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adaptive variability. The study of phenological changes showed that, depending on the variety, it takes from 54 to 67
days before the onset of technical ripeness, and the variation of this trait is 8%. The shortest period before harvesting
green beans was characterised by the varieties Zorenka and Casablanca. The variation of the growing season before
the onset of biological ripeness was in the range of 90-108 days (CV=6%). According to the indicator of attachment
of the lower bean, suitable varieties for mechanised harvesting were identified - Zorenka and Casablanca. Analysing
the parameters of adaptability of the “bean weight” and “yield” indicators, a stable variety was found - Fruidor and
highly productive varieties of intensive type Paloma, Laura, Zorenka, and Casablanca. The most productive variety
was Zorenkya - 12.7 t/ha, and the least productive - Fruidor — 1.9 t/ha. In terms of seed yield, the varieties Purpurova
Koroleva, Zorenka, and Casablanca stood out, the yield of which was at the level of 2.22-2.89 t/ha, which is 30.8-
70.6% more than the standard. Analysing the dependence of the growth and development parameters of green bean
plants, it can be seen that these traits depend more on the conditions (CVA, %) in which they were formed than on the
genotypic component (CVG, %). The results obtained provide useful information on commercial and seed production,
productivity and the nitrogen-fixing ability for introduction into industrial production or further breeding practice
and prove that green bean varieties are suitable for both vegetable production and high-quality seeds, as well as for

biologisation of production through the use of biologically fixed nitrogen

Keywords: Phaseolus vulgaris; nitrogen fixation; nutritional value; performance; protein; soluble sugars

INTRODUCTION

A promising task of growing green bean pods in un-
stable conditions of moistening of the Ukrainian For-
est-Steppe is the introduction of elements of adaptive
varietal technology for growing crops, since varieties as
a dynamic biological system belong to one of the main
places in solving the problem of yield growth. Accord-
ing to the FAO (State register...,2023) legumes in world
agriculture occupy about 15% of the acreage. The lead-
ing position is occupied by green bean pods (sugar or
vegetable). The acreage of crops in the world over the
past 10 years has grown by 200 thousand hectares and
amounts to almost 30 million hectares.

Research conducted by Baruah et al. (2022), to as-
sess the productivity of green beans in five different
agroclimatic zones of India, aimed to assess the signs
of growth, yield, and consumer preferences for organo-
leptic indicators and cost-effectiveness of cultivation.
Among the three varieties, it was found that Arka Su-
komal significantly exceeds most of the studied char-
acteristics, such as the longest duration of the growing
season (98 days), the maximum number of beans per
plant (62.86) and the largest bean weight (13.18 g) and
the highest yield (20.75 t/ha).

Thapa et al. (2022) note that when studying green
bean varieties, the plant height was highest in Semi
long ligh (332 cm) and lowest in Trishuli (294.48 cm).
The total number of seeds was highest in Semi Long
Green - 8.6 and lowest in Trishuli - 7. The highest yield
was found in Trishuli - 2.69 t/ha, then Chaumase -
2.56 t/ha, Semi long green - 2.33 t/ha, and the low-
est was in Semi Long Light - 1.51 t/ha. Analysing the
results of the above-mentioned researchers, it can be
seen that the research focused on tall (climbing) va-
rieties of green beans, where an inverse relationship
between plant height and yield can be traced, which
is consistent with the results of Rinku & Sibani (2014)
studies conducted with bush forms of green beans.
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Mazur et al. (2017) and Mazur et al. (2020) studied
the parameters of adaptive ability in the conditions of
the Forest-Steppe of Ukraine and noted that the variety
is the basis of cultivation technology, it is very difficult
to combine the high weight of 1,000 grains with the
stability of this indicator. Seed yield and the constit-
uent structure of the crop are quantitatively inherited
and highly dependent on the environment (Olifirovich
& Olifirovich, 2020), so understanding the relationship
between the crop and its components is important for
establishing effective criteria for selection and seed
production. Several studies of beans have found high
correlations between yield and weight of 100 seeds,
yield and number of beans and seeds per plant (Beebe
et al., 2013; Assefa et al,, 2015; Rao et al., 2017). Thus,
the components of the crop structure were used as se-
lection criteria to improve grain yield.

The potential of green beans as a fresh vegeta-
ble is not fully used and is not produced in sufficient
quantities to meet the needs of the population. A high
yield can be achieved by selecting varieties that have
high adaptability. The selection of this feature invaria-
bly affects a number of related features, which makes it
necessary to determine the relationships between var-
ious performance components (Alice et al., 2018, Reddy
etal, 2021, Bala et al,, 2022).

