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study the parameters of adaptive variability. As a result of the comparative study, the characteristics of various
parameters of the adaptive potential of edible bean cultivars were established by the following traits: the onset of
the technical ripeness phase: Bianco and Extra Grano Violetto - 78 days. The cultivars Windsor Broad (16.42 t/ha),
Bianco (13.73 t/ha), and Svitiaz (11.51 t/ha) stood out in terms of yield and adaptability in the technical ripeness
phase, the cultivars Bacchus (1.92 t/ha) and Svitiaz (1.90 t/ha) - in terms of yield and adaptability in the biological
ripeness phase; cultivars with high protein content in immature grain: Karmazin (12.77 g/100 g), Windsor Broad
(13.51 g/100 g), Bianco (14.30 g/100 g), and Green lowland (14.43 g/100 qg); cultivars with high nitrogen-fixing
capacity: Ukrainian Sloboda (67.7 kg/ha), Windsor Broad (71.0 kg/ha), and Extra Grano Violetto (75.7 kg/ha). The
results of the statistical analysis showed a significant influence of environmental conditions on the formation
of productivity indicators of edible bean cultivars and a greater dependence on environmental conditions
(CVA=10.40-82.7%) than on the genetic component (CVG =5.76-39.7%). The data suggest a tendency for yields
to be inversely related to yield stability, with low-yielding cultivars showing stability and high-yielding cultivars
showing instability. The presented findings suggest an idea of the change in the productivity parameters of edible
beans under contrasting weather conditions, which makes it possible to identify cultivars with high productivity
for food purposes and with a higher proportion of high-protein and energy-rich consumer products. Cultivars
with increased nitrogen-fixing capacity were identified, which will help reduce the use of synthetic fertilisers
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INTRODUCTION
An analysis of the raw material base for food and feed
production in Ukraine and variants for its developmentin
the future shows the need to solve the problem of plant
protein, primarily by expanding the area under legumes,
increasing their protein content, and increasing yields
through the selection and zoning of cultivars based on
the above parameters. D. Cammarano et al. (2023) note
that despite the improved functioning of agrocenoses
and the benefits to human and livestock health, leg-
umes are currently underutilised in most countries.

According to EUROSTAT (2022),among legume spe-
cies,bean (Vicia faba L.) occupied 21% of the area under
legumes in Europe in 2020 and was the main legume
grown in, for instance, Denmark, Italy, and the UK. The
findings of T. Aybegiin (2021), inform that the small area
of cereal legumes cultivation in Europe has been un-
changed for many decades due to specialisation, mar-
ket competitiveness, low yield stability, and lack of evi-
dence of the benefits of legumes in the farming system.
As a result, Europe imports 70% of its protein, primar-
ily soy, from other regions to meet demand. Beans are
a cold-tolerant crop and grow best in cool and moist
conditions, making them a very attractive legume for
cooler climates where soybeans do not always produce
high yields (Duc et al,, 2015). Beans show good poten-
tial for use in the feed and processing industry due to
their higher protein content than other common leg-
umes such as peas (Animal Feed Resources Information
System, n.d.).

Studies by W. Nelson et al. (2021) and C. Pankou et
al. (2022) found that the selection and zoning of rel-
evant cultivars substantially affect the productivity of
the agrocenosis. According to H. Khazaei and A.Vanden-
berg (2020), A. Warsame et al. (2020) and J. Marshall et
al. (2021), it is known that edible bean seeds are a rich
source of protein, starch, dietary fibre, minerals, and
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vitamins and are widely grown for food, feed, and green
manure worldwide.

H. Khazaei et al. (2021) notes that the use of leg-
umes in conventional farming systems forms a sym-
biosis with nodule-forming bacteria that have nitro-
gen-fixing capacity, which increases yields and also
contributes to agricultural sustainability through soil
improvement. RW. Neugschwandtner et al. (2023) point
out that compared to other legumes, edible beans are
considered an excellent protein crop because of their
ability to provide nitrogen in temperate agricultural
systems and because of their wide adaptability.

