èíîþ ïîòåíö³éíî¿ âðîæàéíîñò³, àëå é 
çà ïàðàìåòðàìè àäàïòèâíîñò³. Àíàë³ç îñòàí-

Nadiya Leschuk 
https://orcid.org/0000-0001-6025-3702
Oksana Bashkatova
https://orcid.org/0000-0002-8596-8824
Natalia Symonenko
https://orcid.org/0000-0001-9059-8728
Olha Dydiv
https://orcid.org/0000-0003-4155-5945



306 ISSN 2518-1017  Plant Varieties Studying and protection, 2021, Т. 17, № 4

Ðîñëèííèöòâî

í³õ äîñë³äæåíü òà ïóáë³êàö³é ïîêàçóº, ùî 
îäíèì ³ç íàéâàæëèâ³øèõ ñåëåêö³éíèõ òà 
åêîëîã³÷íèõ çàâäàíü º ðåàë³çàö³ÿ ãåíåòè÷íî-
ãî ïîòåíö³àëó ñîðò³â êóëüòóðíèõ ðîñëèí ó 
ì³íëèâèõ óìîâàõ, çàâäÿêè ¿õí³é âèñîê³é 
åêîëîã³÷í³é ïëàñòè÷íîñò³ ³ øèðîê³é íîðì³ 
ðåàêö³¿ íà ì³íëèâ³ ÷èííèêè, ùî çàáåçïå÷ó-
âàòèìóòü îäåðæàííÿ ñòàá³ëüíèõ óðîæà¿â 
ñîðò³â ³ç âèñîêèìè òåõíîëîã³÷íèìè ïîêàçíè-
êàìè ÿêîñò³. Çà Äæàâàí³ Àöö³ âðîæàé ñàëà-
òó ïîñ³âíîãî º ïîõ³äíîþ ïðîäóêòèâíîñò³ ðîñ-
ëèí ³ ñò³éêîñò³ ïðîòè çáóäíèê³â õâîðîá ³ 
øê³äíèê³â [1]. Ïîêàçíèê óðîæàéíîñò³ ñîðòó 
ïðÿìî ïîâ’ÿçàíèé ç àäàïòàö³ºþ é ãåíåòè÷-
íîþ ñòàá³ëüí³ñòþ ïðîÿâó ãîñïîäàðñüêî-ö³ííî¿ 
õàðàêòåðèñòèêè. Àäàïòàö³ÿ – öå ïðèñòîñó-
âàííÿ ñîðò³â ñàëàòó ñòåáëîâîãî äî ´ðóíòîâî-
êë³ìàòè÷íèõ óìîâ, à ïëàñòè÷í³ñòü – âëàñòè-
â³ñòü ðîñëèí âèæèâàòè â ìåæàõ ïåâíèõ óìîâ 
ñåðåäîâèùà. Ñàìå åêîëîã³÷í³ äîñë³äæåííÿ 
äîçâîëÿòü âèÿâèòè ä³þ ÷èííèê³â äîâê³ëëÿ 
ïåâíîãî ñåðåäîâèùà íà ð³ñò ³ ðîçâèòîê ðîñëèí 
òà ôîðìóâàííÿ ïðîäóêòèâíîñò³ é óðîæàé-
íîñò³. Ñó÷àñí³ òåõíîëîã³¿ ïåðåäáà÷àþòü ò³ñíó 
âçàºìîä³þ ôåíîòèïó ç ïðîÿâîì ìîðôîëîã³÷-
íèõ ê³ëüê³ñíèõ îçíàê òà ãåíîòèï–ñåðåäîâè-
ùå, ùî äàñòü çìîãó êåðóâàòè ìîæ ëèâ³ñòþ ôå-
íîòèïó. Àäàïòèâíà ñïðîìîæí³ñòü ðîñëèí çà 
óìîâè ã³äðîòåðì³÷íèõ ñòðåñîâèõ ñèòóàö³é 
(òðè âàë³ íèçüê³ òåìïåðàòóðè, ïîâ³òðÿí³ ïîñó-
õè, ñïàëàõè ð³çíîìàí³òíèõ çàõâîðþâàíü) äîç-
âîëÿº ïîâí³øå âèêîðèñòîâóâàòè ïîòåíö³àë 
ïðîäóêòèâíîñò³ òà çàáåçïå÷óâàòè ì³í³ìàëü í³ 
âòðàòè âðîæàþ [2].

Æó÷åíêî À. À., Óðñóë À. Ä. [3, 4] çàçíà÷à-
þòü, ùî âåëèêå çíà÷åííÿ ìàþòü ñîðòîâ³ îñîá-
ëèâîñò³, ìîæëèâîñò³ ñîðòó àäàïòóâàòèñÿ äî 
ð³çíèõ ´ðóíòîâî-êë³ìàòè÷íèõ óìîâ òà çäàò-
í³ñòü çàáåçïå÷óâàòè ñòàá³ëüí³ âðîæà¿. Ïðèñòî-
ñîâàí³ñòü ñîðòó äî ð³çíèõ ïîãîäíèõ òà ´ðóí-
òîâî-êë³ìàòè÷íèõ óìîâ ùå ó 1932 ð. áóëà 
âèçíàíà ÿê åêîëîã³÷íà ïëàñòè÷í³ñòü. Äîñë³-
äæåííÿìè âñòàíîâëåíî, ùî çà ñïðèÿòëèâèõ 
óìîâ âèðîùóâàííÿ âàðòî íàäàâàòè ïåðåâàãó 
ñîðòàì ç âèñîêîþ ïîòåíö³éíîþ ïðîäóêòèâ-
í³ñòþ, à â íåñïðèÿòëèâèõ ³ åêñòðåìàëüíèõ 
óìîâàõ, îêð³ì âèñîêî¿ ïðîäóêòèâíîñò³ ñîðòè, 
ìàþòü õàðàêòåðèçóâàòèñü âèñîêîþ åêîëîã³÷-
íîþ ñò³éê³ñòþ. 

Äëÿ îá’ºêòèâíîãî îö³íþâàííÿ åêîëîã³÷íî¿ 
ïëàñòè÷íîñò³ ñîðò³â òà ¿õ àäàïòèâíîñò³ ñë³ä 
óíèêàòè äîäàòêîâèõ òåõíîëîã³÷íèõ çàõîä³â, 
ÿê³ ïîñèëþþòü ð³ñò ðîñëèí, îäíî÷àñíî âè-
êëèêàþòü çíèæåííÿ ¿õíüî¿ ñò³éêîñò³ äî åêî-
ëîã³÷íèõ ñòðåñ³â. Ðîçâ’ÿçàííÿ öèõ çàâäàíü 
íåìîæëèâå áåç äàíèõ ïðî ñòàá³ëüí³ñòü ãåíå-
òè÷íèõ ïàðàìåòð³â ó ð³çíîìàí³òíèõ óìîâàõ 
ñåðåäîâèùà, ó çâ’ÿçêó ç ÷èì çíà÷íèé ³íòåðåñ 

ñòàíîâèòü âèâ÷åííÿ ðåàêö³¿ ð³çíèõ ñîðò³â ñà-
ëàòó ñòåáëîâîãî çà ïàðàìåòðàìè âðîæàéíîñ-
ò³, åêîëîã³÷íî¿ ñòàá³ëüíîñò³ òà ïëàñòè÷íîñò³ 
íà ä³þ àíòðîïîãåííèõ ³ ïðèðîäíèõ ÷èííè-
ê³â [6–8]. 

Ìåòà äîñë³äæåíü – óñòàíîâèòè àäàïòèâ-
íèé ïîòåíö³àëó ñîðò³â ñàëàòó ñòåáëîâîãî 
(Lactuca sativa L. var. angustana Irish) çà ïà-
ðàìåòðàìè âðîæàéíîñò³, åêîëîã³÷íî¿ ïëàñ-
òè÷íîñò³, ñòàá³ëüíîñò³ òà àäàïòèâíîñò³ â óìî-
âàõ Çàõ³äíîãî Ë³ñîñòåïó Óêðà¿íè.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Ïîëüîâ³ äîñë³äè ïðîâîäèëè íà äîñë³äíîìó 

ïîë³ Ëüâ³âñüêîãî íàö³îíàëüíîãî àãðàðíîãî 
óí³âåðñèòåòó (ËÍÀÓ) óïðîäîâæ 2015–2017 ðð. 
Äîñë³äè çàêëàäàëèñÿ â òðèðàçîâîìó ïîâòî-
ðåíí³. Îðíèé øàð ´ðóíòó äîñë³äíîãî ïîëÿ 
êàôåäðè ñàä³âíèöòâà òà îâî÷³âíèöòâà ËÍÀÓ 
ïðåäñòàâëåíèé òåìíî-ñ³ðèìè îï³äçîëåíèìè 
ëåãêîñóãëèíêîâèìè ´ðóíòàìè, ÿê³ õàðàêòå-
ðèçóþòüñÿ ³íòåíñèâíèì ïðîöåñîì àêóìóëÿ-
ö³¿ ãóìóñó, ñòðóêòóðà ¿õ ç äóæå íèçüêîþ âîäî-
ñò³éê³ñòþ. Àãðîõ³ì³÷íà õàðàêòåðèñòèêà 
´ðóíòó: óì³ñò ãóìóñó – 2,41%; ðH 5,8; ñóìà 
ââ³áðàíèõ îñíîâ – 16,5 ìã-åêâ/100 ã ´ðóíòó; 
ìàêðîåëåìåíòè: N – 122; P

2
O

5
 – 92; K

2
O – 

135 ìã/êã ´ðóíòó. ¥ðóíòîâî-êë³ìàòè÷í³ óìî-
âè çîíè âèðîùóâàííÿ ñïðèÿòëèâ³ äëÿ ðîñòó 
é ðîçâèòêó ñàëàòó ñòåáëîâîãî [9]. 

Ðåàêö³þ ñîðò³â ñàëàòó ñòåáëîâîãî íà çì³íó 
óìîâ ñåðåäîâèùà çà ñòàá³ëüí³ñòþ âðîæàéíîñ-
ò³ îö³íþâàëè çà ñòóïåíåì â³äõèëåííÿ â³ä ðå-
ãðåñ³¿ Ei [10]. Íèçüêîïëàñòè÷í³ ñîðòè (ç íèçü-
êèì çíà÷åííÿì Ei) º äîâîë³ àäàïòîâàíèìè äî 
óìîâ âèðîùóâàííÿ, îñê³ëüêè íå ³ñòîòíî çíè-
æóþòü ïîêàçíèêè ïðîäóêòèâíîñò³ â óìîâàõ 
ë³ì³òó ä³¿ ôàêòîð³â, ïîâ’ÿçàíèõ ç³ âïëèâîì 
ñåðåäîâèùà, àëå çà âèêîðèñòàííÿ åêñòåíñèâ-
íèõ ñîðò³â â óìîâàõ ³íòåíñèâíèõ òåõíîëîã³é 
âîíè º íå ðåíòàáåëüíèìè. Âèñîêîïëàñòè÷í³ 
ñîðòè ç íèçüêèì çíà÷åííÿì Ei íàëåæàòü äî 
³íòåíñèâíèõ ³ ïîçèòèâíî ðåàãóþòü íà ïîêðà-
ùåííÿ óìîâ âèðîùóâàííÿ [11]. 

Â óìîâàõ Çàõ³äíîãî Ë³ñîñòåïó Óêðà¿íè äî-
ñë³äæóâàëè òàê³ ñîðòè ñàëàòó ïîñ³âíîãî ñòåá-
ëîâîãî ð³çíîâèäó: ‘Öåëòóñ’ (Êèòàé), ‘Êîáðà’ 
(Ïîëüùà), ‘Ïîãîíè÷’ (Óêðà¿íà). Îá’ºêòîì äî-
ñë³äæåíü áóëè ïðîöåñè ôîðìóâàííÿ âðîæàé-
íîñò³ òîâàðíî¿ ïðîäóêö³¿ ñàëàòó ñòåáëîâîãî. 
Ôåíîòèï ñîðòó ñàëàòó ñòåáëîâîãî ‘Ïîãîíè÷’ 
íàâåäåíî íà ðèñóíêó 1.

Äîñë³äæåííÿ ïðîâîäèëè â³äïîâ³äíî äî Ìåòî-
äèêè äîñë³äíî¿ ñïðàâè â îâî÷³âíèöòâ³ ³ áàø-
òàííèöòâ³ [12]. Âèñ³âàëè íàñ³ííÿ 14–20 êâ³ò-
íÿ. Óïðîäîâæ âåãåòàö³¿ êóëüòóðè ïðîâîäèëè 
ôåíîëîã³÷í³ ñïîñòåðåæåííÿ çà ðîñòîì ³ ðîç-
âèòêîì ðîñëèí, à ñàìå: âèçíà÷àëè äàòè ñõî-
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ä³â, óòâîðåííÿ ðîçåòêè, ôîðìóâàííÿ ñòåáåë 
òà íàñòàííÿ òåõí³÷íî¿ çð³ëîñò³.

¥ðóíòîâî-êë³ìàòè÷í³ óìîâè çîíè âèðîùó-
âàííÿ çà ðîêè äîñë³äæåíü ïîð³âíÿíî ç áàãàòî-
ð³÷íèìè õàðàêòåðèñòèêàìè áóëè ñïðèÿòëèâ³ 
äëÿ âèðîùóâàííÿ.

Ðèñ. 1. Çàãàëüíèé âèãëÿä ôåíîòèïó 
ñàëàòó ñòåáëîâîãî ‘Ïîãîíè÷’

Ðåçóëüòàòè äîñë³äæåíü
Ï³ä ÷àñ ðîñòó é ðîçâèòêó ðîñëèí ñàëàòó 

ñòåáëîâîãî âèçíà÷àëè òðèâàë³ñòü ì³æôàçíèõ 
ïåð³îä³â: ñõîäè–ðîçåòêà, ñõîäè–òåõí³÷íà ñòèã-
ë³ñòü (òàáë. 1).

Ìàñîâ³ ñõîäè ñàëàòó ñòåáëîâîãî ç’ÿâèëèñÿ 
÷åðåç 4–10 ä³á ï³ñëÿ ñ³âáè ó äðóã³é äåêàä³ 
êâ³òíÿ çàëåæíî â³ä ñîðòó ³ ïîãîäíèõ óìîâ. 
Ñë³ä çàçíà÷èòè, ùî àäàïòàö³ÿ ñîðòó ‘Öåëòóñ’ 
(êîíòðîëü ³ ñîðò-åòàëîí) â óìîâàõ Óêðà¿íè 
ïðÿìî çàëåæèòü â³ä ñóìè åôåêòèâíèõ òåìïå-
ðàòóð ³ îïòèìàëüíî¿ ê³ëüêîñò³ îïàä³â [13–15]. 
Ñîðòè ‘Êîáðà’ ³ ‘Ïîãîíè÷’ ìàþòü êîðîòø³ 
ì³æôàçí³ ïåð³îäè ³ ñòàá³ëüí³ø³ çà äðóæí³ñ-
òþ íàñòàííÿ êîæíî¿ ôåíîëîã³÷íî¿ ôàçè ðîñòó 
é ðîçâèòêó. Çîêðåìà, ñîðò ‘Ïîãîíè÷’ çàáåç-
ïå÷èâ ìàñîâ³ ñõîäè âæå íà 3–5 äîáó ï³ñëÿ 
ñ³âáè, ùî ïîÿñíþºòüñÿ âèñîêèìè ïîñ³âíèìè 
ÿêîñòÿìè îðèã³íàëüíîãî íàñ³ííÿ. Ôîðìóâàí-
íÿ ñåìè ñïðàâæí³õ ëèñòê³â ó ñîðò³â ‘Êîáðà’ ³ 
‘Ïîãîíè÷’ òðèâàëî 8 ³ 10 ä³á â³äïîâ³äíî.

Òàáëèöÿ 1
Ôåíîëîã³÷í³ ôàçè ðîñòó é ðîçâèòêó ðîñëèí ñàëàòó ñòåáëîâîãî 

(ñåðåäíº çà 2015–2017 ðð.)

Ñîðò
Ôàçà ðîñòó é ðîçâèòêó ðîñëèí, äàòà Ñõîäè–

òåõí³÷íà 
ñòèãë³ñòü, ä³áìàñîâ³ ñõîäè ðîçåòêà 

(7 ëèñòê³â)
òåõí³÷íà ñòèãë³ñòü
(15–18 ëèñòê³â)

‘Öåëòóñ’ (ê) 24.04–28.04 29.04–10.05 24.05–16.06 41
‘Êîáðà’ 22.04–26.04 26.04–05.05 21.05–10.06 38
‘Ïîãîíè÷’ 19.04–23.04 24.04–01.05 17.05–03.06 35

Í²Ð
0,05

3,3

Ê³ëüê³ñòü ëèñòê³â ó ôàç³ äîáðå ðîçâèíåíî¿ 
ðîçåòêè â äåÿê³ ðîêè äîñÿãàâ 15–18 øò. íà 
ñòåáë³. Òåõí³÷íà ñòèãë³ñòü íàéðàí³øå íàñòó-
ïàëà ó ñîðòó ‘Ïîãîíè÷’ 17 òðàâíÿ, ùî íà òèæ-
äåíü ðàí³øå çà êîíòðîëü. Òðèâàë³ñòü ¿¿ ñòàíî-
âèëà äî çáèðàííÿ 18 ä³á. Àíàë³ç ì³æôàçíîãî 
ïåð³îäó ñõîäè–òåõí³÷íà ñòèãë³ñòü ï³äòâåðäèâ 
éîãî çàëåæí³ñòü â³ä á³îëîã³÷íèõ îñîáëèâîñòåé 
ñîðòó. Íàéêîðîòøèé âåãåòàö³éíèé ïåð³îä â³ä-
çíà÷åíî â ñîðòó ‘Ïîãîíè÷’ – 35 ä³á, òîä³ ÿê ó 
êîíòðîëüíîãî ñîðòó – 41 äîáà.

Óðàõîâóþ÷è, ùî ñàëàò ñòåáëîâèé º õîëî-
äîñò³éêîþ ðîñëèíîþ, âèñ³âàëè éîãî ó äðóã³é 
äåêàä³ êâ³òíÿ. Ìîëîä³ ðîñëèíè âèòðèìóâàëè 
çíèæåííÿ òåìïåðàòóðè äî 1–2 °Ñ ³ êîðîòêî-
÷àñí³ çàìîðîçêè äî 6–8 °Ñ. Ïîòåïë³ííÿ â ïåð-
ø³é äåêàä³ òðàâíÿ 15–20 °Ñ ñòàëî îïòèìàëü-
íèì äëÿ ðîñòó é ðîçâèòêó ðîñëèí [16].

Àíàë³ç âïëèâó ñòðîê³â âèñàäæóâàííÿ ðîç-
ñàäè ñàëàòó ñòåáëîâîãî â óìîâàõ Óêðà¿íè 
ñâ³ä÷èòü, ùî çà ðîêè äîñë³äæåíü òðèâàë³ñòü 
ïåð³îäó â³ä âèñàäæóâàííÿ ðîçñàäè äî ïî÷àòêó 
ôîðìóâàííÿ ïðîäóêòîâèõ îðãàí³â (ñòåáëî ³ 
ëèñòêè) ïðÿìî çàëåæàëè ÿê â³ä ñîðòó, òàê ³ 

â³ä ñóìè åôåêòèâíèõ òåìïåðàòóð ïîíàä 10 °Ñ 
(2199–2562 °Ñ) òà ê³ëüêîñò³ îïàä³â çà âåãåòà-
ö³éíèé ïåð³îä [17].

Âðàõîâóþ÷è, ùî ñàëàò ñòåáëîâèé ðîñëèíà 
äîâãîãî äíÿ, íåîáõ³äíî çàçíà÷èòè, ùî òðèâà-
ë³ñòü éîãî ó 9–10 ãîäèí ñïðèÿº ôîðìóâàííþ 
ëèñòê³â ³ ñòåáåë äëÿ òîâàðíèõ ö³ëåé. Îñê³ëü-
êè ñàëàò ñòåáëîâèé âèìîãëèâèé äî ñâ³òëà, çà 
âèñîêî¿ ³íòåíñèâíîñò³ îñâ³òëåííÿ ïðèñêîðþ-
ºòüñÿ ïðîöåñ óòâîðåííÿ ëèñòê³â, çìåíøóºòü-
ñÿ ñï³ââ³äíîøåííÿ ì³æ ¿õ äîâæèíîþ ³ øèðè-
íîþ. Äóæå âàæëèâî äëÿ ðîñëèí ñàëàòó ñòåá-
ëîâîãî ï³ä ÷àñ ðîñòó é ðîçâèòêó âðàõîâóâàòè 
âçàºìîâïëèâ òåìïåðàòóðè òà îñâ³òëåíîñò³: â 
óìîâàõ íåäîñòàòíüîãî îñâ³òëåííÿ ðîñëèíè 
êðàùå ðîçâèâàþòüñÿ, ÿêùî í³÷íà òåìïåðàòó-
ðà ïîâ³òðÿ íèæ÷à çà äåííó íà 4–8 °Ñ. Â óìî-
âàõ äîñòàòíüîãî îñâ³òëåííÿ öüîãî íå ñïîñòå-
ð³ãàºòüñÿ. Äëÿ ôîðìóâàííÿ ïîêàçíèêà âðî-
æàéíîñò³ ñë³ä îáîâ’ÿçêîâî âðàõîâóâàòè ï³ä-
âèùåííÿ êîåô³ö³ºíòó êîðèñíî¿ ä³¿ ÔÀÐ. 

Ïëîùà ëèñòêîâî¿ ïîâåðõí³ íà îäèí ãåêòàð, 
ÿêà ñôîðìóâàëàñÿ ðîñëèíàìè ñàëàòó ñòåáëî-
âîãî çà ðîêè äîñë³äæåíü, ñòàíîâèëà: 11 364,21 
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Ðîñëèííèöòâî

(‘Öåëòóñ’), 13 109,12 (‘Êîáðà’) ³ 12 632,18 ì2 
(‘Ïîãîíè÷’). 

¥ðóíòîâî-êë³ìàòè÷í³ ÷èííèêè ñåðåäîâèùà, 
ïîãîäí³ óìîâè, òåõíîëîã³÷í³ çàõîäè âèðîùó-
âàííÿ ñàëàòó ñòåáëîâîãî çàáåçïå÷èëè îïòè-
ìàëüí³ óìîâè ïðîõîäæåííÿ ôåíîëîã³÷íèõ ôàç 
ðîñòó é ðîçâèòêó ðîñëèí, ôîðìóâàííÿ ãàá³òó-
ñó ëèñòê³â, ïðîäóêòîâèõ ñòåáåë ³ íàñ³ííÿ.

Ñàëàòó ñòåáëîâîìó âëàñòèâ³ âñ³ ãîñïîäàð-
ñüêî-ö³íí³ îçíàêè ³íøèõ ð³çíîâèä³â ñàëàòó 
ïîñ³âíîãî: ñêîðîñòèãë³ñòü, â³äíîñíà õîëîäî-
ñò³éê³ñòü, âèñîêà âðîæàéí³ñòü. Åëåìåíòàìè 
ñòðóêòóðè âðîæàþ ñàëàòó ñòåáëîâîãî º äîâ-
æèíà ³ ä³àìåòð ñòåáëà, ê³ëüê³ñòü ëèñòê³â íà 
ñòåáë³, äîâæèíà òà øèðèíà ëèñòêà.

Íà îñíîâ³ ïðîâåäåíîãî îáë³êó âñòàíîâëåíî 
ìàñó òîâàðíèõ ñòåáåë ñàëàòó ñòåáëîâîãî çà-
ëåæíî â³ä ñîðòó (òàáë. 2 ³ 3).

Òàáëèöÿ 2 
Ìàñà òîâàðíèõ ñòåáåë ñàëàòó ñòåáëîâîãî áåç ëèñòê³â, 

êã (ñåðåäíº çà 2015–2017 ðð.)
Ñîðò Ñåðåäíº ± äî êîíòðîëþ

‘Öåëòóñ’ (ê) 0,270 –
‘Êîáðà’ 0,290 + 0,020
‘Ïîãîíè÷’ 0,310 + 0,040

Ìàñà òîâàðíèõ ñòåáåë ³ çåëåíèõ ëèñòê³â 
ñàëàòó ñòåáëîâîãî ó äîñë³äàõ ñêëàäàëà â ñå-
ðåäíüîìó äëÿ ñîðòó ‘Ïîãîíè÷’: îäí³º¿ ðîçåò-
êè ëèñòê³â – 760 ã ðàçîì ç³ ñòåáëîì: îäíîãî 
òîâàðíîãî ñòåáëà áåç ëèñòê³â – 310 ã. Äîâæè-
íà ñòåáëà êîëèâàëàñÿ â³ä 25 äî 40 ñì, ä³à-
ìåòð – â³ä 3,8 äî 4,2 ñì. Àíàë³ç ìàñè òîâàð-
íèõ ñòåáåë ñàëàòó ñòåáëîâîãî áåç ëèñòê³â ïî-
êàçóº, ùî ïàðàìåòðè ¿¿ êîëèâàëèñÿ â³ä 0,270 
(‘Öåëòóñ’) äî 0,310 êã (‘Ïîãîíè÷’) çà áåçðîç-
ñàäíîãî ñïîñîáó âèðîùóâàííÿ. 

Ó ðåçóëüòàò³ ïðîâåäåíîãî àíàë³çó ìàñè òî-
âàðíèõ ðîçåòîê ëèñòê³â, îäåðæàíèõ çà îäíî-
ðàçîâîãî çáèðàííÿ âèÿâëåíî, ùî ðîñëèíè 
ñàëàòó ñòåáëîâîãî çà ð³çíèõ ñïîñîá³â âèðî-
ùóâàííÿ çàáåçïå÷èëè íåîäíàêîâó ìàñîâó 
÷àñòêó çà ðîêè äîñë³äæåíü ³ â ðîçð³ç³ ñîðò³â. 
Íàéñïðèÿòëèâ³øèìè óìîâàìè äëÿ ôîðìó-
âàííÿ ìàñè ëèñòê³â ³ òîâàðíèõ ñòåáåë ñàëàòó 
ñòåáëîâîãî áóëè 2015 ³ 2017 ðîêè. Ñàìå çà 
òàêèõ óìîâ íàéâèù³ ïîêàçíèêè ìàñè òîâàð-
íèõ ðîçåòîê ëèñòê³â ç³ ñòåáëîì çàáåçïå÷èâ 
ñ îðò â³ò÷èçíÿíî¿ ñåëåêö³¿ ‘Ïîãîíè÷’ – 
0,760 êã çà áåçðîçñàäíîãî ñïîñîáó âèðîùó-
âàííÿ (òàáë. 3). 

Óðîæàéí³ñòü ðîçåòîê ëèñòê³â ðàçîì ³ç ñîêî-
âèòèìè ñòåáëàìè áóëà â ìåæàõ â³ä 53,2 (‘Öåë-
òóñ’) äî 57,0 ò/ãà (‘Ïîãîíè÷’) çà áåçðîçñàäíîãî 
ñïîñîáó âèðîùóâàííÿ. Ñîðò ‘Êîáðà’ ïîëüñüêî¿ 
ñåëåêö³¿ á³ëüø àäàïòîâàíèé äî ´ðóíòîâî-êë³-
ìàòè÷íèõ óìîâ Óêðà¿íè, ïðî ùî ñâ³ä÷àòü ïî-

êàçíèêè ìàñè ðîçåòêè ëèñòê³â çà îäíîðàçîâîãî 
çáèðàííÿ (0,730 êã) çà âñ³ ðîêè äîñë³äæåíü. 

Çà ðîêè äîñë³äæåíü ñàëàò ñòåáëîâèé ôîð-
ìóâàâ ïîòóæí³ ñòåáëà ³ ëèñòêè, ÿê³ ñïîæè-
âàþòüñÿ ó ¿æó. Íà îñíîâ³ àíàë³çó îäåðæàíèõ 
äàíèõ óñòàíîâëåíî, ùî íàéâèùèé ïîêàçíèê 
óðîæàéíîñò³ 23,5 ò/ãà çà áåçðîçñàäíîãî ñïî-
ñîáó âèðîùóâàííÿ çàáåçïå÷èëè ðîñëèíè ñîð-
òó ‘Ïîãîíè÷’. Òîä³ ÿê ó êîíòðîë³ âðîæàéí³ñòü 
òîâàðíèõ ñòåáåë áóëà íà 1,4 ³ 3,2 ò/ãà íèæ-
÷îþ ïîð³âíÿíî ³ç ñîðòàìè ‘Êîáðà’ ³ ‘Ïîãîíè÷’ 
â³äïîâ³äíî (òàáë. 4). 

Òàáëèöÿ 4
Óðîæàéí³ñòü òîâàðíèõ ñòåáåë ñàëàòó ñòåáëîâîãî, ò/ãà

(2015–2017 ðð.)

Ñîðò
Ðîêè

Ñåðåäíº ± äî 
êîíòðîëþ2015 2016 2017

‘Öåëòóñ’ (ê) 21,1 19,1 20,6 20,3 –
‘Êîáðà’ 22,1 20,6 22,5 21,7 + 1,4
‘Ïîãîíè÷’ 24,4 22,2 24,0 23,5 + 3,2

Í²Ð
0,05

1,5 1,2 2,2 –

Âèù³ ïîêàçíèêè âðîæàéíîñò³ ñîêîâèòèõ 
ñòåáåë ³ ìàñè ëèñòê³â – íà 32% – ìîæíà îòðè-
ìàòè çà òðèðàçîâîãî çáèðàííÿ (òàáë. 5).

Àíàë³ç ãðàíè÷íî¿ ïîòåíö³éíî ìîæëèâî¿ 
âðîæàéíîñò³ òà ¿¿ àáñîëþòíî ñóõî¿ ðå÷îâèíè 
ñîðò³â ñàëàòó ñòåáëîâîãî âêàçóº íà òå, ùî 
ïàðàìåòðè äîñë³äæóâàíèõ âåëè÷èí áóëè íàé-
âèùèìè ó ñîðòó â³ò÷èçíÿíî¿ ñåëåêö³¿ ‘Ïîãî-
íè÷’ (74,0 ³ 7,80 ò/ãà). Ì³í³ìàëüíå çíà÷åííÿ 
ðîçðàõîâàíèõ âåëè÷èí Óïì ³ Óñ çàô³êñîâàíî â 
êîíòðîëüíîãî ñîðòó ‘Öåëòóñ’ – 66,0 ³ 6,90 ò/ãà 
â³äïîâ³äíî. 

Ðåàëüíî äîñÿãòè òàêî¿ âðîæàéíîñò³ ìîæíà 
çà íàÿâíîñò³ îïòèìóìó òåìïåðàòóðè ïîâ³òðÿ 
òà ´ðóíòó, ê³ëüêîñò³ âîëîãè, âì³ñòó âóãëåêèñ-
ëîãî ãàçó â ïîâ³òð³. Çà òàêèõ óìîâ ãðàíè÷íî 
ïîòåíö³éíî ìîæëèâà âðîæàéí³ñòü ñîðò³â ñà-
ëàòó ñòåáëîâîãî ïåðåâèùèòü ôàêòè÷íó äëÿ 
ñîðòó ‘Ïîãîíè÷’ íà 8,2–9,0 ò/ãà. Ñë³ä ïàì’ÿ-
òàòè, ùî îïòèìóì çàçíà÷åíèõ ÷èííèê³â ìàº 
ð³çíå ñï³ââ³äíîøåííÿ çàëåæíî â³ä ôàç ðîñòó 

Òàáëèöÿ 3
Ìàñà òîâàðíèõ ëèñòê³â ñàëàòó ñòåáëîâîãî 

çà îäíîðàçîâîãî çáèðàííÿ, êã (2015–2017 ðð.)

Ñîðò

Ðîêè

Ñåðåäíº

Óðîæàéí³ñòü 
ðîçåòîê 
ðàçîì ç³ 

ñòåáëàìè, 
ò/ãà

2015 2016 2017

‘Öåëòóñ’ (ê) 0,720 0,705 0,715 0,710 53,2
‘Êîáðà’ 0,735 0,720 0,740 0,730 54,7
‘Ïîãîíè÷’ 0,765 0,740 0,775 0,760 57,0

Í²Ð
0,05

0,030 0,036 0,042 –
2015 – 1,5
2016 – 2,3
2017 – 3,8
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é ðîçâèòêó ðîñëèí ñàëàòó ïîñ³âíîãî. Òîìó 
äëÿ ðîçðàõóíê³â âèêîðèñòîâóþòü ùå îäèí 
ïîêàçíèê – ä³éñíî ìîæëèâó âðîæàéí³ñòü, ð³-
âåíü ÿêî¿ ë³ì³òóºòüñÿ ðåñóðñàìè âîëîãè. 

Ïîêàçíèê, ÿêèé âèçíà÷àº ïëàñòè÷í³ñòü 
ñîðò³â, òîáòî âèâ÷àºòüñÿ ðåàêö³ÿ ãåíîòèïó 
ñîðòó ñàëàòó ñòåáëîâîãî íà çì³íó åêîëîã³÷-
íèõ óìîâ âèðîùóâàííÿ ³ äîâê³ëëÿ íàçèâà-
þòü åêîëîã³÷íîþ àäàïòèâí³ñòþ [18]. ²íäåêñ 
óìîâ (bi) – öå â³äõèëåííÿ ñåðåäíüîãî âðîæàþ 
êîæíîãî âàð³àíòó â³ä âñ³õ ñîðò³â. Íàéâèùå 
çíà÷åííÿ ³íäåêñó óìîâ ñòàíîâèëî äëÿ ñîðòó 
‘Öåëòóñ’ – 1,07; ‘Êîáðà’ – 1,00; ‘Ïîãîíè÷’ – 
0,93. ×èì âèùå çíà÷åííÿ bi, òèì á³ëüøà ÷óò-
ëèâ³ñòü âëàñòèâà ñîðòó [19]. 

Âèñîêà ãîìåîñòàòè÷í³ñòü áóëà ïðèòàìàííà 
âñ³ì äîñë³äæóâàíèì ñîðòàì, ó ÿêèõ ñïîñòå-
ð³ãàëè âèùèé çà 70% êîåô³ö³ºíò àãðîíîì³÷-
íî¿ ñòàá³ëüíîñò³. Îö³íêà ñòóïåíÿ ñòàá³ëüíîñ-
ò³ é ïëàñòè÷íîñò³ ñîðò³â çà â³äõèëåííÿìè â³ä 
çàãàëüíî¿ äèñïåðñ³¿ (Åáåðõàðò ³ Ðàññåë) íà-
âåäåíî íà ðèñóíêó 2. 

Ðèñ. 2. Åêîëîã³÷íà ïëàñòè÷í³ñòü ñîðò³â ñàëàòó 
ñòåáëîâîãî çà âðîæàéí³ñòþ

Ñòàá³ëüí³ñòü ñîðòó º ïîêàçíèê ñò³éêî¿ ðå-
àë³çàö³¿ ïîòåíö³éíî¿ ïðîäóêòèâíîñò³ êîí-
êðåòíîãî ãåíîòèïó äî ïåâíèõ óìîâ äîâê³ëëÿ, 
à ïëàñòè÷í³ñòü – çäàòí³ñòü ñîðòó äî ïðèñòî-
ñóâàííÿ çà ì³íëèâîñò³ óìîâ. Äîñë³äè ïðî-

Òàáëèöÿ 5
Ïîòåíö³éíî ìîæëèâà âðîæàéí³ñòü ñîðò³â ñàëàòó ñòåáëîâîãî 

çà áàãàòîðàçîâîãî çáèðàííÿ (ñåðåäíº çà 2015–2017 ðð.)