The purpose of this study was to identify varietal
features of the development of parameters of adaptive
capacity of green beans by indicators of the weight of
pods, g/plant; yield of pods and seeds, t/ha; parameters
of the nutritional value of the pods; development and
functioning of the nodulation apparatus.

MATERIALS AND METHODS

The research was conducted at the experimental sites
of the Department of vegetable growing, in the train-
ing and production department of the Uman National




University of Horticulture in 2020-2022, with geograph-
ical coordinates in Greenwich Mean Time 48°46" N,
30°14’E and an altitude of 245 m above mean sea level.

The soil of the experimental site is podzolic heavy
loamy chernozem (World reference base for soil re-
sources, 2014). The Uman weather station served as
the database of meteorological data. The analysis of
the presented data on air temperature and precipita-
tion during the research period was generally charac-
terised as favourable for the growth and development
of soybeans. The weather conditions of the 2021-2022
agricultural year were characterised by a significantly
lower level of precipitation compared to previous years
and the average annual data, and the temperature re-
gime was close to the average annual data. In general,
weather conditions significantly affected the formation
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Biometric measurements (number of shoots,
pcs./plant; number of beans per plant, and number of
seeds, pcs./pod) and indicators of individual productivity
(weight of beans, g/plant, seed weight, g/plant) were
performed on 100 typical plants. All measurements and
studies were carried out in the phase of technical ripe-
ness of beans (harvesting) - BBCH (Biologische Bun-
desanstalt, Bundessortenamt and CHemical industry),
seed yield was determined in the BBCH 99 phase.

Research on the adaptive and productive potential
of green bean varieties was carried out according to the
scheme, which included seven variants of green bean
varieties: Paloma, Fruidor, Purpurova Koroleva, Laura,
Zorenka, Casablanca, which were grown according to
generally accepted technology. The standard (st) is the
Laura variety because, at the time of research, it was the
most tested and was the longest in the State register
of plant varieties suitable for dissemination in Ukraine
(State register of plant varieties suitable for dissemina-
tion in Ukraine, 2023).

The experiments were set up systematically, with-
out repetition.The area of the experimental plot - 10 m2
Bean seeds were sown in the second ten days of April
according to the 45x10 cm scheme (222,000 pcs./ha).
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of productivity of vegetable soybeans. The growing sea-
son of 2020 was quite favourable for the growth and
development of vegetable soybean plants, as it had a
sufficient amount of precipitation and, accordingly, a
sufficient amount of productive moisture reserves in
the soil, which created optimal conditions from seed
germination to the beginning of bean filling. Thus, the
growing season of plants for 2021 was characterised as
the most favourable due to a large amount of precipita-
tion, especially during the flowering-bean filling phase.
The growing season of 2022 was characterised as unfa-
vourable for the growth and development of vegetable
soybeans due to prolonged droughts and insufficient
precipitation during critical periods and the phase of
bean filling, respectively, the phenomenon of bean ab-
ortisation (Novak & Novak, 2021, 2022).
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Figure 1. Climate map for the research period (2020-2022)

The predecessor of green beans in the experiment was
winter garlic.

The leaf area was determined by the “notching”
method using the equation:

K+Y
S= - * B, (1)
where: S - leaf surface area, cm?; K - number of
notches; Y - area of one notch, cm?; P - weight of
notches, g; B - weight of leaves, g.

Yield accounting was carried out in accordance
with DSTU OOFFV-06 (2007) - by the method of di-
viding weighing during the period of technical ripe-
ness with the division of products into standard and
non-standard

The average weight of beans and green bean fruits
was determined by the true weight method. Determi-
nation of the biochemical composition of green bean
pods was carried out in the laboratory of mass analysis
of the Uman National University of Horticulture.

Sugars were extracted from the ground (1 g) unripe
beans with water and analysed using high-performance
liquid chromatography (HPLC) using the HPLC Wa-
ters-2695 chromatrograph. Sugar content measurements

Scientific Horizons, 2023, Vol. 26, No. 7

81



82

Agrobiological assessment of green bean varieties by adaptability, productivity, and nitrogen fixation

were determined using a waters 410 differential refrac-
tometer using the method by Johansen et al. (1996):

- dryresidue in beans - drying at 105°Cin the drying
cabinet SNOL58/350A according to DSTU 7804:2015
(2015);

- protein content - by the Kjeldahl method, in ac-
cordance with DSTU I1SO 5983-2003 (2003);

- content of nitrates and nitrites - by spectrometric
method according to DSTU ISO 6635: 2004 (2004);

- the number and weight of rhizobia on plant roots
and the content of legoglobin (leghemoglobin) were
determined according to G.S. Posypanov (1991), the
amount of fixed nitrogen - according to Unkovich et al.
(2008). To determine symbiotic productivity, the param-
eters of the total and active symbiotic potential (TSA)
were used, which was calculated by the equation:

TSA=M+M,T, 2)

where: T - period between two adjacent analysis dates,
days; M +M, - average weight of nodules with legoglo-
bin for the period T, kg/ha.