The conclusions drawn by V. Greveniotis et al.(2023)
indicate that the yields of beans, like most legumes, are
considered to be unstable. S.G. Tadesse et al. (2023)
notes that this volatility is largely explained by the sen-
sitivity of beans to drought and rainfall fluctuations. To
make edible beans a more attractive crop for farmers,
zoning for cultivars with high seed yields and the de-
sired consistency of high yields is essential. The find-
ings presented by D.N. Chiara et al. (2023) make it clear
that yield stability can be investigated as the ability
of some genotypes to perform consistently in a wide
range of environments. S.G. Tadesse et al. (2023) report
that there are different varieties of beans adapted to
grow in a wide range of environments, including areas
with cool climates and short growing seasons in the
north and subtropical conditions in the south.

E. Sufar et al. (2024) noted that the grain yield of
beans grown in long-term experiments in the UK, Swe-
den,and Germany ranged within 2.1-3.0 t/ha, which was
on average 50% lower than that of cereals. However,
when legume seeds were compared to spring cereals,
the differences in performance were less pronounced in
terms of yield stability. This should be considered when
assessing the productivity of legumes, with the need




to fill the existing knowledge gap on the effectiveness
of legume productivity management and its impact on
the ecosystem.J).Zhao et al. (2022) notes that it is neces-
sary to include beans in crop rotations because of their
biological nitrogen fixation. This reduces the need for
nitrogen fertiliser and increases the overall efficiency
of nitrogen fertiliser use in the farming system by po-
tentially increasing the yield of subsequent crops.

The purpose of this study was to investigate the
possibility of growing edible beans for green beans
and seeds in the Forest-Steppe of Ukraine, the param-
eters of their adaptive capacity in terms of productivity
and nitrogen-fixing capacity for biologisation of the
agricultural sector. And replacing some of the soybean
imports in European countries with locally produced
beans will benefit not only the environment but also
the national economy.

. 7020 W 2021
120

105
90
75
60
45
30
15

0

2022 Long term

Precipitation, mm

\ \l Vil VIl

Yatsenko et al.

MATERIALS AND METHODS

The study was conducted in 2020-2022 at the experi-
mental plots of the Department of Vegetable Growing
and the Department of Plant Growing of the Uman Na-
tional University of Horticulture. Geographical coordi-
nates in Greenwich Mean Time: 48°46’ north latitude,
30°14 east longitude and 245 m above sea level. The
soil of the experimental plot was podzolised heavy
loamy chernozem (World Reference Base, n.d.). The
meteorological data base was the Uman weather sta-
tion. An analysis of the climatic conditions during the
study period showed a significantly higher precipita-
tion rate in 2021 compared to long-term data for 2020
and 2022. The analysis of the temperature regime re-
vealed an elevated temperature background in 2021,
but there was no significant impact due to sufficient
precipitation (Fig. 1).
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Figure 1. Climate map for the research period according to the data of the Uman weather station (2020-2022)

Source: based on data from the Uman weather station

Growth and development parameters of edible
bean cultivars were determined on 100 typical plants.
All measurements and studies were performed at the
stage of technical maturity of the beans (BBCH 80), and
seed yield was determined at the BBCH 99 stage. The
study was conducted following the provisions of the
Convention on Biological Diversity (1992).

The adaptive and productive potential of edible
beans was studied according to a scheme that included
nine cultivars of edible bean: Karadag, Ukrainian Slo-
boda, Bacchus (State register of plant cultivars suitable
for dissemination in Ukraine, n.d.), Windsor Broad, Kar-
mazin, Green lowland, Svitiaz, Bianco, Extra Grano Vio-
letto. The Karadag cultivar was taken as the standard
(st), as it was the most tested at the time of the study.
The cultivation technology was generally accepted for
the conditions of the Forest-Steppe. The cultivars were
sown using the systemic method, and the repetition of
the experiment was fourfold. The area of the experi-
mental plot was 10 m2 Seeds were sown in the second
decade of April according to the scheme of 45x10 cm
(222,000 pcs/ha). The predecessor was winter garlic.