Ñîðò Ñóìà ÷àñòèí îñíîâíî¿ 
³ ïîá³÷íî¿ ïðîäóêö³¿

Ãðàíè÷íî ïîòåíö³éíî ìîæëèâà 
âðîæàéí³ñòü (Óïì), ò/ãà

Óðîæàéí³ñòü àáñîëþòíî 
ñóõî¿ ðå÷îâèíè (Óñ), ò/ãà

‘Öåëòóñ’ (ê) 1,05 Ñòåáëî
Ðîçåòêà

46,0
20,0 66,0 6,9

‘Êîáðà’ 1,05 Ñòåáëî
Ðîçåòêà

49,0
19,0 68,0 7,1

‘Ïîãîíè÷’ 1,05 Ñòåáëî
Ðîçåòêà

53,0
21,0 74,0 7,8

âîäÿòüñÿ çà ñõåìîþ çì³øóâàííÿ, çà ÿêîþ 
åôåêòè åêîëîã³÷íèõ óìîâ ðåã³îí³â çì³øó-
þòüñÿ ç åôåêòàìè â³äì³í ðîäþ÷îñò³ ´ðóíò³â. 
Çà ñòóïåíåì ñòàá³ëüíîñò³ ñîðò³â ñàëàòó ñòåá-
ëîâîãî äî ñòðåñîâèõ óìîâ âèðîùóâàííÿ çà 
ðîêè äîñë³äæåíü ó ðåã³îí³ êðàùèì áóâ ñîðò 
‘Ïîãîíè÷’. Ñîðò ‘Êîáðà’ ïîëüñüêî¿ ñåëåêö³¿ 
òåæ çàáåçïå÷èâ âèñîêó åêîëîã³÷íó ïëàñòè÷-
í³ñòü. 

Çà ìåòîäîì Åáåðõàðòà òà Ðàññåëà åêîëîã³÷-
íó ïëàñòè÷í³ñòü ³ ñòàá³ëüí³ñòü ñåëåêö³éíî¿ 
îçíàêè îö³íþþòü çà äâîìà ïàðàìåòðàìè: êîå-
ô³ö³ºíòîì ðåãðåñ³¿ (βi) òà âàð³àíñîþ ñòàá³ëü-
íîñò³. Äëÿ âèçíà÷åííÿ åêîëîã³÷íî¿ ñòàá³ëüíîñ-
ò³ ïðîÿâó ê³ëüê³ñíèõ îçíàê âèêîðèñòàëè ìî-
äåëü Ñ. À. Åáåðõàðòà ³ Â. À. Ðàññåëà, ÿêó ôîð-
ìàëüíî ìîæíà ïðåäñòàâèòè ó âèãëÿä³ ôóíê-
ö³¿ ïðîãðàìè «Åêîïëàñò», äå âèçíà÷àëè: Yij – 
ñåðåäíº çíà÷åííÿ îçíàêè â óìîâàõ âèðîùó-
âàííÿ; µi – ñåðåäíº çíà÷åííÿ îçíàêè â óñ³õ 
óìîâàõ âèðîùóâàííÿ; βi – êîåô³ö³ºíò ðåãðå-
ñ³¿, ÿêèé â³äîáðàæàº ðåàêö³þ íà çì³íó óìîâ 
âèðîùóâàííÿ; Ij – ³íäåêñ óìîâ ñåðåäîâèùà. 
Ñîðòè óñ³õ ð³çíîâèä³â ñàëàòó ïîñ³âíîãî ç êîå-
ô³ö³ºíòîì ðåãðåñ³¿ á³ëüøå 1 õàðàêòåðèçóâà-
ëèñÿ íèçüêîþ åêîëîã³÷íîþ ñòàá³ëüí³ñòþ, àëå 
êðàùîþ àäàïòèâí³ñòþ. Â îñíîâó ïðîãðàìíî-
ãî ïðîäóêòó «Åêîïëàñò» ïîêëàäåíî ðîçðà-
õóíêè íà îñíîâ³ ôîðìóë Ñ. À. Åáåðõàðòà ³ 
Â. À. Ðàññåëà ç óðàõóâàííÿì êîåô³ö³ºíòó 
óìîâ ñåðåäîâèùà. Äëÿ âèçíà÷åííÿ åêîëîã³÷-
íî¿ ïëàñòè÷íîñò³ ñîðò³â âñòàíîâëåíî, ÷èì 
á³ëüøà ê³ëüê³ñòü ïóíêò³â ñïîñòåðåæåíü ó 
çîí³ âèðîùóâàííÿ òèì òî÷í³øèé ðåçóëüòàò 
åêîëîã³÷íî¿ îö³íêè ñîðòó. 

Ðåçóëüòàòè ñóìàðíî¿ ðàíãîâî¿ îö³íêè çà 
âðîæàéí³ñòþ ñîðò³â ñàëàòó ñòåáëîâîãî ïîêà-
çàëè, ùî ñîðòè ‘Ïîãîíè÷’ ³ ‘Êîáðà’ çà ãåíî-
òèïîâèì åôåêòîì ñë³ä â³äíåñòè äî äðóãîãî 
ðàíãó, à ‘Öåëòóñ’ äî òðåòüîãî. Çà ñòóïåíåì 
ïëàñòè÷íîñò³ ‘Ïîãîíè÷’ ³ ‘Êîáðà’ – ïåðøèé 
ðàíã, à ‘Öåëòóñ’ – äðóãèé. ×èì íèæ÷èé ðàíã, 
òèì âèùà ãîñïîäàðñüêà ö³íí³ñòü ñîðòó. Ñîð-
òè ‘Ïîãîíè÷’ ³ ‘Êîáðà’ â Çàõ³äíîìó Ë³ñîñòåïó 
Óêðà¿íè çàáåçïå÷èëè âèñîê³ ãîñïîäàðñüêî-
ö³íí³ ïîêàçíèêè âðîæàéíîñò³.
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Âèñíîâêè
Àíàë³ç ãðàíè÷íî¿ ïîòåíö³éíî ìîæëèâî¿ 

âðîæàéíîñò³ òà ¿¿ àáñîëþòíî ñóõî¿ ðå÷îâèíè 
ñîðò³â ñàëàòó ñòåáëîâîãî âêàçóº íà òå, ùî 
ïàðàìåòðè äîñë³äæóâàíèõ âåëè÷èí áóëè 
íàéâèùèìè ó ñîðòó â³ò÷èçíÿíî¿ ñåëåêö³¿ 
‘Ïîãîíè÷’ (74,0 ³ 7,80 ò/ãà).

Ñîðò ‘Ïîãîíè÷’ çàðåêîìåíäóâàâ ñåáå åêî-
ëîã³÷íî ïëàñòè÷íèì, ñòàá³ëüíèì ³ òîëåðàíò-
íèì äî ñòðåñîâèõ óìîâ ñåðåäîâèùà ó Çàõ³ä-
íîìó Ë³ñîñòåïó Óêðà¿íè, àëå ìåíø àäàïòèâ-
íèì çà ñòàëèõ ë³ì³ò³â ́ ðóíòîâî-êë³ìàòè÷íèõ 
ïàðàìåòð³â ÷èííèê³â äîâê³ëëÿ.

Âèñîêà ãîìåîñòàòè÷í³ñòü áóëà ïðèòàìàííà 
âñ³ì äîñë³äæóâàíèì ñîðòàì, ó ÿêèõ ñïîñòå-
ð³ãàëè âèùèé çà 70% êîåô³ö³ºíò àãðîíîì³÷-
íî¿ ñòàá³ëüíîñò³.

Ðåçóëüòàòè ðàíãîâî¿ îö³íêè çà âðîæàéí³ñ-
òþ ñîðò³â ñàëàòó ñòåáëîâîãî ïîêàçàëè, ñîðòè 
‘Ïîãîíè÷’ ³ ‘Êîáðà’ çà ãåíîòèïîâèì åôåêòîì 
ñë³ä â³äíåñòè äî äðóãîãî ðàíãó, à ‘Öåëòóñ’ äî 
òðåòüîãî. Çà ñòóïåíåì ïëàñòè÷íîñò³ ‘Ïîãî-
íè÷’ ³ ‘Êîáðà’ – ïåðøèé ðàíã, à ‘Öåëòóñ’ – 
äðóãèé. ×èì íèæ÷èé ðàíã, òèì âèùà ãîñïî-
äàðñüêà ö³íí³ñòü ñîðòó. 
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Purpose. To reveal the adaptive potential of stem lettuce 
varieties (Lactuca sativa L. var. angustana Irish) accor ding 
to the parameters of yield, ecological plasticity, stability 
and adaptability in the conditions of the Western Forest-
Steppe of Ukraine. Methods. The stability and plasticity of 
stem lettuce yield was evaluated according to S. A. Eberhart 
and W. A. Rassel method. Soil and climatic conditions of the 
research area were generally favorable for lettuce growth 
and development. Research methods: field, laboratory and 
statistical. Results. Stem lettuce varieties showed different 
duration of the interfacial period of germination – technical 
ripeness: for ‘Pogonych’ variety it was 35 days, which made it 
possible to collect marketable products 6 days earlier than 
in the control. ‘Cobra’ variety showed the largest leaf area 
(13 109.12 m2). The value of the yield index of the rosette of 
leaves and stems over the years of research was in the range 
of 53.2–57.0 t/ha. Variety ‘Pogonych’ showed the highest 

rates of Yp.p. and Yd. – 74.0 and 7.8 t/ha, respectively. The 
stem lettuce varieties had a high coefficient of agronomic 
stability > 70%. ‘Tseltus’ variety showed the highest value of 
the index of environmental conditions (bi = 1.07), which in-
dicates its high sensitivity in the conditions of the Western 
Forest-Steppe of Ukraine. ‘Pogonych’ variety demonstrated 
ecological plasticity. Conclusions. ‘Pogonych’ stem lettuce 
variety showed ecological plasticity, stability and tolerance 
to stressful environmental conditions in the Western Forest-
Steppe of Ukraine, but it was less adaptive to the constant 
limits of soil and climatic parameters of environmental fac-
tors. High homeostaticity was inherent in all studied varie-
ties, which had a higher, than 70% coefficient of agronomic 
stability, namely: ‘Pogonych’, ‘Cobra’ and ‘Tseltus’. 

Keywords: stability; adaptability; plasticity; yield; qua-
lity; variety potential; coefficient of environmental conditi-
ons; productivity; photosynthesis.
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Ðîñëèííèöòâî

Âñòóï
Ãîðîõ (Pisum sativum L.) º îäí³ºþ ç íàé-

âàæëèâ³øèõ çåðíîáîáîâèõ êóëüòóð ó ñâ³ò³ ³ 
ìàº ð³çíîìàí³òíå âèêîðèñòàííÿ: êîðìîâå, 
ñèäåðàëüíå, ïðîäîâîëü÷å. Ðîçâèòîê íîâèõ 
òåõíîëîã³é éîãî ïåðåðîáêè ñïðèÿº ðîçøè-
ðåííþ àñîðòèìåíòó õàð÷îâèõ ïðîäóêò³â, 
¿õíüîãî ôóíêö³îíàëüíîãî ïðèçíà÷åííÿ, à 
òàêîæ ìîæëèâîñòåé âèêîðèñòàííÿ éîãî ³í-
ãðåä³ºíò³â ó âèãëÿä³ á³îëîã³÷íî àêòèâíèõ 

ÓÄÊ 633.35: [612.398.192:631.526.3:664.6/7 https: //doi.org/10.21498/2518-1017.17.4.2021.249013

Óì³ñò àì³íîêèñëîò ó çåðí³ ð³çíèõ ñîðò³â ãîðîõó îçèìîãî 
òà ïðîäóêòàõ éîãî ïåðåðîáëåííÿ
Â. ². Âîéòîâñüêà1, Ë. ². Ñòîðîæèê1*, Â. Â. Ëþáè÷2, Ñ. Ì. Ðîìàíîâ1 
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Ìåòà. Âèçíà÷èòè âì³ñò àì³íîêèñëîò, á³îëîã³÷íó òà õàð÷îâó ö³íí³ñòü çåðíà ð³çíèõ ñîðò³â ãîðîõó îçèìîãî òà ïðîäóêò³â 
éîãî ïåðåðîáëåííÿ. Ìåòîäè. Âì³ñò àì³íîêèñëîò âèçíà÷àëè ìåòîäîì ³îíîîáì³ííî¿ ð³äèííî¿ õðîìàòîãðàô³¿. Ìàòåìàòè÷íå 
îáðîáëåííÿ îòðèìàíèõ äàíèõ ïðîâîäèëè äèñïåðñ³éíèì àíàë³çîì îäíîôàêòîðíîãî ïîëüîâîãî äîñë³äó. Àì³íîêèñëîòíèé 
òà ³íòåãðàëüíèé ñêîðè âèçíà÷àëè ðîçðàõóíêîâî. Ðåçóëüòàòè. Çåðíî ãîðîõó îçèìîãî ñîðò³â ‘ÍÑ Ìîðîç’, ‘Áàëëòðàï’ òà 
‘Åíäóðî’ ìàëî âèñîêèé âì³ñò àì³íîêèñëîò. Ó ñêëàä³ åñåíö³éíèõ àì³íîêèñëîò ÷àñòêà ë³çèíó òà ëåéöèíó áóëà íàéâèùîþ – 
1,53–1,77%, à ÷àñòêà ìåò³îí³íó – íàéíèæ÷îþ 0,25–0,28% çàëåæíî â³ä ñîðòó ãîðîõó îçèìîãî. Îñíîâíîþ àì³íîêèñëîòîþ 
çåðíà ãîðîõó îçèìîãî º ãëþòàì³íîâà, ÷àñòêà ÿêî¿ ñêëàäàëà 3,25–3,30% â³ä óñ³õ àì³íîêèñëîò. ×àñòêà àñïàðàã³íîâî¿ êèñ-
ëîòè ñòàíîâèëà 2,30–2,37% çàëåæíî â³ä ñîðòó. Ó ñêëàä³ íåçàì³ííèõ àì³íîêèñëîò ÷àñòêà öèñòèíó áóëà íàéíèæ÷îþ – 
0,31–0,37% çàëåæíî â³ä ñîðòó. ×àñòêà åñåíö³éíèõ àì³íîêèñëîò çåðíà ãîðîõó îçèìîãî ñòàíîâèëà 40–41% â³ä ¿õíüî¿ 
ñóìè. ×àñòêà òðèïòîôàíó ïîð³âíÿíî ³ç çåðíîì çíèæóâàëàñü íà 30–43%, ³çîëåéöèíó – íà 20–24%, ìåò³îí³íó – íà 8–29%, 
ôåí³ëàëàí³íó, ë³çèíó, ëåéöèíó – íà 8–12%, âàë³íó – íà 5–9%, òðåîí³íó – íà 1–5%. Ó ñêëàä³ íåçàì³ííèõ àì³íîêèñëîò 
ùîäî çåðíà íàéá³ëüøå çíèæóâàëàñü ÷àñòêà öèñòèíó – íà 58–73%, ã³ñòèäèíó – íà 36–43%, ãë³öèíó – íà 42–45%. ×àñòêà 
àëàí³íó ùîäî çåðíà çíèæóâàëàñü íà 19–25%, ãëþòàì³íîâî¿ êèñëîòè – íà 12–15%, òèðîçèíó – íà 8–18%, àñïàðàã³íîâî¿ 
êèñëîòè – íà 9–12%. Íàéìåíøå çíèæóâàëàñü ÷àñòêà ñåðèíó òà àðã³í³íó – íà 3–8%. Ïðîòå ñóìà íåçàì³ííèõ àì³íîêèñëîò 
çíèæóâàëàñü ëèøå íà 15–17% çàëåæíî â³ä ñîðòîâèõ îñîáëèâîñòåé. Âñòàíîâëåíî, ùî àì³íîêèñëîòíèé ñêîð çåðíà ãîðî-
õó îçèìîãî òà ïðîäóêò³â éîãî ïåðåðîáëåííÿ áóâ áåçäåô³öèòíèì. Ðîçðàõóíêè ïîêàçàëè, ùî 100 ã çåðíà ãîðîõó îçèìîãî 
çàäîâîëüíÿþòü á³îëîã³÷íó ïîòðåáó äîðîñëî¿ ëþäèíè â ³çîëåéöèí³ – íà 55–58%, âàë³í³ – íà 51–42%, òðèïòîôàí³ – íà 
41–50%, ë³çèí³ – íà 37–40%, òðåîí³í³ – íà 39–40%, ëåéöèí³ – íà 36–38%. Íàéá³ëüøó äîáîâó ïîòðåáó çàáåçïå÷óâàëî 
100 ã ïðîäóêò³â ïåðåðîáëåííÿ çåðíà àðã³í³íîì ³ ãëþòàì³íîâîþ êèñëîòîþ – íà 20–26% çàëåæíî â³ä ñîðòó ãîðîõó îçèìî-
ãî. Äëÿ ðåøòè íåçàì³ííèõ àì³íîêèñëîò öåé ïîêàçíèê áóâ íà ð³âí³ 6–16% ó áîðîøí³ òà 2–15% ó êðóï³ çàâäÿêè çíèæåííþ 
âì³ñòó àì³íîêèñëîò ó öèõ ïðîäóêòàõ. Âèñíîâêè. Áóëî âèçíà÷åíî ÷àñòêó àì³íîêèñëîò, á³îëîã³÷íó òà õàð÷îâó ö³íí³ñòü 
çåðíà ð³çíèõ ñîðò³â ãîðîõó îçèìîãî òà ïðîäóêò³â éîãî ïåðåðîáëåííÿ, òàêèõ ÿê êðóïà òà áîðîøíî. Â àì³íîêèñëîòíîìó 
ñêëàä³ ÷àñòêà íåçàì³ííèõ àì³íîêèñëîò ïåðåâàæàëà, ïðîòå 100 ã çåðíà òà ïðîäóêò³â éîãî ïåðåðîáëåííÿ íàéá³ëüøå çà-
äîâîëüíÿþòü ïîòðåáó â íåçàì³ííèõ àì³íîêèñëîòàõ. ×àñòêà àì³íîêèñëîò çíèæóâàëàñü ó ïðîäóêòàõ ïåðåðîáëåííÿ çåðíà 
ãîðîõó îçèìîãî, îñîáëèâî â êðóï³. Àì³íîêèñëîòíèé ñêîð çåðíà ãîðîõó îçèìîãî ñîðò³â ‘ÍÑ Ìîðîç’, ‘Áàëëòðàï’ òà ‘Åíäóðî’ 
³ ïðîäóêò³â éîãî ïåðåðîáëåííÿ áóâ çáàëàíñîâàíèì.
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äîáàâîê äî ¿æ³ [1]. Ãîðîõ – âàæëèâà çåðíî-
áîáîâà êóëüòóðà, çåðíî ÿêî¿ ì³ñòèòü áëèçü-
êî 20% á³ëêà. Ï³äâèùåííÿ ïðîäóêòèâíîñò³ 
ãîðîõó – âàæëèâå çàâäàííÿ ñ³ëüñüêîãîñïî-
äàðñüêîãî âèðîáíèöòâà. Âïðîâàäæåííÿ 
îçèìèõ ôîðì ãîðîõó ìîæå çàáåçïå÷èòè 
ôîðìóâàííÿ âèñîêî¿ âðîæàéíîñò³ çåðíà [2]. 
Âñòàíîâëåíî, ùî çà â³äïîâ³äíîãî ð³âíÿ òåõ-
íîëîã³é âèðîùóâàííÿ îçèìèé ãîðîõ ìîæå 
ôîðìóâàòè âðîæàéí³ñòü â³ä 4,0 äî 6,2 ò/ãà 
[1]. Äåô³öèò á³ëêà â ïðîäóêòàõ õàð÷óâàííÿ 
çóìîâëþº äîñë³äæåííÿ á³îëîã³÷íî¿ ö³ííîñò³ 
ãîðîõó îçèìîãî çà âì³ñòîì àì³íîêèñëîò, ùî 
çíàõîäÿòüñÿ â óñ³õ òêàíèíàõ ðîñëèíè. Âîíè 
áåðóòü âàæëèâó ó÷àñòü â îáì³í³ ðå÷îâèí. 
Àì³íîêèñëîòè º ñòðóêòóðíèì ìàòåð³àëîì 
á³ëê³â, à ñêëàä àì³íîêèñëîò âïëèâàº íà 
ÿê³ñòü ¿æ³ (êîðìó). ¯õíÿ íåñòà÷à ïðèçâî-
äèòü äî ïîðóøåííÿ îáì³íó ðå÷îâèí (íåãà-
òèâíîãî àçîòíîãî áàëàíñó), ùî º ïðè÷èíîþ 
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áàãàòüîõ ñåðéîçíèõ ôóíêö³îíàëüíèõ çì³í â 
îðãàí³çì³ ëþäèíè ³ òâàðèí, âòðàòè àïåòè-
òó, ïàòîëîã³÷íèõ çì³í ó íåðâîâ³é ñèñòåì³, 
îðãàíàõ âíóòð³øíüî¿ ñåêðåö³¿, ñêëàä³ êðî-
â³, ôåðìåíòíèõ ñèñòåìàõ [3]. Ñë³ä çàçíà-
÷èòè, ùî ÿê³ñòü ïðîäóêò³â ïåðåðîáëåííÿ 
çåðíà çàëåæèòü â³ä éîãî á³îõ³ì³÷íîãî ñêëà-
äó. Òîìó âàæëèâî ïðîâîäèòè ðåãóëÿðíèé 
ñêðèí³íã ùîäî ôîðìóâàííÿ àì³íîêèñëîòíî¿ 
ñêëàäîâî¿ çåðíà ñó÷àñíèõ ñîðò³â ãîðîõó 
îçèìîãî òà ïðîäóêò³â éîãî ïåðåðîáëÿííÿ 
[4, 5].

Àì³íîêèñëîòíèé ñêîð – öå â³äíîøåííÿ 
ôàêòè÷íîãî âì³ñòó àì³íîêèñëîò äî ¿õíüîãî 
âì³ñòó â ³äåàëüíîìó ïðîäóêò³, âèðàæåíîãî ó 
â³äñîòêàõ [3]. Âñòàíîâëåíî, ùî çåðíî ãîðîõó 
ìàº áåçäåô³öèòíèé àì³íîêèñëîòíèé ñêîð [6]. 
Öå äîçâîëÿº çàñòîñîâóâàòè éîãî çåðíî â ðà-
ö³îí³ ñâèíîìàòîê, ïîðîñÿò ³ ñâèíåé íà â³ä-
ãîä³âë³ [7]. Éîãî ìîæíà çãîäîâóâàòè æóéíèì 
òâàðèíàì ÿê åíåðãåòè÷íèé ³ áàãàòèé íà àì³-
íîêèñëîòè êîðì [8]. Ãîðîõ âèêîðèñòîâóþòü 
ó ðàö³îíàõ ïòèö³ çàâäÿêè âèñîêîìó âì³ñòó 
åñåíö³éíèõ àì³íîêèñëîò [9].

Â³äîìî, ùî ñåðåäíÿ ÷àñòêà á³ëêà â çåðí³ 
ãîðîõó ìîæå ñòàíîâèòè 24%, ÿêà çì³íþºòü-
ñÿ çàëåæíî â³ä á³îëîã³÷íèõ îñîáëèâîñòåé 
ñîðòó, óìîâ âèðîùóâàííÿ òà ïîãîäíèõ óìîâ 
[10–12]. Á³ëîê ãîðîõó ì³ñòèòü âåëèêó ê³ëü-
ê³ñòü äåÿêèõ íåçàì³ííèõ àì³íîêèñëîò, òà-
êèõ ÿê ë³çèí, àðã³í³í ³ ëåéöèí [13]. Òàê, â 
àì³íîêèñëîòíîìó ñêëàä³ âì³ñò ãëþòàì³íîâî¿ 
êèñëîòè íàéâèùèé – 39,2–46,9 ã/êã, óì³ñò 
àñïàðàã³íîâî¿ êèñëîòè – 25,1–28,8, à âì³ñò 
öèñòèíó – 3,2–3,3 ã/êã çåðíà çàëåæ íî â³ä 
ñîðòó ãîðîõó [14].

Îòæå, àì³íîêèñëîòíèé ñêëàä çåðíà ãîðî-
õó îçèìîãî çíà÷íî çì³íþºòüñÿ çàëåæíî â³ä 
ñîðòó. Âïðîâàäæåííÿ ñîðò³â ãîðîõó îçèìîãî 
ó âèðîáíèöòâî çóìîâëþº íåîáõ³äí³ñòü âèâ-
÷åííÿ îñîáëèâîñòåé ôîðìóâàííÿ âì³ñòó àì³-
íîêèñëîò ó çåðí³ òà ïðîäóêòàõ éîãî ïåðåðîá-
ëåííÿ.

Ìåòà äîñë³äæåíü – âèçíà÷èòè ÷àñòêó àì³íî-
êèñëîò, á³îëîã³÷íó òà õàð÷îâó ö³íí³ñòü çåðíà 
ð³çíèõ ñîðò³â ãîðîõó îçèìîãî òà ïðîäóêò³â éî-
ãî ïåðåðîáëåííÿ.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Ñîðòè ãîðîõó îçèìîãî âèðîùóâàëè óïðî-

äîâæ 2019–2021 ðð. ó ôåðìåðñüêîìó ãîñïî-
äàðñòâ³ «Ðîìíàíà» Äí³ïðîïåòðîâñüêî¿ îáëàñ-
ò³ Êðèâîð³çüêîãî ðàéîíó, ñ. Íîâîìàéñüêå – 
çîíà Ñòåïó òà ó çîí³ Ïðàâîáåðåæíîãî Ë³ñî-
ñòåïó Óêðà¿íè íà äîñë³äíèõ ïîëÿõ íàâ÷àëü-
íî-íàóêîâî-âèðîáíè÷îãî êîìïëåêñó Óìàíñü-
êîãî íàö³îíàëüíîãî óí³âåðñèòåòó ñàä³âíèöò âà 
(ì. Óìàíü). 

¥ðóíò ó ôåðìåðñüêîìó ãîñïîäàðñòâ³ «Ðîì-
íàíà» – ÷îðíîçåì çâè÷àéíèé ìàëîãóìóñíèé 
ç óì³ñòîì ãóìóñó 3,6%. Óì³ñò àçîòó ëåãêî-
ã³äðîë³çîâàíèõ ñïîëóê – äóæå íèçüêèé, ðó-
õîìèõ ñïîëóê ôîñôîðó òà êàë³þ – âèñîêèé 
òà ï³äâèùåíèé, ðÍ

KCl
 – 6,47. ¥ðóíò äîñë³ä-

íîãî ïîëÿ Óìàíñüêîãî ÍÓÑ – ÷îðíîçåì îï³ä-
çîëåíèé âàæêîñóãëèíêîâèé íà ëåñ³. Âì³ñò 
ãóìóñó â îðíîìó øàð³ – 3,8%, âì³ñò àçîòó 
ëåãêîã³äðîë³çîâàíèõ ñïîëóê – íèçüêèé, ðó-
õîìèõ ñïîëóê ôîñôîðó òà êàë³þ – ï³äâèùå-
íèé, ðÍ

KCl
 – 5,7.

Çàãàëüíà ïëîùà äîñë³äíèõ ä³ëÿíîê ñòàíî-
âèëà 630 ì2, îáë³êîâà – 516 ì2. Ïîâòîðí³ñòü 
äîñë³äó ÷îòèðèðàçîâà. Âèñ³âàëè ðàíí³ ñîðòè 
‘ÍÑ Ìîðîç’ (Ñåðá³ÿ), ‘Áàëëòðàï’ (Ôðàíö³ÿ) òà 
óëüòðàðàíí³é ‘Åíäóðî’ (×åõ³ÿ), ó ÿêèõ âèçíà-
÷àëè âì³ñò íåçàì³ííèõ ³ çàì³ííèõ àì³íîêèñ-
ëîò ó çåðí³ òà ïðîäóêòàõ ïåðåðîáëÿííÿ – áî-
ðîøí³ òà êðóï³ â³äïîâ³äíî äî çàãàëüíîïðèé-
íÿòèõ ìåòîäèê [21–23]. Çåðíî ñîðò³â ãîðîõó 
â³äïîâ³äàëî ÄÑÒÓ 4523:2006. Ãîðîõ. Òåõí³÷-
í³ óìîâè, êðóïè ãîðîõîâ³ – ÄÑÒÓ 7701:2015. 
Êðóïè ãîðîõîâ³. Òåõí³÷í³ óìîâè. Äëÿ âèçíà-
÷åííÿ öèñòèíó òà ìåò³îí³íó ïðîáó çåðíà 
îêèñíþâàëè íàäìóðàøèíîâîþ êèñëîòîþ, 
âì³ñò òðèïòîôàíó – ã³äðîë³çîì ëóãîì ³ç 5%-ì 
ðîç÷èíîì õëîðèäó îëîâà. Äëÿ âèçíà÷åííÿ 
âì³ñòó ðåøòè àì³íîêèñëîò ïðîáó çåðíà ï³ä-
äàâàëè ã³äðîë³çó ðîç÷èíîì 0,1 ìîëü/äì3 ÍÑ², 
ùî ì³ñòèòü 2% ò³îäèíãë³êîëþ. Ê³ëüê³ñòü 
àíàë³òè÷íèõ ïîâòîðåíü áóëà òðèðàçîâîþ. 
Âì³ñò àì³íîêèñëîò âèçíà÷àëè ìåòîäîì ³îíî-
îáì³ííî¿ ð³äèííî¿ õðîìàòîãðàô³¿ íà àíàë³çà-
òîð³ àì³íîêèñëîò Ò-339 (×åõ³ÿ). ²íäåêñ êîìï-
ëåêñíîãî îö³íþâàííÿ (²ÊÎ) âèçíà÷àëè çà 
ôîðìóëîþ:

²ÊÎ = n √              ...                            ,

äå Ô – ôàêòè÷íå çíà÷åííÿ ïîêàçíèêà;             
Î – îïòèìàëüíå çíà÷åííÿ ïîêàçíèêà; Ä – äî-
ïóñòèìå çíà÷åííÿ ïîêàçíèêà; 

    – â³äíîøåííÿ, ùî çàñòîñîâóþòü äëÿ ïî-
êàçíèê³â, ôàêòè÷íå çíà÷åííÿ ÿêèõ ìîæå 
áóòè á³ëüøèì îïòèìàëüíîãî; 

    – â³äíîøåííÿ, ùî çàñòîñîâóþòü äëÿ ïî-
êàçíèê³â, ôàêòè÷íå çíà÷åííÿ ÿêèõ ïîâèííî 
áóòè ìåíøèì äîïóñòèìîãî ð³âíÿ; n – ê³ëü-
ê³ñòü ïîêàçíèê³â, ÿê³ âèêîðèñòîâóþòüñÿ â 
ìîäåë³.

Àì³íîêèñëîòíèé ñêîð ðîçðàõîâóâàëè çà 
ôîðìóëîþ:

À =    × 100  
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äå À – àì³íîêèñëîòíèé ñêîð, %; Ô – ôàê-
òè÷íèé óì³ñò àì³íîêèñëîòè, ìã/ã çåðíà; Î – 
îïòèìàëüíèé óì³ñò àì³íîêèñëîòè, ìã/ã çåðíà.

²íòåãðàëüíèé ñêîð – çà ôîðìóëîþ:

² =    × 100

äå ² – ³íòåãðàëüíèé ñêîð, %; Ô – ôàêòè÷-
íèé óì³ñò êîìïîíåíòó, ìã/100 ã çåðíà; Ä – 
äîáîâà ïîòðåáà êîìïîíåíòó îðãàí³çìîì çäî-
ðîâî¿ ëþäèíè, ìã.

Ìàòåìàòè÷íå îáðîáëåííÿ îòðèìàíèõ ðå-
çóëüòàò³â âèêîíóâàëè çà äîïîìîãîþ äèñïåð-
ñ³éíîãî àíàë³çó îäíîôàêòîðíîãî ïîëüîâîãî 
äîñë³äó [15]. Äëÿ ñòàòèñòè÷íîãî îáðîáëåííÿ 
ðåçóëüòàò³â äîñë³äæåíü ³ âèçíà÷åííÿ äîñòî-
â³ðíîñò³ îäåðæàíèõ åêñïåðèìåíòàëüíèõ äà-
íèõ âèêîðèñòîâóâàëè ïàêåò ñòàíäàðòíèõ 
ïðîãðàì (Ï²Ê «Agrostat», MS Office Excel).

Ðåçóëüòàòè äîñë³äæåíü
Âñòàíîâëåíî, ùî ÷àñòêà àì³íîêèñëîò çì³-

íþâàëàñÿ çàëåæíî â³ä âèäó çåðíîïðîäóêòó 
ãîðîõó îçèìîãî (òàáë. 1). Òàê, ÷àñòêà âñ³õ 
àì³íîêèñëîò ó çåðí³ ãîðîõó îçèìîãî ñòàíî-
âèëà: â íàñ³íí³ ãîðîõó 20,91–21,34%, ó áî-

ðîøí³ – 17,64–18,37 àáî íà 14–16% ìåíøå 
ïîð³âíÿíî ç íàñ³ííÿì, à â êðóï³ – 15,48–
15,96% àáî íà 25–26% ìåíøå ïîð³âíÿíî ç 
íàñ³ííÿì ³ ö³ ïîêàçíèêè â³äð³çíÿëèñü äëÿ 
ð³çíèõ ñîðò³â.

Áóëî âñòàíîâëåíî, ùî â ñêëàä³ åñåíö³éíèõ 
àì³íîêèñëîò ÷àñòêà ë³çèíó òà ëåéöèíó áóëà 
íàéâèùîþ ³ ñòàíîâèëà 1,53–1,77% çàëåæíî 
â³ä ñîðòó, à ÷àñòêà ìåò³îí³íó áóëà íàéíèæ-
÷îþ ³ äîñÿãàëà çíà÷åííÿ 0,25–0,28% çàëåæ-
íî â³ä ñîðòó ãîðîõó îçèìîãî. Îñíîâíîþ àì³íî-
êèñëîòîþ çåðíà ãîðîõó îçèìîãî º ãëþòàì³íî-
âà êèñëîòà. ¯¿ âì³ñò áóâ 3,25–3,30%. ×àñòêà 
àñïàðàã³íîâî¿ êèñëîòè ñòàíîâèëà 2,30–2,37% 
³ òàêîæ â³äð³çíÿëàñü äëÿ êîæíîãî äîñë³äæó-
âàíîãî ñîðòó.

Ñåðåä íåçàì³ííèõ àì³íîêèñëîò ÷àñòêà 
öèñòèíó áóëà íàéìåíøîþ ³ ñòàíîâèëà 0,31–
0,37%. ×àñòêà âñ³õ íåçàì³ííèõ àì³íîêèñëîò 
çåðíà ãîðîõó îçèìîãî áóëà íà ð³âí³ 40–41% 
â³ä ¿õíüî¿ çàãàëüíî¿ ê³ëüêîñò³.