Genetic and statistical processing of results
To systematise the results, the authors used a rank clas-
sification of genotypes based on the ratio of plasticity
(bi) and stability parameters o%d: 1) bi<1, 62d>0 - shows
the best results under unfavourable conditions, unsta-
ble; 2) bi<1, 6?d=0 - shows the best results under un-
favourable conditions, stable; 3) bi=1, 6?d=0 - responds
well to improved conditions, stable; 4) bi=1, 6?d>0 - re-
sponds well to improved conditions, unstable; 5) bi>1,
02d=0 shows better results under favourable conditions,
stable; 6) bi>1, 6?°d>0 - shows the best results under
favourable conditions, unstable. Genotypes with a co-
efficient bi>1 belong to high-plastic (relative to the av-
erage group), and for 1>bi=0 - to relatively low-plastic
(Finlay & Wilkinson, 1963; Eberhart & Russell, 1966).
Homeostasis (variation of the trait) of varieties
(Hom) was calculated by the equation:

Hom =2, (3)

where: X - arithmetic mean by variety; o - generalised
mean square deviation.

The breeding value of the variety was determined
by the equation:

(Se) = X x 2= (4)
opt
X - arithmetic mean by variety; X, - limited arithmetic
mean; X - optimal arithmetic mean.
The multiplicativity coefficient (MC) was used to
avoid a linear artefact of the regression coefficient,
which allows comparing the variability of the feature:

MC = Xi+bi - yi , (5)

Xi
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where Xi - average value of the studied feature in i-th
variety; bi - linear regression coefficient of i-th variety;
yi — average value for all averages for all varieties yi for
each j-th point of the experiment.

The ecological plasticity index was calculated by
the equation:

(UV1 vy uvn)
SUO; ' SUO, SUO;,

EPI = =———2———n, (6)
where UV, UV,, UV - value of the variety indicator in dif-
ferent years of testing; SUO,, SUO,, SUO_ - average value
of the variety indicator in each of the experiment variants.

The annual adaptability coefficient (AC) was calcu-
lated using the equation:

AC = (Xij) X100 x X) , (7)
100

where Xij - yield of a certain variety in the year of test-
ing; X —average variety yield of the year.

The absolute average adaptability coefficient (AAC)
is calculated for the variety using the equation:

AAC = (XiC) x100 x Xb) (8)

100 ’

where XiC - average yield of the variety over the years
of research, Xb - long-term average variety yield.

Stress resistance and compensatory ability of varie-
ties were determined according to Rossielle & Hemblin
(1981):

SR =Ynin — Yimax (9)

— ymin+ ymax
CA = -minomax

(10)

whereY . andY__ - minimum and maximum values of
the variety indicator.

In experiments, the phenotypic, genotypic, and eco-
logical variability of varieties was determined using the
following equations:

Genetic variance:

O'GZ =CMPTCME, (11)
Ecological variance:
of =CM,; (12)
Phenotypic variance:
of =d +a}
Coefficient of genotypic variation:
/ag X100
— (13)
Coefficient of phenotypic variation:
o,%_><100 : (14)

X




Coefficient of ecological variation:

/ofl X100

= ’

X

(15)

where CMp - generalised root-mean-square value of the
population trait; CM_ - generalised root-mean-square
error, r - number of repetitions.

Statistical processing of the obtained results was
performed with the calculation of the arithmetic mean
(x) of standard deviation (SD) calculated using Micro-
soft Excel 2019. Correlation dependencies were deter-
mined using the Statistica 12 software suite.

B Technical ripeness
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RESULTS AND DISCUSSION
Observations show that modern bean varieties are char-
acterised by different growing seasons (60-180 days),
which is conditioned by genetic characteristics. The speed
of passing the main stages of organogenesis is important
in the cultivation of crops. The faster the bean plants fin-
ish forming the vegetative mass and move on to fruiting,
the longer the period of harvesting the pods. According
to the “International classifiers of the CMEA for cultivated
species Phaseolus L. the study included two groups of va-
rieties — medium-early (51-55) and medium-ripening (61-
70 days from germination to technical ripeness) (Fig. 2).

a

e

g 120

= 108
5 110 103

= 99

2 100 9%

o 90

% 90

S g0

5

s 70 67

£ 61

g 60 54 55 55 57

& = L L []

£ 50 [ |

§ Purpurova Zorenka Casablanca Laura st Paloma Fruidor
2 Koroleva

©

©

Biological ripeness

Figure 2. Duration of periods from the germination to the onset of technical/biological ripeness of green bean varieties
(2020-2022)

Source: obtained as a result of author’s research

Studies have established that the period from ger-
mination to the onset of technical ripeness of green
bean varieties was 54-67 days, CV=8%. The shortest pe-
riod before the onset of technical ripeness was charac-
terised by the Purpurova Koroleva variety - 54 days, and
the Zorenka and Casablanca varieties - 55 days.