Leaf area was determined according to the “notch-
ing” method using the formula:

K+Y

S = ——'B, (1)
where S is the leaf surface area, cm?; K is the number
of notches, pcs; Y is the area of one notch, cm?; P is the
weight of notches, g; B is the weight of leaves, g.

Yield accounting was carried out following
DSTU ECE LLC FFV-06:2007 (2008), a method of sep-
arate weighing during the period of technical ripe-
ness with the division of products into standard and
non-standard. The average weight of green beans was
determined according to the weight method. The bio-
chemical composition of green beans was determined
in the laboratory of mass analysis of the Uman National
University of Horticulture:

® dry residue in the beans - by drying at 105°Cin a
drying oven SNOL58/350A (Ukraine) according to DSTU
7804:2015 (2015);

m protein content - by the Kjeldahl method, accord-
ing to DSTU 1SO 5983-2003 (2004);
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B the number and weight of rhizobia on plant roots
and the content of legoglobin (leghaemoglobin) were
determined according to the method of G.S. Posypa-
nov (1991), the amount of fixed nitrogen - according to
M. Unkovich et al. (2008). The parameters of total and ac-
tive symbiotic potential (ASP) were used to determine the
symbiotic productivity, which was calculated using the
following formula:

ASP=M,+M,T, )

where T is the period between two adjacent periods of
analysis, days; M, + M, is the average mass of nodules
with legoglobin for the period T, kg/ha.

The results were systematised using the rank clas-
sification of genotypes by using the ratio of plasticity
(bi) and stability o?d parameters according to L. Bilia-
vska et al. (2021) and S. Eberhart and W. Russell (1966).

Homeostaticity (Hom) was calculated according to
the following formula:

: ©)

where X is the arithmetic mean of the grade; ¢ is the
generalised standard deviation.

The selection value of a genotype was calculated
using the following formula:

(So) =X -2, (4
Xopt
where X is the arithmetic mean of the grade; X, is the
limited arithmetic mean; X - is the optimised arith-
metic mean.
The multiplicative coefficient (MC) of the trait was
calculated by the following formula:

_ Xi+bi-yi
- xi

MC , (5)
where Xi is the average value of the studied trait in the
™ cultivar; bi is the linear regression coefficient of the
i cultivar; yi is the average value for all averages for all
cultivars yi for each j* experiment point.

The environmental plasticity index (EPI) was calcu-

lated using the following formula:

( YVi | YV, YVn )
ATV, ATV, ATV
n

EPI =

, (6)

where YV, YV,, YV are the values of the trait in the
cultivar in different years of testing; ATV,, ATV, ATV are
the average trait values of the cultivars in each of the
experimental variants.

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

AC = (Xij)-lOO-X), )
100

where Xij is the yield of a particular cultivar in the year
of testing; X is the average yield of the year.
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The absolute average adaptability coefficient (AAC)
was calculated for a cultivar using the following formula:

(XiC)*100-Xm)
100

AAC = , (8)
where Xic is the average yield of the cultivar over the
years of testing; Xm is the multi-year average yield of
the cultivar.

Stress resistance and compensatory capacity of cul-
tivars were calculated according to A.A. Rossielle and
J.Hemblin (1981):

SR=Y -Y 9)

min max

— Ymin+t Ymax
cC = B —

(10)

where Y . and Y _ is the minimum and maximum val-
ues of the cultivar trait.