Ó áîðîøí³ ÷àñòêà òðèïòîôàíó çíèæóâà-
ëàñü íà 30–43%, ³çîëåéöèíó òà ìåò³îí³íó – 
íà 20–24% ³ 8–29%, â³äïîâ³äíî, ôåí³ëàëà-
í³íó, ë³çèíó, ëåéöèíó – â ñåðåäíüîìó íà 
8–12%, à ÷àñòêà âàë³íó òà òðåîí³íó â³äïî-

Òàáëèöÿ 1
Óì³ñò àì³íîêèñëîò ó çåðí³ ð³çíèõ ñîðò³â ãîðîõó îçèìîãî òà ïðîäóêòàõ éîãî ïåðåðîáëåííÿ

(2019–2021 ðð.), % (n = 27)

Àì³íîêèñëîòà
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Ìåò³îí³í 0,25 0,28 0,25 0,01 0,17 0,16 0,20 0,01 0,22 0,20 0,23 0,01
Òðèïòîôàí 0,33 0,37 0,40 0,02 0,15 0,15 0,18 0,01 0,23 0,21 0,26 0,01
Ìåò³îí³í + Öèñòå¿í 0,51 0,55 0,55 0,03 0,42 0,40 0,43 0,02 0,45 0,45 0,47 0,02
Òðåîí³í 0,93 0,95 0,97 0,05 0,76 0,70 0,80 0,04 0,90 0,90 0,96 0,05
Ôåí³ëàëàí³í 1,05 1,07 1,09 0,05 0,88 0,83 0,90 0,05 0,95 0,95 1,00 0,05
Ôåí³ëàëàí³í + Òèðîçèí 1,78 1,83 1,84 0,09 1,48 1,43 1,45 0,08 1,62 1,57 1,65 0,08
Âàë³í 1,06 1,02 1,03 0,05 0,93 0,88 0,90 0,05 0,96 0,93 0,98 0,05
²çîëåéöèí 1,11 1,09 1,15 0,06 0,85 0,80 0,83 0,04 0,89 0,85 0,87 0,04
Ë³çèí 1,59 1,53 1,63 0,08 1,35 1,35 1,32 0,07 1,43 1,40 1,45 0,07
Ëåéöèí 1,77 1,67 1,75 0,09 1,34 1,31 1,37 0,07 1,55 1,51 1,55 0,08

∑
å

8,60 8,53 8,82 0,41 6,85 6,58 6,93 0,39 7,58 7,40 7,77 0,37
Öèñòå¿í 0,31 0,37 0,35 0,02 0,09 0,04 0,05 0,01 0,13 0,10 0,11 0,01
Ã³ñòèäèí 0,55 0,53 0,55 0,03 0,18 0,15 0,17 0,01 0,32 0,30 0,35 0,02
Òèðîçèí 0,73 0,76 0,75 0,04 0,60 0,60 0,55 0,03 0,67 0,62 0,65 0,03
Ïðîë³í 0,77 0,75 0,75 0,04 0,56 0,43 0,50 0,03 0,61 0,65 0,70 0,04
Ñåð³í 0,88 0,92 0,90 0,05 0,65 0,77 0,80 0,04 0,82 0,85 0,84 0,04
Ãë³öèí 0,97 0,95 0,95 0,05 0,41 0,33 0,45 0,02 0,56 0,52 0,55 0,03
Àëàí³í 0,98 0,95 0,95 0,05 0,67 0,64 0,60 0,03 0,76 0,71 0,77 0,04
Àðã³í³í 1,67 1,56 1,65 0,08 1,57 1,52 1,55 0,08 1,60 1,51 1,60 0,08
Àñïàðàã³íîâà êèñëîòà 2,33 2,30 2,37 0,12 1,78 1,75 1,80 0,09 2,12 2,02 2,15 0,11
Ãëóòàì³íîâà êèñëîòà 3,25 3,29 3,30 0,17 2,12 2,71 2,56 0,13 2,77 2,89 2,88 0,14

∑
ç

12,44 12,38 12,52 0,62 8,63 8,94 9,03 0,44 10,36 10,24 10,60 0,56
∑

à
21,04 20,91 21,34 1,09 15,48 15,52 15,96 0,85 17,94 17,64 18,37 0,95

 Ä 

 
Ô
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â³äíî íà 5–9 ³ 1–5% ïîð³âíÿíî ç ¿õí³ì óì³ñ-
òîì ó çåðí³ ãîðîõó îçèìîãî. Ñë³ä â³äì³òèòè, 
ùî â áîðîøí³, îòðèìàíîìó ç íàñ³ííÿ ñîðòó 
‘Áàëëòðàï’ ÷àñòêà òðèïòîôàíó òà ìåò³îí³íó 
çíèæóâàëàñü íà 29–43% ïîð³âíÿíî ç ³íøèìè 
ñîðòàìè, ùî ìîæíà ïîÿñíèòè îñîáëèâîñòÿìè 
ïîìåëó çåðíà. Çàðîäîê çåðíà ì³ñòèòü âèùó 
÷àñòêó åñåíö³éíèõ àì³íîêèñëîò, à ï³ä ÷àñ ïå-
ðåìîëó â³äîêðåìëþþòüñÿ íàñ³ííºâ³ îáîëîíêè 
³ ÷àñòèíêè çàðîäê³â, ÿêèõ ó çåðí³ ñîðòó ‘Áàëë-
òðàï’ áóëî á³ëüøå, í³æ â ³íøîìó íàñ³íí³.

×àñòêà öèñòèíó ùîäî çåðíà çíèæóâàëàñü 
íà 58–73%, ã³ñòèäèíó òà ãë³öèíó – íà 36–
43% ³ 42–45%, â³äïîâ³äíî. ×àñòêà àëàí³íó, 
ãëþòàì³íîâî¿ êèñëîòè òà òèðîçèíó çíèæóâà-
ëàñü íà 19–25%, 12–15 òà 8–18%, â³äïîâ³ä-
íî, à àñïàðàã³íîâî¿ êèñëîòè – íà 9–12%. 
Âñòàíîâëåíî, ùî ïðè ïåðåðîáëåíí³ çåðíà íà 
áîðîøíî íàéìåíøå çíèæóâàëàñü ÷àñòê à ñå-

Ðîçðàõóíêè ïîêàçàëè, ùî 100 ã çåðíà ãî-
ðîõó îçèìîãî çàäîâîëüíÿþòü á³îëîã³÷íó ïîò-
ðåáó äîðîñëî¿ ëþäèíè ³çîëåéöèíîì íà 55–
58%, âàë³íîì, òðèïòîôàíîì, ë³çèíîì â³äïî-
â³äíî íà 51–42%, 41–50% òà 37–40%, òðåî-
í³íîì òà ëåéöèíîì – íà 39–40 òà 36–38% 
(òàáë. 3).

Íàéìåíøèé ³íòåãðàëüíèé ñêîð çàáåçïå÷ó-
âàëî 100 ã çåðíà ìåò³îí³íîì – íà 14–16% ³ 
ôåí³ëàëàí³íîì – íà 24–25% çàëåæíî â³ä á³î-
ëîã³÷íèõ îñîáëèâîñòåé ñîðòó ãîðîõó îçèìîãî, 
ïðîòå ³íòåãðàëüíèé ñêîð ó êðóï³ òà áîðîøí³ 
áóâ ìåíøèì. ²íäåêñ êîìïëåêñíîãî îö³íþâàí-
íÿ ³íòåãðàëüíîãî ñêîðó â çåðí³ ñòàíîâèâ 
0,34–0,35, ó áîðîøí³ çíèæóâàâñÿ äî 0,28–
0,31 àáî íà 11–17%, à â êðóï³ – äî 0,24–0,27, 
àáî íà 23–29% ïîð³âíÿíî ç çåðíîì.

Âèçíà÷åíî, ùî 100 ã çåðíà íàéá³ëüøå çà-
äîâîëüíÿº ïîòðåáó äîðîñëî¿ ëþäèíè íåçà-

ðèíó òà àðã³í³íó, ëèøå íà 3–8%. Ïðîòå ñóìà 
íåçàì³ííèõ àì³íîêèñëîò çíèçèëàñü íà 15–
17% çàëåæíî â³ä ñîðòîâèõ îñîáëèâîñòåé ãî-
ðîõó îçèìîãî. Ðåçóëüòàòè àíàë³çó ñâ³ä÷àòü, 
ùî â êðóï³ ãîðîõó îçèìîãî ÷àñòêà àì³íîêèñ-
ëîò áóëà íàéíèæ÷îþ. Ïðîòå ñóìà åñåíö³é-
íèõ àì³íîêèñëîò çíèæóâàëàñü íà 20–23%, à 
çàì³ííèõ – íà 28–31% çàâäÿêè òåõíîëîã³÷-
íèì ïðîöåñàì ï³ä ÷àñ ïåðåðîáëåííÿ çåðíà 
ãîðîõó îçèìîãî íà êðóïó.

Âñòàíîâëåíî, ùî àì³íîêèñëîòíèé ñêîð 
çåðíà ãîðîõó îçèìîãî òà ïðîäóêò³â éîãî ïå-
ðåðîáëåííÿ áóâ áåçäåô³öèòíèì, îñê³ëüêè 
ñòàíîâèâ ïîíàä 100% (òàáë. 2). Ïðè öüîìó 
çàçíà÷åíèé ïîêàçíèê äëÿ çåðíîïðîäóêò³â 
áóâ íèæ÷èì. Ó áîðîøí³ íàéá³ëüøå çíèæó-
âàâñÿ ñêîð äëÿ òðèïòîôàíó òà ³çîëåéöèíó, ó 
êðóï³ – äëÿ òðèïòîôàíó, ³çîëåéöèíó, ôåí³ë-
àëàí³íó, ëåéöèíó, òðåîí³íó òà ìåò³îí³íó.

Òàáëèöÿ 2
Àì³íîêèñëîòíèé ñêîð çåðíà ð³çíèõ ñîðò³â ãîðîõó îçèìîãî 

òà ïðîäóêò³â éîãî ïåðåðîáëåííÿ (2019–2021 ðð.), % (n = 27)
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Ìåò³îí³í + Öèñòå¿í 131 141 141 108 103 110 115 115 121
Âàë³í 193 185 187 169 160 164 175 169 178
Òðåîí³í 211 216 220 173 159 182 205 205 218
Ëåéöèí 230 217 227 174 170 178 201 196 201
²çîëåéöèí 252 248 261 193 182 189 202 193 198
Ë³çèí 261 251 267 221 221 216 234 230 238
Ôåí³ëàëàí³í + Òèðîçèí 270 277 279 224 217 220 245 238 250
Òðèïòîôàí 300 336 364 136 136 164 209 191 236

ì³ííèìè àì³íîêèñëîòàìè ãë³öèíîì, àðã³í³-
íîì, ã³ñòèäèíîì ³ ãëþòàì³íîâîþ êèñëîòîþ –
íà 24–28%. Äëÿ ðåøòè íåçàì³ííèõ àì³íî-
êèñëîò  ïîòðåáà çàäîâîëüíÿëàñü ëèøå íà 
11–19%.

Íàéá³ëüøèé ³íòåãðàëüíèé ñêîð áóâ äëÿ 
àðã³í³íó òà ãëþòàì³íîâî¿ êèñëîòè – 20–26% 
çàëåæíî â³ä ñîðòîâèõ îñîáëèâîñòåé ãîðîõó 
îçèìîãî. 

Äëÿ ðåøòè íåçàì³ííèõ àì³íîêèñëîò öåé 
ïîêàçíèê áóâ íà ð³âí³ 6–16% äëÿ áîðîøíà 
òà 2–15% äëÿ êðóïè çàâäÿêè çíèæåííþ 
âì³ñòó àì³íîêèñëîò ó öèõ ïðîäóêòàõ. ²íäåêñ 
êîìïëåêñíîãî îö³íþâàííÿ ³íòåãðàëüíîãî 
ñêîðó áóâ íèæ÷èì ïîð³âíÿíî ç åñåíö³éíèìè 
àì³íîêèñëîòàìè. 

Òàê, çàçíà÷åíèé ïîêàçíèê ñòàíîâèâ 0,19, 
ó áîðîøíà – 0,14–0,15, à â êðóïè – 0,10–
0,11.
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Âèñíîâêè
Âèçíà÷åíî ÷àñòêó àì³íîêèñëîò òà õàð÷îâó 

ö³íí³ñòü çåðíà ð³çíèõ ñîðò³â ãîðîõó îçèìîãî 
òà ïðîäóêò³â éîãî ïåðåðîáëåííÿ. ×àñòêà àì³-
íîêèñëîò ó çåðí³ ñòàíîâèëà 20,91–21,34% ³ 
çàëåæàëà â³ä á³îëîã³÷íèõ îñîáëèâîñòåé ñîð-
òó. Â àì³íîêèñëîòíîìó ñêëàä³ ÷àñòêà íåçà-
ì³ííèõ àì³íîêèñëîò ïåðåâàæàëà. Ïðè ïåðå-
ðîáëåíí³ çåðíà ãîðîõó îçèìîãî âì³ñò àì³íî-
êèñëîò çíèæóâàâñÿ â áîðîøí³ íà 15–17%, ó 
êðóï³ âì³ñò åñåíö³éíèõ àì³íîêèñëîò çíèæó-
âàâñÿ íà 20–23%, à çàì³ííèõ – íà 28–31%. 
Àì³íîêèñëîòíèé ñêîð çåðíà ãîðîõó îçèìîãî 
òà ïðîäóêò³â éîãî ïåðåðîáëåííÿ áóâ çáàëàí-
ñîâàíèì.

Âèêîðèñòàíà ë³òåðàòóðà
1. Karpenko V., Boiko Y., Prytul³ak R. Anatomical changes in the 

epidermis of winter pea stipules and their area under usage of 
herbicide, plant growth regulator and microbial preparation. 
Agron. Res. 2021. Vol. 19, Iss. 2. Ð. 472–483. doi: 10.15159/
AR.21.026

2. Áàëàí Â. Ì., Ïðèñÿæíþê Î. ²., Áàëàãóðà Î. Â., Êàðïóê Ë. Ì. Ðîñ-
ëèííèöòâî îñíîâíèõ êóëüòóð. Â³ííèöÿ : Òâîðè, 2018. 384 ñ.

3. Ïøåíèöÿ ñïåëüòà / çà ðåä. Ã. Ì. Ãîñïîäàðåíêà. Êè¿â : Ñ³ê Ãðóï 
Óêðà¿íà, 2016. 312 ñ.

Òàáëèöÿ 3
²íòåãðàëüíèé ñêîð òà ³íäåêñ êîìïëåêñíîãî éîãî îö³íþâàííÿ 100 ã çåðíà 

ð³çíèõ ñîðò³â ãîðîõó îçèìîãî ³ ïðîäóêò³â éîãî ïåðåðîáëåííÿ 
(2019–2021 ðð.), %

Àì³íîêèñëîòà

Ïðîäóêò
Çåðíî Êðóïà Áîðîøíî

Ñîðò

‘Í
Ñ 

Ì
îð

îç
’

‘Á
àë

ëò
ðà

ï’

‘Å
íä

óð
î’

‘Í
Ñ 

Ì
îð

îç
’

‘Á
àë

ëò
ðà

ï’

‘Å
íä

óð
î’

‘Í
Ñ 

Ì
îð

îç
’

‘Á
àë

ëò
ðà

ï’

‘Å
íä

óð
î’

Ìåò³îí³í 14 16 14 9 9 11 12 11 13
Ôåí³ëàëàí³í 24 24 25 20 19 20 22 22 23
Ëåéöèí 38 36 38 29 28 30 34 33 34
Òðåîí³í 39 40 40 32 29 33 38 38 40
Ë³çèí 39 37 40 33 33 32 35 34 35
Òðèïòîôàí 41 46 50 19 19 23 29 26 33
Âàë³í 42 41 41 37 35 36 38 37 39
²çîëåéöèí 56 55 58 43 40 42 45 43 44

²ÊÎ
å

0,34 0,35 0,35 0,25 0,24 0,27 0,29 0,28 0,31
Ñåð³í 11 11 11 8 9 10 10 10 10
Àëàí³í 15 14 14 10 10 9 12 11 12
Öèñòå¿í 17 21 19 5 2 3 7 6 6
Òèðîçèí 17 17 17 14 14 13 15 14 15
Ïðîë³í 17 17 17 12 10 11 14 14 16
Àñïàðàã³íîâà 19 19 19 15 14 15 17 17 18
Ãëóòàì³íîâà 24 24 24 16 20 19 20 21 21
Ã³ñòèäèí 26 25 26 9 7 8 15 14 17
Àðã³í³í 27 26 27 26 25 25 26 26 26
Ãë³öèí 28 27 27 12 9 13 16 15 16

²ÊÎ
ç

0,19 0,19 0,19 0,11 0,10 0,11 0,14 0,14 0,15
²ÊÎ

à
0,25 0,25 0,25 0,16 0,15 0,16 0,20 0,19 0,20

4. Frikha M., Valencia D. G., de Coca-Sinova A. et al. Ileal digesti-
bility of amino acids of unheated and autoclaved pea protein 
concentrate in broilers. Poult. Sci. 2013. Vol. 92, Iss. 7. P. 1848–
1857. doi: 10.3382/ps.2013-03007

5. Goodarzi Boroojeni F., Senz M., Kozlowski K. et al. The effects 
of fermentation and enzymatic treatment of pea on nutrient 
digestibility and growth performance of broilers. Animal. 2017. 
Vol. 11. Ð. 1698–1707. doi: 10.1017/S1751731117000787

6. Walk C. L., Pirgozliev V., Juntunen K. et al. Evaluation of novel 
protease enzymes on growth performance and apparent ileal di-
gestibility of amino acids in poultry: Enzyme screening. Poult. 
Sci. 2018. Vol. 97, Iss. 6. Ð. 2123–2138. doi: 10.3382/ps/pey080

7. Zuber T., Siegert W., Salehi H. et al. Variability of amino acid 
digestibility of lupin and pea grains in caecectomised laying 
hens. Br. Poult. Sci. 2019. Vol. 60, Iss. 3. Ð. 229–240.                                   
doi: 10.3390/ani10112099

8. Hejdysz M., Kaczmarek S. A., Adamski M., Rutkowski A. Influ-
ence of graded inclusion of ra w and extruded pea (Pisum sati-
vum L.) meal on the performance and nutrient digestibility of 
broiler chickens. Anim. Feed Sci. Technol. 2017. Vol. 230. Ð. 
114–125. doi: 10.1016/j.anifeedsci.2017.05.016

9. Konieczka P., Smulikowska S., Czerwiński J., Mieczkowska A. 
Raw vs extruded coloured-flower pea as an ingredient in broil-
er diets: Effects on performance, ileal digestibility, gut mor-
phology, and intestinal microbiota activity. J. Anim. Feed Sci. 
2014. Vol. 23, Iss. 3. Ð. 244–252. doi: 10.1080/00071668. 
2018.1507017

10. Hejdysz M., Kaczmarek S. A., Rutkowski A. Factors affecting the 
nutritional value of pea (Pisum sativum) for broilers. J. Anim. 
Feed Sci. 2015. Vol. 24, Iss. 3. Ð. 252–259. doi: 10.22358/
jafs/65631/2015



317ISSN 2518-1017  Plant Varieties Studying and protection, 2021, Vol. 17, No 4

Plant production

11. Olle M., Williams I. H., Rosa E., Tamm S. Finding best field pea 
(Pisum sativum L.) cultivars for breeding in Northern cli-
matic conditions. Acta Agric. Scand. B. 2019. Vol. 70. Ð. 1–7.                            
doi: 10.1080/09064710.2019.1660400

12. Ëþáè÷ Â. Â. Ïðîäóêòèâí³ñòü ñîðò³â ³ ë³í³é ïøåíèöü çàëåæ-
íî â³ä àá³îòè÷íèõ ³ á³îòè÷íèõ ÷èííèê³â. Â³ñí. àãðàð. íàóêè 
Ïðè÷îðíîìîð’ÿ. 2017. Âèï. 95. Ñ. 146–161.

13. Áðåæíåâà Â. È., Áðåæíåâ À. Â., Ìèðîøíè÷åíêî À. Í. Ðåçóëü-
òàòû ñåëåêöèè ÿðîâîãî è çèìóþùåãî ãîðîõà. Çåìëåäåëèå. 
2014. ¹ 3. Ñ. 14–17.

14. Vann R. A., Reberg-Horton S. C., Castillo M. S. et al.  Winter pea, 
crimson clover, and hairy vetch planted in mixture with small 
grains in the Southeast United States. Agron. J. 2019. Vol. 111, 
Iss. 2. Ð. 805–815. doi: 10.2134/agronj2018.03.0202

15. ªùåíêî Â. Î., Êîïèòêî Ï. Ã., Êîñòîãðèç Ï. Â., Îïðèøêî Â. Ï. 
Îñíîâè íàóêîâèõ äîñë³äæåíü â àãðîíîì³¿. Â³ííèöÿ : ÒÄ 
Åäåëüâåéñ ³ Ê, 2014. 332 ñ.

References
1. Karpenko, V., Boiko, Y., & Prytul³ak, R. (2021). Anatomical changes 

in the epidermis of winter pea stipules and their area under usage 
of herbicide, plant growth regulator and microbial preparation. 
Agron. Res., 19(2), 472–483. doi: 10.15159/AR.21.026

2. Balan, V. M., Prysyazhnyuk, O. I., Balagura, O. V., & Karpuk, L. M. 
(2018). Roslynnytstvo osnovnykh kultur [Crop production of ma-
jor crops]. Vinnytsia: Tvory. [in Ukrainian]

3. Hospodarenko, H. M. (Ed.). (2016). Pshenytsia spelta [Wheat 
spelt]. Kyiv: Sik group Ukraine. [in Ukrainian]

4. Frikha, M., Valencia, D. G., de Coca-Sinova, A., Lázaro, R., & Mate-
os, G. G. (2013). Ileal digestibility of amino acids of unheated 
and autoclaved pea protein concentrate in broilers. Poult. Sci., 
92(7), 1848–1857. doi: 10.3382/ps.2013-03007

5. Goodarzi Boroojeni, F., Senz, M., Kozlowski, K., Boros, D., Wis-
niewska, M., Rose, D., Männer, K., & Zentek, J. (2017). The ef-
fects of fermentation and enzymatic treatment of pea on nu-
trient digestibility and growth performance of broilers. Ani-
mal, 11, 1698–1707. doi: 10.1017/S1751731117000787

6. Walk, C. L., Pirgozliev, V., Juntunen, K., Paloheimo, M., & Ledoux, 
D. R. (2018). Evaluation of novel protease enzymes on growth 
performance and apparent ileal digestibility of amino acids in 

poultry: enzyme screening. Poult. Sci., 97(6), 2123–2138.               
doi: 10.3382/ps/pey080

7. Zuber, T., Siegert, W., Salehi, H., Hummel, F., & Rodehutscord, M. 
(2019). Variability of amino acid digestibility of lupin and pea 
grains in caecectomised laying hens. Br. Poult. Sci., 60(3), 229–
240. doi: 10.3390/ani10112099

8. Hejdysz, M., Kaczmarek, S. A., Adamski, M., & Rutkowski, A. 
(2017). Influence of graded inclusion of raw and extruded pea 
(Pisum sativum L.) meal on the performance and nutrient di-
gestibility of broiler chickens. Anim. Feed Sci. Technol, 230, 
114–125. doi: 10.1016/j.anifeedsci.2017.05.016

9. Konieczka, P., Smulikowska, S., Czerwiński, J., & Mieczkowska, A. 
(2014). Raw vs extruded coloured-flower pea as an ingredient 
in broiler diets: Effects on performance, ileal digestibility, gut 
morphology, and intestinal microbiota activity. J. Anim. Feed 
Sci., 23(3), 244–252. doi: 10.1080/00071668.2018.1507017

10. Hejdysz, M., Kaczmarek, S. A., & Rutkowski, A. (2015). Fac-
tors affecting the nutritional value of pea (Pisum sativum) for 
broilers. J. Anim. Feed Sci., 24(3), 252–259. doi: 10.22358/
jafs/65631/2015

11. Olle, M., Williams, I. H., Rosa, E., & Tamm, S. (2019). Finding best 
field pea (Pisum sativum L.) cultivars for breeding in Northern 
climatic conditions. Acta Agric. Scand. B., 70, 1–7. doi: 10.108
0/09064710.2019.1660400

12. Liubych, V. V. (2017). Productivity of varieties and lines of 
wheat depending on abiotic and biotic factors. Vìsnik agrarnoï 
nauki Pričornomor’â [Ukrainian Black Sea Region Agrarian Sci-
ence], 95, 146–161. [in Ukrainian]

13. Brezhnevà, V. I., Brezhnev, A. V., & Miroshnichenko, A. N. 
(2014). The results of selection of spring and wintering peas. 
Zemledelie [Agriculture], 3, 14–17. [in Russian]

14. Vann, R. A., Reberg-Horton, S. C., Castillo, M. S., McGee, R. J., 
& Mirsky, S. B. (2019). Winter pea, crimson clover, and hairy 
vetch planted in mixture with small grains in the Southeast 
United States. Agron. J., 111(2), 805–815. doi: 10.2134/
agronj2018.03.0202

15. Yeshchenko, V. O., Kopytko, P. G., Kostohryz, P.V., & Opryshko, V. P. 
(2014). Osnovy naukovykh doslidzhen v ahronomii [Fundamen-
tals of scientific research in agronomy]. Vinnytsa: TD Edel-
weiss and K. [in Ukrainian]

UDC 633.35:[612.398.192:631.526.3:664.6/7
Voitovska, V. I.1, Storozhyk, L. I.1*, Liubych, V. V.2, & Romanov, S. M.1 (2021). Amino acid content in grain 

of different winter pea varieties and products of its processing. Plant Varieties Studying and Protection, 17(4), 
312–318. https://doi.org/10.21498/2518-1017.17.4.2021.249013

1Institute of Bioenergy Crops and Sugar Beet, NAAS of Ukraine, 25 Klinichna St., Kyiv, 03110, Ukraine, 
*e-mail: larisastorozhyk1501@gmail.com

2Uman National University of Horticulture, 1 Instytutska St., Uman, Cherkasy region, 20305, Ukraine, å-mail: LyubichV@gmail.com
Purpose. Determine amino acid content, biological and 

nutritional value of grain of different winter pea varieties 
and products of its processing. Methods. The amino acid 
share was determined by ion exchange liquid chromatogra-
phy. Mathematical processing of the obtained data was per-
formed by variance analysis of a one-factor field experiment. 
Amino acid and integral scores were determined by calcula-
tion. Results. Winter pea grain of ‘NS Moroz’, ‘Baltrap’ and 
‘Enduro’ varieties had high amino acid content. In the com-
position of essential amino acids, lysine and leucine share 
was the highest – 1.53–1.77%, and methionine share was 
the lowest – 0.25–0.28% depending on winter pea variety. 
The main amino acid of winter pea grain was glutamic acid, 
the share of which was 3.25–3.30% of the share of all amino 
acids. The share of aspartic acid was 2.30–2.37% depending 
on the variety. In the composition of essential amino acids, 
cystine share was the lowest – 0.31–0.37% depending on the 

variety. The share of essential amino acids in winter pea was 
40–41% of their total. The share of tryptophan decreased by 
30–43%, isoleucine – by 20–24%, methionine – by 8–29%, 
phenylalanine, lysine, leucine – by 8–12%, valine share – 
by 5–9%, threonine one – by 1–5%. In the composition of 
essential amino acids, cystine share decreased most – by 
58–73%, histidine – by 36–43%, glycine – by 42–45% com-
pared to grain. Alanine share decreased by 19–25%, glutamic 
acid – by 12–15%, tyrosine – by 8–18%, aspartic acid – by 
9–12%. The share of serine and arginine decreased least of 
all – by 3–8%. However, the amount of essential amino acids 
decreased by only 15–17% depending on the varietal cha-
racteristics. It was found that the amino acid score of winter 
pea grain and products of its processing was non-deficient. 
Calculations showed that 100 g of winter pea grain satisfied 
the biological need of adults with isoleucine by 55–58%, 
valine – 51–42%, tryptophan – 41–50%, lysine – 37–40%, 
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threonine – 39–40%, leucine – 36–38%. The highest daily re-
quirement was provided by 100 g of grain processing products 
with arginine and glutamic acid – by 20–26%, depending on 
winter pea variety. For the rest of the essential amino acids, 
this figure was 6–16% for flour and 2–15% for cereals due 
to a decrease in the amino acid content in these products. 
Conclusions. The share of amino acids, biological and nu-
tritional value of grain of different winter pea varieties and 
products of its processing, such as cereals and flour were de-

termined. In the amino acid composition, the share of essen-
tial amino acids predominated, but 100 g of grain and prod-
ucts of its processing most meet the need for essential amino 
acids. The share of amino acids is reduced in the products of 
winter pea processing, especially in cereals. The amino acid 
score of winter pea grain of ‘NS Moroz’, ‘Baltrap’ and ‘Enduro’ 
varieties and products of its processing was balanced.

Keywords: variety; winter pea; grain; amino acid; amino 
acid score; integral score; flour; cereals.
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Âñòóï
Ó ïðîöåñ³ îõîðîíè ïðàâ íà ñîðòè ðîñëèí 

Óêðà¿íñüêèé ³íñòèòóò åêñïåðòèçè ñîðò³â ðîñ-

ÓÄÊ 004.4’2: 631.526.3 https://doi.org/10.21498/2518-1017.17.4.2021.249030

²íòåãðàö³ÿ ³íôîðìàö³éíèõ ñèñòåì, 
ùî âèêîðèñòîâóþòüñÿ â ïðîöåñ³ îõîðîíè ïðàâ 
íà ñîðòè ðîñëèí 
Í. Ñ. Îðëåíêî*, Î. Â. ßêîá÷óê, Ê. Ì. Ìàæóãà, ª. À. Øêàïåíêî 

Óêðà¿íñüêèé ³íñòèòóò åêñïåðòèçè ñîðò³â ðîñëèí, âóë. Ãåíåðàëà Ðîäèìöåâà, 15, ì. Êè¿â, 03041, Óêðà¿íà, 
*e-mail: n.s.orlenko@gmail.com 

Ìåòà. Âèñâ³òëåííÿ îñîáëèâîñòåé ³íôîðìàö³éíî¿ âçàºìîä³¿ Êîìïåòåíòíîãî îðãàíó, Åêñïåðòíîãî çàêëàäó òà Ì³æ-
íàðîäíîãî ñîþçó ç îõîðîíè íîâèõ ñîðò³â ðîñëèí (UPOV) â ïðîöåñ³ çàáåçïå÷åííÿ îõîðîíè ïðàâ íà ñîðòè ðîñëèí. 
Ðåàë³çàö³ÿ íîâîãî òåõíîëîã³÷íîãî ï³äõîäó ï³ä íàçâîþ âèòðèìêè äàíèõ, ÿê³ äîäàþòü íîâèé øàð äëÿ êàòåãîðèçàö³¿ çà-
ïèò³â äî ñõîâèùà äàíèõ êâàë³ô³êàö³éíî¿ åêñïåðòèçè ñîðò³â ðîñëèí òà ³íôîðìàö³¿, ÿêà ñóïðîâîäæóº öåé ïðîöåñ. À òà-
êîæ, ðîçêðèòòÿ îñîáëèâîñòåé ³íôîðìàö³éíî¿ òåõíîëîã³¿ íàäàííÿ äîñòóïó çàÿâíèêàì, âîëîä³ëüöÿì, âëàñíèêàì òà àâòî-
ðàì ñîðòó äî ³íôîðìàö³¿ ùîäî ¿õí³õ ñîðò³â ó ïðîöåñ³ êâàë³ô³êàö³éíî¿ åêñïåðòèçè ³ç çàáåçïå÷åííÿì âèñîêîãî ð³âíÿ 
çàõèñòó â³ä çîâí³øí³õ òà âíóòð³øí³õ çàãðîç. Ìåòîäè. Â ïðîöåñ³ ïðîºêòóâàííÿ ñõîâèùà çàñòîñîâàíî êîíöåïö³þ Â³ëüÿìà 
Õ. ²íìîíà, àäàïòîâàíó äëÿ ñôåðè îõîðîíè ïðàâ íà ñîðòè ðîñëèí, à òàêîæ òåîð³þ ðåëÿö³éíèõ áàç, ñõîâèù òà â³òðèí 
äàíèõ. Âèêîðèñòàíî òåîð³þ ïîáóäîâè ³íôîðìàö³éíèõ ñèñòåì, òåîð³þ îá’ºêòíî-îð³ºíòîâàíîãî ïðîºêòóâàííÿ, òåîð³þ 
áåçïåêè ³íôîðìàö³éíèõ ñèñòåì äëÿ óäîñêîíàëåííÿ ôóíêö³îíàëüíî¿ ñòðóêòóðè ²ÑÖ Ó²ÅÑÐ òà çàáåçïå÷åííÿ çàõèñòó äà-
íèõ, ùî â í³é çáåð³ãàþòüñÿ. Ðåçóëüòàòè. Äîñë³äæåíî ³íôîðìàö³éí³ ïîòðåáè ó ñôåð³ îõîðîíè ïðàâ íà ñîðòè ðîñëèí. 
Âèçíà÷åíî ³íôîðìàö³éíó òåõíîëîã³þ âçàºìîä³¿ Êîìïåòåíòíîãî îðãàíó òà Åêñïåðòíîãî çàêëàäó â ñôåð³ çàõèñòó ïðàâ 
íà ñîðòè ðîñëèí, à òàêîæ íàäàííÿ ³íôîðìàö³¿ äî ì³æíàðîäíî¿ îðãàí³çàö³¿ UPOV. Âèñâ³òëåíî îñîáëèâîñò³ îðãàí³çàö³¿ 
ñõîâèù äàíèõ äëÿ çáåðåæåííÿ ðåçóëüòàò³â åêñïåðòèç ÂÎÑ òà ÏÑÏ. Ïðîàíàë³çîâàíî ³äåþ ïîºäíàííÿ êîíöåïö³¿ ñõîâèùà 
³ â³òðèíè äàíèõ â îäí³é ðåàë³çàö³¿, ùî äîçâîëèòü âèêîðèñòîâóâàòè ñõîâèùå äëÿ ³íòåëåêòóàëüíîãî àíàë³çó äàíèõ,  ÿê 
ºäèíîãî äæåðåëà ³íòåãðîâàíèõ äàíèõ óñ³õ â³òðèí äàíèõ Êîìïåòåíòíîãî îðãàíó, Åêñïåðòíîãî çàêëàäó â ñôåð³ îõîðîíè 
ïðàâ íà ñîðòè ðîñëèí òà Åëåêòðîííîãî êàá³íåòó çàÿâíèêà. Ïðîâåäåíî îãëÿä ìåòîä³â çàõèñòó ³íôîðìàö³¿ â³ä çîâí³øí³õ 
òà âíóòð³øí³õ çàãðîç. Âèñíîâêè. Ðîçðîáëåíà ³íôîðìàö³éíà ìîäåëü äîçâîëèòü çàáåçïå÷èòè åëåêòðîííó âçàºìîä³þ  ì³æ 
Êîìïåòåíòíèì îðãàíîì, Åêñïåðòíèì çàêëàäîì òà UPOV, à òàêîæ çàÿâíèêàìè, ÿê³ îòðèìóþòü ³íôîðìàö³þ ùîäî ïðîõî-
äæåííÿ ³ ñòàíó çàÿâêè  ÷åðåç ïðîãðàìíèé äîäàòîê «Ñåðâ³ñ-îô³ñ – Êàá³íåò çàÿâíèêà». Êîíöåïö³ÿ âèêîðèñòàííÿ  â³òðèí 
äàíèõ äëÿ Êîìïåòåíòíîãî îðãàíó äîçâîëèëà îïòèì³çóâàòè îáñÿãè ³íôîðìàö³¿, ç ÿêèìè ïðàöþþòü ôàõ³âö³ ì³í³ñòåðñòâà. 
Ôóíêö³îíàëüíèé çì³ñò ³íôîðìàö³éíî¿ ñèñòåìè Åêñïåðòíîãî çàêëàäó ïîâí³ñòþ îõîïëþº ñêëàä ä³é ç êâàë³ô³êàö³éíî¿ åêñ-
ïåðòèçè ñîðò³â ðîñëèí. Ðîçðîáëåíà ³íôîðìàö³éíà òåõíîëîã³ÿ çàáåçïå÷åííÿ æèòòºâîãî öèêëó ³íôîðìàö³éíèõ ñèñòåì òà 
çàõèñòó äàíèõ çàáåçïå÷óº çàõèñò â³ä çîâí³øí³õ òà âíóòð³øí³õ çàãðîç.
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â³òðèíè äàíèõ; åëåêòðîííèé êàá³íåò çàÿâíèêà; ³íôîðìàö³éíà áåçïåêà.
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ëèí (Ó²ÅÑÐ), ÿêèé âèêîíóº ôóíêö³¿ Åêñïåðò-
íîãî çàêëàäó, âçàºìîä³º ç Ì³í³ñòåðñòâîì 
àãðàðíî¿ ïîë³òèêè òà ïðîäîâîëüñòâà Óêðà¿íè, 
ùî º Êîìïåòåíòíèì îðãàíîì, Ì³æíàðîäíèì 
ñîþçîì ç îõîðîíè íîâèõ ñîðò³â ðîñëèí (UPOV), 
çàÿâíèêàìè òà ñåëåêö³îíåðàìè. Äëÿ çàáåçïå-
÷åííÿ òàêî¿ âçàºìîä³¿ âèíèêàº íåîáõ³äí³ñòü â 
åëåêòðîííîìó îáì³í³ ³íôîðìàö³ºþ òà â ³íòåã-
ðàö³¿ ³íôîðìàö³éíèõ ñèñòåì, ùî ôóíêö³îíó-
þòü â óñòàíîâàõ, ïîâ’ÿçàíèõ ç îõîðîíîþ ïðàâ 
íà ñîðòè ðîñëèí òà àãðîïðîìèñëîâèì êîìï-
ëåêñîì. Íàðàç³ â àãðîïðîìèñëîâîìó êîìïëåê-
ñ³ çíà÷íó óâàãó ïðèä³ëÿþòü ñòâîðåííþ åôåê-
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Öèôðîâ³ òåõíîëîã³¿ â àãðîíîì³¿ òà á³îëîã³¿

òèâíèõ ³íôîðìàö³éíèõ ñèñòåì, âïðîâàäæåí-
íþ íîâ³òí³õ êîìï’þ òåð íèõ òåõíîëîã³é òà ïðî-
ãðàìíîãî çàáåçïå÷åííÿ, äëÿ ï³äâèùåííÿ åôåê-
òèâ íîñò³ âèðîá íèöòâà, áàãàòîïëàíîâèõ ïåðå-
òâîðåíü ó â³äïîâ³äíîñò³ ç³ ñâ³òîâèìè òåíäåíö³-
ÿìè [1]. ²íôîð ìàö³éí³ ñèñòåìè â ñôåð³ îõîðî-
íè ïðàâ íà ñîðòè ðîñëèí òà êâàë³ô³êàö³éíî¿ 
åêñïåðòèçè ñîðò³â ðîñëèí ìàþòü ñâî¿ îñîáëè-
âîñò³. Ö³ îñîáëèâîñò³ ðåãëàìåíòîâàí³ ä³þ÷èì 
â Óêðà¿í³ çàêîíîäàâñòâîì [2–5] òà âèìîãàìè 
UPOV. 