The variation of the period from the germination
to the onset of biological ripeness was 6% and was in
the range of 90-108 days. The dynamics of the onset of
biological ripeness remained the same as in the pre-
vious sign. Earlier-maturing varieties were Purpurova
Koroleva - 90 days, and Zorenka and Casablanca - 96
and 97 days, respectively.

A study of the height of green bean plants showed
that on average, the varieties differed significantly over
the years. Thus, the highest were plants of the standard
Laura and Paloma varieties - 49.7 and 49.3 cm, respec-
tively. Plants of the Zorenka, Fruidor, and Casablanca
varieties were 2.3-6.0 cm lower (4.7-12.1%). The Pur-
purova Koroleva variety can be attributed to the dwarf
type, since the height of its plants was 40.7 cm, which
is 9 cm less than the Laura variety (18.1%).

The suitability of the variety for mechanised har-
vesting depends on the height of attachment of the first
bean, so this indicator was also considered. Thus, the
lowest attachment of the first bean was observed in the
varieties Purpurova Koroleva - 11.3 cm and Fruidor -
12.3 cm, and the highest in the variety Laura = 15.3 cm,
but the beans of the varieties Purpurova Koroleva and
Fruidor were tightly collected in internodes, while the
variety Laura had more internodes and it is suitable
for manual harvesting in several samples. Other vari-
eties under study had a height of 1st bean attachment
of 14.0-15.7 cm, which characterises them as varieties
suitable for mechanised harvesting.

Among legumes,beans occupy one of the first places
in terms of the variety of morphological features and
their amplitude. This is due to its strong plasticity and
high adaptability to growing conditions. Bean plants
can form an area of leaves under optimal conditions up
to 36-38 thousand m?/ha. Other data indicate that the
intensity of photosynthetic activity of beans can reach
4-5 m?/1m2. The productivity of the plant and sowing in
general depend on a properly developed leaf apparatus
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and its functioning. Thus, the largest leaf area was de-
veloped by varieties of green beans Paloma (24.1 thou-
sand m?), Casablanca (27.3 thousand m?), and Zorenka

(28.1 thousand m?), which is 5.1-22.7% more than the
standard. A smaller area of the assimilation surface by
0.4% was formed by the Fruidor variety (Table 2).

Table 1. Growth and development parameters of various varieties of green beans (2020-2022), (Lim*SD) (BBCH 75)

Leaf area of crops, thous. m?

Plant height, cm Height of attachment

Variety of 1-st bean
Lim#SD v, % Lim#SD v, % Lim#SD v, %
Paloma 16.1-30.4%6.0 25 44-54%*41 8 11-16%2.2 15
Frouidor 15.4-28.2¢5.3 24 40-504.3 9 11-14+1.2 10
Purpurova Koroleva 18.8-28.0+3.8 16 37-45£3.3 8 10-12+0.9 8
Laura st 15.5-28.8%5.5 24 44-54%4) 8 12-18%2.5 16
Zorenka 22.1-33.7%4.7 17 45-50+2.1 4 13-18+2.1 13
Casablanca 23.0-31.8%3.6 13 40-48+3.3 8 13-16%1.2 9
Xmed. 2438 46 13.9
F: 8.0 4.4 1.1
o? 36.8 276 6.7
o} 28.8 23.2 5.7
VG, % 114 4.5 74
CVF, % 24.5 114 18.7
CVA, % 21.7 10.4 171
CVG/CVA 0.53 0.44 0.43