The experiments were conducted to determine the
phenotypic, genotypic, and ecological variability of cul-
tivars using the following formulas:

m Genetic variance:

o2 = M, (11)
® Environmental variance:
0.=GM, (12)
B Phenotypic variance:
ol=cl+a}, (13)
m Genotypic variation coefficient:
/aé-mo’ (14)
X
m Phenotypic variation coefficient:
0’1.2~'100’ (15)
X
®m Environmental variation coefficient:
2,
o5 100’ (16)

X

where is the generalised root mean square value of the
population trait; is the generalised root mean square
error; r is the number of repetitions.

Statistical processing of the data was performed
using the arithmetic mean (x) and standard deviation
(SD) calculated using Microsoft Excel 2019. Correla-
tions were calculated using Statistica 12 software and
analysed using the Chaddock scale.

RESULTS AND DISCUSSION

The introduction of high-quality, disease-resistant cul-
tivars allows increasing yields and product quality at
no additional cost. However, high productivity is not al-
ways possible when using valuable cultivars from other




climatic zones. The principal difficulty in expanding the
cultivation area of such cultivars is that those created
in another zone and showing high productivity there
are unsuitable for introduction, and therefore each
cultivation region must have its varietal composition
adapted to local soil and climatic conditions and resist-
ant to major diseases.

Beans are a plant with a high environmental sen-
sitivity to changes in soil and climatic conditions,
which responds to climate, soil, water, and nutrient
conditions. In cultivars, the duration of the flower-
ing-technical maturity period is mainly controlled
by the genotype, and therefore the duration of this
period is considered during selection. In case of the
Forest-Steppe zone, due to the climate, addressing
the issue of early maturity of bean cultivars is also
important. Studies have found that the period from
germination to flowering is more constant and char-
acteristic than the period from sowing to full matu-
rity. The optimised length of day for vegetative and
reproductive development does not coincide: for
the former, the optimised length is 12 hours, for the
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latter — 18 hours. All forms of beans grown in Ukraine
are long-day plants, and therefore their growing sea-
son is shortened moving north.

The cultivars under study, according to the clas-
sification of C. Francis et al. (2000), were divided into
two maturity groups: mid-early and mid-ripening. The
duration of the period from germination to the on-
set of technical ripeness in the experiments varied
insignificantly depending on the agrometeorological
conditions of the year and averaged 78 days for ear-
ly-ripening forms, 93-94 days for mid-early forms, 97-
105 days for mid-ripening forms; the duration of the
growing season in the experiments also varied insig-
nificantly and averaged: 93-98 days for early-ripening
forms, 113-118 days for mid-early forms, 118-124 days
for mid-ripening forms. The majority of the collection
under study included samples from the mid-early
group - 33% (Svitiaz, Karmazin, Windsor Broad) and
from the mid-ripening group - 44% (Green lowland,
Bacchus, Ukrainian Sloboda, and Karadag), while the
early-ripening cultivars accounted for only 22%, or
two cultivars - Bianco and Extra Grano Violetto (Fig. 2).

Green Bacchus

lowland

Ukrainian Karadag st
Sloboda

Figure 2. Duration of periods from germination to technical/biological maturity of edible bean cultivars (2020-2022)

Note: * - st - standard
Source: obtained as a result of the present study

Depending on the conditions of the year, most of
the individual performance indicators varied great-
ly. The number of shoots varied from 34-56%, which
is explained by the fact that in 2022 the minimum
number of shoots was 1 pcs./plant, only in the Bac-
chus cultivar - 2 pcs./plant, while in 2020 and 2021
their number was at 3-6 pcs./plant. On average, the
largest number of shoots was formed by plants of the
cultivars Bacchus, Karmazin, Bianco, and Extra Grano
Violetto - 3.67 pcs./plant, which is 22.2% more than
the standard.