Ó²ÅÑÐ çä³éñíþº äåðæàâíó íàóêîâî-òåõí³÷-
íó åêñïåðòèçó ñîðò³â ðîñëèí äëÿ âèçíà÷åííÿ 
ïðèäàòíîñò³ ¿õ äî ïîøèðåííÿ â Óêðà¿í³ òà 
íàáóòòÿ ïðàâ ³íòåëåêòóàëüíî¿ âëàñíîñò³, ïðî-
âîäèòü êâàë³ô³êàö³éíó åêñïåðòèçó ñîðò³â 
ðîñëèí, ùî º ñêëàäîâîþ ïðîöåñó îõîðîíè 
ïðàâ íà ñîðòè ðîñëèí â³äïîâ³äíî äî ÷èííèõ 
ìåòîäèê [6–7]. ²íôîðìàö³éíà ñèñòåìà Ó²ÅÑÐ 
ðîçðîáëåíà äëÿ çàáåçïå÷åííÿ àâòîìàòèçàö³¿ 
ïðîöåñó îïðàöþâàííÿ ³íôîðìàö³¿, ùî âèíè-
êàº ï³ä ÷àñ êâàë³ô³êàö³éíî¿ åêñïåðòèçè ñîð-
ò³â ðîñëèí òà çáåðåæåííÿ âåëèêîãî îáñÿãó 
äàíèõ, ùî ñóïðîâîäæóº öåé ïðîöåñ. Îïèñó 
³íôîðìàö³éíèõ ñèñòåì ó ñôåð³ ñ³ëüñüêîãî ãîñ-
ïîäàðñòâà ïðèñâÿ÷åí³ ðîáîòè [8–11]. Ôóíêö³î-
íàëüí³ îñîáëèâîñò³ ³íôîðìàö³éíî¿ ñèñòåìè 
Ó²ÅÑÐ òà ¿¿ ³íòåãðàö³ÿ ç ²Ñ Êîìïåòåíòíîãî 
îðãàíó òà ³íôîðìàö³éíîþ ñèñòåìîþ UPOV 
PLUTO º ïðåäìåòîì ðîçãëÿäó ö³º¿ ñòàòò³.

 Îñòàíí³ ê³ëüêà ðîê³â ðåàë³çàö³ÿ íîâèõ 
êîíöåïö³é çáåð³ãàííÿ òà àíàë³çó âåëèêèõ îá-
ñÿã³â äàíèõ (çîêðåìà, òèõ, ùî íàêîïè÷óþòü-
ñÿ â ïðîöåñ³ êâàë³ô³êàö³éíî¿ åêñïåðòèçè íî-
âèõ ñîðò³â ðîñëèí) ñâ³ä÷èòü ïðî äèíàì³÷íèé 
ðîçâèòîê ³íôîðìàö³éíèõ òåõíîëîã³é, à ñàìå 
ïîÿâó ñèñòåì, çàñíîâàíèõ íà êîíöåïö³¿ ñõî-
âèù òà â³òðèí äàíèõ [12–18].

Ìåòà äîñë³äæåíü – âèñâ³òëåííÿ îñîáëèâîñ-
òåé ³íôîðìàö³éíî¿ âçàºìîä³¿ Êîìïåòåíòíîãî 
îðãàíó, Åêñïåðòíîãî çàêëàäó òà Ì³æíàðîäíî-
ãî ñîþçó ç îõîðîíè íîâèõ ñîðò³â ðîñëèí UPOV 
â ïðîöåñ³ çàáåçïå÷åííÿ îõîðîíè ïðàâ íà ñîðòè 

ðîñëèí. Ðåàë³çàö³ÿ ³íôîðìàö³éíî-òåõíîëîã³÷-
íîãî ï³äõîäó, ùî ìàº íàçâó â³òðèíè äàíèõ 
(Data mart). Öåé ï³äõ³ä ïîëÿãàº ó ôîðìóâàí-
í³ øàáëîí³â äîñòóïó çîâí³øí³õ êîðèñòóâà÷³â 
äî ²Ñ Ó²ÅÑÐ, âèçíà÷àº ïðàâèëà îòðèìàííÿ 
äàíèõ ç³ ñõîâèùà äàíèõ Ó²ÅÑÐ äëÿ ïåâíèõ 
ãðóï êîðèñòóâà÷³â (ôàõ³âö³â Êîìïåòåíòíîãî 
îðãàíó, çàÿâíèê³â, ñåëåêö³îíåð³â òîùî). Ðîç-
êðèòòÿ îñîáëèâîñòåé ³íôîðìàö³éíî¿ òåõíî-
ëîã³¿ íàäàííÿ äîñòóïó çàÿâíèêàì, âîëîä³ëü-
öÿì, âëàñíèêàì òà àâòîðàì ñîðòó äî ³íôîð-
ìàö³¿ ùîäî ¿õí³õ ñîðò³â â ïðîöåñ³ êâàë³ô³êà-
ö³éíî¿ åêñïåðòèçè ç çàáåçïå÷åííÿì âèñîêîãî 
ð³âíÿ çàõèñòó â³ä çîâí³øí³õ òà âíóòð³øí³õ 
çàãðîç. 

Ìåòîäè äîñë³äæåííÿ
Ï³ä ÷àñ äîñë³äæåííÿ çàñòîñîâàíî òåîð³þ             

ïî áóäîâè ³íôîðìàö³éíèõ ñèñòåì, òåîð³þ 
îá’ºêò íî-îð³ºíòîâàíîãî ïðîºêòóâàííÿ, òåîð³þ 
áåçïåêè ³íôîðìàö³éíèõ ñèñòåì. Ó ïðîöåñ³ 
ïðîºêòóâàííÿ ñõîâèùà çàñòîñîâàíî êîíöåï-
ö³þ Â³ëüÿìà Õ. ²íìîíà, àäàïòîâàíó äëÿ ñôåðè 
îõîðîíè ïðàâ íà ñîðòè ðîñëèí, à òàêîæ òåîð³þ 
ðåëÿö³éíèõ áàç, ñõîâèù òà â³òðèí äàíèõ. 

Ðåçóëüòàòè äîñë³äæåííÿ
Ó ïðîöåñ³ îõîðîíè ïðàâ íà ñîðòè ðîñëèí 

â³ä áó âàºòüñÿ ³íôîðìàö³éíà âçàºìîä³ÿ ñåëåê-
ö³îíåð³â, çàÿâíèê³â, âëàñíèê³â ³ âîëîä³ëüö³â 
ìàéíîâèõ òà íåìàéíîâèõ ïðàâ íà ñîðòè ðîñ-
ëèí ç Êîìïåòåíòíèì îðãàíîì òà Åêñïåðòíèì 
çàêëàäîì. Äëÿ íàáóòòÿ ìàéíîâèõ òà íåìàé-
íîâèõ ïðàâ çàÿâíèêè ïîäàþòü êîìïëåêò ïà-
ïåðîâèõ äîêóìåíò³â çàÿâêè, ùî ñêëàäàºòüñÿ 
ç çàÿâè, òåõí³÷íî¿ àíêåòè, ïîêàçíèê³â ïðè-
äàòíîñò³ ñîðòó äëÿ ïîøèðåííÿ òà êëîïîòàíü 
äî Êîìïåòåíòíîãî îðãàíó, äå â³äáóâàºòüñÿ 
ðåºñòðàö³ÿ öèõ äî êóìåíò³â ç ïîäàëüøîþ ïå-
ðåäà÷åþ äî Åêñïåðòíîãî çàêëàäó. Âçàºìîä³þ 
Êîìïåòåíòíîãî îðãàíó òà Åêñïåðòíîãî çà-
êëàäó â ïðîöåñ³ îõîðîíè ïðàâ íà ñîðòè ðîñ-
ëèí îïèñàíî â òàáëèö³ 1.

Òàáëèöÿ 1
Ñóá’ºêòè òà ôóíêö³¿ â ïðîöåñ³ åëåêòðîííî¿ âçàºìîä³¿ Êîìïåòåíòíîãî îðãàíó òà Åêñïåðòíîãî çàêëàäó

Ñóá’ºêò Ôóíêö³ÿ â ïðîöåñ³ åëåêòðîííî¿ âçàºìîä³¿

Êîìïåòåíòíèé 
îðãàí

Óçãîäæåííÿ, ôîðìóâàííÿ òà âèêîíàííÿ ì³æíàðîäíèõ íàóêîâî-òåõí³÷íèõ ïðîãðàì ³ ïðîºêò³â ç îõîðîíè 
ïðàâ íà ñîðòè ðîñëèí;
Ôîðìóâàííÿ äåðæàâíîãî çàìîâëåííÿ íà ïðîâåäåííÿ íàóêîâî-òåõí³÷íî¿ åêñïåðòèçè ó ñôåð³ îõîðîíè 
ïðàâ íà ñîðòè ðîñëèí;
Ïðèéìàííÿ ³ ðîçãëÿä çàÿâêè íà ñîðò ðîñëèí òà ïðèéíÿòòÿ ð³øåííÿ ùîäî äåðæàâíî¿ ðåºñòðàö³¿ ñîðòó 
òà/àáî ïðàâ íà íèõ; 
Âåäåííÿ Ðåºñòðó çàÿâîê, Ðåºñòðó ïàòåíò³â, Ðåºñòðó ñîðò³â ðîñëèí Óêðà¿íè.

Åêñïåðòíèé 
çàêëàä

Ôîðìóâàííÿ îá´ðóíòîâàíèõ åêñïåðòíèõ âèñíîâê³â çà ðåçóëüòàòàìè ïðîâåäåííÿ êîìïëåêñó äîñë³äæåíü 
çà çàÿâêîþ òà ïðèéíÿòòÿ ð³øåííÿ ùîäî äåðæà âíî¿ ðåºñòðàö³¿ ñîðòó ³ ïðàâ íà íüîãî, ùî âêëþ÷àº: 
– âèçíà÷åííÿ íîâèçíè ñîðòó øëÿõîì ïðîâåäåííÿ åêñïåðòèçè íà â³äïîâ³äí³ñòü êðèòåð³ÿì â³äì³ííîñò³, 
îäíîð³äíîñò³ òà ñòàá³ëüíîñò³;
– âèçíà÷åííÿ ïðèäàòíîñò³ ñîðòó äëÿ ïîøèðåííÿ â Óêðà¿í³ øëÿõîì àíàë³çó ãîñïîäàðñüêî-ö³ííèõ îçíàê.
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Äîêóìåíòîîá³ã ì³æ Ì³íàãðîïîë³òèêè òà 
Ó²ÅÑÐ çä³éñíþºòüñÿ â åëåêòðîííèé ñïîñ³á òà 
â³äáóâàºòüñÿ ç âèêîðèñòàííÿì ñèñòåìè åëåê-
òðîííî¿ âçàºìîä³¿ îðãàí³â âèêîíàâ÷î¿ âëàäè 
(ÑÅÂ ÎÂÂ). Â³ä Êîìïåòåíòíîãî äî Åêñïåðò-
íîãî îðãàíó ïåðåäàþòüñÿ åëåêòðîíí³ êîï³¿ 
çàÿâêè. Ïðèéíÿò³ â Ó²ÅÑÐ äîêóìåíòè ðåºñò-
ðóþòüñÿ â ñèñòåì³ åëåêòðîííîãî äîêóìåíòî-

îá³ãó ÀÑÊÎÄ. Äàë³ ³íôîðìàö³þ ç³ ñêàíîâàíèõ 
êîï³é äîêóìåíò³â çàÿâêè âíîñÿòü â ÁÄ àâòî-
ìàòèçîâàíî¿ ³íôîðìàö³éíî¿ ñèñòåìè Ó²ÅÑÐ 
(À²Ñ «Ñîðò»). Ãðàô³÷íå çîáðàæåííÿ ïðîöåñó 
âçàºìîä³¿ Êîìïåòåíòíîãî îðãàíó, Åêñïåðòíî-
ãî çàêëàäó òà çàÿâíèêà â ïðîöåñ³ îõîðîíè 
ïðàâ íà ñîðòè ðîñëèí ïîäàíî íà ³íôîðìàö³é-
í³é ìîäåë³ (ðèñ. 1).

Ðèñ. 1. ²íôîðìàö³éíà ìîäåëü âçàºìîä³¿ Êîìïåòåíòíîãî îðãàíó, Åêñïåðòíîãî çàêëàäó òà çàÿâíèêà 

Ñâ³äîöòâî

Ïîâ³äîìëåííÿ 
ùîäî ä³é, ïîâÿçàíèõ 
ç åêñïåðòèçîþ ñîðòó

À. Åêñïåðòíèé âèñíîâîê 
ÂÎÑ-òåñòó

Â. Åêñïåðòíèé âèñíîâîê 
ÏÑÏ-òåñòó

Ñ. Åêñïåðòíèé âèñíîâîê

À. Çàÿâêà

Çàÿâà
Òåõí³÷íà àíêåòà
Ïîêàçíèêè ïðèäàòíîñò³ 
äëÿ ïîøèðåííÿ

Â. Êëîïîòàííÿ

Çâ³òè çà ðåçóëüòàòàìè 
ïîëüîâèõ äîñë³äæåíü

À. Äîêóìåíòè ùîäî 
ïîñòà÷àííÿ íàñ³ííÿ
Â. Êëîïîòàííÿ

À. Êîï³ÿ êîìïëåêòó 
äîêóìåíò³â

Çàÿâêà
Â. Ïðàâèëà ñêëàäàííÿ 
òà ïîäàííÿ çàÿâêè
Ñ. Íàêàçè

À. Íàêàçè
Â. Ïðîãðàìà ïîñ³âíèõ
òà ëàáîðàòîðíèõ 
äîñë³äæåíü

Ïóíêòè äîñë³äæåííÿ (ô³ë³¿ åêñïåðòíîãî çàêëàäó)

Çàÿâíèêè

Êîìïåòåíòíèé 
îðãàí

Åêñïåðòíèé çàêëàä 
(Êàá³íåò çàÿâíèêà)

Ñõåìó ³íòåãðàö³¿ ³íôîðìàö³éíèõ ñèñòåì 
Åêñïåðòíîãî çàêëàäó, Êîìïåòåíòíîãî îðãàíó 
é Ì³æíàðîäíîãî ñîþçó ç îõîðîíè íîâèõ ñîðò³â 
ðîñëèí â³äîáðàæåíî íà ðèñóíêó 2. Àâòîìàòè-
çîâàíà ³íôîðìàö³éíà ñèñòåìà «Ñîðò», ÿêà íà-
ëåæèòü Ó²ÅÑÐ, ñêëàäàºòüñÿ ç îïåðàòèâíî¿ ÁÄ, 
ùî ì³ñòèòü äàí³ êâàë³ô³êàö³éíî¿ åêñïåðòèçè 
ñîðò³â ðîñëèí òà çîâí³øí³ äàí³, ÿê³ íàäõîäÿòü 
ç ïðîãðàìíî-àïàðàòíîãî êîìïëåêñó Ìåòåî-
òðåê. Ñõîâèùå äàíèõ À²Ñ Ó²ÅÑÐ ïîáóäîâàíå 
íà îñíîâ³ êë³ºíò-ñåðâåðíî¿ àðõ³òåêòóðè òà ìàº 
ïðåäìåòíó îð³ºíòàö³þ. Ïðåäìåòíà îð³ºíòàö³ÿ 
ñõîâèùà äàíèõ çóìîâëåíà îñîáëèâîñòÿìè êâà-
ë³ô³êàö³éíî¿ åêñïåðòèçè, à ñàìå âèçíà÷åííÿì 
êðèòåð³¿â â³äì³ííîñò³, îäíîð³äíîñò³ òà ñòàá³ëü-
íîñò³ (ÂÎÑ-òåñò) òà âèçíà÷åííÿì ãîñïîäàð-
ñüêî-ö³ííèõ ïîêàçíèê³â ïðèäàòíîñò³ ñîðò³â äî 
ïîøèðåííÿ íà òåðèòîð³¿ Óêðà¿íè (ÏÑÏ). 

Òàêèì ÷èíîì, äàí³ â ñõîâèùå íàäõîäÿòü ç 
îïåðàòèâíî¿ ÁÄ À²Ñ Ó²ÅÑÐ òà ç çîâí³øí³õ 

äæåðåë äàíèõ ³ º äîñòóïíèìè ò³ëüêè ó ðåæè-
ì³ ÷èòàííÿ. 

Ïåðåä çàâàíòàæåííÿì äî ÑÄ ïîëüîâèõ òà ëà-
áîðàòîðíèõ äàíèõ â³äáóâàþòüñÿ ëîã³÷í³ òà 
àðèôìåòè÷í³ îïåðàö³¿, ÿê³ â òåîð³¿ ³íôîðìàö³é-
íèõ ñèñòåì ìàþòü íàçâó ³íòåãðàö³ÿ òà àãðåãà-
ö³ÿ äàíèõ. Àãðåãàö³ÿ äàíèõ â³äáóâàºòüñÿ çà 
ñîðòàìè ðîñëèí, íàïðÿìàìè ¿õíüîãî âèêîðèñ-
òàííÿ, áîòàí³÷íèìè òàêñîíàìè, ïðèðîäíî-êë³-
ìàòè÷íèìè çîíàìè, ðîêàìè ïðîâåäåííÿ åêñ-
ïåðòèçè òîùî. Ôóíêö³îíàëüíèé ñêëàä ìîäóë³â 
³íôîðìàö³éíî¿ ñèñòåìè «Ñîðò» íàâåäåíî ó òàá-
ëèö³ 2.

²íôîðìàö³ÿ ñõîâèùà äàíèõ âèêîðèñòîâó-
ºòüñÿ äëÿ ôîðìóâàííÿ åêñïåðòíèõ âèñíîâê³â 
êâàë³ô³êàö³éíî¿ åêñïåðòèçè çà äâîìà òèïà-
ìè åêñïåðòèçè: âèçíà÷åííÿ êðèòåð³¿â â³ä-
ì³ííîñò³, îäíîð³äíîñò³ òà ñòàá³ëüíîñò³ (åêñ-
ïåðòèçà íà ÂÎÑ) òà âèçíà÷åííÿ ãîñïîäàð-
ñüêî-ö³ííèõ ïîêàçíèê³â ïðèäàòíîñò³ ñîðò³â 
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Ðèñ. 2. Ñõåìà âçàºìîä³¿ ³íôîðìàö³éíèõ ñèñòåì â ïðîöåñ³ åëåêòðîííîãî îáì³íó ³íôîðìàö³ºþ, 
ùî ïîâ’ÿçàíà ç îõîðîíîþ ïðàâ íà ñîðòè ðîñëèí

À²Ñ
Ó²ÅÑÐ

ÁÄ Ó²ÅÑÐ

Çîâí³øí³ äàí³

Ñõîâèùå äàíèõ 
Ó²ÅÑÐ

ÁÄ 
Êîìïåòåíòíîãî îðãàíó

ÁÄ 
Êàá³íåò çàÿâíèêà

ÁÄ Pluto

IC UPOV

Â³òðèíè 
äàíèõ

OLAP

Òàáëèöÿ 2
Ñêëàä òà ôóíêö³¿ ìîäóë³â ³íôîðìàö³éíî¿ ñèñòåìè «Ñîðò»

Íàçâà ìîäóëÿ Ôóíêö³îíàëüíå ïðèçíà÷åííÿ
Çàãàëüíîñèñòåìíà 
äîâ³äíèêîâà 
³íôîðìàö³ÿ

Âåäåííÿ äîâ³äíèê³â çàÿâíèê³â, àâòîð³â, êóëüòóð òà áîòàí³÷íèõ òàêñîí³â (âèä³â, ï³äâèä³â òà ð³çíî-
âèä³â), ïîêàçíèê³â ìîðôîëîã³÷íèõ îçíàê ñîðò³â ðîñëèí, ïîêàçíèê³â ïðèäàòíîñò³ äî âèêîðèñòàí-
íÿ ñîðò³â ðîñëèí, ïîêàçíèê³â ðåºñòðó, áëîê³â, ïóíêò³â äîñë³äæåííÿ, åëåìåíò³â îïèñó ñîðòó òîùî.

Îô³ö³éíå âèäàííÿ
Ââåäåííÿ òà ðåäàãóâàííÿ ³íôîðìàö³¿ äëÿ îïðèëþäåííÿ â îô³ö³éíîìó âèäàíí³. Ôîðìóâàííÿ 
çâ³ò³â ùîäî àâòîð³â ñîðò³â, ï³äòðèìêè ñîðò³â, ïðåäñòàâíèê³â òà âëàñíèê³â ñîðò³â é òàáëèöü áþ-
ëåòåíÿ.

Çàÿâêà Ðåºñòðàö³ÿ çàÿâîê äëÿ íàáóòòÿ ìàéíîâèõ ³ íåìàéíîâèõ ïðàâ íà ñîðò ðîñëèí. Âåäåííÿ òà ðåäàãó-
âàííÿ çàÿâîê ï³ä ÷àñ ôîðìàëüíî¿ òà êâàë³ô³êàö³éíî¿ åêñïåðòèçè.

²ñòîð³ÿ ñîðòó Ðåæèì ïåðåãëÿäó ïîâíî¿ ³íôîðìàö³¿ ùîäî ³ñòîð³¿ åêñïåðòèçè ñîðò³â ðîñëèí. Ôîðìóâàííÿ â³äïî-
â³äíèõ çâ³ò³â. Äðóêóâàííÿ äîêóìåíò³â, ùî çàñâ³ä÷óþòü ìàéíîâ³ ïðàâà íà ñîðò ðîñëèí.

Ïëàí äîñë³äæåíü Ââåäåííÿ òà ðåäàãóâàííÿ ³íôîðìàö³¿ ùîäî ïðîãðàìè ïðîâåäåííÿ ïîëüîâèõ äîñë³äæåíü â³äïî-
â³äíî äî çàÿâêè òà îïëàòè çà äîñë³äæåííÿ.

Íàñ³ííºïîñòà÷àííÿ
Îáë³ê íàäõîäæåííÿ íàñ³ííºâîãî ìàòåð³àëó äëÿ ïóíêò³â äîñë³äæåíü, éîãî çáåð³ãàííÿ â öåíòðàëü-
íîìó ñõîâèù³ äîâãîòðèâàëîãî çáåð³ãàííÿ, âèêîíàííÿ ïðîöåäóð ùîäî îíîâëåííÿ îô³ö³éíîãî 
çðàçêà.

ÂÎÑ-òåñò

Âåäåííÿ íîðìàòèâíî-äîâ³äíèêîâî¿ áàçè (äîâ³äíèê³â ñîðò³â òà áîòàí³÷íèõ òàêñîí³â), îïèñó ñîðòó 
â³äïîâ³äíî äî çàÿâêè, ñêëàäàííÿ ðîáî÷î¿ ïðîãðàìè âèïðîáóâàíü, âíåñåííÿ ³íôîðìàö³¿ ùîäî çä³é-
ñíåííÿ îïëàòè çà ä³ëÿíêîâèé êîíòðîëü òà ëàáîðàòîðíèé ñîðòîâèé êîíòðîëü ñîðò³â ðîñëèí, ôîðìó-
âàííÿ çâ³òó çà ðåçóëüòàòàìè åêñïåðòèçè, ââåäåííÿ ðåçóëüòàò³â ´ðóíòîâîãî êîíòðîëþ, ôîðìóâàííÿ 
åêñïåðòíîãî âèñíîâêó êâàë³ô³êàö³éíî¿ åêñïåðòèçè íà â³äì³íí³ñòü, îäíîð³äí³ñòü òà ñòàá³ëüí³ñòü.

Ïîëüîâ³ 
äîñë³äæåííÿ ÏÑÏ

Âíåñåííÿ äàíèõ ïîêàçíèê³â ïðèäàòíîñò³ ñîðò³â äî ïîøèðåííÿ (Ôîðìà 1), ÿê³ íàäõîäÿòü ç ïóíê-
ò³â äîñë³äæåííÿ. Âèêîíàííÿ ðîçðàõóíêó ñåðåäíüî¿ óðîæàéíîñò³. Ôîðìóâàííÿ åêñïåðòíèõ âè-
ñíîâê³â ùîäî ðåçóëüòàò³â åêñïåðòèçè íà ÏÑÏ.

Îïëàòà çáîð³â 
çà åêñïåðòèçó

Âåäåííÿ äîâ³äíèê³â çáîð³â, ââåäåííÿ òà ðåäàãóâàííÿ ³íôîðìàö³¿ ùîäî íàäõîäæåííÿ îïëàòè â³ä-
ïîâ³äíî äî ïîâ³äîìëåíü. Ôîðìóâàííÿ çâ³ò³â ïî çàëèøêàõ, ïåðåðàõóâàííþ.
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äî ïîøèðåííÿ íà òåðèòîð³¿ Óêðà¿íè (åêñïåð-
òèçà íà ÏÑÏ). Åêñïåðòí³ âèñíîâêè ç ïðîïî-
çèö³ÿìè ùîäî âêëþ÷åííÿ ñîðò³â äî Äåðæàâ-
íîãî ðåºñòðó ñîðò³â ðîñëèí, ïðèäàòíèõ äëÿ 
ïîøèðåííÿ â Óêðà¿í³ ïîäàþòüñÿ äî Ì³íàãðî-
ïîë³òèêè. Êîìïåòåíòíèé îðãàí êîðèñòóºòü-
ñÿ â³òðèíàìè äàíèõ, ÿê³ îðãàí³çîâàí³ íà 
ï³ä´ðóíò³ ñõîâèùà äàíèõ Ó²ÅÑÐ. Â³òðèíà 
äàíèõ º äåÿêèì «çð³çîì» ñõîâèùà äàíèõ, ùî 
âèîê ðåìëþº ìàñèâ âóçüêîñïåö³àë³çîâàíî¿, 
òåìàòè÷íî¿ ³íôîðìàö³¿, îð³ºíòîâàíèé ï³ä çàïè-
òè ôàõ³âö³â Êîìïåòåíòíîãî îðãàíó, â ÿêîìó 
ì³ñòÿòüñÿ â³äîìîñò³ ùîäî Äåðæàâíîãî ðåºñò ðó 
ñîðò³â ðîñëèí, ïðèäàòíèõ äëÿ ïîøèðåííÿ â 
Óêðà¿í³, Ðåºñòðó çàÿâîê òà Ðåºñòðó ïàòåíò³â. 
Êîíöåïö³ÿ â³òðèí äàíèõ ìàº íèçêó ïåðåâàã. 
Òàê, ñï³âðîá³òíèêè Ì³í³ñòåðñòâà àãðàðíî¿ 
ïîë³òèêà òà ïðîäîâîëüñòâà Óêðà¿íè òà çàÿâ-
íèêè ïðàöþþòü ëèøå ç òèìè äàíèìè, ðîáî-
òà ç ÿêèìè âõîäèòü äî ¿õíüî¿ êîìïåòåíö³¿ –  
Ðåºñòðîì çàÿâîê, Ðåºñòðîì ñîðò³â òà Ðåºñò-
ðîì ïàòåíò³â. Ðåºñòð çàÿâîê ì³ñòèòü ïîâíèé 
ïåðåë³ê çàÿâîê, ïîäàíèõ äëÿ íàáóòòÿ ìàéíî-
âèõ ³ íåìàéíîâèõ ïðàâ, Ðåºñòð ñîðò³â ì³ñ-
òèòü ïåðåë³ê çàÿâîê íà ñîðòè ðîñëèí, ÿê³ 
íàáóëè ìàéíîâå ïðàâî ³íòåëåêòóàëüíî¿ âëàñ-
íîñò³ íà ïîøèðåííÿ ñîðòó ðîñëèí, à Ðåºñòð 
ïàòåíò³â ì³ñòèòü ïåðåë³ê çàÿâîê íà ñîðòè 
ðîñëèí, ÿê³ íàáóëè ìàéíîâå ïðàâî ³íòåëåê-
òóàëüíî¿ âëàñíîñò³ íà ñîðò ðîñëèí. 

Â³äîìîñò³ ïðî ñîðòè ðîñëèí, ùî ïðèçíà-
÷åí³ äëÿ ðîçì³ùåííÿ íà îô³ö³éíîìó âåá-
ñàéò³ Ì³æíàðîäíîãî ñîþçó ç îõîðîíè íîâèõ 
ñîðò³â ðîñëèí, çáåð³ãàþòüñÿ â áàç³ äàíèõ 
Óêðà¿íñüêîãî ³íñòèòóòó åêñïåðòèçè ñîðò³â 
ðîñëèí, ÿêà ïîñò³éíî ïîïîâíþºòüñÿ àêòó-
àëüíèìè äàíèìè. Âçàºìîä³ÿ ç UPOV â³äáó-
âàºòüñÿ ç âèêîðèñòàííÿì åëåêòðîííî¿ ïî-
øòè. Çà âèìîãàìè UPOV äàí³ ìîæóòü ïåðåäà-
âàòèñü ó ôîðìàò³ XML àáî Excel. Ñòðóêòóðà 
äàíèõ XML ôàéëó âèçíà÷àºòüñÿ äîêóìåíòîì 
UPOV «Information databases» (TWF/45/5). 
Âèá³ðêà äàíèõ äëÿ ïåðåäà÷³ â ÁÄ Ì³æíàðîä-
íîãî ñîþçó ç îõîðîíè íîâèõ ñîðò³â ðîñëèí 
Pluto çä³éñíþºòüñÿ çàëåæíî â³ä çàçíà÷åíèõ 
çàÿâíèêîì âèä³â ïðàâ. ßêùî çàÿâíèêîì çà-
çíà÷åíî ëèøå îäèí âèä ïðàâ, à ñàìå ìàéíîâå 
ïðàâî ³íòåëåêòóàëüíî¿ âëàñíîñò³ íà ïîøè-
ðåííÿ ñîðòó ðîñëèí (proprietary intellectual 
property right for dissemination), òî ôîðìó-
ºòüñÿ îäèí çàïèñ ç ïîçíà÷åííÿì NLI. ßêùî 
çàÿâíèê çàçíà÷èâ òàêîæ âèä ïðàâà – ìàéíî-
â³ ïðàâà ³íòåëåêòóàëüíî¿ âëàñíîñò³ íà ñîðò 
ðîñëèí (proprietary intellectual property rights 
for a plant variety), òî ôîðìóºòüñÿ äðóãèé 
çàïèñ ó áàç³ äàíèõ, ÿêèé ïîçíà÷àºòüñÿ PBR. 
Çàïèñè, ÿê³ ì³ñòÿòü äàí³ çàÿâîê, ùî âïåðøå 
ïåðåäàþòüñÿ äî UPOV, ïîçíà÷àþòü êîäîì 1, 

à çàïèñè, ÿê³ ì³ñòÿòü îíîâëåííÿ àáî çàëè-
øèëèñü áåç çì³í ïîçíà÷àþòü êîäîì 2. 

Ñõîâèùå äàíèõ òàêîæ âèêîðèñòîâóºòüñÿ 
ÿê äæåðåëî äàíèõ äëÿ ïðîâåäåííÿ ³íòåëåêòó-
àëüíîãî àíàë³çó äàíèõ (OLAP) ç âèêîðèñòàí-
íÿì áàãàòîâèì³ðíîãî ñòàòèñòè÷íîãî àíàë³çó 
(äèñïåðñ³éíèé òà êëàñòåðíèé àíàë³ç). Äèñ-
ïåðñ³éíèé àíàë³ç âèêîðèñòîâóºòüñÿ ï³ä ÷àñ 
ðîçâ’ÿçàííÿ òðüîõ òèï³â çàâäàíü êâàë³ô³êà-
ö³éíî¿ åêñïåðòèçè íà ÏÑÏ, à ñàìå: àíàë³ç îä-
íîð³äíîñò³ äèñïåðñ³¿ ðåçóëüòàò³â äîñë³äæåí-
íÿ çà ïîòî÷íèé ð³ê ó ìåæàõ ïðèðîäíîêë³ìà-
òè÷íî¿ çîíè, àíàë³ç îäíîð³äíîñò³ äèñïåðñ³¿ 
ðåçóëüòàò³â äîñë³äæåííÿ çà ê³ëüêà ðîê³â ïðî-
âåäåííÿ êâàë³ô³êàö³éíî¿ åêñïåðòèçè íà ÏÑÏ 
â ìåæàõ êîæíîãî ïóíêòó äîñë³äæåííÿ äëÿ  
âèÿâëåííÿ âïëèâó âèïàäêîâîãî ôàêòîðó òà 
àíàë³çó ñîðò³â ðîñëèí-êàíäèäàò³â ç óðàõóâàí-
íÿì óìîâíîãî ñòàíäàðòó äëÿ ïîêàçíèêà óðî-
æàéíîñò³. ßê ³íñòðóìåíòàëüí³ ïðîãðàìí³ çà-
ñîáè âèêîðèñòîâóþòüñÿ SPSS-Statistic ³ R. 

Çàÿâíèêè òà ¿õí³ ïðåäñòàâíèêè (àâòîðè, 
ïðåä ñòàâíèêè, âîëîä³ëüö³ ïàòåíò³â òà ï³äòðè-
ìóâà÷³ ñîðòó ðîñëèí) îòðèìóþòü ³íôîðìà-
ö³þ çà äîïîìîãîþ ïðîãðàìíîãî çàñòîñóâàííÿ 
«Êàá³íåò çàÿâíèêà». Ïðîãðàìíå ìåíþ åëåê-
òðîííîãî êàá³íåòó çàÿâíèêà ñêëàäàºòüñÿ ç 
òàêèõ ðîçä³ë³â: çàÿâêà, ôîðìóâàííÿ ïîâ³äîì-
ëåííÿ äëÿ îïëàòè çà ä³¿, ùî ïîâ’ÿçàí³ ç åêñ-
ïåðòèçîþ ñîðòó, ïåðåë³ê ä³é, ÿê³ â³äáóëèñü 
ùîäî çàÿâêè íà ñîðò ðîñëèí, âèñíîâêè ÂÎÑ 
òà ÏÑÏ. ²íòåðôåéñ ñåðâ³ñó â³äïîâ³äàº âèìî-
ãàì þçàá³ë³ò³ (usability) [19, 20].