Note: * - st - standard
Source: obtained as a result of author’s research

Analysing the dependence of the growth parameters
of green bean plants, it can be seen that these traits are
more dependent on the conditions (CVA=21.7, 10.4 and
17.1%) in which they were formed, rather than on the
genotypic component (CVG=11.4; 4.5 and 7.4%, respec-
tively, according to the attribute). According to the num-
ber of shoots on the plant, a high bushiness index was
noted in varieties Laura, Fruidor, and Casablanca - 3-8
shoots/plant. A dense, erect bush with a small number
of shoots had varieties Purpurova Koroleva, Paloma, and
Zorenka - 3-5 pcs./plant. A large number of beans on the

plant were characterised by varieties Purpurova Koroleva
and Paloma - 12.3 and 13.0 pcs., respectively. Zorenka
varieties had a smaller number of beans than the stand-
ard (10 pcs.), Casablanca (9.3 pcs.) and Fruidor (5.7 pcs.),
which is 9.1-48.5% less. According to the number of
shoots and beans on the plant, the coefficient of varia-
tion of the environment (CVA) was in high limits - 31.9
and 35.8%, and the relationship between the coefficient
of genetic and ecological variation (CVG/CVA) was no-
ticeable (0.47 and 0.44), which indicates very favourable
environmental conditions for growing this crop (Table 2).

Table 2. Parameters of individual productivity of different varieties of green beans (2020-2022), (Lim*SD) (BBCH 75)

Number of shoots, pcs./plant.

Number of beans, pcs./plant

Variety
Lim*SD cv, % Lim*SD Qv, %

Paloma 3-5%0.82 20 8-18+4.2 34
Frouidor 3-7%1.63 33 5-6%0.5 8
Purpurova Koroleva 3-4+0.47 13 11-15%1.6 13
Laura st 4-8%1.70 27 7-16%£3.7 34
Zorenka 3-5%0.94 22 8-14+2.8 28
Casablanca 3-6%1.25 27 8-12+1.9 20
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Table 2, Continued

Number of shoots, pcs./plant.

Number of beans, pcs./plant

Variety
Lim*SD v, % LimSD v, %

Xmed. 4.7 10.2
a§ 0.5 26
of 2.7 16.0
o} 2.2 13.4
VG, % 15.1 15.6
CVF, % 35.3 39.1
CVA, % 31.9 35.8
CVG/CVA 0.47 0.44

Note: * - st - standard
Source: obtained as a result of author’s research

According to the weight of green beans on the plant,
the varieties Zorenka (59.7 g), Casablanca (38.0 g), and
Paloma (31.7 g) and Purpurova Koroleva (31.7 g) were

larger than the standard by 8.0-103.4%, or 2.3-30.0 g.
The Fruidor variety was characterised by a lower indica-
tor relative to the standard by 68.2% (Table 3).

Table 3. Parameters of adaptive capacity and breeding value of vegetable bean varieties
based on “bean weight’, g/plant. (BBCH 75)

Variety Xmed, g/plant o’d bi Hom Sc MC EPI SR cc KAA
Paloma 31.7 339 110 51.1 26 1438 093  -27 30 0.95
Frouidor 9.3 069 001 4.4 0.8 1.37 0.31 1 10 0.04
P;gf;re‘f 31.7 212 035 51.0 26 525 104  -10 33 214
Laura st 29.3 333 1.06 438 24 1497 086  -26 27 0.08
Zorenka 59.7 490 230 1812 49 1588 173 -58 57 1.07
Casablanca 38.0 352 118 73.5 31 13.00 113 -29 36 0.09
Xmed 333
ol 55.7
o 4417
o} 386.0
VG, % 224
CVF, % 63.1
CVA, % 59.0
CVG/CVA 0.38

Note: * - st - standard
Source: obtained as a result of author’s research

Genetic and statistical analysis of this indicator has
shown that the most stable (in terms of indicators o’d
and MC, Hom) was the Fruidor variety. By indicators of
the ratio of plasticity parameters (bi) and stability o’d
varieties Paloma, Laura, Zorenka, and Casablanca had a
ratio of indicators bi>1, 0?d>0 - that is, they have bet-
ter results under favourable growing conditions. Va-
rieties Fruidor and Purpurova Koroleva had a ratio of

indicators bi<1, 6?d>0, i.e., they had better results under
unfavourable conditions and were unstable.

According to the indicator of stress resistance (SR),
the Zorenka variety stood out, which indicates its high
productivity in optimal growing conditions. In terms
of compensatory capacity (CC), the varieties under
study were characterised by a significant variation, but
the Zorenka and Kasalanka varieties had the highest
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indicators of this parameter, which allows them to be
attributed to the group of plastic-type varieties.

On the basis of “seed weight” in terms of absolute
adaptability, the most adaptive varieties with an ad-
aptability coefficient (AC) of more than 1 were iden-
tified - Purpurova Koroleva and Zorenka. The Paloma
variety is medium-adaptive and the Fruidor, Laura and
Casablanca varieties are marked as low-adaptive. Low
productivity of bean varieties is confirmed by high ex-
posure to external conditions (CVA=59.0%) and low
CVG/CVA=0.38 ratio.