The number of beans per plant is one of the in-
dicators that is influenced by environmental factors
and is only 45% determined by varietal characteristics.
It is one of the main quantitative traits of pulses that
is responsible for their seed yield. Plants of Bacchus
and Karmazin cultivars produced a significantly higher
number of beans - 10.33 and 9.33 pcs./plant, respec-
tively, which is 34.8% and 21.7% more than the stand-
ard. The cultivars Ukrainian Sloboda, Windsor Broad,
Green lowland, Bianco, and Extra Grano Violetto formed
6.0-7.3 pcs./plant, which is 4.3-21.7% less than the
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standard, or 0.33-1.67 pcs. The cultivars Bacchus and
Karmazin, selected for this trait, are recommended as

sources for breeding to increase the number of beans
per plant (Table 1).

Table 1. Parameters of individual productivity of different cultivars of edible bean (BBCH 80), (2020-2022), (Lim = SD)
Shoots, pcs./plant

Beans, pcs./plant Seeds, pcs./bean

Cultivar
Lim£SD v, % LimSD oV, % LimxSD oV, %
Karadag st 1-5%£1.6 54 2-12%4.72 55 2-3%0.5 20
Ukrainian Sloboda 1-5%£1.6 54 2-12+41 58 2-3%0.5 20
Windsor Broad 1-5+1.7 51 2-12%41 56 2-4£0.5 14
Bacchus 1-5+1.2 34 4-15%4.6 45 2-4%0.8 27
Karmazin 1-6%2.1 56 3-13+45 48 2-3+0.5 18
Green lowland 1-4+£1.2 47 2-10%3.3 54 2-3+0.5 18
Svitiaz 1-4+14 47 2-15%5.4 59 40
Bianco 1-5+1.9 51 2-12+41 62 40
Extra Grano Violetto 1-6%2.1 56 3-10%£29 42 3-4£0.5 13
X 3 8 3
ol 0.94 5.84 0.07
o} 3.89 25.18 0.69
o} 2.95 19.34 0.62
VG, % 29.39 30.93 8.75
CVP, % 59.81 64.21 26.73
CVA, % 52.10 56.27 25.25
CVG/CVA 0.56 0.55 0.35

Note: * - st - standard
Source: obtained as a result of the present study

Analysing the number of seeds in one bean, the
Svitiaz and Bianco cultivars were distinguished, where
this trait did not change over the years - 4 pcs./bean.
Overall, the variation in this trait was 13-27%. The
number of seeds per bean was significantly higher
than the standard in Windsor Broad - 3.33 pcs., Bac-
chus - 3.0 pcs., Extra Grano Violetto - 3.67 pcs., and
Svitiaz and Bianco - 4 pcs. each, respectively. The se-
lected cultivars Svitiaz and Bianco are recommended
as sources for breeding to increase the number of
seeds per bean.

Statistical analysis of the formation of individual
productivity indicators confirmed a strong dependence
on environmental conditions with a significantly high-
er environmental variation coefficient (CVA) = 25.25-
56.27% compared to the genetic variation coefficient
(CVG) = 8.75-30.93%. According to the trait “weight of
beans per plant”, two cultivars were identified on aver-
age over three years — Windsor Broad and Bianco, which
significantly outperformed the standard. The Karmazin,
Svitiaz, and Extra Grano Violetto cultivars produced a
less significant weight of beans. The cultivars Ukrainian
Sloboda and Bacchus produced a slightly lower mass of
beans per plant, while the cultivar Green lowland pro-
duced a significantly lower mass than all the cultivars
under study.

Scientific Horizons, 2024, Vol. 27, No. 6

The genetic-statistical analysis of this trait showed
that the most stable (according to the set of indicators
o2d and MC, Hom) was the Green lowland cultivar (c%d -
5.19; MC-1.82; Hom - 50.1), but the cultivar was char-
acterised by low breeding value (Sc=79.9). According to
the indicators of the ratio of plasticity (bi) and stability
o2d parameters, all studied Windsor Broad, Svitiaz, and
Bianco cultivars had indicators bi>1, 6?d >0 - i.e., they
have better results under favourable growing condi-
tions. Cultivars Karadag st, Ukrainian Sloboda, Bacchus,
Karmazin, Green lowland, and Extra Grano Violetto had
indicators bi< 1, o?d >0, i.e., they have better results
under unfavourable conditions, and thus are unstable.
According to the environmental plasticity coefficient
(bi > 1), Windsor Broad, Svitiaz, and Bianco are highly
plastic, and all other cultivars are relatively stable or
low plastic (bi<1).