Çâàæàþ÷è íà òå, ùî ñõîâèùà äàíèõ Ó²ÅÑÐ 
ì³ñòÿòü êîíô³äåíö³éí³ äàí³, îñîáëèâó óâàãó 
ïðèä³ëåíî çîâí³øí³é ³ âíóòð³øí³é áåçïåö³ 
³íôîðìàö³éíî¿ ñèñòåìè. Íà ñüîãîäí³ ñòóï³íü 
çàõèñòó ³íôîðìàö³éíî¿ ñèñòåìè Ó²ÅÑÐ â³ä-
ïîâ³äàº ñó÷àñíèì âèìîãàì ùîäî çàõèñòó ³í-
ôîðìàö³¿ â ³íôîðìàö³éí³é ñèñòåì³ â³ä íå-
ñàíêö³îíîâàíîãî âòðó÷àííÿ, íàâìèñíîãî òà 
íåíàâìèñíîãî ïîøêîäæåííÿ ³ çíèùåííÿ äà-
íèõ. ²íòåãðîâàíà ñèñòåìà çàõèñòó äàíèõ ñêëà-
äàºòüñÿ ç òåõí³÷íèõ, ïðîãðàìíèõ òà òåõíî-
ëîã³÷íèõ åëåìåíò³â. Òåõí³÷íî ñèñòåìó ðîç-
ãîðíóòî ó ã³áðèäí³é õìàð³ äëÿ çáåð³ãàííÿ 
³íôîðìàö³¿, ùî ñóòòºâî ï³äâèùèëî çàõèùå-
í³ñòü â³ä çîâí³øí³õ ê³áåðçàãðîç, ÿê³ ñòàëè 
á³ëüø àãðåñèâíèìè îñòàíí³ì ÷àñîì. Êð³ì 
òîãî, òàêèé òèï õìàðè äîçâîëèâ çàáåçïå÷èòè 
îäíî÷àñíî âèñîêó äîñòóïí³ñòü äàíèõ é íà-
ä³éí³ñòü ¿õíüîãî çáåð³ãàííÿ, à òàêîæ îïòèì³-
çóâàòè âèêîðèñòàííÿ îá÷èñëþâàëüíèõ ïî-
òóæíîñòåé. Ê³áåðçàõèñò ñåðâ³ñ³â ³ äàíèõ â³ä-
áóâàºòüñÿ çàâäÿêè âèêîðèñòàííþ ºäèíî¿ òî÷-
êè âõîäó â ³íôîðìàö³éíó ñèñòåìó, äâîôàêòîð-
íî¿ àóòåíòèô³êàö³¿, àâòîðèçàö³¿ çîâí³øí³õ ³ 
âíóòð³øí³õ ñåðâ³ñ³â [21, 22, 23].
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Ñï³âðîá³òíèêè ãîëîâíîãî îô³ñó, ô³ë³é 
Ó²ÅÑÐ òà Ì³í³ñòåðñòâà àãðàðíî¿ ïîë³òèêè 
òà ïðîäîâîëüñòâà Óêðà¿íè ìàþòü äîñ òóï äî 
ðåñóðñ³â ïðèâàòíî¿ õìàðè â ìåæàõ ñâî¿õ ïî-
âíîâàæåíü, âèçíà÷åíèõ ïîñàäîâèìè ³í-
ñòðóêö³ÿìè (ðèñ. 3). Öÿ êàòåãîð³ÿ êîðèñòó-
âà÷³â ìàº ïðîéòè àâòîðèçàö³þ òà àâòåíòèô³-
êàö³þ ó AD/LDAP, ï³ñëÿ ÷îãî âîíè îòðèìó-
þòü äîçâ³ë íà äîñòóï äî ñåðâ³ñ³â òà ³íôîð-
ìàö³¿, ùî çáåð³ãàºòüñÿ ó áàçàõ äàíèõ òà 
ôàéëàõ [24, 25]. Ïóáë³÷íà õìàðà íàäàº äîñ-
òóï çàÿâíèêàì, ñåëåêö³îíåðàì òà âîëîä³ëü-
öÿì ìàéíîâèõ ïðàâ äî ³íôîðìàö³¿, ùî 
ïîâ’ÿçàíà ç ïîäàíèìè çàÿâêàìè íà ñîðòè 
ðîñëèí. Çàõèñò â³ä ê³áåðçàãðîç íà ìåðåæå-
âîìó ð³âí³ òà ð³âí³ ñåðâ³ñ³â ó ïóáë³÷í³é õìà-
ð³ çàáåçïå÷óºòüñÿ ïðîâàéäåðîì õìàðíèõ ïî-
ñëóã. Íàóêîâî-òåõí³÷íèé â³ää³ë Ó²ÅÑÐ ñèñ-
òåìàòè÷íî çä³éñíþº ìîí³òîðèíã àêòèâíîñ-
òåé òà àíàë³ç ê³áåðçàãðîç íà ï³äñòàâ³ äàíèõ 
ìåðåæåâîãî òðàô³êó. 

Òàêèé ìîí³òîðèíã âèêîíóþòü çà äîïîìî-
ãîþ âáóäîâàíîãî ïðîãðàì íîãî çàáåçïå÷åííÿ 
ìåðåæåâîãî îáëàäíàííÿ – ìàðøðóòèçàòî-
ð³â òà êîìóòàòîð³â Layer3, à òàêîæ ïðî-
ãðàìíèõ àíàë³çàòîð³â NetFlow ïîòîê³â ìå-
ðåæåâîãî òðàô³êó – NetFlow Analizer òà 
ElastiFlow. Íà ð³âí³ îïåðàö³éíèõ ñèñòåì ³ 
ñåðâ³ñ³â àíàë³ç àêòèâíîñòåé â³äáóâàºòüñÿ çà 
äîïîìîãîþ ³íñòðóìåíò³â çáîðó äàíèõ, ïî-
øóêó òà â³çóàë³çàö³¿ – Elasticsearch, Logs-
tash, Kibana.

Ùå îäíèì ç îáîâ’ÿçêîâèõ åëåìåíò³â çà-
õèñòó äàíèõ º òåõíîëîã³ÿ ðåçåðâíîãî êîï³-

þâàííÿ òà â³äíîâëåííÿ äàíèõ ç ðåçåðâíèõ 
êîï³é ó ðàç³ ¿õíüîãî ïîøêîäæåííÿ. Ïîâíå 
òà ÷àñòêîâå ðåçåðâíå êîï³þâàííÿ â³äáóâà-
ºòüñÿ çà çàòâåðäæåíèìè ãðàô³êàìè. Ïîâíå 
ðåçåðâíå êîï³þâàííÿ â³äáóâàºòüñÿ äâà ðàçè 
íà òèæäåíü, éîãî îá’ºêòàìè º îïåðàö³éí³ 
ñèñòåìè ç ã³ïåðâ³çîðîì Hyper-V, â³ðòóàëüí³ 
ìàøèíè, ôàéëè ìåðåæåâîãî ñï³ëüíîãî äèñ-
êó. Îá’ºêòàìè ùîäåííîãî ³íêðåìåíòàëüíî-
ãî ðåçåðâíîãî êîï³þâàííÿ º ìåðåæåâèé 
ñï³ëüíèé äèñê, AD/LDAP, áàçè äàíèõ, ùî 
ïðàöþþòü ï³ä óïðàâë³ííÿ CÓÁÄ Oracle òà 
MS SQL [26, 27].

Âèñíîâêè
Ðîçðîáëåíà ³íôîðìàö³éíà ìîäåëü äîçâî-

ëèòü çàáåçïå÷èòè åëåêòðîííó âçàºìîä³þ 
ì³æ Êîìïåòåíòíèì îðãàíîì, Åêñïåðòíèì 
çàêëàäîì òà UPOV, à òàêîæ çàÿâíèêàìè, 
ÿê³ îòðèìóþòü ³íôîðìàö³þ ùîäî ïðîõî-
äæåííÿ ³ ñòàíó çàÿâêè ÷åðåç ïðîãðàìíèé 
äîäàòîê «Ñåðâ³ñ-îô³ñ – Êàá³íåò çàÿâíèêà». 
Êîíöåïö³ÿ âèêîðèñòàííÿ â³òðèí äàíèõ 
äëÿ Êîìïåòåíòíîãî îðãàíó äîçâîëèëà 
îïòèì³çóâàòè îáñÿãè ³íôîðìàö³¿, ç ÿêèìè 
ïðàöþþòü ôàõ³âö³ ì³í³ñòåðñòâà. Ôóíêö³î-
íàëüíèé çì³ñò ³íôîðìàö³éíî¿ ñèñòåìè Åêñ-
ïåðòíîãî îðãàíó ïîâí³ñòþ îõîïëþº ñêëàä 
ä³é ç êâàë³ô³êàö³éíî¿ åêñïåðòèçè ñîðò³â 
ðîñëèí. Ðîçðîáëåíà ³íôîðìàö³éíà òåõíî-
ëîã³ÿ çàáåçïå÷åííÿ æèòòºâîãî öèêëó ³í-
ôîðìàö³éíèõ ñèñòåì òà çàõèñòó äàíèõ çà-
áåçïå÷óº çàõèñò â³ä çîâí³øí³õ òà âíóòð³ø-
í³õ çàãðîç.

Ðèñ. 3. Ã³áðèäíà õìàðà Ó²ÅÑÐ

Ïóáë³÷íà õìàðà                                                                  Ïðèâàòíà õìàðà

– Êàá³íåò çàÿâíèêà
– Ñèñòåìà îíëàéí ïëàòåæ³â
– Àðõ³â
– Ñàéò êîíôåðåíö³é
– Ïîøóê ïî ðåºñòðó ñîðò³â

– Áàçà äàíèõ SORT
– Ñ²Ì
– Ñåðâåð àíàë³çó ñòàòèñòè÷íèõ äàíèõ
– Ñèñòåìà åëåêòðîííîãî äîêóìåíòîîá³ãó
– WEB-äîäàòêè êâàë³ô³êàö³éíî¿ åêñïåðòèçè 
    ÏÑÏ òà ÂÎÑ
– Â³ääàëåí³ ðîáî÷³ ñòîëè

Çàõèùåíèé 
òóíåëü çâ'ÿçêó

Ô³ë³¿

Çàÿâíèêè

Ñï³âðîá³òíèêè 
ãîëîâíîãî 

îô³ñó

Ñï³âðîá³òíèêè 
êîìïåòåíòíîãî 

îðãàíó



325ISSN 2518-1017  Plant Varieties Studying and protection, 2021, Vol. 17, No 4

Digital technologies in agronomy and biology

Âèêîðèñòàíà ë³òåðàòóðà
1. Âåðõîâà Í. À. Èíôîðìàöèîííûå òåõíîëîãèè â ñåëüñêîì õî-

çÿéñòâå. Ìåæäóíàðîäíûé ñòóäåí÷åñêèé íàó÷íûé âåñòíèê. 
2015. ¹ 3 (×. 2) Ñ. 231–234. URL: https://eduherald.ru/ru/
article/view?id=12415

2. Ïðî íàóêîâî-òåõí³÷íó ³íôîðìàö³þ : Çàêîí Óêðà¿íè â³ä 25.06.1993 
¹ 3322-XII : ñòàíîì íà 19.04.2014. URL: http://zakon2.rada.gov.
ua/laws/show/3322-12 (äàòà çâåðíåííÿ 10.09.2021)

3. Ïðî îõîðîíó ïðàâ íà ñîðòè ðîñëèí: Çàêîí Óêðà¿íè â³ä 
21.04.1993 ¹ 3116-XII : ñòàíîì íà 16.10.2020. URL: http://
zakon0.rada.gov.ua/laws/show/3116-12 (äàòà çâåðíåííÿ 
07.09.2021)

4. Ïðî ³íôîðìàö³þ : Çàêîí Óêðà¿íè â³ä 02.10.1992 ¹ 2657-XII : 
ñòàíîì íà 16.07.2020. URL: http://zakon2.rada.gov.ua/laws/
show/2657-12 (äàòà çâåðíåííÿ 12.10.2021)

5. Ïðî äîñòóï äî ïóáë³÷íî¿ ³íôîðìàö³¿ : Çàêîí Óêðà¿íè â³ä 
13.04.2012 ¹ 2939-VI : ñòàíîì íà 02.10.2021 URL: http://zakon0.
rada.gov.ua/laws/show/2939-17 (äàòà çâåðíåííÿ 12.10.2021)

6. Ìåòîäèêà ïðîâåäåííÿ êâàë³ô³êàö³éíî¿ åêñïåðòèçè ñîðò³â 
ðîñëèí íà ïðèäàòí³ñòü äî ïîøèðåííÿ â Óêðà¿í³. Çàãàëüíà 
÷àñòèíà / Óêðà¿íñüêèé ³íñòèòóò åêñïåðòèçè ñîðò³â ðîñëèí; 
óêë. Òêà÷èê Ñ. Î., Ëåùóê Í. Â., Ïðèñÿæíþê Î. ². 4-òå âèä., âèïð. 
³ äîï. Â³ííèöÿ : ÔÎÏ Êîðçóí Ä. Þ. 2016. 120 ñ. 

7. Ìåòîäèêà ïðîâåäåííÿ åêñïåðòèçè ñîðò³â ðîñëèí ãðóïè îâî-
÷åâèõ, êàðòîïë³ òà ãðèá³â íà â³äì³íí³ñòü, îäíîð³äí³ñòü ³ ñòà-
á³ëüí³ñòü. / Óêðà¿íñüêèé ³íñòèòóò åêñïåðòèçè ñîðò³â ðîñëèí; 
çà ðåä. Òêà÷èê Ñ. Î.; óêë. Êèºíêî Ç. Á., Ëåùóê Í. Â. òà ³í. – 2-ãå 
âèä., âèïð. ³ äîï. Â³ííèöÿ : ÔÎÏ Êîðçóí Ä. Þ. 2016. 1145 ñ. 
URL: http://sops.gov.ua/pdfbooks/01.vidannia/Metodiki/vos/
Ovochevi.pdf 

8. Ìåëüíèê Ñ. ²., Ïðèñÿæíþê Î. ²., Ñòàðè÷åíêî ª. Ì. òà ³í. Ìîäåëü 
àäàïòèâíîé èíôîðìàöèîííîé ñèñòåìû ïðîãíîçèðîâàíèÿ 
ïðîäóêòèâíîñòè ñåëüñêîõîçÿéñòâåííûõ êóëüòóð. Plant 
varieties studying and protection. 2020. Ò. 16, ¹ 1. Ñ. 63–77. 
2020. doi: 10.21498/2518-1017.16.1.2020.201349. 

9. Boyaci M. A Comparison of Conventional and Ecological Agri-
cultural Knowledge Systems in Turkey: Raisin Case. Journal of 
Sustainable Agriculture. 2006. Vol. 28, Iss. 2. Ð. 5–23.

10. Dařena F.  Global  architecture  of  marketing  information sys-
tems – Scientific Information. Agricultural Economics – Czech. 
2007. Vol. 53. Ð. 432–440.

11. Demiryürek K. The analysis of information systems for organic 
and conventional hazelnut producers in three villages of the 
Black Sea Region, Turkey, PhD Thesis, The University of Read-
ing, Readings. 2000. doi:10.13140/RG.2.1.4378.8962 URL:   
https://www.researchgate.net/publication/277906040

12. Demiryürek K. Analysis of information systems and commu-
nication networks for organic and conventional hazelnut 
producers in the Samsun province of Turkey. Agricultural Sys-
tems. 2010. Vol. 103, Iss. 7. P. 444–452. doi.org/10.1016/ 
j.agsy.2010.04.002

13. FAO. Agricultural Knowledge and Information Systems for Rural 
Development (AKIS/RD). Strategic Vision and Guiding Princi-
ples. 2005.

14. Garforth C., Usher R. Methodologies for analyzing and improv-
ing the effectiveness of promotion and uptake pathways for 
renewable natural resources information and technology: a 
review paper. AERDD Working Paper, The University of Reading, 
Reading. 1996.

15. Hoang L. A., Castella J., Novosad P. Social networks and in-
formation access: implications for agricultural extension in a 
rice farming community in northern Vietnam. Agriculture and 
Human Values. 2006. Vol. 23, Iss. 4. Ð. 513–527.

16. Kizilaslan N. Agricultural information systems: a national 
case study. Library Review. 2006. Vol. 55, No. 8. Ð. 497–507. 
doi:10.1108/00242530610689347

17. Gupta A. K., Mazumdar B. D. Multidimensional schema for agri-
cultural Data Warehouse. 2013. Int. j. res. eng. technol. Vol. 2, 
Iss. 3. Ð. 245–253. doi:10.15623/ijret.2013.0203006

18. Jindal1 R., Taneja S. Comparative Study of Data Warehouse 
Design Approaches: a Survey. International Journal of Data-
base Management Systems (IJDMS). 2012. Vol. 4 No.1. doi: 
10.5121/ijdms.2012.4104 33 

19. Ê³ð³ëåíêî Î., Êóçíåöîâà Þ., Ñîêîëîâà ª., Ôðîëîâà Ã. Ìåòîäè 
îö³íþâàííÿ usability ³íòåðôåéñó êîðèñòóâà÷à Â³ñí. Íàö. óí-
òó «Ëüâ³âñüêà ïîë³òåõí³êà». 2013. ¹ 751. Ñ. 66–70.

20. Wiley J. Usability Inspection Methods. Celebrating Interde-
pendence: Conference Companio. (April24-28,1994) Boston, 
Massachusetts USA, 1994. P. 413–414. URL: https://rauter-
berg.employee.id.tue.nl/lecturenotes/0H420/Nielsen.pdf

21. Dykstra J. Essential Cybersecurity Science: Build, Test, and 
Evaluate Secure Systems. O’Reilly Media. 2016. 190 p.

22. Tanner N. H. Cybersecurity Blue Team Toolkit. Wiley. 2019. 288 p.
23. Carey M. J., Jin J. Tribe of Hackers Red Team. Wile. 2019. 288 p.
24. Johansen G. Digital Forensics and Incident Response - Second 

Edition. Packt Publishing. 2020. 448 p.
25. Regalado D., Harris S., Harper A. et al. Gray Hat Hacking The 

Ethical Hacker’s Handbook, Fifth Edition, 5th Edition. McGraw-
Hill. 2018. 640 p.

26. Diogenes Y., Ozkaya E. Cybersecurity - Attack and Defense Stra-
tegies - Second Edition. Packt Publishing. 2018. 384 p.

27. Hsu T. Hands-On Security in DevOps. Packt Publishing. 2018. 356 p.

References
1. Verhova, N. A. (2015). Informacionnye tekhnologii v sel’skom 

hozyajstve . Mezhdunarodnyj studencheskij nauchnyj vestnik, 3–2. 
[in Russian] URL: https://eduherald.ru/ru/article/view?id=12415 

2. About scientific and technical : Law of Ukraine of 25.06.1993 
No. 3322-XII: as of. 19.04.2014, from http://zakon2.rada.gov.
ua/laws/show/3322-12 

3. On the protection of rights to plant varieties : Law of Ukraine 
of 21.04.1993 No. 3116-XII: as of. 16.10.2020, from http://za-
kon0.rada.gov.ua/laws/show/3116-12 

4. About information : Law of Ukraine of 02.10.1992 No. 2657-XII: 
as of. 16.07.2020, from http://zakon2.rada.gov.ua/laws/
show/2657-12 

5. About access to public information : Law of Ukraine of 
13.01.2011 No. 2939-VI: as of. 02.10.2021, from http://zakon0.
rada.gov.ua/laws/show/2939-17 

6. Tkachyk, S. O., Prysiazhniuk, O. I., Leshchuk, N. V. (2016). Meto-
dyka provedennia kvalifikatsiinoi ekspertyzy sortiv roslyn na 
prydatnist do poshyrennia v Ukraini. Zahalna chastyna [Method-
ology of conducting qualification examination of plant varieties 
for suitability for distribution in Ukraine. General part] (4th ed., 
rev. and enl.). Vinnytsia: FOP Korzun D.Yu. 120 ð. [in Ukrainian] 

7. Tkachyk, S. O. (Ed.) (2016). Metodyka provedennya ekspertyzy 
sortiv roslyn grupy ovochevyx, kartopli ta grybiv na vidminnist , 
odnoridnist i stabilnist [Methodology of expert examination of 
plant varieties of vegetable, potato and mushroom groups for 
difference, homogeneity and stability] (2nd ed., rev. and enl.). 
Vinnytsia: FOP Korzun D.Yu. 1145 ð. [in Ukrainian] available at: 
http://sops.gov.ua/pdfbooks//uploads/page/5a5f413bb9be6.
pdf (Accessed 23 April 2018).

8. Melnyk, S. I., Prysyazhnyuk, O. I., Starychenko, E. M., Mazhu-
ga, K. M., Brovkin, V. V., Martinov, O. M., Maslechkin, V. V. (2020). 
Model of adaptive information system for forecasting crop pro-
ductivity. Plant varieties studying and protection, 16 (1), 63–77. 
doi: 10.21498 / 2518-1017.16.1.2020.201349. Available at: 
http://journal.sops.gov.ua/article/view/201349. Access: Nov 
5 2021. [in Ukrainian]

9. Boyaci, M. (2006). A Comparison of Conventional and Ecological 
Agricultural Knowledge Systems in Turkey: Raisin Case. Journal 
of Sustainable Agriculture, 28(2), 5–23.

10. Dařena, F. (2007). Global architecture of marketing informati-
on systems – Scientific Information. Agricultural Economics – 
Czech, 53, 432–440.

11. Demiryürek, K. (2000). The analysis of information systems for 
organic and conventional hazelnut producers in three villages 



326 ISSN 2518-1017  Plant Varieties Studying and protection, 2021, Т. 17, № 4

Öèôðîâ³ òåõíîëîã³¿ â àãðîíîì³¿ òà á³îëîã³¿

UDC 004.4’2: 631.526.3
Orlenko, N. S.*, Yakobchuk, O. V., Mazhuha, K. Ì., & Shkapenko, Ye. A. (2021). Features of integration 

of information systems in the field of protection of plant variety rights. Plant Varieties Studying and Protection, 
17(4), 319–326. https://doi.org/10.21498/2518-1017.17.4.2021.249030

Ukrainian Institute for Plant Variety Examination, 15 Henerala Rodymtseva St., Kyiv, 03041, Ukraine, *e-mail: n.s.orlenko@gmail.com

Purpose. Coverage of the peculiarities of information in-
teraction between the Competent Authority, the Expert In-
stitution, and the International Union for the Protection of 
New Varieties of Plants (UPOV) in the process of ensuring the 
protection of plant variety rights. Implementation of a new 
technological approach called data extraction which adds a 
new layer for categorization of queries to the data warehouse 
of qualification examination of plant varieties and informa-
tion that accompanies this process. Also, disclosing the fea-
tures of information technology provides access to applicants, 
owners, owners, and authors of varieties to information about 
their varieties in the process of qualification examination 
with a high level of protection against external and internal 
threats. Methods. The methodology of conceptual modeling 
of the subject area is applied, which includes the representa-
tion of the relational structure of databases, as well as the 
technology of designing data warehouses on the basis of a 
single conceptual model. The theory of the construction of 
information systems, the theory of databases, the theory of 
object-oriented design, the theory of security of information 
systems are used. Results. The analysis of existing informa-
tion systems and technologies in agriculture is carried out. 
As well as means of information protection. Sources of infor-
mation on the formation of the database and data repository 
of the results of qualification examination of plant varieties 
are considered. Particular attention is paid to the study of 
information needs in the field of protection of plant variety 

rights. problems of information dissemination are discussed. 
The information technology of interaction of the Competent 
and Expert body in the field of protection of the rights to 
plant varieties, and also providing of the information to the 
international organization UPOV is defined. Features of the 
organization of data warehouses for the preservation of re-
sults of DUS and VSU examinations are covered. The idea of 
combining the concept of storage and data showcase in one 
implementation is analyzed, which will allow using data stor-
age both for data mining and as a single source of integrated 
data of all data showcases of the Competent Authority, Expert 
Body for Plant Variety Rights and the Applicant’s Electronic 
Cabinet. There is also a review of methods for protecting in-
formation from external and internal threats. Conclusions. 
An information model has been developed that provides 
electronic interaction between the Competent Authority, the 
Expert Institution, and UPOV and the display of information 
through the software application «Service Office - Applicant’s 
Office». The peculiarities of the data showcase of the Com-
petent Authority are highlighted. The functional content of 
the information system of the Expert Body is highlighted. The 
information technology of ensuring the life cycle of informa-
tion systems and data protection from external and internal 
threats has been developed.

Keywords: qualification examination of plant varieties; 
single source of integrated data; data warehouse; data show-
cases; electronic office of the applicant; information security.
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Introduction 
The consumption of soybeans has increased 

significantly in the world in recent years. De-
spite growing demand, most edamame (imma-
ture soybeans) are imported from Asian coun-
tries. Therefore, commercially viable varieties 
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Purpose. Agrobiological assessment of soybean varieties Glycine max var. Shirofumi on a complex of economically valu-
able traits for introduction in the conditions of the Forest-Steppe of Ukraine. Selection of promising breeding forms based 
on morpho-biological and physiological-biochemical characteristics. Methods. Field, laboratory, statistical, computatio-
nal and analytical. The studies were carried out in the conditions of the educational and production department of Uman 
National University of Horticulture during 2020–2021, using collection varieties of different ecological and geographical 
origin (Ukraine, Belarus, Sweden, Japan and Russia). The cultivars were assessed according to the following parameters: 
plant height, leaf area, net productivity of photosynthesis and indices of individual productivity (weight of beans per 
plant, number of seeds in a bean, etc.), productivity of green beans and biologically mature seeds and, accordingly, quality 
indicators of production (dry matter, sugar and protein content). The counts were carried out in the phase of the technical ripe-
ness of the beans. Results. The variability of the “plant height” trait of the studied varieties had an average variation – the 
coefficient of variation was 22%. The results showed that the standard cultivar ‘Romatnyka’ and the collection cultivars 
‘Karikachi’ and ‘Astra’ belong to the semi-determinant type of growth (97–109 cm), cultivar ‘Fiskeby V’, ‘L 380-2-13’, ‘Fiskeby 
V-E5’, ‘SibNIISOKh 6’, ‘Sac’, ‘Vesta’ belong to the determinant type of growth. According to the number of seeds in the pod, 
the studied varieties were clearly divided into two groups: with two-seeded beans (varieties ‘Karikachi’, ‘Astra’, ‘L 380-2-13’) and 
three-seeded beans [varieties ‘Romatnyka’ (standard), ‘Fiskeby V’, ‘Vesta’, ‘SibNIISOX 6’, ‘Sac’, ‘Fiskeby V-E5’]. The maximum 
yield of edamame beans was produced by varieties ‘L 380-2-13’ (17.3 t/ha), ‘Vesta’ (18.8 t/ha), ‘Sac’ (19.6 t/ha), ‘Fiskeby V’ 
(21.4 t/ha), ‘Fiskeby V-E5’ (22.4 t/ha). A significant differentiation of soybean varieties in the biochemical composition of 
immature beans was revealed. The dry matter content was 22.70–31.70%. The share of protein in edamame green beans was 
28.2–38.6%, in biologically mature seeds its share increased to 36.1–42.8%. Among soluble sugars, the highest concen-
tration was noted for sucrose – 7.70–9.38 mg/100 g in dry seeds, what in average amounted to 81.6–86.2% of all sugars. 
The presented results provide a comprehensive assessment of breeding work on soybean varieties with a low content of 
oligosaccharides. Conclusions. Evaluation of collection varieties of vegetable soybeans by the variability of morphologi-
cal traits and productivity made it possible to distinguish ‘Sac’ variety by a complex of valuable traits for creation of new 
varieties of vegetable soybeans adapted to the conditions of the Forest-Steppe of Ukraine. 

Keywords: edamame; yield; protein; sugar content; seeds. 

adapted to the conditions of Ukraine that meet 
the needs of consumers become an important 
component for the soybean processing segment 
of industrial production.

Edamame vegetable soybean (Glycine max 
var. Shirofumi) has been widely used for cen-
turies in East Asia and is a common food item 
in Europe and North America. Due to its high 
protein content (with isoflavones, vitamins C 
and E, monounsaturated fatty acids), it is very 
nutritious [1–4]. The unique combination of 
these biochemical components allows vegetab-
le-type soybeans to be used in a variety of food 
products, namely: soy milk products, tofu, 
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sauces, sprouts (microgreens), fresh, frozen 
and canned beans.

In the USA, edamame is known as «vegetab-
le soybean», but other common names are «ed-
ible soybean», «fresh green soybean», «garden 
soybean», «green soybean», «green ripe soy-
bean», «vegetable green soybean», «immature 
soy», «large-seed soy», «beans for beer», «vege-
table-type soybean» [5]. In North America, 
vegetable soybeans have been researched for 
more than 70 years. During 1929–1931 bree-
ders Dorsett and Morse amassed an extensive 
collection of germplasm, which Morse used as 
starting material to create 49 edamame varie-
ties [6].

In 1930–1940, an active stage began in the 
study of soybeans of the «edamame» type due 
to a lack of protein in the population’s diet [7]. 
The next burst of enthusiasm for soybean vege-
table research began with the rise in the growth 
rate of organic agriculture in the 1970s. To 
date, the third wave of intensive distribution 
and popularization of vegetable soybeans is 
noted. 

Domestic production largely lags behind 
consumer demand. This is due to the fact that 
the greatest demand falls on residents of the 
United States and Western Europe. Often, the 
domestic consumer does not even know about 
the existence of this product.

One of the main obstacles for the domestic 
production of edamame is the general lack of 
competitive varieties created for the natural 
conditions of Ukraine. Varieties of other coun-
tries are poorly adapted, which leads to their 
low productivity and profitability [8]. From an 
agronomic point of view, it is important to 
provide producers with varieties that are bet-
ter adapted to growing conditions, more tole-
rant to the effects of pests and phytopatho-
genic organisms, and will allow getting a high, 
quality yield. The consumer prefers edamame 
varieties that are not genetically modified, 
produce relatively large beans with a minimum 
incidence of one bean per pod [9].

High-quality edamame pods are bright green 
with sparse hairs (from white to gray), well 
shaped with a flawless surface, without dama-
ge or external defects, and contain two or more 
beans [10]. Edamame is harvested when the 
beans are still immature (between the repro-
ductive growth stages R6 and R7), when the 
seeds have filled 80–90% of the pod and retain 
about 65% moisture [11]. In the phase of tech-
nological maturity, edamame at the R6 stage 
has an intense green color, a low concentration 
of oligosaccharides and antinutrients, as well 
as a high content of sucrose and a large mass 

of immature seeds [12, 13]. Vegetable varieties 
of soybeans differ from oilseeds in increased 
content of monosaccharides (about a third 
higher), sucrose (1.5 times more), and a re-
duced content of trisaccharides (almost 2 
times). In the dry matter of vegetable soybean 
seeds, the proportion of mono- and oligosac-
charides ranges from 14–24%, sometimes 
reaching 35%, but in world collections there 
are vegetable-type soybean samples in which 
the proportion of Ñ

12
Í

22
Î

11
 is higher. Such 

beans are more palatable and do not cause di-
gestive problems when consumed, which is why 
they are also called «sweet soybeans» [14]. An 
important element in the introduction of vege-
table soybeans with a high content of biologi-
cally active substances is the study of the pro-
ductivity of the starting material Glycine max 
var. Shirofumi L.

 Materials and research methods 
Research on the technology of growing vege-

table soybean varieties in the conditions of the 
Forest-Steppe of Ukraine was carried out in 
2020–2021 on the experimental field of the De-
partment of Vegetable Growing at the Educa-
tional and Scientific Department of Uman Na-
tional University of Horticulture with coordi-
nates 48°46' North latitude 30°14' East longi-
tude of Greenwich of altitude 245 m above sea 
level. The scheme of the experiment included 
seven collection varieties of vegetable soybeans 
(Table 1).

Table 1 
The origin of the collection varieties of vegetable 

soybeans
Number according to State Catalog 

of Samples of Legume cultures 
of the National Center for Plant 
Genetic Resources of Ukraine 

Variety name Country 
of origin

‘Romatnyka’ St Ukraine
UD0200177 ‘Fiskeby V’ Sweden
UD02200640 ‘Karikachi’ Japan
UD0201068 ‘Astra’ Russia
UD0201080 ‘Vesta’ Russia
UD0201152 ‘SibNIISOKh 6’ Russia
UD0202500 ‘Sac’ Japan
UD0202625 ‘Fiskeby V-E5’ Belarus
UKR001:02894 ‘L 380-2-13’ Ukraine

A randomized field experiment was conduc-
ted. The experiment was performed in four 
repe titions. The area of the experimental plot 
was 10 m2. Sowing of vegetable soybeans was 
carried out according to the scheme 45 × 5 cm 
(444 000 pcs./ha) on May 5–10.

Collection samples of vegetable soybeans 
were provided by the National Center for Ge-
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netic Resources of the Plant Production Insti-
tute named after. V. Ya. Yuriev to study the 
suitability of cultivation for vegetable purpo-
ses and determine the technological properties 
of products. The presented collection samples 
originate from different regions; therefore 
they are characterized by significant diffe-
rences among themselves. According to the re-
commendations of the Institute of Vegetable 
and Melon Growing of the NAAN of Ukraine, 
the variety ‘Romantyka’ was taken as the stan-
dard, since it is being studied at the Institute 
as a soybean variety for vegetable use.

 The soil of the experimental plot is pod-
zolized hard loamy chernozem [15]. During the 
study period, the weather conditions were fa-
vorable for the cultivation of vegetable soy-
beans. Weather conditions throughout 2020–
2021 differed in the main indicators; there-
fore, the variability of morphological charac-
teristics and the productivity of vegetable 
soybean varieties were assessed objectively. 

The technology for growing collection varie-
ties of vegetable soybeans was generally ac-
cepted for the Forest-Steppe. 

During 2020–2021 the productivity and bio-
chemical composition of vegetable soybean, de-
pending on the variety, were studied in field 
and laboratory experiments in the conditions 
of the Right-Bank Forest-Steppe of Ukraine.

Biometric measurements (plant height, cm; 
leaf area, thousand m2; number of shoots, pcs/
plant; number of seeds, pcs/bean; net primary 
productivity of photosynthesis in the period 
between phases of full pod – technical matu-
rity, g/day/m2) and indicators of individual 
productivity (mass of beans, g/plant) were car-
ried out in four repetitions on 100 typical 
plants in each. 

The net primary productivity of photosyn-
thesis (NPPF) was determined by the phases of 
plant development (full pod – technical ripe-
ness) by dividing the growth of phytomass for 
a certain period of time by the average leaf 
area according to the formula: 

Ô÷
 = 2 • (Â2 – Â1)                               (1)

       (L1 + L2) • T

The dry matter was determined by the dry-
ing method according to the State Standard 
7804:2015 [16]. Sugars were extracted from 
crushed (1 g) unripe beans with water and ana-
lyzed by high-performance liquid chromatog-
raphy (HPLC) using a Waters-2695 HPLC 
chromatograph. Measurement of sugar content 
was determined using a Waters 410 differen-
tial refractometer according to the Johansen 

and others method. [17]. Protein content – by 
the Kjeldahl method, according to the State 
Standard ISO 5983-2003 [18]. 

To analyze the variability of traits, we used 
the index of the coefficient of variation, a rela-
tive value characterizing the dispersion (varia-
bility) of a trait. This indicator is the ratio of 
the SD standard deviation to the arithmetic 
mean, and is expressed as a percentage:

CV = SD                                        (2)
        X

The coefficient of variation was used to com-
pare the variability of traits expressed in dif-
ferent units of measurement. The degree of 
variation was measured on a ratio scale: 

CV < 10% – weak variation; 
CV 11–25% – average; 
CV > 25% – significant [19] using computer 

programs Excel and Statistica 10. 
Statistical processing of the obtained results 

was carried out with the calculation of the 
arithmetic mean (x) of the standard deviation 
(SD), calculated using Microsoft Excel 2016. 
The obtained data were compared using analy-
sis of variance.

 
Research results 
When evaluating the collection material, 

breeders analyze, in addition to the general 
vegetation period, the interphase period «ger-
mination-flowering», showing the rate of for-
mation of soybean vegetative organs. This in-
dicator mainly depends on genetic factors, to a 
lesser extent – on agro-climatic conditions. The 
duration of the growing season of soybeans is 
controlled by the dominant allele of the E1 gene 
[20]. For the Forest-Steppe zone of Ukraine, the 
duration of the growing season should be about 
55–65 days; with a longer period, there is a 
possibility that the variety will not have time 
to produce a seed crop. When creating early 
ripening vegetable varieties, it is important to 
take into account that some varieties in the 
process of ontogenesis have a longer period of 
vegetative development, but in general, their 
ripening time does not increase [21].

Studies revealed that the processes of growth 
and development of vegetable soybeans during 
the growing season differed significantly de-
pending on the plant variety. Seedlings of all 
studied varieties appeared 9–11 days after so-
wing, while the onset of the budding phase in the 
samples of ‘Astra’, ‘Vesta’ and ‘SibNIISOKh 6’ 
varieties occurred 24–30 days later than others.

On the basis of the «vegetation period» 
plants differed significantly. The technological 
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maturity of beans came on 61–100 days from 
seedlings emergence. This makes it possible to 
create a conveyor scheme for the consumption 
of green edamame beans by using varieties of 
different ripeness groups.