The yield of green beans (pods) consists mainly
of two structural elements - the number of plants per
unit area and the weight of beans per plant. The “pod

yield” attribute varied on average from 1.9 to 12.7 t/ha
(by year from 1.8 t/ha (2022) for the Fruidor variety to
19.35 t/ha (2021) for the Zorenka variety). The yield of
green bean varieties depended not only on the varie-
tal characteristics of plants, but also on weather con-
ditions. In the years with optimal water supply (2020-
2021), this indicator reached its theoretical maximum,
and in 2022 - a minimum.

According to the “pod yield”, the varieties Zorenka
(12.72 t/ha), Casablanca (8.05 t/ha), Paloma (6.74 t/ha),
and Purpurova Koroleva (6.87 t/ha) were higher than
the standard by 9.8-107.1%, or 0.6-6.6 t/ha. The Fruidor
variety was characterised by a lower indicator relative
to the standard by 68.4%, or 4.2 t/ha (Table 4).

Table 4. Parameters of adaptive capacity and breeding value of green bean varieties
based on “green bean yield’, t/ha (BBCH 75)

Variety Xmed. t/ha o’d bi Hom Sc MC EPI SR CcC KAA
Paloma 6.7 1.61 1.06 10.4 24 399 093 -6 6 0.95
Frouidor 1.9 031 004 0.9 07 137 031 0 2 0.19
Purpurova Koroleva 6.9 0.98 0.35 10.8 2.5 197 1.08 -2 7 2.17
Laura st 6.1 1.61 1.04 8.6 22 424 083 -6 6 0.32
Zorenka 12.7 2.35 2.26 37.0 46 439 1.73 -14 13 4.20
Casablanca 8.1 1.76 1.26 14.8 2.9 3.99 1.12 -7 8 0.36
Xmed 71
o 3.0
of 22.1
o} 19.1
CVG, % 24.6
CVF, % 66.5
CVA, % 61.8
CVG/CVA 0.40

Note: * - st - standard
Source: obtained as a result of author’s research

Genetic and statistical analysis of this indicator has
shown that the most stable (in terms of indicators o’d
and MC, Hom) was the Fruidor variety. By indicators of
the ratio of plasticity parameters (bi) and stability o’d
varieties Paloma, Laura, Zorenka, and Casablanca had a
ratio of indicators bi>1, 6?d>0 - that is, they have better
results under favourable growing conditions. The Fruitor
variety had a ratio of indicators bi<1, o°d > 0, i.e., have
better results under unfavourable conditions, unsta-
ble. The Purpurova Koroleva variety had a ratio of bi=1,
0°d>0 - responds well to improved conditions, unstable

According to the coefficient of ecological plasticity,
the group of high-plastic varieties includes Paloma,
Laura, Zorenka, and Casablanca; the group of low-plas-
tic varieties includes Fruidor and Purpurova Koroleva.
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According to the indicator of stress resistance
(SR), the Zorenka variety stood out, which indicates
its high productivity in optimal growing conditions.
In terms of compensatory capacity (CC), the studied
varieties were characterised by a significant varia-
tion, but the varieties Zorenka, Casablanca, Laura, and
Paloma had the highest indicators of this parameter,
which allows them to be attributed to the group of
plastic-type varieties.

On the basis of “pod yield” in terms of absolute
adaptability (AA), the most adaptive varieties with an
adaptability coefficient (AC) of more than 1 were iden-
tified - Purpurova Koroleva and Zorenka. The Paloma
variety belongs to the medium-adaptive and the Fru-
idor, Laura, and Casablanca varieties are classified as




low-adaptive. The low productivity of bean varieties is
confirmed by the high influence of external conditions
(CVA=61.8%) and the low CVG/CVA=0.40 ratio.

Seed yield consists mainly of two elements of
productivity: the number of plants per unit area and
the weight of seeds per plant. The parameters of this

Yatsenko et al.

attribute on average were in the range of 0.47-2.89 t/ha
(by year: from 0.33 t/ha in 2022 to 3.78 t/ha in 2021).
In terms of seed yield, the varieties Purpurova Koroleva,
Zorenka, and Casablanca stood out, the yield of which
was at the level of 2.22-2.89 t/ha, which is more than
the standard by 30.8-70.6 % or 0.5-1.2 t/ha (Table 5).
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Table 5. Parameters of adaptive capacity and breeding value of green bean varieties
based on “seed yield’, t/ha (BBCH 99)