High selection value (Sc) and compensatory ability
(CQ) were characterised by the cultivars Windsor Broad
and Bianco, which outperformed all other cultivars in
these parameters. The most stress-resistant cultivars
were Green Lowland and Extra Grano Violetto. The least
stress-resistant cultivars were Windsor Broad, Svitiaz,
and Bianco. High adaptive capacity for this trait was
characterised by cultivars Windsor Broad, Svitiaz, Bian-
co, in which AAC was greater than 1 (Table 2).
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Table 2. Parameters of adaptive capacity and breeding value
of edible bean cultivars according to the trait “bean weight’, g/plant, (BBCH 80), (2020-2022)

Cultivar B‘*Z'};i’:r"ght’ oid bi Hom Sc MC EPI SR cc AAC
Karadag st 75.12 6.13 0.76 833 1030  1.87 0.90 -87 60 0.88
Ukrainian Sloboda 73.52 5.92 0.68 787 1001  1.80 0.90 -78 56 0.86
Windsor Broad 123.65 9.67 194 2418 1755 229 1.28 -225 130 150
Bacchus 72.60 579 0.68 75.3 97.9 1.81 0.90 -78 58 0.84
Karmazin 84.40 6.10 075 1001 1129 177 1.06 -86 66 0.97
Green lowland 59.77 5.19 0.56 50.1 79.9 1.82 075 -64 49 0.68
Svitiaz 87.33 8.25 138 1179 1225 232 0.92 -160 95 1.05
Bianco 103.57 8.52 153 1683 1464 222 110 -177 104 1.25
Extra Grano Violetto 88.73 579 071 992 1124 174 1.20 -45 95 0.96
X 77.66
o2 950.7
o2 4126.1
o2 3175.4
VG, % 39.7
VP, % 82.7
CVA, % 72.6
CVG/CVA 0.55

Note: * - st - standard
Source: obtained as a result of the present study

Structural analysis of the ratio of green bean weight
to total bean weight showed that only four cultivars
produced green bean weight greater than the weight
of bean valves: Windsor Broad (97.62 g/plant or 78.9%
of the total bean weight); Bacchus (44.27 g/plant or

120 T+
r s Seed weight, g/plant

100 —5 <.+ #--- % beans by total weight of beans
80
60

40

Bean weight, g/plant

20

Ukrainian
Sloboda

Green
lowland

Violetto

Karmazin Extra Grano Karadag st

61.0% of the total bean weight); Bianco (57.88 g/plant
or 55.9% of the total bean weight), and Svitiaz (47.76 g/
plant or 54.7% of the total bean weight), all other culti-
vars under study formed grains weighing less than 50%
of the total bean weight (Fig. 3).

& T80
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0
Windsor
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Bacchus Svitiaz Bianco

Figure 3. The ratio of green bean weight (g/plant) to the total weight of edible beans, %, (BBCH 80), (2020-2022)

Note: * - st - standard
Source: obtained as a result of the present study

The Ukrainian Sloboda, Karmazin, Green lowland,
and Extra Grano Violetto cultivars were characterised
by a lower ratio of green bean weight to total bean
weight compared to the standard. The generalised
weight ratio of green seeds to bean shells showed a
52% advantage for seeds. That is, the so-called “kitchen
waste” will account for 48% of the total weight of the

edible bean crop on average. The distribution of green
bean yields by year showed that the most productive
year was 2021, where this indicator varied within
11.20-33.80 t/ha (CV=42%). Windsor Broad, Svitiaz,and
Bianco significantly outperformed the standard, while
all other cultivars had yields slightly higher than the
standard (Table 3).