According to the results of research, it was 
established that ‘Romatnyka’ standard variety 
and the ‘Karikachi’ and ‘Astra’ collection speci-
mens belong to the semi-determinant type of 
growth. Plants of ‘Karikachi’ and ‘Astra’ vari-
eties in the phase of technological maturity 
were larger. Compared to the standard, their 
height differed by 11.3 and 12.4%. Collection 
varieties ‘Fiskeby V’, ‘L 380-2-13’, ‘Fiskeby 
V-E5’, ‘SibNIISOKh 6’, ‘Sac’, ‘Vesta’ belong to 
the determinant type of growth, the height of 
which was in the range of 62.0–78.0 cm, which 
is 19.6–36.1% less than the standard. 

It is known that 90–95% of the dry matter of 
crop yields is created by photosynthesis in 
leaves. Taking this into account, the yield of 
agricultural crops largely depends on the dy-
namics of the increase in the area of plant leaves 
and the intensity of their work during the gro-
wing season. The leaf surface area is a rather 
variable value, which formation is significantly 
influenced by varietal characteristics, condi-
tions of moisture supply, nutrition and other 
technological methods of cultivation. According 
to this indicator, samples of vegetable soybeans 
were of medium variant – CV = 11%. The lar-
gest area of the assimilation surface was pro-
duced by plants of the varieties ‘Astra’, ‘Karikac-
hi’, ‘Fiskeby V’, ‘Sac’, ‘Fiskeby V-E5’, ‘Vesta’ – 
30.6–39.0 thousand m2/ha, which is more than 
the standard by 1.3–29.1% (Table 2).

Table 2
Productivity parameters of different varieties of vegetable soybeans (2020–2021) 

 Sample

Productivity parameters of vegetable soybeans in the phase of technological maturity of beans

Plant height, 
cm

Leaf area
of crops, 

thousand m2 

Number 
of shoots, 
pcs./plant

Number 
of beans, 

pcs./plant 

Number 
of seeds, 

pcs./bean 

NPPF full pod - technological 
maturity,
g/m2/day 

‘Romatnyka’ St 97±5.2 30.2±0.64 2.0±0.11 31.0±1.9 2±0.10 2.52±0.07
‘Fiskeby V’ 62±1.7 34.6±0.98 2.0±0.08 31.8±0.7 2±0.07 2.65±0.14
‘Karikachi’ 108±3.3 33.0±1.13 2.0±0.06 34.0±0.5 2±0.07 2.41±0.04
‘Astra’ 109±2.9 30.6±1.60 2.5±0.07 38.0±2.1 3±0.07 2.43±0.07
‘Vesta’ 78±3.1 39.0±0.99 2.5±0.09 48.5±1.2 3±0.07 2.95±0.09
‘SibNIISOKh 6’ 70±2.5 30.0±0.83 3.0±0.11 49.0±1.3 3±0.21 2.55±0.08
‘Sac’ 72±0.6 35.0±1.12 3.0±0.08 58.0±1.3 3±0.04 2.74±0.07
‘Fiskeby V-E5’ 67±3.6 37.5±1.32 3.5±0.17 71.0±5.1 3±0.13 2.83±0.10
‘L 380-2-13’ 64±2.9 28.1±0.89 4.0±0.08 76.0±1.7 3±0.06 2.62±0.05

Xmed. 80.8 33.1 2.7 48.6 2.7 2.6
SD 17.7 3.5 0.7 15.8 0.5 0.2

CV, % 22 11 25 33 18 6

A smaller leaf area compared to the stan-
dard was produced by plants of ‘L 380-2-13’, 
‘SibNIISOKh 6’ varieties – 28.1 and 30.0 thou-
sand m2/ha, which is less than the standard by 
0.7 and 7.0%.

In terms of the number of shoots, the plants 
of most samples varied significantly (CV = 25%). 
The maximum number of shoots was formed by 
plants of the ‘Fiskeby V-E5’ variety – 4 pcs./
plant, which is 60% more than the standard, or 
1.5 pcs./plant. Varieties ‘Karikachi’, ‘Astra’, 
‘Vesta’ were characterized by slightly higher 
rates relative to the standard for this trait – 
3.0–3.5 pcs./plant, which is 0.5–1.0 pcs/plant, 
more than the standard or 20–40%. Plant varie-
ties ‘Fiskeby V’, ‘SibNIISOKh 6’, ‘L 380-2-13’ 
formed two shoots, which is less than the stan-
dard by 0.5 pcs., that is, 50% of the plants 
formed 2 and 3 shoots per plant.

The net primary productivity of photosyn-
thesis varied little in all variants of the ex-

periment (CV = 6%). The maximum net pri-
mary productivity of photosynthesis was ob-
served in samples ‘Vesta’ – 2.95 g/m2/day and 
‘Fiskeby V-E5’ – 2.83 g/m2/day, which is 17.1 
and 12.3% more than the standard. The net 
primary productivity of photosynthesis in 
‘Fiskeby V’, ‘Sac’ samples was significantly 
higher than ‘Romantyka’ variety – 2.65 and 
2.74 g/m2/day, which is more by 5.2 and 8.7%.

In terms of the number of beans per plant, 
sam ples ‘Sac’, ‘Fiskeby V-E5’, ‘Astra’ signifi-
cantly prevailed over ‘Romantyka’ variety – 
58–76 pcs./plant, which is more by 19.6–56.7%. 
A smaller number of beans in comparison with 
the standard was formed by samples ‘Fiskeby V’, 
‘SibNIISOKh 6’, ‘Karikachi’, ‘L 380-2-13’ –
31–38 pcs./growth, which is 21.6–36.1 less %. 
The variation of this feature was strong – 
CV = 33%.

In terms of the number of seeds in one bean, 
the varieties were medium variable, the coeffi-
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cient of variation was 18%, and they were clear-
ly divided into two groups: with two-seeded 
beans (Karikachi’, ‘Astra’, ‘L 380-2-13’) and 
three-seeded beans (‘Romantyka’ St, ‘Fiskeby V’, 
‘Vesta’, ‘SibNIISOKh 6’, ‘Sac’, ‘Fiskeby V-E5’).

 The marketable yield for vegetable purposes 
and the efficiency of cultivation in general de-
pend on the mass of beans. The variation of 
this feature was significant, the coefficient of 
variation was 29%. Varieties ‘L 380-2-13’, 
‘Sac’, ‘Vesta’, ‘Fiskeby V’, ‘Fiskeby V-E5’ were 
characterized by a significantly greater mass 
of beans. Thus, samples ‘Vesta’, ‘Fiskeby V’, 
‘Fiskeby V-E5’ had beans weighing 163–176 g/
plant, which is 81.1–95.6% more than the 
standard; samples ‘L 380-2-13’, ‘Sac’ – 138.6 
and 156.6 g/plant (+54.0 and 74.0%). Only one 
variety ‘Karikachi’ was characterized by a 
lower mass of beans – 81 g/plant, which is 
10% less than the standard.

 The formation of a crop is a complex set of 
numerous physiological and biochemical pro-
cesses of the vital activity of a plant organism, 
the intensity of which is influenced by a large 
number of factors. The yield value of agricul-
tural crops depends on soil and climatic condi-

tions, characteristics of the biology of a cul-
ture, technological methods and other factors.

Crop yield is an indicator on which the expe-
diency and efficiency of cultivation technology 
depends. Most of the collection samples signifi-
cantly exceeded the standard variety ‘Romatny-
ka’, their yield fluctuated within 11.3–22.4 t/ha. 
Varieties ‘L 380-2-13’ (17.3 t/ha), ‘Vesta’ 
(18.8 t/ha), ‘Sac’ (19.6 t/ha), ‘Fiskeby V’ 
(21.4 t/ha), ‘Fiskeby V-E5’ (22.4 t/ha), were cha-
racterized by maximum yield, which was 6.2–
98.2% more than the standard. Edamame yield 
variation was also strong with CV = 27%.

Consequently, the yield of vegetable soy-
beans largely depends on varietal characteris-
tics, which differ significantly from each other 
for all indicators. 

It is advisable to evaluate the productivity of 
varieties not only by the yield of marketable 
products, but also by the possibility of obtaining 
high-quality seed. High seed yield above the 
standard was obtained in samples ‘L 380-2-13’ 
(2.88 t/ha), ‘Sac’ (3.10 t/ha), ‘Vesta’ (3.10 t/ha), 
‘Fiskeby V’ (3.63 t/ha), ‘Fiskeby V-E5’ (4.00 t/ha), 
which exceeded the standard by 8.0–64.8% 
(Table 3).

Table 3
Yield and quality parameters of vegetable soybean samples 

Sample Weight of beans, g/plant Bean yield, t/ha  Seed yield, t/ha Dry matter, %
‘Romatnyka’ St 90.0±2.4 11.3±0.40 2.00±0.06 31.70±0.62
‘Fiskeby V’ 171.0±6.2 21.4±0.41 2.11±0.18 23.00±1.58
‘Karikachi’ 81.0±1.5 10.5±0.36 2.20±0.06 32.00±1.92
‘Astra’ 90.0±2.8 12.7±0.55 2.38±0.11 30.70±1.62
‘Vesta’ 163.0±12.0 18.8±0.45 2.88±0.08 28.00±1.09
‘SibNIISOKh 6’ 95.4±2.4 12.0±0.24 3.08±0.16 31.10±0.79
‘Sac’ 156.6±9.0 19.6±0.62 3.08±0.09 26.00±1.26
‘Fiskeby V-E5’ 176.0±5.6 22.4±0.35 3.63±0.21 22.70±1.29
‘L 380-2-13’ 138.6±4.4 17.3±0.82 4.00±0.04 28.60±1.26

Xmed. 129.1 16.2 2.80 28.20
SD 37.2 4.4 0.7 3.4

CV, % 29 27 23 12

Dry matter is the main indicator on which 
the energy and bioenergy efficiency of the pro-
duction of any product depends, so the analysis 
of this indicator was carried out in sufficient 
detail. ‘Karikachi’ sample dominated the stan-
dard in terms of solids content, although not 
significantly – 32.0%. The dry matter of varie-
ties ‘Vesta’, ‘L 380-2-13’, ‘Astra’, ‘SibNIISOKh 6’ 
was insignificantly less than the standard – 
28.0–31.1%, which is less than the variety ‘Ro-
matnyka’ by 1.9–11.7%. Samples ‘Fiskeby 
V-E5’, ‘Fiskeby V’, ‘Sac’ had a dry matter of 
22.7–26.0%, which is 18.0–28.4% less than the 
standard.

The study of crude protein content in the 
immature grain of vegetable soybean indicated 

a significantly lower content of it relative to 
biologically mature grain. The protein concen-
tration of edamame beans was in the range of 
28.2–38.6%, which is less than the same indi-
cator in biologically mature grain – 36.1–
42.8% (Fig. 1).

A slightly higher protein content relative to 
the standard was noted in one sample – ‘Kari-
kachi’ – 38.6% in the phase of technological 
maturity and 42.8% in the phase of biological 
maturity. Collection samples ‘Fiskeby V-E5’, 
‘Fiskeby V’, ‘Vesta’, ‘Sac’, ‘SibNIISOKh 6’, 
‘L 380-2-13’, ‘Astra’ accumulated less protein in 
the grain relative to the standard by 5.5–25.8% 
in the phase of technological maturity and 1.2–
15.1% in the phase of biological maturity.
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The content of soluble sugars, including mono-
saccharides (fructose, glucose), disaccharides (su-
crose), and oligosaccharides (raffinose and stachy-
ose) in edamame seeds are shown in Table 4. In 
plant samples of ‘Sac’ and ‘Arikachi’ varieties 

fructose concentration was the highest – 0.96–
1.12 mg/100 g, this is 26.3–47.4% more relative 
to the standard. Samples ‘SibNIISOKh 6’, ‘Fiske-
by V-E5’ had somewhat lower fructose content, 
but exceeded the standard sample by 15.8–17.1%.

Fig. The content of crude protein at different stages of bean ripeness in edamame, depending on their variety 
(2020–2021), % (LCD0.05 t.m. = 2.14; LCD0.05 b.m. = 2,92)
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Table 4
Soluble sugar content in vegetable soybeans

Variety
Sugar content, g/100 g dry matter (X ± SD)

fructose glucose sucrose raffinose stachyose
‘Romatnyka’ St 0.76±0.012 0.24±0.005 9.26±0.15 0.45±0.013 0.06±0.001
‘Fiskeby V’ 0.82±0.019 0.21±0.006 9.14±0.35 0.39±0.010 0.08±0.003
‘Karikachi’ 0.96±0.007 0.15±0.005 8.24±0.22 0.27±0.008 0.11±0.005
‘Astra’ 0.98±0.026 0.15±0.007 7.70±0.04 0.21±0.012 0.11±0.003
‘Vesta’ 0.75±0.020 0.21±0.009 9.31±0.31 0.47±0.019 0.06±0.003
‘SibNIISOKh 6’ 0.88±0.022 0.18±0.009 8.64±0.18 0.36±0.012 0.09±0.004
‘Sac’ 1.12±0.046 0.13±0.004 6.82±0.22 0.16±0.004 0.13±0.003
‘Fiskeby V-E5’ 0.89±0.025 0.17±0.005 8.41±0.17 0.31±0.014 0.10±0.002
‘L 380-2-13’ 0.74±0.016 0.22±0.005 9.38±0.27 0.52±0.031 0.06±0.002

Xmed. 0.88 0.18 8.54 0.35 0.09
SD 0.12 0.04 0.81 0.11 0.02

CV, % 14 19 10 33 27

The concentration of glucose in all studied sam-
ples of vegetable soybeans varied markedly with-
in the range of 0.13–0.24 mg/100 g (CV = 19%) 
and was below the standard by 8.3–45.8%. In 
terms of the concentration of sucrose and raf-
finose, the same tendency was observed – the 
studied samples were characterized by the lo-
west concentration, with the exception of indi-
vidual samples (‘Vsesta’ and ‘L 380-2-13’). 

However, the sucrose content varied little – 
CV = 10%, and the raffinose content very 
strongly (CV = 33%). 

The samples significantly varied in the con-
tent of stachyose (CV = 27%); most of the stu-
died samples significantly exceeded the stan-
dard, with the exception of samples of ‘Vesta’ 
and ‘L 380-2-13’ varieties, where its content 
was equal to the standard. 
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The results of the study indicate a very 
strong differentiation of varieties according to 
all economic characteristics.

Conclusions 
The results show that even with minor vari-

ations in genotype, vegetable soybean varie-
ties/samples are reasonably similar to grain-
type soybeans. Our results also support the 
benefits of edamame as a low oligosaccharide 
dietary product. A promising variety is 
UD0202500 ‘Sac’ originating from Japan. It is 
characterized by large seeds of bright green 
color at the stage of technological and biologi-
cal maturity, increased yield of green beans – 
19.6 t/ha, seeds – 3.08 t/ha; has fairly high 
protein content – up to 35.9% in green beans 
and up to 42.0% in mature seeds. The obtained 
results provide useful information about seed 
and nutritional quality of edamame for further 
breeding practice and prove that the intro-
duced vegetable soybean varieties are suitable 
for both vegetable production and high-quality 
seeds.
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Ìåòà. Àãðîá³îëîã³÷íå îö³íþâàííÿ ñîðò³â ñî¿ Glycine 
max var. Shirofumi çà êîìïëåêñîì ãîñïîäàðñüêî-ö³ííèõ 
îçíàê äëÿ ³íòðîäóêö³¿ â óìîâàõ Ë³ñîñòåïó Óêðà¿íè. Äîá³ð 
ïåðñïåêòèâíèõ ñåëåêö³éíèõ ôîðì çà ìîðôî-á³îëîã³÷íèìè 
òà ô³ç³îëîãî-á³îõ³ì³÷íèìè õàðàêòåðèñòèêàìè. Ìåòîäè. 
Ïîëüîâ³, ëàáîðàòîðí³, ñòàòèñòè÷í³, ðîçðàõóíêîâî-àíàë³-
òè÷í³. Äîñë³äæåííÿ ïðîâîäèëè â óìîâàõ íàâ÷àëüíî-âè-
ðîáíè÷îãî â³ää³ëó Óìàíñüêîãî íàö³îíàëüíîãî óí³âåðñè-
òåòó ñàä³âíèöòâà âïðîäîâæ 2020–2021 ðð., âèêîðèñòî-
âóâàëè êîëåêö³éí³ ñîðòè ð³çíîãî åêîëîãî-ãåîãðàô³÷íîãî 
ïîõîäæåííÿ (Óêðà¿íà, Á³ëîðóñü, Øâåö³ÿ, ßïîí³ÿ ³ Ðîñ³ÿ). 

Îö³íþâàííÿ ñîðò³â ïðîâîäèëè çà íàñòóïíèìè ïàðàìå-
òðàìè: âèñîòà ðîñëèí, ëèñòêîâà ïëîùà, ÷èñòà ïðîäóêòèâ-
í³ñòü ôîòîñèíòåçó òà ïîêàçíèêè ³íäèâ³äóàëüíî¿ ïðîäóêòèâ-
íîñò³ (ìàñà áîá³â ç îäí³º¿ ðîñëèíè, ê³ëüê³ñòü íàñ³íèí ó áîá³ 
òà ³í.), âðîæàéí³ñòü çåëåíèõ áîá³â òà á³îëîã³÷íî çð³ëîãî 
íàñ³ííÿ ³ â³äïîâ³äíî ÿê³ñí³ ïîêàçíèêè ïðîäóêö³¿ (ñóõà ðå-
÷îâèíà, âì³ñò öóêð³â ³ ïðîòå¿íó). Îáë³êè ïðîâîäèëè ó ôàç³ 
òåõí³÷íî¿ ñòèãëîñò³ áîá³â. Ðåçóëüòàòè. Ì³íëèâ³ñòü îçíàêè 
«âèñîòà ðîñëèíè» äîñë³äæóâàíèõ ñîðò³â ìàëà ñåðåäíþ âà-
ð³àö³þ – êîåô³ö³ºíò âàð³þâàííÿ ñêëàäàâ 22%. Ðåçóëüòàòè 
âêàçàëè, ùî ñîðò-ñòàíäàðò ‘Ðîìàíòèêà’ òà êîëåêö³éí³ ñîðòè 
‘Karikachi’ òà ‘Àñòðà’ â³äíîñÿòüñÿ äî íàï³âäåòåðì³íàíòíî-
ãî òèïó ðîñòó (97–109 ñì), ñîðòè ‘Fiskeby V’, ‘Ë 380-2-13’, 
‘Fiskeby V-E5’, ‘ÑèáÍÈÈÑÎÕ 6’, ‘Sac’, ‘Âåñòà’ íàëåæàòü äî äå-
òåðì³íàíòíîãî òèïó ðîñòó. Çà ê³ëüê³ñòþ íàñ³íèí ó ñòðó÷êó 

äîñë³äæóâàí³ ñîðòè ÷³òêî ðîçä³ëèëèñÿ íà äâ³ ãðóïè: ç äâî-
íàñ³ííèìè áîáàìè (ñîðòè ‘Karikachi’, ‘Àñòðà’, ‘Ë 380-2-13’) 
òà òðèíàñ³ííèìè áîáàìè (ñîðòè ‘Ðîìàíòèêà’ (St), ‘Fiskeby V’, 
‘Âåñòà’, ‘ÑèáÍÈÈÑÎÕ 6’, ‘Sac’, ‘Fiskeby V-E5’). Ìàêñèìàëü-
íó âðîæàéí³ñòü áîá³â åäàìàìå ôîðìóâàëè ðîñëèíè ñîðòó 
‘Ë 380-2-13’ (17,3 ò/ãà), ‘Âåñòà’ (18,8 ò/ãà), ‘Sac’ (19,6 ò/ãà), 
‘Fiskeby V’ (21,4 ò/ãà), ‘Fiskeby V-E5’ (22,4 ò/ãà). Âèÿâëåíî 
³ñòîòíó äèôåðåíö³àö³þ ñîðò³â ñî¿ îâî÷åâî¿ çà ïîêàçíèêà-
ìè á³îõ³ì³÷íîãî ñêëàäó íåäîçð³ëèõ áîá³â. Ñóõèé çàëèøîê 
ñòàíîâèâ 22,70–31,70%. ×àñòêà ïðîòå¿íó ó çåëåíèõ áîáàõ 
åäàìàìå ñòàíîâèëà 28,2–38,6%, ó á³îëîã³÷íî çð³ëîìó íà-
ñ³íí³ éîãî ÷àñòêà çðîñòàëà äî 36,1–42,8%. Ñåðåä ðîç÷èííèõ 
öóêð³â íàéá³ëüøó êîíöåíòðàö³þ â³äçíà÷åíî äëÿ ñàõàðî-
çè – 7,70–9,38 ìã/100 ã ñóõîãî íàñ³ííÿ, ùî â ñåðåäíüîìó 
ñêëàäàëî 81,6–86,2% óñ³õ öóêð³â. Íàâåäåí³ ðåçóëüòàòè çà-
áåçïå÷óþòü êîìïëåêñíó îö³íêó äëÿ ñåëåêö³éíî¿ ðîáîòè íàä 
ñîðòàìè ñî¿ îâî÷åâî¿ ç íèçüêèì âì³ñòîì îë³ãîñàõàðèä³â. 
Âèñíîâêè. Îö³íþâàííÿ êîëåêö³éíèõ ñîðò³â ñî¿ îâî÷åâîãî 
íàïðÿìó âèêîðèñòàííÿ çà âàð³àáåëüí³ñòþ ìîðôîëîã³÷íèõ 
îçíàê òà ïðîäóêòèâí³ñòþ äîçâîëèëî âèä³ëèòè ñåðåä ³íòðî-
äóêîâàíèõ êîëåêö³éíèõ ñîðò³â çà êîìïëåêñîì ö³ííèõ îçíàê 
äëÿ âèêîðèñòàííÿ ó ñåëåêö³éíîìó ïðîöåñ³ ñîðò ‘Sac’ äëÿ 
ñòâîðåííÿ íîâèõ ñîðò³â ñî¿ îâî÷åâîãî íàïðÿìó, àäàïòîâà-
íèõ äî óìîâ Ë³ñîñòåïó Óêðà¿íè. 

Êëþ÷îâ³ ñëîâà: åäàìàìå; óðîæàéí³ñòü; ïðîòå¿í; âì³ñò 
öóêð³â; íàñ³ííÿ.

Íàä³éøëà / Received 27.10.2021
Ïîãîäæåíî äî äðóêó / Accepted 18.11.2021



335ISSN 2518-1017  Plant Varieties Studying and protection, 2021, Vol. 17, No 4

Breeding and seed production

Âñòóï
ß÷ì³íü (Hordeum vulgare L.) – îäèí ç íàé-

ïåðøèõ îêóëüòóðåíèõ ëþäèíîþ âèä³â ðîñ-
ëèí, ÿêèé ³ äî öüîãî ÷àñó çàëèøàºòüñÿ êëþ-
÷îâèì ó ñâ³òîâîìó çåìëåðîáñòâ³ äëÿ âèðîá-
íèöòâà ïðîäóêö³¿ ÿêà âèêîðèñòîâóºòüñÿ ó 
ð³çíîìàí³òíèõ ãàëóçÿõ ïðîìèñëîâîñò³ [1–5]. 
Ñó÷àñí³ ìîëåêóëÿðíî-ãåíåòè÷í³ äîñë³äæåí-
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Ð³âåíü ïðîÿâó òà âàð³àáåëüí³ñòü ê³ëüêîñò³ çåðåí
ó êîëîñ³ ÿ÷ìåíþ ÿðîãî 
Â. Ì. Ãóäçåíêî1*, Ò. Ï. Ïîë³ùóê1, À. À. Ëèñåíêî1, 
Ë. Â. Õóäîë³é2, À. ². Áàáåíêî3, Ñ. Ì. Ìàíäðîâñüêà4

1Ìèðîí³âñüêèé ³íñòèòóò ïøåíèö³ ³ìåí³ Â. Ì. Ðåìåñëà ÍÀÀÍ Óêðà¿íè, âóë. Öåíòðàëüíà, 68, ñ. Öåíòðàëüíå, Îáóõ³âñüêèé 
ð-í, Êè¿âñüêà îáë., 08853, Óêðà¿íà, *e-mail: barley22@ukr.net
2Óêðà¿íñüêèé ³íñòèòóò åêñïåðòèçè ñîðò³â ðîñëèí, âóë. Ãåíåðàëà Ðîäèìöåâà,15, ì. Êè¿â, 03041, Óêðà¿íà
3Íàö³îíàëüíèé óí³âåðñèòåò á³îðåñóðñ³â ³ ïðèðîäîêîðèñòóâàííÿ Óêðà¿íè, âóë. Ãåðî¿â Îáîðîíè, 12, ì. Êè¿â, 03041, Óêðà¿íà
4²íñòèòóò á³îåíåðãåòè÷íèõ êóëüòóð ³ öóêðîâèõ áóðÿê³â ÍÀÀÍ Óêðà¿íè, âóë. Êë³í³÷íà, 25, ì. Êè¿â, 03080, Óêðà¿íà

Ìåòà. Âèÿâèòè îñîáëèâîñò³ ð³âíÿ ïðîÿâó ³ âàð³àáåëüí³ñòü ê³ëüêîñò³ çåðåí ó êîëîñ³ ÿ÷ìåíþ ÿðîãî òà âèä³ëèòè íîâ³ 
ãåíåòè÷í³ äæåðåëà çà ïîºäíàííÿì ï³äâèùåíîãî òà ñòàá³ëüíîãî ð³âíÿ ïðîÿâó îçíàêè äëÿ ñåëåêö³¿ â óìîâàõ öåíòðàëüíî¿ 
÷àñòèíè Ë³ñîñòåïó Óêðà¿íè. Ìåòîäè. Äîñë³äæåííÿ ïðîâåäåíî ó 2018–2020 ðð. â óìîâàõ Ìèðîí³âñüêîãî ³íñòèòóòó 
ïøåíèö³ ³ìåí³ Â. Ì. Ðåìåñëà ÍÀÀÍ. Äîñë³äèëè 96 êîëåêö³éíèõ çðàçê³â ð³çíèõ ï³äâèä³â òà ãðóï ð³çíîâèäíîñòåé ÿ÷ìåíþ 
ÿðîãî ïîõîäæåííÿì ç 15 êðà¿í ñâ³òó. Çàñòîñîâóâàëè íèçêó ñòàòèñòè÷íèõ ïàðàìåòð³â òà ãðàô³÷íèõ ìîäåëåé. Ðåçóëüòàòè. 
Äèñïåðñ³éíèì àíàë³çîì AMMI ìîäåë³ âèÿâëåíî äîñòîâ³ðíî âèñîê³ ÷àñòêè âíåñêó ó çàãàëüí³é ôåíîòèïîâ³é âàð³àö³¿ óñ³õ 
¿¿ ñêëàäîâèõ: óìîâ ðîêó (33,8–40,2%), ãåíîòèïó (35,2–48,9%) ³ âçàºìîä³¿ ãåíîòèï–ñåðåäîâèùå (17,3–29,3%). Çà ïî-
êàçíèêàìè ãîìåîñòàòè÷íîñò³ (Hom

i
) ³ ñåëåêö³éíî¿ ö³ííîñò³ (Sc

i
) òà â³çóàë³çàö³ÿìè GGE biplot äèôåðåíö³éîâàíî çðàçêè 

â³äïîâ³äíî äî ð³âíÿ ïðîÿâó ³ âàð³àáåëüíîñò³ îçíàêè òà âèîêðåìëåíî íîâ³ ãåíåòè÷í³ äæåðåëà äëÿ ñåëåêö³¿. Êîåô³ö³ºíò 
ôåíîòèïîâî¿ âàð³àö³¿ âàð³þâàâ â³ä íèçüêîãî ó äâîðÿäíèõ ïë³â÷àñòèõ çðàçê³â (PCV = 9,60%) äî íàáëèæåíîãî äî âèñîêîãî 
ó ãîëîçåðíèõ (PCV = 18,9%). Âèñîêå çíà÷åííÿ êîåô³ö³ºíòó ãåíîòèïîâî¿ âàð³àö³¿ âèÿâëåíî ó ãîëîçåðíèõ (GCV = 10,95%) 
òà øåñòèðÿäíèõ çðàçê³â (GCV = 13,28%). Êîåô³ö³ºíò óñïàäêîâóâàíîñò³ îçíàêè ìàâ çíà÷åííÿ â³ä âèñîêîãî (H2 = 79,4%) 
ó äâîðÿäíèõ çðàçê³â äî íàáëèæåíîãî äî íèçüêîãî (H2 = 33,7%) ó øåñòèðÿäíèõ. Î÷³êóâàíå ãåíåòè÷íå ïîë³ïøåííÿ ñòà-
íîâèëî â³ä ñåðåäíüîãî ó áàãàòîðÿäíèõ çðàçê³â (GAM = 13,10%) äî âèñîêîãî ó ãîëîçåðíèõ (GAM = 23,51%). Âèñíîâêè. 
Âèä³ëåíî êîëåêö³éí³ çðàçêè ÿê³ ïîºäíóþòü ï³äâèùåíó îçåðíåí³ñòü òà ¿¿ â³äíîñíó ñòàá³ëüí³ñòü: äâîðÿäí³ ïë³â÷àñò³ – 
‘Ò³âåð’ (UKR), ‘Almonte’ (CAN), ‘Despina’ (DEU), ‘Cûìáàò’ (KAZ), ‘Ñìàðàãä’ (UKR), ‘Íîâàòîð’ (UKR); äâîðÿäí³ ãîëîçåðí³ – ‘CDC 
Candle’ (CAN) ³ ‘Millhouse’ (CAN), áàãàòîðÿäí³ ïë³â÷àñò³ – ‘AC Westech’ (CAN) ³ ‘AC Alma’ (CAN). Ïåðñïåêòèâîþ ïîäàëüøèõ 
äîñë³äæåíü º çàëó÷åííÿ âèä³ëåíèõ çðàçê³â äëÿ ñòâîðåííÿ íîâîãî âèõ³äíîãî ìàòåð³àëó òà âñòàíîâëåííÿ îñîáëèâîñòåé 
óñïàäêóâàííÿ ê³ëüêîñò³ çåðåí ó êîëîñ³, à òàêîæ âèÿâëåííÿ âçàºìîçâ’ÿçê³â ö³º¿ îçíàêè ç ³íøèìè ñòðóêòóðíèìè åëåìåí-
òàìè âðîæàéíîñò³. 

Êëþ÷îâ³ ñëîâà: Hordeum vulgare L.; ãåíîòèïîâà âàð³àö³ÿ; ôåíîòèïîâà âàð³àö³ÿ; óñïàäêîâóâàí³ñòü; ãîìåîñòàòè÷-
í³ñòü; ñåëåêö³éíà ö³íí³ñòü; AMMI; GGE biplot.

íÿ ðîçøèðþþòü â³äîì³ òà â³äêðèâàþòü íîâ³ 
ìîæëèâîñò³ ùîäî âèêîðèñòàííÿ ÿ÷ìåíþ 
äëÿ çàäîâîëåííÿ ð³çíîìàí³òíèõ ïîòðåá ëþä-
ñòâà [6–8]. 

Íà ñüîãîäí³ çà ðàõóíîê ñåëåêö³¿ äîñÿãíóòî 
çíà÷íîãî ãåíåòè÷íîãî çðóøåííÿ â íàïðÿìêó 
ï³äâèùåííÿ ïîòåíö³àëó ïðîäóêòèâíîñò³ òà 
ÿê³ñíèõ ïîêàçíèê³â çåðíà ÿ÷ìåíþ [9–11]. Ó 
ñâîþ ÷åðãó, çàãàëüíîâèçíàíîþ àêñ³îìîþ º 
ôàêò òîãî, ùî åôåêòèâíà ñåëåêö³éíà ðîáîòà 
ìîæëèâà ëèøå çà íàÿâíîñò³ ó ðîçïîðÿäæåí-
í³ ñåëåêö³îíåðà äîñòàòíüî¿ ê³ëüêîñò³ øèðî-
êîãî ãåíåòè÷íîãî ð³çíîìàí³òíîãî âèõ³äíîãî 
ìàòåð³àëó. Îäíèì ç êëþ÷îâèõ àñïåêò³â öüî-
ãî áåçóìîâíî º êîëåêö³¿ ñ³ëüñüêîãîñïîäàð-
ñüêèõ êóëüòóð, çîñåðåäæåí³ ó ãåíåòè÷íèõ 
áàíêàõ ð³çíèõ êðà¿í [12]. Òîìó çàëó÷åííÿ, 
îö³íþâàííÿ òà âèêîðèñòàííÿ íîâèõ êîëåê-
ö³éíèõ çðàçê³â ñòàíîâèòü ïîñò³éíó àêòóàëü-
í³ñòü â ñåëåêö³¿ äëÿ ñòâîðåííÿ ñîðò³â ç âèñî-
êèì ïîòåíö³àëîì ïðîäóêòèâíîñò³ òà ³íøèìè 
ö³ííèìè ãîñïîäàðñüêèìè îçíàêàìè [13–15]. 
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Ñåëåêö³ÿ òà íàñ³ííèöòâî

Óðîæàéí³ñòü – îäèí ç îñíîâíèõ ïîêàçíè-
ê³â ïðèäàòíîñò³ ñîðòó äëÿ êîìåðö³éíîãî âè-
êîðèñòàííÿ. Öå ñêëàäíà ïîë³ãåííà îçíàêà 
ÿêà ôîðìóºòüñÿ çà ðàõóíîê îçíàê íèæ÷îãî 
ð³âíÿ – ñòðóêòóðíèõ åëåìåíò³â [16–18]. 
Òîìó, äëÿ ö³ëåñïðÿìîâàíîãî ï³äâèùåííÿ 
âðîæàéíîñò³ íåîáõ³äíî ìàòè ³íôîðìàö³þ íå 
ëèøå ïðî âåëè÷èíó ðåçóëüòóþ÷î¿ îçíàêè, 
àëå é îñîáëèâîñò³ âåëè÷èíè, âàð³àáåëüíîñò³ 
òà âçàºìîçâ’ÿçê³â ¿¿ îêðåìèõ ñêëàäîâèõ [19–
21]. Ó ñïðîùåíîìó âèãëÿä³ âðîæàéí³ñòü 
ìîæíà îõàðàêòåðèçóâàòè ÿê äîáóòîê ïðîäóê-
òèâíîñò³ ³íäèâ³äóàëüíî¿ ðîñëèíè òà ¿õ ê³ëü-
êîñò³ íà îäèíèöþ ïëîù³ ïîñ³âó. Ïðîäóêòèâ-
í³ñòü ðîñëèíè ÿ÷ìåíþ âèçíà÷àºòüñÿ ê³ëüê³ñ-
òþ ïðîäóêòèâíèõ ñòåáåë, ê³ëüê³ñòþ çåðåí ó 
êîëîñ³ òà ¿õ êðóïí³ñòþ, âèðàæåíîþ ÷åðåç ïî-
êàçíèê ìàñè 1000 çåðåí [22–29]. Òàêèì ÷è-
íîì îäí³ºþ ç³ ñêëàäîâèõ ñòðóêòóðè ïðîäóê-
òèâíîñò³ ðîñëèíè º ê³ëüê³ñòü çåðåí ó êîëîñ³. 

Ð³ä Hordeum L. ìàº ñóòòºâ³ â³äì³ííîñò³ â³ä 
³íøèõ ïðåäñòàâíèê³â òðèáè Triticeae â àðõ³-
òåêòîí³ö³ êîëîñà. Âîíè ïîëÿãàþòü ó îäíî-
êâ³òêîâîñò³ êîëîñê³â. Òîáòî â îäíîìó êîëî-
ñêó, ÿê ïðàâèëî, ôîðìóºòüñÿ ëèøå îäíà çåð-
í³âêà. Ó òîé æå ÷àñ, çàëåæíî â³ä ôåðòèëü-
íîñò³ êîëîñê³â íà îäíîìó âèñòóï³ ñòðèæíÿ 
ðîçð³çíÿþòü äâîðÿäíèé òà øåñòèðÿäíèé ï³ä-
âèäè ÿ÷ìåíþ [30–32]. Ð³çí³ ïðîì³æí³ (³íòåð-
ìåä³àëüí³) òà ìóòàíòí³ (õèìåðí³) ôîðìè íå 
ïîøèðåí³ ó âèðîáíèöòâ³, à ñëóãóþòü çäåá³ëü-
øîãî ëèøå äëÿ ãåíåòè÷íèõ äîñë³äæåíü. 
Âñòàíîâëåíî, ùî ìóòàö³¿ ïîâ’ÿçàí³ ç³ çì³íîþ 
ê³ëüêîñò³ ôåðòèëüíèõ ðÿä³â ó êîëîñ³ âïëèâà-
þòü ³ íà ³íø³ îçíàêè ðîñëèíè [33]. Âèÿâëå-
íî, ùî âçàºìîä³ÿ ì³æ ãåíàìè, ÿê³ ïîâ’ÿçàí³ 
ç ê³ëüê³ñòþ ðÿä³â ó êîëîñ³ ÿ÷ìåíþ ìîæå 
áóòè âèêîðèñòàíà ÿê íîâèé øëÿõ ï³äâèùåí-
íÿ ïðîäóêòèâíîñò³ êîëîñà ÿ÷ìåíþ [34].