Variety Xmed., t/ha o’d bi Hom Sc MC EPI SR cC AC
Paloma 1.11 0.50 0.63 13 26 153 0.60 -1 1 0.61
Frouidor 0.47 0.35 0.09 0.2 11 1.18 0.26 0 0 0.67
Purpurova Koroleva 2.22 0.55 0.76 5.1 5.3 1.32 1.24 -1 2 2.64
Laura st 1.69 0.71 1.25 3.0 40 169 091 -1 2 1.82
Zorenka 2.89 0.69 1.20 8.6 6.9 1.39 1.60 -1 3 37.70
Casablanca 2.58 0.92 2.07 6.9 6.1 1.75 1.38 -2 3 2.55
Xmed 1.83
7 0.08
of 1.01
oF 0.93
VG, % 15.2
CVF, % 55.1
CVA, % 529
CVG/CVA 0.29

Note: * - st - standard
Source: obtained as a result of author’s research

Statistical analysis has shown that according to the
indicators of the ratio of plasticity parameters (b/) and
stability od, Laura variety had a ratio of indicators bi>1,
o’d>0 - that is, it has better results under favourable
growing conditions. Varieties Paloma, Fruidor, Zorenka,
and Casablanca had aratio of indicators bi < 1,0%d>0,i.e.,
they had better results under unfavourable conditions
and were unstable. The Purpurova Koroleva variety had
a ratio of bi=1, ¢?d>0 - responds well to improved con-
ditions,unstable. According to the coefficient of ecolog-
ical plasticity, the Laura variety belongs to the group of
high-plastic varieties; all other varieties studied belong
to the group of low-plastic varieties. Rather low seed
productivity of bean varieties is confirmed by the signif-
icant influence of external conditions (CVA=52.9%) and
a low ratio CVG/CVA=0.29.

According to the indicator of stress resistance (SR),
the Casablanca variety stood out, which indicates its
high productivity in optimal growing conditions. In
terms of compensatory capacity (CC), the varieties un-
der study were characterised by sufficient alignment,
but the Zorenka and Casablanca varieties had the high-
est indicators of this parameter, which allows them to

be attributed to the group of plastic-type varieties. On
the basis of “seed weight” in terms of absolute adapt-
ability (AA), the most adaptive varieties with an adapt-
ability coefficient (AC) of more than 1 were identified -
Purpurova Koroleva, Zorenka, Laura, and Casablanca.
Paloma and Fruidor varieties are medium-adaptive.

Vegetable crops, each of which has a unique bio-
chemical composition, make our diet diverse and have
a positive effect on health. The biochemical compo-
sition of green beans is not constant, it is subject to
variability depending on the type and variety, and also
varies under the influence of growing conditions.

Studies have shown that green bean varieties were
characterised by a low variation in biochemical param-
eters (CV=1-9%). The sugar content in pods over the
years was in the range of 1.91-2.78%. On average, over
the years of research, the varieties Purpurova Koroleva
(2.60%), Laura, and Fruidor (2.50%) were distinguished
by this feature, which were at the standard level and/or
exceeded it by 4.0%. Varieties Casablanca, Paloma, and
Zorenka accumulated significantly less sugar compared
to other varieties and the standard in particular - 2.00-
2.40% (Table 6).
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Table 6. Content of individual components of the biochemical composition in the pods of green bean varieties
(2020-2022), (X£SD) (BBCH 75)

Proportion of sugars, %

Ascorbic acid content,
mg/100 g

Nitrate content,
mg/kg

Variety
X*SD v, % X*SD v, % X£SD v, %
Paloma 2.10%0.07 3 16.031.13 7 148.3+3.7 3
Frouidor 2.50%0.02 3 21.41+1.43 7 145.1+6.4 4
Purpurova Koroleva 2.60x0.06 4 16.20£1.02 6 127.9%6.2 5
Laura st 2.50+0.03 1 16.02+1.42 9 136.3¢4.1 3
Zorenka 2.00+0.08 4 13.22#0.91 7 145.8+4.7 3
Casablanca 2.40%0.07 4 14.05%0.89 6 151.2%6.0 4
Xmed. 2.35+0.21 16.202.60 148.3%7.96 3
0.001 0.44 9.4
0.049 8.54 100.8
0.049 8.10 91.5
VG, % 1.47 4.12 2.1
CVF, % 9.59 18.09 7.0
CVA, % 9.48 1761 6.7
CVG/CVA 0.15 0.23 0.32

Note: * - st - standard
Source: obtained as a result of author’s research

In terms of ascorbic acid concentration, the var-
iation was average - CV=16%, and the parameters of
this trait for years ranged from 11.97-22.57 mg/100 g,
depending on the variety. According to the content of
ascorbic acid, only one variety was distinguished, which
accumulated significantly more than the standard -
Fruidor (21.41 mg/100, which is 33.6% more than the
standard). The Paloma and Purpurova Koroleva varie-
ties accumulated slightly more ascorbic acid relative to
the standard, while the Zorenka and Casablanca varie-
ties had significantly lower ascorbic concentrations.