Scientific Horizons, 2024, Vol. 27, No. 6
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Table 3. Yield of green beans of edible bean cultivars, t/ha, (BBCH 80), (2020-2022)

Cultivar 2020 2021 2022 X SD v, % K.
Karadag st 10.20 12.00 4.37 8.86 3.26 37 2.75
Ukrainian Sloboda 10.46 11.50 4.48 8.81 3.09 35 2.57
Windsor Broad 10.91 33.80 4.56 16.42 12.56 76 741
Bacchus 9.62 13.50 4.92 9.35 3.51 38 2.74
Karmazin 11.16 14.70 6.14 10.67 3.51 33 2.39
Green lowland 7.48 11.20 4.37 7.68 2.79 36 2.56
Svitiaz 6.20 24.50 3.84 11.51 9.23 80 6.38
Bianco 10.30 26.80 4.08 13.73 9.59 70 6.57
Extra Grano Violetto 8.20 16.40 7.53 1=0.71 4.03 38 2.18
X 9.39 18.27 492 10.86
SD 161 7.65 111 2.59
v, % 17 42 23 24
LSD 0.53 1.50 0.24

05

Note: * - st - standard
Source: obtained as a result of the present study

Hydrothermal conditions in 2020 contributed to
yields of 6.20-11.16 t/ha (CV=17%). In the current year,
the Windsor Broad and Karmazin cultivars yielded signif-
icantly higher yields of green beans. Weather conditions
in 2022 were unfavourable for the bean harvest. This
indicator varied greatly (CV =23%), although the yield
was very low - 3.84-7.53 t/ha. A statistically significant
difference in yield increase was obtained in the cultivars
Karmazin and Extra Grano Violetto. All other cultivars
tested produced vyields close to the standard and dif-
fered only slightly. On average, over the three years,bean
yields ranged within 8.81-16.42 t/ha.Windsor Broad and
Bianco were distinguished based on this trait. However,
regardless of the growing conditions, the most produc-
tive cultivar was Windsor Broad, which gave a consist-
ently high yield compared to other cultivars studied.

The analysis of the adaptive capacity parame-
ters made it possible to distinguish Windsor, Svityaz,

and Bianco varieties based on the ratio of plasticity
(bi) and stability o*d parameters, which have better
results under favourable growing conditions and
have bi>1, 62d >0, i.e., highly plastic. The cultivars
Karadag st, Ukrainian Sloboda, Bacchus, Karmazin,
Green lowland, and Extra Grano Violetto had bi< 1,
o2d >0, i.e., they have better results under unfavour-
able conditions, are unstable and have low plasticity.
High selection value (Sc) and compensatory abili-
ty (CC) were characterised by the cultivars Windsor
Broad and Bianco, which outperformed all other cul-
tivars in these parameters. The most stress-resistant
cultivars were identified as Karadag st, Ukrainian
Sloboda, and Green lowland. The least stress-resist-
ant cultivars were Windsor Broad, Svitiaz, and Bianco.
High adaptive capacity for this trait was character-
ised by cultivars Windsor Broad, Svitiaz, Bianco, with
AAC greater than 1 (Table 4).

Table 4. Parameters of adaptive capacity and breeding value of edible bean cultivars for the trait “green bean yield’, t/ha

Cultivar X, t/ha oid bi Hom Sc Mmc EPI SR cc AAC
Karadag st 8.86 1.80 0.52 10.9 13.4 1.64 0.88 -8 0.82
Ukrainian Sloboda 8.81 1.76 0.47 10.8 13.3 1.58 0.88 -7 0.81
Windsor Broad 16.42 3.54 2.25 376 248 2.48 1.31 -29 19 1.51
Bacchus 9.35 1.87 0.61 12.2 14.1 1.71 0.92 9 9 0.86
Karmazin 10.67 1.87 0.61 15.9 16.1 1.62 1.08 9 10 0.98
Green lowland 7.68 1.67 0.50 8.2 116 1.71 0.77 -7 8 0.71
Svitiaz 11.51 3.04 1.62 18.5 174 2.53 0.93 -21 14 1.06
Bianco 13.73 3.10 1.72 26.2 208 2.36 1.13 -23 15 1.26
Extra Grano Violetto ~ 10.71 2.01 0.70 16.0 16.2 1.71 1.10 9 12 0.99