Óðîæàéí³ñòü, ¿¿ åëåìåíòè ñòðóêòóðè, ³ â 
òîìó ÷èñë³ ê³ëüê³ñòü çåðåí ó êîëîñ³, º ê³ëü-
ê³ñíèìè îçíàêàìè, ð³âåíü ïðîÿâó ÿêèõ çíà÷-
íîþ ì³ðîþ çàëåæèòü â³ä âïëèâó ð³çíîìàí³ò-
íèõ ÷èííèê³â íàâêîëèøíüîãî ñåðåäîâèùà 
(çàáåçïå÷åííÿ ïîæèâíèìè ðå÷îâèíàìè, çâî-
ëîæåííÿ, ñîíÿ÷íî¿ ³íñîëÿö³¿, òîùî) [35–40]. 
Ôåíîòèïîâà åêñïðåñ³ÿ äàíèõ îçíàê, îêð³ì 
ãåíåòè÷íî¿ ñêëàäîâî¿, çíà÷íîþ ì³ðîþ ðåãó-
ëþºòüñÿ ö³ëîþ íèçêîþ ãîðìîí³â òà ôåðìåíò³â 
[41–44]. Ó òîé æå ÷àñ, äëÿ âèêîðèñòàííÿ â 
ñåëåêö³¿ íåîáõ³äíî ìàòè ìàêñèìàëüíî ìîæ-
ëèâó ³íôîðìàö³þ ùîäî ãåíåòè÷íî äåòåðì³íî-
âàíî¿ ÷àñòêè â çàãàëüí³é ôåíîòèïîâ³é ì³íëè-
âîñò³ îçíàê ïîâ’ÿçàíèõ ç ïðîäóêòèâí³ñòþ. Ó 
çâ’ÿçêó ç öèì ó ð³çíèõ êðà¿íàõ ñâ³òó ïîñò³éíî 
ïðîâîäÿòüñÿ äîñë³äæåííÿ ùîäî îö³íþâàííÿ 
ð³âíÿ ïðîÿâó òà ñòàá³ëüíîñò³, ôåíîòèïîâî¿ ³ 
ãåíîòèïîâî¿ âàð³àö³¿ òà óñïàäêîâóâàíîñò³ 

ê³ëüê³ñíèõ îçíàê ÿ÷ìåíþ [45–58]. Îòðèìàí³ 
äàí³ ñóòòºâî ð³çíÿòüñÿ, ùî î÷åâèäíî ïîâ’ÿçàíî 
³ç äîñë³äæåííÿì ð³çíîãî ãåíåòè÷íîãî ìàòåð³-
àëó òà êîíòðàñòíèìè åêîëîã³÷íèìè óìîâàìè 
ïðîâåäåííÿ äîñë³äæåíü, ùî âëàñíå ³ âèçíà÷àº 
àêòóàëüí³ñòü ïðîâåäåííÿ òàêèõ äîñë³äæåíü 
áåçïîñåðåäíüî óìîâàõ ñåëåêö³éíî¿ ðîáîòè. 

Ìåòà äîñë³äæåíü – âèÿâëåííÿ îñîáëèâîñ-
òåé çà ð³âíåì ïðîÿâó ³ âàð³àáåëüí³ñòþ ê³ëü-
êîñò³ çåðåí ó êîëîñ³ ÿ÷ìåíþ ÿðîãî òà âèä³-
ëåííÿ íîâèõ ãåíåòè÷íèõ äæåðåë çà ïîºäíàí-
íÿì ï³äâèùåíîãî òà ñòàá³ëüíîãî ð³âíÿ ïðî-
ÿâó îçíàêè äëÿ ñòâîðåííÿ íîâîãî âèõ³äíîãî 
ìàòåð³àëó â óìîâàõ öåíòðàëüíî¿ ÷àñòèíè 
Ë³ñîñòåïó Óêðà¿íè. 

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Äîñë³äæåííÿ ïðîâåäåíî â óìîâàõ Ìèðîí³â-

ñüêîãî ³íñòèòóòó ïøåíèö³ ³ìåí³ Â. Ì. Ðåìåñ-
ëà ÍÀÀÍ (Ì²Ï) ó 2018–2020 ðð. Ãåîãðàô³÷í³ 
êîîðäèíàòè: øèðîòà – 49°64', äîâãîòà – 
31°08', âèñîòà íàä ð³âíåì ìîðÿ – 153 ì. ¥ðóíò 
– ÷îðíîçåì ãëèáîêèé, ìàëîãóìóñíèé, ñëàáêî-
âèëóãîâàíèé. Ãëèáèíà ãóìóñîâîãî ãîðèçîíòó 
ñêëàäàº 38–40 ñì. Âì³ñò ãóìóñó 3,7–3,9%, 
ëóæíîã³äðîë³çîâàíîãî àçîòó – 55–64 ìã, ôîñ-
ôîðó – 205–238 ìã, îáì³ííîãî êàë³þ – 82–
110 ìã íà 1 êã ´ðóíòó, ðÍ ñîëüîâå – 5,1–6,6. 
Ïèòîìà âàãà òâåðäî¿ ôàçè ´ðóíòó çíàõîäèòü-
ñÿ â ìåæàõ 2,62–2,71 ã/ñì3. Îá’ºìíà ìàñà 
´ðóíòó çà ïðîô³ëåì íå ïåðåâèùóº 1,29 ã/ñì3, 
îðíîãî øàðó – 1,27 ñì3. Ãðàíóëîìåòðè÷íèé 
ñêëàä ́ ðóíòó ñïðèÿº éîãî îáðîá³òêó, âîäîïðî-
íèêíîñò³, ñïðèÿòëèâèì äëÿ âèðîùóâàííÿ ÿ÷-
ìåíþ ïîâ³òðÿíîìó òà òåïëîâîìó ðåæèìàì.

Ìàòåð³àëîì äëÿ äîñë³äæåííÿ áóëè 96 êî-
ëåêö³éíèõ çðàçê³â ÿ÷ìåíþ ÿðîãî ïîõîäæåí-
íÿì ç 15 êðà¿í (ðèñ. 1). Çðàçêè îòðèìàíî ç 
Íàö³îíàëüíîãî öåíòðó ãåíåòè÷íèõ ðåñóðñ³â 
ðîñëèí Óêðà¿íè ó ðàìêàõ Ïðîãðàìè íàóêî-
âèõ äîñë³äæåíü Íàö³îíàëüíî¿ àêàäåì³¿ àãðàð-
íèõ íàóê «Ãåíîôîíä ðîñëèí», â³äïîâ³äíî äî 
çàâäàíü äðóãîãî ð³âíÿ Ì²Ï (íîìåðà äåðæàâ-
íî¿ ðåºñòðàö³¿ 0116U004013 òà 0119U100208).

Çðàçêè íàëåæàòü äî äâîõ ï³äâèä³â: øåñòè-
ðÿäíîãî (ð³çíîâèäíîñò³ var. pallidum ³ var. 
rikotense) ³ äâîðÿäíîãî. Äâîðÿäíèé ï³äâèä 
ïðåäñòàâëåíèé äâîìà ãðóïàìè ð³çíîâèäíîñ-
òåé – ïë³â÷àñòèìè (var. nutans, var. deficiens, 
var. inerme, var. medicum, var. submedicum) 
òà ãîëîçåðíèìè (var. nudum, var. nigrinudum). 
Äëÿ âèÿâëåííÿ îñîáëèâîñòåé ïðîÿâó òà âàð³à-
áåëüíîñò³ îçíàêè ó çðàçê³â ð³çíèõ ï³äâèä³â ³ 
ãðóï ð³çíîâèäíîñòåé, à òàêîæ äâîðÿäíèõ ïë³â-
÷àñòèõ çðàçê³â ð³çíîãî ïîõîäæåííÿ ¿õ áóëî 
óìîâíî ðîçïîä³ëåíî íà ø³ñòü ãðóï. Ïë³â÷àñò³ 
äâîðÿäí³ çðàçêè ïîä³ëèëè íà ÷îòèðè ãðóïè: 
² – çðàçêè ïîõîäæåííÿì ç Óêðà¿íè, ²² –
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çðàçêè ³ç Çàõ³äíî¿ ªâðîïè òà ïî îäíîìó çðàç-
êó ç Àâñòðàë³¿ òà Êàíàäè, ²²² – çðàçêè ³ç Ðî-
ñ³éñüêî¿ Ôåäåðàö³¿ òà Á³ëîðóñ³, IV – çðàçêè ³ç 
Êàçàõñòàíó, Êèðãèçñòàíó ³ Ìîíãîë³¿. Ãîëî-
çåðí³ çðàçêè ð³çíîãî ïîõîäæåííÿ îá’ºäíàëè â 
ãðóïó V, øåñòèðÿäí³ çðàçêè â³äíåñëè äî ãðó-
ïè VI. Ïîâíèé ïåðåë³ê çðàçê³â òà ¿õ õàðàêòå-
ðèñòèêà çà ð³çíîâèäíîñòÿìè ³ êðà¿íàìè ïî-
õîäæåííÿ íàâåäåíî íàìè ó ïóáë³êàö³¿ [59].

Ñ³âáó ïðîâîäèëè ñ³âàëêîþ ÑÊÑ-6-10Ö çà 
íàñòàííÿ ô³çè÷íî¿ ñòèãëîñò³ ́ ðóíòó. Îáë³êîâà 
ïëîùà ä³ëÿíêè 1 ì2. Ïîâòîðí³ñòü òðèðàçîâà. 
Ðîçì³ùåííÿ ä³ëÿíîê – ïîâíèìè ðåíäîì³çîâà-
íèìè áëîêàìè. Ñòàíäàðò – ñîðò ÿ÷ìåíþ ÿðîãî 
‘Âç³ðåöü’ ðîçì³ùóâàëè ÷åðåç 20 íîìåð³â. Äëÿ 
ñòðóêòóðíîãî àíàë³çó â³äáèðàëè íå ìåíøå 25 
ðîñëèí ³ç êîæíî¿ ïîâòîðíîñò³. Ê³ëüê³ñòü çåðåí 
ï³äðàõîâóâàëè ó ãîëîâíîìó êîëîñ³. 

Êîåô³ö³ºíòè ôåíîòèïîâî¿ (PCV) ³ ãåíîòè-
ïîâî¿ âàð³àö³¿ (GCV), êîåô³ö³ºíò óñïàäêîâó-
âàíîñò³ â øèðîêîìó ðîçóì³íí³ (H2), î÷³êóâà-
íå ãåíåòè÷íå ïîë³ïøåííÿ (GA) òà ãåíåòè÷íå 
ïîë³ïøåííÿ âèðàæåíå ó â³äñîòêàõ äî ñåðåä-
íüîãî ð³âíÿ ïðîÿâó îçíàêè (GAM) ðîçðàõî-
âóâàëè âèêîðèñòîâóþ÷è ôîðìóëè çàïðîïî-

íîâàí³ G. W. Burton, E. H. Devane [60],              
H. W. Johnson, H. F. Robinson, R. E. Comstock 
[61], R. W. Allard [62], D. S. Falconer [63]. 
Äëÿ ðàíæèðóâàííÿ çðàçê³â çà ïîêàçíèêàìè 
ñòàòèñòè÷íèõ ïàðàìåòð³â çàñòîñîâóâàëè íà-
ñòóïí³ ãðàäàö³¿: äëÿ PCV, GCV ³ GAM = 
0–10% – íèçüêèé ð³âåíü, 11–20% – ñåðåä-
í³é, > 20% – âèñîêèé; H2 = 0–30% – íèçü-
êèé, 31–60% – ñåðåäí³é, > 61% – âèñîêèé. 
Ïîêàçíèêè ãîìåîñòàòè÷íîñò³ (Hom

³
) òà ñåëåê-

ö³éíî¿ ö³ííîñò³ (Sc
³
) âèçíà÷àëè â³äïîâ³äíî äî 

Â. Â. Õàíã³ëüä³íà, Ì. À. Ëèòâèíåíêà [64]. 
Ñòàòè÷íèé àíàë³ç ïðîâîäèëè ç âèêîðèñòàí-
íÿì êîìï’þòåðíèõ ïðîãðàì Excel 2010 ³ Sta-
tistica 12. 

Äèñïåðñ³éíèé àíàë³ç AMMI ìîäåë³ òà â³çó-
àë³çàö³¿ GGE biplot âèêîíóâàëè ïðîãðàìîþ 
GEA-R. Äåòàëüíî îñíîâí³ ïðèíöèïè ãðàô³÷-
íîãî àíàë³çó òà ³íòåðïðåòàö³ÿ åêñïåðèìåí-
òàëüíèõ äàíèõ âèêëàäåíà â îðèã³íàëüíèõ 
ïóáë³êàö³ÿõ [65–67].

Ðåçóëüòàòè äîñë³äæåíü 
Ïîãîäí³ óìîâè ïåðåäïîñ³âíîãî òà âåãåòà-

ö³éíîãî ïåð³îäó ÿ÷ìåíþ ÿðîãî â 2018–

Ðèñ. 1. Ðîçïîä³ë êîëåêö³éíèõ çðàçê³â ÿ÷ìåíþ ÿðîãî çà êðà¿íàìè ïîõîäæåííÿ, øò. (%)

AUS, 2 (2%)
AUT, 1 (1%)

BLR, 3 (3%)

CAN, 14 (15%)

DEU, 9 (9%)

DNK, 1 (1%)

GBR, 5 (5%)

KAZ, 10 (10%)

KGZ, 3 (3%)

MNG, 1 (1%)

POL, 4 (4%)

RUS, 23 (23%)

SRB, 1 (1%)

UKR, 21 (21%)

USA, 1 (1%)
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2020 ðð. ð³çíèëèñü çà ðîêàìè äîñë³äæåíü, à 
òàêîæ âàð³þâàëè â³äíîñíî ñåðåäí³õ áàãàòî-
ð³÷íèõ çíà÷åíü (çà äàíèìè Àãðîìåòåîñòàíö³¿ 
Ìèðîí³âêà), ùî äåòàëüíî îõàðàêòåðèçîâàíî 
íàìè çà êîåô³ö³ºíòîì ñóòòºâîñò³ â³äõèëåíü ³ 
îïóáë³êîâàíî â îäíîìó ç ïîïåðåäí³õ ïîâ³äîì-
ëåíü [68]. Ç äåòàëüíèì àíàë³çîì ð³âíÿ ïðî-
ÿâó àá³îòè÷íèõ òà á³îòè÷íèõ ÷èííèê³â òà 
âèëÿãàííÿ ó äîñë³äæåí³ ðîêè, âíàñë³äîê êî-
ëèâàííÿ ïîãîäíèõ óìîâ ìîæíà ïîçíàéîìè-
òèñü ó âèùå çãàäàí³é íàø³é ïóáë³êàö³¿ [59]. 
Òóò ìè îáìåæèìîñü ëèøå óçàãàëüíåííÿì 
òîãî, ùî êîíòðàñòí³ ïîãîäí³ óìîâè ð³çíèõ 
ðîê³â ³ ñïðè÷èíåí³ íèìè ð³çí³ ñòóïåí³ ïðî-
ÿâó íèçêè ñòðåñîâèõ ÷èííèê³â òà ¿õ ïîºä-
íàííÿ ñïðèÿëè âñåá³÷íîìó äîñë³äæåííþ òà 
äèôåðåíö³àö³¿ êîëåêö³éíèõ çðàçê³â çà ð³â-
íåì ïðîÿâó ³ ñòàá³ëüí³ñòþ ê³ëüêîñò³ çåðåí ó 
êîëîñ³. 

Ð³âåíü ïðîÿâó îçíàêè ñóòòºâî âàð³þâàâ, 
çàëåæíî â³ä óìîâ ðîêó ³ ãðóï äîñë³äæåíèõ 
ãåíîòèï³â (ðèñ. 2). Íàéìåíøó ê³ëüê³ñòü çå-
ðåí ó êîëîñ³ âèÿâëåíî â 2018 ð. Ó 2019 ³ 
2020 ðð. ð³âåíü ïðîÿâó â³äð³çíÿâñÿ ó çðàçê³â 
ð³çíèõ ãðóï. Îäíàê, çà òðè ðîêè äîñë³äæåíü 
ñåðåäíº çíà÷åííÿ â ìåæàõ ãðóï äâîðÿäíèõ 
çðàçê³â (²–V) áóëî äîñèòü áëèçüêèì (20,1–

21,0 çåðåí), õî÷à é ç çíà÷íèìè â³äì³ííîñòÿìè 
ó âàð³àö³¿. Íàéá³ëüøó âàð³àáåëüí³ñòü ñåðåä-
íüîãî çíà÷åííÿ çà òðè ðîêè âèÿâëåíî ó Ãðóï³ 
V (â³ä 15,9 äî 26,4 çåðåí), íàéìåíøó – ó Ãðó-
ï³ ²²² (â³ä 17,5 äî 22,9 çåðåí). Î÷³êóâàíî á³ëü-
øå ÷èñëîâå çíà÷åííÿ îçíàêè áóëî â øåñòè-
ðÿäíèõ çðàçê³â (Ãðóïà VI), àëå ³ç ïîä³á íèìè 
äî âèùå íàâåäåíèõ, ÿê äëÿ çàãàëüíî¿ âèá³ð-
êè, òåíäåíö³ÿìè çà ð³âíåì ïðîÿâó ÿê ó îêðå-
ì³ ðîêè, òàê ³ â ñåðåäíüîìó çà 2018–2020 ðð. 
Ðîçìàõ âàð³þâàííÿ ó äàí³é ãðóï³ ñòàíîâèâ 
â³ä 29,3 äî 46,4 çåðåí. Âðàõîâóþ÷è âàð³à-
áåëüí³ñòü îçíàêè î÷åâèäíèì º òîé ôàêò, ùî 
äëÿ âèêîðèñòàííÿ â ÿêîñò³ ãåíåòè÷íèõ äæå-
ðåë ç ìåòîþ ïîë³ïøåííÿ îçíàêè íàéá³ëüøó 
ö³íí³ñòü ñòàíîâèòèìóòü ãåíîòèïè, ç îïòè-
ìàëüíèì ïîºäíàííÿì ¿¿ ï³äâèùåíîãî ð³âíÿ 
ïðîÿâó òà â³äíîñíî¿ ñòàá³ëüíîñò³ çà ðîêàìè. 
Ó òàáëèö³ 1 íàâåäåíî õàðàêòåðèñòèêó çðàç-
ê³â ç íàéá³ëüøèì ó ñåðåäíüîìó çà òðè ðîêè 
ð³âíåì ïðîÿâó ê³ëüêîñò³ çåðåí ó êîëîñ³, à 
òàêîæ çðàçêè ç êðàùèìè ïîêàçíèêàìè, ÿê³ 
õàðàêòåðèçóþòü ñòàá³ëüí³ñòü – ì³í³ìàëüíè-
ìè çíà÷åííÿìè ðîçìàõó âàð³þâàííÿ (R) òà 
êîåô³ö³ºíòó âàð³àö³¿ (V), à òàêîæ ìàêñè-
ìàëüíèìè çíà÷åííÿìè ïàðàìåòð³â ãîìåîñòà-
òè÷íîñò³ (Hom

i
) òà ñåëåêö³éíî¿ ö³ííîñò³ (Sc

i
).
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Òàêîæ äëÿ ïîð³âíÿííÿ ïðèâåäåíî ñåðåäíº 
çà ãðóïàìè çíà÷åííÿ (Mean) òà ñòàíäàðòíå 
â³äõèëåííÿ (σ) ð³âíÿ ïðîÿâó îçíàêè ³ ñòàòèñ-
òè÷íèõ ïàðàìåòð³â çà êîæíîþ ç ãðóï. Îñîá-
ëèâ³ñòþ ñòàòè÷íèõ ïàðàìåòð³â Hom

i
 ³ ñåëåê-

ö³éíî¿ ö³ííîñò³ Sc
i
, º òå ùî âîíè íå «ïðè-

â’ÿçàí³» äî ñåðåäíüîãî çíà÷åííÿ ó âèá³ðö³, à 
õàðàêòåðèçóþòü êîæåí çðàçîê ³íäèâ³äóàëü-
íî, çàëåæíî â³ä ð³âíÿ ïðîÿâó îçíàêè òà ¿¿ 
âàð³àáåëüíîñò³. Òîìó ö³ ïîêàçíèêè ìîæíà 
âèêîðèñòîâóâàòè ³ äëÿ ïîð³âíÿííÿ ãåíîòèï³â 
ó ìåæàõ ð³çíèõ ãðóï ãåíîòèï³â çà óìîâè äî-
òðèìàííÿ ðîçì³ðíîñò³ ÷èñëîâîãî âèðàæåííÿ 
îçíàêè. Ó äàíîìó âèïàäêó – äëÿ äâîðÿäíèõ 
ïë³â÷àñòèõ çðàçê³â ð³çíèõ ãðóï òà äâîðÿä-
íèõ ãîëîçåðíèõ çðàçê³â. Øåñòèðÿäí³ çðàçêè 
çà äàíèìè ïîêàçíèêàìè «a priori» ñë³ä îö³-
íþâàòè îêðåìî. 

Äâîðÿäíèé ïë³â÷àñòèé ñîðò-ñòàíäàðò ‘Âç³-
ðåöü’ (UKR) ìàâ ð³âåíü ïðîÿâó îçíàêè íà 
ð³âí³ ñåðåäí³õ çíà÷åíü äëÿ á³ëüøîñò³ äâî-
ðÿäíèõ ãðóï çðàçê³â (20,6 ± 2,9 çåðåí), àëå 
íå âèñîê³ ïîêàçíèêè ãîìåîñòàòè÷íîñò³ 
(Hom

³ 
= 144,7) òà ñåëåêö³éíî¿ ö³ííîñò³ 

(Sc
i
 = 15,6). Íàéá³ëüøó âåëè÷èíó ïîêàçíèêà 

ãîìåîñòàòè÷íîñò³ âèÿâëåíî ó çðàçê³â Ãðó-
ïè ² ‘Ñìàðàãä’ (Hom

³ 
= 871,9), ‘Ò³âåð’ 

(Hom
³ 
= 831,8) ³ ‘Íîâàòîð’ (Hom

³ 
= 723,5) 

(UKR). Ö³ æ çðàçêè ìàëè ³ íàéá³ëüø³ çíà-
÷åííÿ ïîêàçíèêà ó ìåæàõ äàíî¿ ãðóïè (23,5 
± 0,7…21,6 ± 0,6 çåðåí), õî÷à ó äåùî ³íøîìó 
ïîðÿäêó ðîçì³ùåííÿ. Òîìó, äëÿ íèõ âèÿâëå-
íî ³ îäí³ ç íàéâèùèõ ïîêàçíèê³â ñåëåêö³éíî¿ 
ö³ííîñò³ (Sc

i
 = 20,4–22,3). Íàî÷íèì ïðèê-

ëàäîì íåîáõ³äíîñò³ íå ëèøå âèñîêîãî ñåðåä-
íüîãî çíà÷åííÿ ð³âíÿ ïðîÿâó îçíàêè çà ðî-
êàìè, àëå ³ éîãî ñòàá³ëüíîñò³ º ñîðò ‘Concerto’ 
(GBR), ÿêèé ìàâ íàéá³ëüøó ê³ëüê³ñòü çåðåí 
ó êîëîñ³ (24,3 ± 5,9 çåðåí) ÿê ó Ãðóï³ ²², òàê 
³ çàãàëîì äëÿ óñ³õ äâîðÿäíèõ ïë³â÷àñòèõ 

çðàçê³â (Ãðóïè ²–IV). Îäíàê, çíà÷íå âàð³þ-
âàííÿ çà ðîêàìè (R = 10,9 çåðåí) â³äîáðàçè-
ëîñü íà âèñîêîìó çíà÷åíí³ êîåô³ö³ºíòó âàð³-
àö³¿ (V = 24,2%). ², ÿê ï³äñóìîê, äàíèé ñîðò 
ìàâ äóæå íèçüê³ ïîêàçíèêè ãîìåîñòàòè÷íîñ-
ò³ (Hom

³ 
= 100,6) òà ñåëåêö³éíî¿ ö³ííîñò³ (Sc

i
 

= 15,0). 
Ïîêàçîâèìè òàêîæ áóëè çíà÷åííÿ ïàðàìå-

òð³â ó çðàçê³â Ãðóïè ²²² ‘Îëåí¸ê’ (RUS) ³ ‘Ìå-
äèêóì 139’ (RUS). Ó ñîðòó ‘Îëåí¸ê’ (RUS) 
ð³âåíü ïðîÿâó îçíàêè ñòàíîâèâ 21,7 ± 6,1 
çåðåí, îäíàê óíàñë³äîê ñèëüíî¿ âàð³àáåëü-
íîñò³ çà ðîêàìè (R = 10,6 çåðåí), êîåô³ö³ºíò 
âàð³àö³¿ ñÿãàâ V = 28,0 %. Äàíèé çðàçîê ìàâ 
òàêîæ ³ íàéã³ðø³ ñåðåä ïðåäñòàâëåíèõ ó òàá-
ëèö³ 1 ïîêàçíèêè Hom

³ 
= 77,5 ³ Sc

i
 = 12,6. Ó 

ñîðòó ‘Ìåäèêóì 139’ (RUS) çà äåùî íèæ÷îãî 
ñåðåäíüîãî çíà÷åííÿ îçíàêè, àëå ¿¿ ìåíøî¿ 
âàð³àáåëüíîñò³ çà ðîêàìè (R = 2,2 çåðåí, V = 
5,8 %), ïîêàçíèêè ãîìåîñòàòè÷íîñò³ ³ ñåëåê-
ö³éíî¿ ö³ííîñò³ ñòàíîâèëè: Hom

³ 
= 332,5 ³ 

Sc
i
 = 17,2, â³äïîâ³äíî. Ó Ãðóï³ IV ïîºäíóâà-

ëè â³äíîñíî âèñîêå çíà÷åííÿ îçíàêè ó ñåðåä-
íüîìó çà òðè ðîêè çðàçêè ‘Ñûìáàò’ (KAZ) 
(23,7 ± 1,3 çåðåí, Hom

³ 
= 448,3, Sc

i
 = 21,3), 

‘ÊÀÇÑÓÔÔËÅ 1’ (KAZ) (22,3 ± 1,2 çåðåí, 
Hom

³ 
= 431,2, Sc

i
 = 20,1) ³ ‘Ïàìÿòè Ðàèñû’ 

(KAZ) (20,7 ± 1,0 çåðåí, Hom
³ 
= 435,7, Sc

i
 = 

19,0). Àáñîëþòíå ìàêñèìàëüíå çíà÷åííÿ 
îçíàêè ñåðåä äîñë³äæåíèõ äâîðÿäíèõ çðàç-
ê³â (Ãðóïè I–V) âèÿâëåíî ó ãîëîçåðíîãî ñîð-
òó ‘CDC Candle’ (CAN) (26,4 ± 3,4 çåðåí) 
(Ãðóïà V), àëå ó çâ’ÿçêó ç âàð³àáåëüí³ñòþ çà 
ðîêàìè ïîêàçíèê éîãî ãîìåîñòàòè÷ íîñò³ áóâ 
ïîñåðåäí³ì (Hom

³ 
= 205,8). Õî÷à çà ðàõóíîê 

ñåðåäíüîãî çíà÷åííÿ îçíàêè ñåëåêö³éíà ö³í-
í³ñòü äàíîãî ñîðòó áóëà äîñèòü âèñîêîþ (Sc

i
 

= 20,5). Íàéêðàùå ïîºäíàííÿ ð³âíÿ ïðîÿâó 
îçíàêè (24,7 ± 1,3 çåðåí), ïîêàçíèê³â ãîìå-
îñòàòè÷íîñò³ (Hom

³ 
= 483,5) òà ñåëåêö³éíî¿ 

Ðèñ. 2. Ð³âåíü ïðîÿâó ê³ëüêîñò³ çåðåí ó êîëîñ³ â ð³çíèõ ãðóïàõ çðàçê³â ÿ÷ìåíþ ÿðîãî 
çàëåæíî â³ä óìîâ ðîê³â äîñë³äæåíü
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ö³ííîñò³ (Sc
i
 = 22,3) ñåðåä ãîëîçåðíèõ çðàç-

ê³â ìàâ ‘Millhouse’ (CAN). Ñåðåä çðàçê³â 
øåñòèðÿäíîãî ÿ÷ìåíþ Ãðóïè VI îïòèìàëüí³-
øå ïîºäíóâàâ îçåðíåí³ñòü òà ¿¿ ñòàá³ëüí³ñòü 
‘AC Alma’ (CAN) (43,0 ± 4,0 çåðåí, Hom

³ 
= 

462,1, Sc
i
 = 36,3). 

Òàáëèöÿ 1
Õàðàêòåðèñòèêà êîëåêö³éíèõ çðàçê³â ÿ÷ìåíþ ÿðîãî çà ê³ëüê³ñòþ çåðåí
ó êîëîñ³, ãîìåîñòàòè÷í³ñòþ òà ñåëåêö³éíîþ ö³íí³ñòþ, 2018–2020 ðð.

Øèôð Çðàçîê Ð³çíîâèä Êðà¿íà Ê³ëüê³ñòü 
çåðåí, øò. R, øò. V, % Hom

³
Sc

³

G1 ‘Âç³ðåöü’ St nutans UKR 20,6 ± 2,9 5,6 14,2 144,7 15,6
Ãðóïà ²

G53 ‘Ò³âåð’ nutans UKR 23,5 ± 0,7 1,3 2,8 831,8 22,3
G75 ‘Ñìàðàãä’ nutans UKR 22,3 ± 0,6 1,1 2,6 871,9 21,2
G2 ‘Íîâàòîð’ inerme UKR 21,6 ± 0,6 1,2 3,0 723,5 20,4

Mean – – – 20,6 3,9 10,4 332,4 17,1
σ – – – 1,8 2,4 6,5 270,1 3,0

Ãðóïà ²²
G83 ‘Concerto’ nutans GBR 24,3 ± 5,9 10,9 24,2 100,6 15,0
G85 ‘Almonte’ nutans CAN 23,5 ± 2,0 3,9 8,3 284,0 19,9
G96 ‘Despina’ deficiens DEU 23,3 ± 2,5 4,5 10,6 220,7 19,1
G92 ‘Vienna’ deficiens AUT 22,1 ± 1,5 2,9 6,8 325,1 19,3
G94 ‘Skald’ deficiens POL 22,0 ± 3,0 5,8 13,8 159,5 16,8
G88 ‘Mastvinster’ nutans DEU 21,6 ± 1,6 3,1 7,2 300,0 18,7

Mean – – – 21,0 6,1 15,6 169,6 15,7
σ – – – 1,9 2,8 7,6 84 3,0

Ãðóïà ²²²
G19 ‘Êàðàò’ nutans RUS 22,9 ± 3,2 5,9 14,0 163,4 17,5
G22 ‘Çóáð’ nutans BLR 22,5 ± 2,0 3,9 8,9 252,5 18,9
G42 ‘Ðàäç³ì³÷’ nutans BLR 21,8 ± 2,2 3,9 10,0 219,0 18,1
G41 ‘Îëåí¸ê’ nutans RUS 21,7 ± 6,1 10,6 28,0 77,5 12,6
G25 ‘Ìåäèêóì 139’ medicum RUS 19,3 ± 1,1 2,2 5,8 332,5 17,2

Mean – – – 20,1 4,8 12,7 189,0 15,8
σ – – – 1,6 2,2 5,8 81,0 1,8

Ãðóïà ²V
G29 ‘Ñûìáàò’ nutans KAZ 23,7 ± 1,3 2,5 5,3 448,3 21,3
G47 ‘ÊÀÇÑÓÔÔËÅ 1’ nutans KAZ 22,3 ± 1,2 2,3 5,2 431,2 20,1
G44 ‘Àçûê’ nutans KAZ 21,1 ± 2,0 3,9 9,3 227,0 17,5
G58 ‘Ïàìÿòè Ðàèñû’ medicum KAZ 20,7 ± 1,0 1,8 4,8 435,7 19,0

Mean – – – 20,4 3,8 9,6 258,6 17,0
σ – – – 1,8 2,1 5,3 114,3 2,3

Ãðóïà V
G13 ‘CDC Candle’ nudum CAN 26,4 ± 3,4 6,5 12,8 205,8 20,5
G73 ‘Millhouse’ nudum CAN 24,7 ± 1,3 2,5 5,1 483,5 22,3
G5 ‘CDC Cartel’ nudum CAN 23,8 ± 3,6 6,6 15,0 158,3 17,8

G10 ‘4-1’ nudum UKR 23,5 ± 4,1 7,5 17,4 135,2 16,8
G4 ‘Phoenix’ nudum CAN 23,3 ± 2,7 5,4 11,6 200,7 18,5

Mean – – – 20,6 6,3 16,4 187,7 15,2
σ – – – 3,1 3,4 9,6 132,0 4,1

Ãðóïà VI
G62 ‘Îìñêèé 99’ pallidum RUS 44,6 ± 7,2 14,0 16,1 276,8 32,8
G66 ‘AC Westech’ pallidum CAN 44,6 ± 8,2 15,4 18,2 244,6 31,1
G68 ‘AC Alma’ pallidum CAN 43,0 ± 4,0 7,5 9,3 462,1 36,3
G69 ‘Êàçüìèíñêèé’ ricotense RUS 39,9 ± 5,1 9,6 12,8 312,6 31,1

Mean – – – 37,0 15,0 21,8 206,7 24,7
σ – – – 5,4 5,6 9,0 110,5 6,5

Ïðèì³òêà. Õ – ñåðåäíº çíà÷åííÿ ó çðàçêà çà òðè ðîêè, øò.; R – ðîçìàõ âàð³þâàííÿ 
îçíàêè, øò.; V – êîåô³ö³ºíò âàð³àö³¿, %; Hom

³
 – ãîìåîñòàòè÷í³ñòü; Sc

³
 – ñåëåêö³éíà 

ö³íí³ñòü; Mean – ñåðåäíº çíà÷åííÿ ó ìåæàõ ãðóï çðàçê³â, øò.; σ – ñòàíäàðòíå â³ä-
õèëåííÿ ó ìåæàõ ãðóï çðàçê³â

Ç ìåòîþ âèÿâëåííÿ âçàºìîä³¿ ãåíîòèï–ñå-
ðåäîâèùå, äèôåðåíö³àö³¿ òà âèÿâëåííÿ ãåíî-
òèï³â, ÿê³ îïòèìàëüíî ïîºäíóþòü ï³äâèùåíó 
ê³ëüê³ñòü çåðåí ó êîëîñ³ òà ¿¿ â³äíîñíó ñòà-
á³ëüí³ñòü çàñòîñóâàëè òàêîæ äèñïåðñ³éíèé 
àíàë³ç AMMI ìîäåë³ ³ â³çóàë³çàö³¿ GGE biplot 
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îêðåìî äëÿ ï³äâèä³â òà ãðóï ð³çíîâèäíîñòåé 
äâîðÿäíîãî ï³äâèäó. Âñòàíîâëåíî äîñòîâ³ð-
íèé âíåñîê ó çàãàëüíó äèñïåðñ³þ ãåíîòèïó, 
ñåðåäîâèùà òà ¿õ âçàºìîä³¿ äëÿ óñ³õ äîñë³ä-
æåíèõ âàð³àíò³â (òàáë. 2). Îäíàê, âèÿâëåíî 
â³äì³ííîñò³ ó ñï³ââ³äíîøåíí³ ¿õ ÷àñòîê äëÿ 
ð³çíèõ ï³äâèä³â òà ãðóï ð³çíîâèäíîñòåé. 
Íàéá³ëüøèé âïëèâ óìîâ ñåðåäîâèùà áóâ õà-

ðàêòåðíèé äëÿ äâîðÿäíèõ ïë³â÷àñòèõ çðàç-
ê³â (40,2%). Äëÿ ãîëîçåðíèõ ³ øåñòèðÿäíèõ 
çðàçê³â çíà÷åííÿ äàíîãî äæåðåëà âàð³àö³¿ 
áóëî ïðàêòè÷íî íà îäíîìó ð³âí³ – 33,8 òà 
34,5%, â³äïîâ³äíî. Íàéñóòòºâ³øà âçàºìîä³ÿ 
ãåíîòèï–ñåðåäîâèùå (29,3%) âèÿâëåíà äëÿ 
øåñòèðÿäíèõ çðàçê³â, íàéìåíøà – äëÿ ãîëî-
çåðíèõ (17,3%).