The concentration of nitrates on average varied lit-
tle, and over the years ranged from 119.2-159.5 mg/kg,
depending on the variety. With a low concentration of ni-
trates, the Purpurova Koroleva variety was distinguished,
where this indicator was lower than the standard variety
by 6.2% or 8.4 mg/kg. Varieties Paloma, Fruidor, Zorenka,
and Casablanca were characterised by an increased con-
tent of nitrates relative to the standard by 7.0-10.9%.

The value of green bean varieties for vegetable pur-
poses lies in the high content of protein and dry matter.
In modern conditions, breeding work with green beans
should be aimed at meeting the needs of the process-
ing industry, which will expand the area of cultivation of
the crop and the scope of its use. In the successful solu-
tion of this problem, the leading role belongs to quality
selection. Genetic sources and donors of such traits are
among the most scarce plant resources. In this regard,
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a scientifically based selection of green bean varieties
with their subsequent introduction into industrial pro-
duction is extremely important. According to this feature,
the varieties Fruidor and Purpurova Koroleva with a pro-
tein content of 17.13 and 15.34% were distinguished.

The nutritional value of green beans is high and
is conditioned by the content of various minerals, vita-
mins, macro- and microelements. It is well known that
the biochemical composition of beans is not constant
and is influenced by many factors. Studies have shown
that the dry matter content was stable both in varieties
individually (CV=3-5%) and over the years (CV=9%). In
terms of “dry matter content”, only one variety was dis-
tinguished - Paloma, in which this indicator was at the
level of 11.00% and the standard prevailed by 22.2%.
In the course of experimental studies, it was found that
the protein content varied greatly in the range of 18-
21% for varieties and 12% for years.

With an increased protein content, two varieties
were identified - Fruidor (17.13%) and Purpurova Ko-
roleva (15.34%), which exceeded the standard by 17.3
and 5.0%, respectively, which characterises them as
promising sources of signs of nutritional value for
breeding. Statistical processing data indicate a strong
influence of environmental conditions on the forma-
tion of nutritional value parameters ((VA=9.23-24.24%,
and CVG/CVA=0.21-0.52, although to obtain high
productivity indicators, the CVG/CVA ratio must be close
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to 1. All presented varieties are recommended for use as  Koroleva. The conditional protein yield in the technical
sources of high taste qualities; suitable for canning and  ripeness phase varied at 33%, in the biological ripeness
freezing; creating a conveyor of green beans (Table 7). phase - at the level of 42%, which confirms a strong

With a high content of carbohydrates and fats,two  differentiation of varieties according to the parameters
varieties are distinguished - Fruidor and Purpurova of the biochemical complex. (Fig. 2).

Table 7. Nutritional value of the pods of different green bean varieties (2020-2022), (XSD) (BBCH 75)

Energy, kcal. 100 g dry

Carbohydrates Fats tt
Variety Dry matter, % Protein, % matter
g/100 g dry matter
Paloma 11.00+0.30 14.05%2.77 6.87+1.38 3.36*0.83 113.92+24
Frouidor 9.00£0.23 17.13%3.20 8.23%1.53 3.96*0.79 137.1026
Purpurova Koroleva 9.30+0.49 15.34+3.06 7.70+1.51 3.71+0.86 125.53%£26
Laura st 9.00£0.30 14.60+3.01 7.30£1.51 3.55+0.80 119.55%25
Zorenka 8.60%0.35 11.33%2.05 5.73+0.95 2.90+0.54 94.36%17
Casablanca 8.80%0.25 13.37+2.34 6.70%1.10 3.15+0.68 108.67+20
Xmed 9.30 14.30 7.09 3.44
A 0.03 2.56 0.61 0.19
af 0.77 13.37 3.05 0.89
o} 0.73 10.82 2.45 0.70
VG, % 1.97 11.18 10.99 12.70
CVF, % 9.44 25.57 24.65 27.37
CVA, % 9.23 22.99 22.07 24.24
CVG/CVA 0.21 0.49 0.50 0.52
Note: * - st - standard
Source: obtained as a result of author’s research
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Figure 2. Conditional protein yield from pods and mature green bean seeds depending on the variety (2020-2022), t/ha
Source: obtained as a result of author’s research
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Thus,according to this feature, in the phase of tech-
nical ripeness of green bean pods, the Zorenka vari-
ety was distinguished with a maximum protein yield
of 0.295 t/ha. In 