Òàáëèöÿ 2 
×àñòêè âíåñêó â çàãàëüíó äèñïåðñ³þ çà ðåçóëüòàòàìè äèñïåðñ³éíîãî AMMI 

àíàë³çó ê³ëüêîñò³ çåðåí ó êîëîñ³ çðàçê³â ÿ÷ìåíþ ÿðîãî

Äæåðåëî 
âàð³àö³¿

Ïë³â÷àñò³ 
äâîðÿäí³ çðàçêè 

(Ãðóïè ²–IV)

Ãîëîçåðí³ 
äâîðÿäí³ çðàçêè 

(Ãðóïà V)

Øåñòèðÿäí³ 
ïë³â÷àñò³ çðàçêè 

(Ãðóïà VI)
Ãåíîòèï 35,2 48,9 36,2
Ñåðåäîâèùå 40,2 33,8 34,5
Âçàºìîä³ÿ ãåíîòèï–ñåðåäîâèùå 24,6 17,3 29,3

Ó ö³ëîìó äèñïåðñ³éíèé àíàë³ç ï³äòâåð-
äæóº çíà÷íå ð³çíîìàí³òòÿ ó äîñë³äæåíèõ 
çðàçê³â çà ôåíîòèïîâèì ð³âíåì ïðîÿâó 
îçíàêè çà ðîêàìè. ²íøèìè ñëîâàìè, ó äî-
ñë³äæåí³é âèá³ðö³ íàÿâí³ çðàçêè, ÿê³ ìåí-
øå ðåàãóâàëè íà çì³íó óìîâ ðîêó, òîáòî 
õàðàêòåðèçóâàëèñü âèùîþ ñòàá³ëüí³ñòþ, 
çðàçêè ç ñèëüíîþ ì³íëèâ³ñòþ îçåðíåíîñò³ 
â³äïîâ³äíî äî çàãàëüíèõ òåíäåíö³é âàð³þ-
âàííÿ äëÿ óñ³º¿ âèá³ðêè ó ïåâíîìó ðîö³, à 
òàêîæ çðàçêè ì³íëèâ³ñòü ÿêèõ ìàëà ïåðå-
õðåñíèé òèï âçàºìîä³¿ ãåíîòèïó ç ñåðåäîâè-
ùåì. Òîáòî, ð³âåíü ïðîÿâó îçíàêè â îñòàí-
í³õ ó ð³çí³ ðîêè íå ñï³âïàäàâ ç îñîáëèâîñ-
òÿìè âàð³àáåëüíîñò³ çàãàëüíî¿ (óñåðåäíå-
íî¿) âèá³ðêè çðàçê³â. 

GGE biplot àíàë³çîì çðàçê³â Ãðóï ²–IV 
âèÿâ ëåíî çàãàëüí³ ïîä³áíîñò³ çà ð³âíåì ïðîÿâó 
îç íàêè â óìîâàõ 2019 (E19) òà 2020 (E20) ðð. 
³ â³ä ì³íí³ñòü â óìîâàõ 2018 ð. (E18) (ðèñ. 2). 
Â³äïîâ³äíî äî öüîãî, óìîâàìè E19 ³ E20 
óòâîðåíî ìåãàñåðåäîâèùå â ÿêîìó íàéá³ëüø 
âèðàæåíîþ áóëà ïåðåâàãà çðàçêà G83 ‘Con-
certo’ (GBR). Â óìîâàõ E18 ïåðåâàæàâ çðà-
çîê G53 ‘Ò³âåð’ (UKR). Áëèæ÷èìè äî òåîðå-
òè÷íîãî «³äå àëüíîãî» ãåíîòèïó ðîçì³ñòèëèñü 
çðàçêè G85 ‘Almonte’ (CAN), G96 ‘Despina’ 
(DEU), G31 ‘Cûìáàò’ (KAZ) ³ G53 ‘Ò³âåð’ 
(UKR). Îäíàê, çðàçîê G83 ‘Concerto’ (GBR) 
íå çâàæàþ÷è íà âèñîêèé ó ñåðåäíüîìó çà òðè 
ðîêè ð³âåíü ïðîÿâó îçíàêè, âíàñë³äîê ñèëü-
íîãî «ïðîâàëó» â 2018 ð., ³ â³äïîâ³äíî çíà÷-
íî¿ âàð³àáåëüíîñò³, áóâ ñèëüíî â³ääàëåíèì 
â³ä öåíòðó öåíòðè÷íèõ ê³ë.

Ó Ãðóï³ V ãîëîçåðíèõ çðàçê³â, óìîâè E19 
³ E20 áóëè òàêîæ á³ëüø â³ääàëåíèìè â³ä 
E18, õî÷à ³ íå íàñê³ëüêè ïîä³áíèìè ì³æ ñî-
áîþ, ïîð³âíÿíî ç âèùå îõàðàêòåðèçîâàíèìè 
äëÿ ïë³â÷àñòèõ äâîðÿäíèõ çðàçê³â (ðèñ. 4). 

Îäíàê, ³ äëÿ äàíî¿ âèá³ðêè çðàçê³â óìîâè 
E19 ³ E20 òàêîæ óòâîðèëè îäíå ìåãàñåðåäî-
âèùå â ÿêîìó ñë³ä âèä³ëèòè çðàçêè G13’CDC 
Candle’ (CAN) ³ G73 ‘Millhouse’ (CAN). Òà-
êèì ÷èíîì, õî÷à âàð³àáåëüí³ñòü çðàçêà G13 
‘CDC Candle’ (CAN) çà ðîçìàõîì âàð³þâàííÿ 
îçíàêè ³ ñòàòèñòè÷íèìè ïàðàìåòðàìè áóëà 
âèùîþ ïîð³âíÿíî ç G73 ‘Millhouse’ (CAN), 
ÿê áóëî ïîêàçàíî ó òàáëèö³ 1, îäíàê âîíà 
ñï³âïàäàëà ç îñîáëèâîñòÿìè çì³íè ïðîÿâó 
îçíàêè ó ðîçð³ç³ ðîê³â äëÿ óñ³º¿ âèá³ðêè ãî-
ëîçåðíèõ çðàçê³â. Òîìó GGE biplot îõàðàê-
òåðèçóâàâ äàíèé çðàçîê ÿê îïòèìàëüíèé. Íå 
çâàæàþ÷è íà çì³íó ðàíã³â, îáèäâà äàí³ çðàç-
êè áóëè áëèçüêèìè äî «³äåàëüíîãî» ãåíîòè-
ïó ó äàí³é ãðóï³. Îêð³ì íàçâàíèõ, çíà÷íî 
ïåðåâàæàëè ðåøòó, çðàçêè G5 ‘CDC Cartel’ 
(CAN), G10 ‘4-1’ (UKR) òà G4 ‘Phoenix’ 
(CAN). Òîìó, âîíè òàêîæ ìîæóòü áóòè ïåâ-
íîþ ì³ðîþ ïåðñïåêòèâíèìè â ñåëåêö³éíîìó 
ïðîöåñ³ äëÿ ï³äâèùåííÿ îçåðíåíîñò³ ãîëî-
çåðíîãî ÿ÷ìåíþ. 

Çîâñ³ì ³íøîþ, ïîð³âíÿíî ç ðîçãëÿíóòèìè, 
áóëà õàðàêòåðèñòèêà ñåðåäîâèù äëÿ øåñòè-
ðÿäíèõ çðàçê³â (ðèñ. 5). Ó äàíîìó âèïàäêó 
ïîä³áíèìè çà ðåàêö³ºþ çðàçê³â áóëè óìîâè 
E18 ³ E19, àëå ñóòòºâî â³ä íèõ â³äð³çíÿëèñü 
óìîâè E20. 

Â³äïîâ³äíî, óìîâè E18 ³ E19 óòâîðèëè ìåãà-
ñåðåäîâèùå, ïåðåìîæöåì ó ÿêîìó áóâ çðà-
çîê G62 ‘Îìñêèé 99’ (RUS). Ó ñåðåäîâèù³ 
E20 ïåðåâàæàâ çðàçîê G68 ‘AC Alma’ (CAN), 
õî÷à íà ïîë³ãîíàëüí³é ô³ãóð³ éîãî ðîçì³ùåí-
íÿ áóëî íà ë³í³¿ áåç ÿñêðàâî âèðàæåíîãî 
êóòà. Ñë³ä âèîêðåìèòè çðàçîê G66 ‘AC 
Westech’ (CAN), ÿêèé ðîçì³ñòèâñÿ íà âåð-
øèí³ êóòà óòâîðåíîãî íà ë³í³¿, ùî ðîçìåæî-
âóº ìåãàñåðåäîâèùå E18–E19 ³ ñåðåäîâèùå 
E20. Òàêèì ÷èíîì, â³í ìàâ äîñèòü âèñîêèé 
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    à – äèôåðåíö³þâàëüíà çäàòí³ñòü ³ ðåïðåçåíòàòèâí³ñòü                                                   á – õòî äå ïåðåì³ã

Ðèñ. 3. GGE biplot àíàë³ç ê³ëüêîñò³ çåðåí ó êîëîñ³ êîëåêö³éíèõ çðàçê³â ÿ÷ìåíþ ÿðîãî äâîðÿäíîãî ïë³â÷àñòîãî 
(îá’ºäíàí³ Ãðóïè ²–IV), 2018–2020 ðð.

              â – ðàíæóâàííÿ â³äíîñíî ³äåàëüíîãî ãåíîòèïó                                          ã – ð³âåíü ïðîÿâó òà ñòàá³ëüí³ñòü

ð³âåíü ïðîÿâó îçíàêè â îáîõ öèõ ñåêòîðàõ. 
Ðàíæèðóâàííÿ â³äíîñíî «³äåàëüíîãî» ãåíî-
òèïó âêàçóº, ùî íàéá³ëüø îïòèìàëüíå ïî-
ºäíàííÿ ð³âíÿ ïðîÿâó îçíàêè áóëî ó çðàçê³â 
G66 ‘AC Westech’ (CAN) ³ G68 ‘AC Alma’ 
(CAN). Çðàçîê G62 ‘Îìñêèé 99’ (RUS), õî÷à 
é ìàâ âèñîêå ñåðåäíº çíà÷åííÿ îçíàêè, îä-
íàê âíàñë³äîê ã³ðøèõ ïîêàçíèê³â â³äíîñíî 
³íøèõ çðàçê³â ó E20, áóâ çíà÷íî â³ääàëåíèì 
â³ä öåíòðó öåíòðè÷íèõ ê³ë. 

Ñë³ä ï³äêðåñëèòè, ùî âàæëèâèì ïðàêòè÷-
íèì ðåçóëüòàòîì ïðîâåäåíèõ äîñë³äæåíü íà 
íàø ïîãëÿä º âèä³ëåí³ çðàçêè ïîõîäæåííÿì 
ç Êàíàäè. Çíà÷íà ãåîãðàô³÷íà â³ääàëåí³ñòü ³ 
³íø³ êë³ìàòè÷í³ òà åäàô³÷í³ óìîâè ì³ñöÿ ¿õ 
ñòâîðåííÿ äàþòü ìîæëèâ³ñòü ïåðåäáà÷àòè ¿õ 

ÿê íîñ³¿ á³ëüø â³äì³ííî¿ ãåíåòè÷íî¿ ïëàçìè, 
ïîð³âíÿíî ³ç çðàçêàìè ç ªâðàç³éñüêîãî êîí-
òèíåíòó, ùî ñïðèÿòèìå ðîçøèðåííþ ãåíå-
òè÷íî¿ îñíîâè ñòâîðþâàíèõ ñîðò³â. 

Íà îñíîâ³ ïðîâåäåíîãî äîñë³äæåííÿ ìîæ-
íà òàêîæ óçàãàëüíèòè, ùî GGE biplot äèôå-
ðåíö³þº òà õàðàêòåðèçóº çðàçêè ç óðàõóâàí-
íÿì ð³âíÿ ïðîÿâó îçíàêè çà ðîêàìè (ñåðåä-
îâèùàìè) äëÿ óñ³º¿ äîñë³äæåíî¿ âèá³ðêè ³í-
äèâ³ä³â. Òîìó ïîºäíàííÿ òàêîãî ãðàô³÷íîãî 
àíàë³çó ³ âèùå îõàðàêòåðèçîâàíèõ ñòàòèñ-
òè÷íèõ ïîêàçíèê³â, ÿê³ õàðàêòåðèçóþòü 
îêðåì³ çðàçêè íåçàëåæíî â³ä îñîáëèâîñòåé 
âàð³àáåëüíîñò³ çàãàëüíî¿ âèá³ðêè, äàº ìîæ-
ëèâ³ñòü ï³ä ð³çíèìè êóòàìè õàðàêòåðèçóâà-
òè òàêå ñêëàäíå ÿâèùå, ÿê âçàºìîä³ÿ ãåíî-
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òèï – ñåðåäîâèùå òà á³ëüø äîñòîâ³ðíî âèä³-
ëÿòè çðàçêè ç ïîºäíàííÿì âåëè÷èíè ïðîÿâó 
îçíàêè òà ¿¿ ñòàá³ëüíîñò³. Áåççàïåðå÷íîþ 
ïåðåâàãîþ ãðàô³÷íèõ ìîäåëåé çàëèøàºòüñÿ 
ìîæëèâ³ñòü îäíî÷àñíî¿ íàî÷íî¿ õàðàêòåðèñ-
òèêè â³äíîñíî âåëèêî¿ âèá³ðêè ãåíîòèï³â, 
ùî äîñèòü ãðîì³çäêî âèãëÿäàº ó òàáëè÷íîìó 
ôîðìàò³.

Âðàõîâóþ÷è âèùå ðîçãëÿíóòó ñóòòºâó çà-
ëåæí³ñòü ð³âíÿ ïðîÿâó îçíàêè â³ä óìîâ âè-
ðîùóâàííÿ äëÿ âñòàíîâëåííÿ ÷àñòêè ãåíå-
òè÷íî¿ îáóìîâëåíîñò³ â çàãàëüí³é ôåíîòèïî-
â³é ì³íëèâîñò³ âèçíà÷åíî êîåô³ö³ºíòè ôåíî-
òèïîâî¿ (PCV) ³ ãåíîòèïîâî¿ (GCV) âàð³àö³é, 
óñïàäêîâóâàíîñò³ (H2), î÷³êóâàíîãî ãåíåòè÷-
íîãî ïîë³ïøåííÿ (GA) ³ ãåíåòè÷íîãî ïîë³ï-

øåííÿ âèðàæåíîãî ó â³äñîòêàõ äî ñåðåäíüî-
ãî çíà÷åííÿ îçíàêè (GAM) ó çàãàëüíîìó äëÿ 
êîæíî¿ ç øåñòè äîñë³äæåíèõ ãðóï çðàçê³â 
(òàáë. 3). 

Òàáëèöÿ 3
Ôåíîòèïîâå ³ ãåíîòèïîâå âàð³þâàííÿ, 

óñïàäêîâóâàí³ñòü òà î÷³êóâàíå ãåíåòè÷íå ïîë³ïøåííÿ 
çà ê³ëüê³ñòþ çåðåí ó êîëîñ³ ÿ÷ìåíþ ÿðîãî

Ãðóïà 
çðàçê³â PCV, % GCV, % H2 GA, øò. GAM, %

Ãðóïà ² 9,6 7,93 68,3 2,92 13,50
Ãðóïà ²² 9,7 8,25 72,5 3,30 14,47
Ãðóïà ²²² 11,0 9,78 79,4 3,84 17,95
Ãðóïà ²V 10,7 8,87 68,9 3,25 15,17
Ãðóïà V 15,5 13,28 73,9 5,24 23,51
Ãðóïà VI 18,9 10,95 33,7 5,30 13,10

Ðèñ. 4. GGE biplot àíàë³ç ê³ëüêîñò³ çåðåí ó êîëîñ³ êîëåêö³éíèõ çðàçê³â ÿ÷ìåíþ ÿðîãî äâîðÿäíîãî ãîëîçåðíîãî 
(Ãðóïà V), 2018–2020 ðð.

              â – ðàíæóâàííÿ â³äíîñíî ³äåàëüíîãî ãåíîòèïó                                            ã – ð³âåíü ïðîÿâó òà ñòàá³ëüí³ñòü

   à – äèôåðåíö³þâàëüíà çäàòí³ñòü ³ ðåïðåçåíòàòèâí³ñòü                                                     á – õòî äå ïåðåì³ã
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Â³äïîâ³äíî äî çàãàëüíîïðèéíÿòî¿ ãðàäà-
ö³¿, êîåô³ö³ºíò ôåíîòèïîâî¿ âàð³àö³¿ ìàâ 
íèçüêå çíà÷åííÿ ó Ãðóïàõ ² (PCV = 9,60%) 
òà ²² (PCV = 9,7%). Ó ðåøò³ ãðóï â³í áóâ 
ñåðåäí³ì, ç ìàêñèìàëüíèì çíà÷åííÿì ó Ãðó-
ï³ VI (PCV = 18,9%). Êîåô³ö³ºíò ãåíîòèïî-
âî¿ âàð³àö³¿ áóâ íèçüêèì ó Ãðóïàõ ² (GCV = 
7,93%), ²² (GCV = 8,25%) ³ IV (GCV = 8,87%), 
íàáëèæàâñÿ äî âèñîêîãî â Ãðóï³ ²²² (GCV = 
9,78%). Âèñîêå çíà÷åííÿ äàíîãî êîåô³ö³ºí-
òà áóëî â Ãðóï³ VI (GCV = 10,95%), ³ íàé-
á³ëüøèì â Ãðóï³ V (GCV = 13,28%). Êîåô³-
ö³ºíò óñïàäêîâóâàíîñò³ äëÿ Ãðóï ²–V áóâ 
âèñîêèì, ç ìàêñèìàëüíèì çíà÷åííÿ äëÿ 
Ãðóïè ²²² (H2 = 79,4%). Ó Ãðóï³ VI â³í íà-
áëèæàâñÿ äî íèçüêîãî (H2 = 33,7%).

Ïîêàçíèêè ãåíåòè÷íîãî ïîë³ïøåííÿ (GA) 
òà ãåíåòè÷íîãî ïîë³ïøåííÿ âèðàæåíîãî ó â³ä-
ñîòêàõ äî ñåðåäíüîãî çíà÷åííÿ îçíàêè (GAM) 
äàþòü çìîãó ïðîãíîçóâàòè åôåêòèâí³ñòü âè-
êîðèñòàííÿ äîñë³äæåíèõ ãåíîòèï³â äëÿ ïî-
ë³ïøåííÿ â³äïîâ³äíèõ îçíàê. Âèõîäÿ÷è ç 
îòðèìàíèõ çíà÷åíü ïîêàçíèêà ãåíåòè÷íîãî 
ïîë³ïøåííÿ ìîæíà î÷³êóâàòè çá³ëüøåííÿ 
ê³ëüêîñò³ çåðåí ó êîëîñ³ äâîðÿäíîãî ïë³â÷àñ-
òîãî ÿ÷ìåíþ (Ãðóïè ²–²V) â³ä GA = 2,92 äî 
GA = 3,25 çåðåí, ùî ó â³äñîòêàõ äî ñåðåäíüî-
ãî ð³âíÿ ïðîÿâó îçíàêè äëÿ ð³çíèõ ãðóï ñòà-
íîâèòü, â³äïîâ³äíî, â³ä GAM = 13,5% ó Ãðóï³ 
² äî GAM = 17,95% ó Ãðóï³ ²²². Äëÿ ãîëîçåð-
íèõ çðàçê³â (Ãðóïà VI) çá³ëüøåííÿ ê³ëüêîñò³ 
çåðåí ó êîëîñ³ ìîæëèâå íà GA = 5,24 øò., ùî 

Ðèñ. 5. GGE biplot àíàë³ç ê³ëüêîñò³ çåðåí ó êîëîñ³ êîëåêö³éíèõ çðàçê³â ÿ÷ìåíþ ÿðîãî øåñòèðÿäíîãî ïë³â÷àñòîãî 
(Ãðóïà VI), 2018–2020ðð.

   à – äèôåðåíö³þâàëüíà çäàòí³ñòü ³ ðåïðåçåíòàòèâí³ñòü                                              á – õòî äå ïåðåì³ã

             â – ðàíæóâàííÿ â³äíîñíî ³äåàëüíîãî ãåíîòèïó                                       ã – ð³âåíü ïðîÿâó òà ñòàá³ëüí³ñòü
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ó â³äñîòêàõ äî ñåðåäíüîãî çíà÷åííÿ îçíàêè 
ñòàíîâèòü ìàéæå ÷åòâåðòó ÷àñòèíó (GAM = 
23,51%) ³ â³äïîâ³äàº âèñîêîìó çíà÷åííþ ïà-
ðàìåòðà. Äëÿ øåñòèðÿäíèõ çðàçê³â, íå çâà-
æàþ÷è íà íàéá³ëüøå çíà÷åííÿ ñåðåä äîñë³-
äæåíèõ ãðóï ïîêàçíèêà ãåíîòèïîâî¿ âàð³àö³¿, 
óíàñë³äîê íèçüêîãî êîåô³ö³ºíòó óñïàäêîâó-
âàíîñò³, ìîæëèâî îòðèìàòè çá³ëüøåííÿ îçíà-
êè GA = 5,30 øò., ùî çà â³äñîòêîâèì ïîêàç-
íèêîì (GAM = 13,10%) â³äïîâ³äàº ñåðåäíüî-
ìó ð³âíþ ³ º íàéíèæ÷èì çíà÷åííÿì ñåðåä 
óñ³õ äîñë³äæåíèõ ãðóï çðàçê³â.

Âèñíîâêè
Ó ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü âè-

ÿâëåíî ñèëüíó çì³íó ð³âíÿ ïðîÿâó ê³ëüêîñò³ 
çåðåí ó êîëîñ³ ÿ÷ìåíþ ÿðîãî çàëåæíî â³ä 
óìîâ ðîêó ³ ãðóï äîñë³äæåíèõ çðàçê³â ð³çíèõ 
ï³äâèä³â ³ ð³çíîâèäíîñòåé òà ãåîãðàô³÷íîãî 
ïîõîäæåííÿ. Äèñïåðñ³éíèé àíàë³ç AMMI 
ìîäåë³ âèÿâèâ äîñòîâ³ðíî âèñîê³ ÷àñòêè âíå-
ñêó óñ³õ ñêëàäîâèõ çàãàëüíî¿ ôåíîòèïîâî¿ 
âàð³àö³¿ ç ïåâíèìè â³äì³ííîñòÿìè ó ìåæàõ 
ãðóï äîñë³äæåíèõ çðàçê³â. Óìîâè ðîê³â äî-
ñë³äæåíü âïëèâàëè íà ïðîÿâ îçíàêè ó ìåæàõ 
33,8–40,2%, ð³âåíü ïåðåõðåñíî¿ âçàºìîä³¿ 
ãåíîòèïó ³ ñåðåäîâèùà ñòàíîâèâ 17,3–29,3%. 
Ó òîé æå ÷àñ, âèÿâëåíî ³ äîñòîâ³ðíî âèñîêèé 
âíåñîê ó âàð³àö³þ ãåíîòèïó (35,2–48,9%), 
ùî âêàçóº íà ìîæëèâ³ñòü âèîêðåìëåííÿ ç 
äîñë³äæåíî¿ âèá³ðêè çðàçê³â ç ð³çíèìè ð³â-
íÿìè ïðîÿâó îçíàêè òà ¿¿ ñòàá³ëüíîñò³. 

Çà ïîêàçíèêàìè ãîìåîñòàòè÷íîñò³ ³ ñåëåê-
ö³éíî¿ ö³ííîñò³ òà â³çóàë³çàö³ÿìè GGE biplot 
âèä³ëåíî êîëåêö³éí³ çðàçêè ÿ÷ìåíþ ÿðîãî 
ÿê³ ïîºäíóþòü ï³äâèùåíó îçåðíåí³ñòü òà ¿¿ 
â³äíîñíó ñòàá³ëüí³ñòü çà ðîêàìè: äâîðÿäí³ 
ïë³â÷àñò³ – ‘Ò³âåð’ (UKR), ‘Almonte’ (CAN), 
‘Despina’ (DEU), ‘Cûìáàò’ (KAZ), ‘Ñìàðàãä’ 
(UKR), ‘Íîâàòîð’ (UKR); äâîðÿäí³ ãîëîçåðí³ 
– ‘CDC Candle’ (CAN) ³ ‘Millhouse’ (CAN), 
áàãàòîðÿäí³ ïë³â÷àñò³ – ‘AC Westech’ (CAN) 
³ ‘AC Alma’ (CAN). Âñòàíîâëåíî, ùî ó äî-
ñë³äæåíèõ çðàçê³â ìîæíà î÷³êóâàòè ãåíå-
òè÷íå ïîë³ïøåííÿ â³ä ñåðåäíüîãî ð³âíÿ 
(GAM = 13,1%) ó áàãàòîðÿäíèõ çðàçê³â äî 
âèñîêîãî (GAM = 23,51%) ó ãîëîçåðíèõ. 
Ïåðñïåêòèâîþ ïîäàëüøèõ äîñë³äæåíü º çà-
ëó÷åííÿ âèä³ëåíèõ çðàçê³â äëÿ ñòâîðåííÿ 
íîâîãî âèõ³äíîãî ìàòåð³àëó òà âñòàíîâëåííÿ 
îñîáëèâîñòåé óñïàäêóâàííÿ ê³ëüêîñò³ çåðåí 
ó êîëîñ³, à òàêîæ âèÿâëåííÿ âçàºìîçâ’ÿçê³â 
ö³º¿ îçíàêè ç ³íøèìè ñòðóêòóðíèìè åëåìåí-
òàìè âðîæàéíîñò³. 
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hulless ones (PCV = 18.9%). High values of the coefficient of 
genotypic variation were found in hulless (GCV = 10.95%) and 
six-rowed samples (GCV = 13.28%). The coefficient of herita-
bility of the trait varied from high (H2 = 79.4%) in two-rowed 
samples to near-low (H2 = 33.7%) in six-rowed samples. The 
expected genetic improvement ranged from middle in multi-
row samples (GAM = 13.10%) to high in hulless samples 
(GAM = 23.51%). Conclusions. Collection accessions com-
bining increased grain number and its relative stability were 
identified, namely, two-rowed hulled ones ‘Tiver’ (UKR), ‘Al-
monte’ (CAN), ‘Despina’ (DEU), ‘Symbat’ (KAZ), ‘Smaragd’ 
(UKR), ‘Novator’ (UKR); two-rowed hulless ones ‘CDC Candle’ 
(CAN) and ‘Millhouse’ (CAN); multi-row hulled ones ‘AC Wes-
tech’ (CAN) and ‘AC Alma’ (CAN). The prospect of further re-
search is to involve the selected accessions into creation of 
new source material and establish the peculiarities of the in-
heritance of grain number per spike, as well as to identify the 
relationship of this trait with other yield components.

Keywords: Hordeum vulgare L.; genotypic variation; pheno-
typic variation; heritability; homeostaticity; selection value; 
AMMI; GGE biplot.
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Ðîñëèííèöòâî

Âèäàòíîìó â÷åíîìó-ñåëåêö³îíåðó, çàâ³äóâà-
÷ó â³ää³ëó ñåëåêö³¿ òà íàñ³ííèöòâà ïøåíèö³ 
Ñåëåêö³éíî-ãåíåòè÷íîãî ³íñòèòóòó – Íàö³î-
íàëüíîãî öåíòðó íàñ³ííºçíàâñòâà òà ñîðòîâèâ-
÷åííÿ, äîêòîðó ñ³ëüñüêîãîñïîäàðñüêèõ 
íàóê, ïðîôåñîðó, àêàäåì³êó ÍÀÀÍ 
Ìèêîë³ Àíòîíîâè÷ó Ëèòâèíåíêó 
1 ñ³÷íÿ 2022 ðîêó âèïîâíþºòü-
ñÿ 75 ðîê³â. 

Ì. À. Ëèòâèíåíêî îäèí ç 
ïðîâ³äíèõ â÷åíèõ Óêðà¿íè 
ó ãàëóç³ ñåëåêö³¿ òà íàñ³í-
íèöòâà ïøåíèö³ ì’ÿêî¿ 
îçèìî¿. Çà ê³ëüê³ñòþ ñòâî-
ðåíèõ ñîðò³â òà ¿õí³õ ïî-
ñ³âíèõ ïëîù º íàéá³ëüø 
ðåçóëüòàòèâíèì ñåëåêö³î-
íåðîì â êðà¿í³. 

Â³í óïåðøå òåîðåòè÷íî 
îá´ðóíòóâàâ ³ åêñïåðèìåí-
òàëüíî ðåàë³çóâàâ íîâó ñå-
ëåêö³éíó ïðîãðàìó ñòâîðåí-
íÿ ÿê³ñíî íîâèõ ñîðò³â îçèìî¿ 
ì’ÿêî¿ ïøåíèö³ – êîðîòêîñòåá-
ëîâèõ çà âèñîòîþ, ç ïîºäíàííÿì 
âèñîêî¿ ïðîäóêòèâíîñò³, ñò³éêîñò³ 
äî íèçüêèõ ³ âèñîêèõ òåìïåðàòóð, îñ-
íîâíèõ çàõâîðþâàíü òà ç ï³äâèùåíèìè ïî-
êàçíèêàìè ÿêîñò³ çåðíà.

Ìèêîëîþ Àíòîíîâè÷åì áóëà ñôîðìóëüîâà-
íà òåîð³ÿ îïòèìàëüíèõ òåìï³â ðîñòó ³ ðîçâèò-
êó ðîñëèí âîñåíè, ÿê³ â³äïîâ³äàþòü ðèòìàì 
ë³ì³òóþ÷èõ ìåòåîðîëîã³÷íèõ ôàêòîð³â ï³âäíÿ 
Óêðà¿íè äëÿ ðåàë³çàö³¿ âèñîêî¿ ïðîäóêòèâíîñ-
ò³ é àäàïòèâíîãî ïîòåíö³àëó ãåíîòèï³â. 

Ì. À. Ëèòâèíåíêî ñòâîðèâ ó ñï³âàâòîðñòâ³ 
ïåðø³ â Óêðà¿í³ ñîðòè ïøåíèö³ ç êîìïëåêñ-
íîþ ñò³éê³ñòþ äî çáóäíèê³â 7–9 õâîðîá, ðîç-
ðîáèâ 3 íîâèõ òà óäîñêîíàëèâ 13 ìåòîä³â ³ 
ïðèéîì³â ñòâîðåííÿ îðèã³íàëüíîãî âèõ³äíî-
ãî ñåëåêö³éíîãî ìàòåð³àëó,  à òàêîæ îö³íþ-
âàííÿ é äîáîðó ãåíîòèï³â, ÿê³ á ïîºäíóâàëè 
âèñîêó ïðîäóêòèâí³ñòü é àäàïòèâí³ âëàñ-
òèâîñò³. Ó 2015 ð. çàâåðøèâ ðîçðîáëåííÿ 
óäîñêîíàëåíî¿ òåõíîëîã³¿ ñåëåêö³éíîãî ïðî-

öåñó ïøåíèö³ ì’ÿêî¿ îçèìî¿ ç âèêîðèñòàí-
íÿì á³îòåõíîëîã³÷íèõ ³ ìîëåêóëÿðíî-ãåíå-
òè÷íèõ ìåòîä³â. 

Óñüîãî çà ðîêè äîñë³äæåíü â÷åíèì áóëî 
ñòâîðåíî ³ ïåðåäàíî äî äåðæàâíîãî ñîð-

òîâèïðîáóâàííÿ 124 ñîðòè îçèìî¿ 
ì’ÿêî¿  ³ òâåðäî¿ ïøåíèö³, 84 ç 

ÿêèõ ó 1982–2021 ðîêàõ áóëè 
ðàéîíîâàí³ â Óêðà¿í³ òà çà ¿¿ 
ìåæàìè. Íà ñüîãîäí³ â Äåð-
æàâíîìó ðåºñòð³ ñîðò³â ðîñ-
ëèí, ïðèäàòíèõ  äëÿ ïîøè-
ðåííÿ â Óêðà¿í³, íàë³÷ó-
ºòüñÿ 34 ñîðòè îçèìî¿ 
ì’ÿêî¿ ïøåíèö³, âèâåäå-
íèõ Ì. À Ëèòâèíåíêîì. 
Á³ëüøå 30 ñîðò³â ïøåíèö³ 
ì’ÿêî¿ îçèìî¿, ñòâîðåíèõ 
Ì. À. Ëèòâèíåíêîì, âè-
ðîùóþòü çà êîðäîíîì – ó 

Ìîëäîâ³, Ðîñ³¿, Óãîðùèí³, 
Òóðå÷÷èí³. 
Ó÷åíèé ñï³âïðàöþº ç ì³æ-

íàðîäíèìè îðãàí³çàö³ÿìè 
EUCARPIA, CIMMYT, ²CARDA, 

à òàêîæ ç áàãàòüìà ôàõ³âöÿìè ç 
Áîëãàð³¿, Òóðå÷÷èíè, Ôðàíö³¿, ÑØÀ.

Ì. À. Ëèòâèíåíêî äîêòîð ñ³ëüñüêîãîñïî-
äàðñüêèõ íàóê (2002), ïðîôåñîð (2016). Ìàº 
218 íàóêîâèõ ïóáë³êàö³é, ç ÿêèõ 168 îïóáë³-
êîâàíî ï³ñëÿ çàõèñòó äîêòîðñüêî¿ äèñåðòàö³¿, 
â ò. ÷. 88 ó ôàõîâèõ âèäàííÿõ. Íèì îòðèìàíî 
3 ñâ³äîöòâà íà ðîçðîáëåí³ ìåòîäè ñåëåêö³¿, 72 
àâòîðñüêèõ ñâ³äîöòâà íà ñîðòè ðîñëèí. 

Âèçíàííÿì çàñëóã ó÷åíîãî, éîãî îñîáèñòî-
ãî âíåñêó ó ðîçâèòîê  â³ò÷èçíÿíî¿ ñ³ëüñüêî-
ãîñïîäàðñüêî¿ íàóêè, ñòàëî ïðèñâîºííÿ Ïî-
÷åñíîãî çâàííÿ «Çàñëóæåíèé ïðàö³âíèê 
ñ³ëüñüêîãî ãîñïîäàðñòâà Óêðà¿íè» (1993), 
çâàííÿ ëàóðåàòà Äåðæàâíî¿ ïðåì³¿ Óêðà¿íè 
â ãàëóç³ íàóêè ³ òåõí³êè (1997), íàãîðîäæåí-
íÿ Ïî÷åñíîþ ãðàìîòîþ Êàá³íåòó Ì³í³ñòð³â 
Óêðà¿íè (2002),  îðäåíîì «Çà çàñëóãè» ²²² 
ñòóïåíÿ (2006), îðäåíîì «Çà  çàñëóãè» ²² ñòó-
ïåíÿ (2011).

Ì. À. Ëèòâèíåíêó – 75



Plant Varieties Studying
journal of applied research Vol. 17, NNoo 4 ’2021 4 ’2021

and protection print ISSN 2518-1017
Online ISSN 2518-7457

VVARIETY STUDYING ARIETY STUDYING 
AND VARIETY SCIENCEAND VARIETY SCIENCE

genetics

plant production

Digital technologies
in agronomy 
and biology

breeding and seed
production