X 10.86

ol 15.0

o2 66.5

o2 516

VG, % 35.6

Scientific Horizons, 2024, Vol. 27, No. 6




Yatsenko et al.

Table 4. Continued

Cultivar X, t/ha o’d bi Hom Sc MC EPI SR cC AAC
CVP, % 75.1
CVA, % 66.1

CVG/CVA 0.54

Note: * - st - standard
Source: obtained as a result of the present study

Seed productivity of plants is determined by a
complex of morphological and physiological traits.
The main ones include the number of seeds per plant,
weight of seeds per plant,and thousand-kernel weight.
The cultivars of edible bean under study were charac-
terised by a strong variability of the trait “seed weight
per plant”, on average over the years CV ranged within
11-18%, while by cultivars over the years this indica-
tor ranged within 27-47%. The most stable cultivars
were Karmazin, Svitiaz, and Extra Grano Violetto - 27-
29%, while the most volatile cultivars were Ukrainian
Sloboda and Karadag - 41 and 47%, respectively. On
average, over the years of the study, the most produc-
tive cultivars were Svitiaz and Bacchus - 8.33 g/plant
and 8.17 g/plant, which is 20.8% and 18.4% more than
the standard, respectively. Lower productivity than
the standard was observed in the cultivars Ukrainian
Sloboda, Green lowland, and Windsor Broad - 5.67-
6.83 g/plant.

Statistical analysis of the obtained data on seed
productivity of plants showed that the most stable in
terms of the complex of indicators (c*d and MC, Hom)

was the variety Green lowland (c%d = 1.30, MC = 1.84,
Hom = 12.2) and Extra Grano Violetto (o%’d = 1.39;
MC=1.76; Hom = 19.5). In terms of the ratio of plas-
ticity (bi) and stability (c2d) parameters, the cultivars
Karadag st, Ukrainian Sloboda, Bacchus, and Svitiaz
had a ratio of bi>1 and o%d >0, i.e., they show bet-
ter productivity under favourable growing conditions.
Cultivars Karmazin, Green Lowlands, Bianco, and Extra
Grano Violetto had a ratio of indicators bi< 1, 62d >0,
i.e., more productive under unfavourable conditions,
unstable. The Windsor Broad cultivar had a ratio of
bi=1, 6*d >0 - responds well to improving conditions,
unstable.According to the coefficient of environmental
plasticity (bi), the Karadag, Bacchus, and Svitiaz culti-
vars are classified as highly plastic, or intensive, while
the Karmazin, Green lowland, Bianco, and Extra Grano
Violetto cultivars are classified as low plastic. The sta-
tistical data suggest a significant influence of growing
conditions on the productivity of edible bean cultivars
and a greater dependence on environmental conditions
(CVA=37.2%)thanonthe geneticcomponent (CVG=20.4)
and a rather high CVG/CVA ratio of 0.55 (Table 5).

Table 5. Parameters of adaptive capacity and breeding value
of edible bean cultivars based on the trait “seed weight’, g/plant

Cultivar X, g/plant oid bi Hom Sc MC EPI SR (¢ AAC
Karadag st 6.90 1.81 1.35 18.1 6.7 2.39 0.92 -8 7 0.98
Ukrainian Sloboda 593 1.57 1.02 134 5.7 2.21 0.82 -6 6 0.84
Windsor Broad 6.83 1.57 1.01 177 6.6 2.05 0.96 -6 7 0.97
Bacchus 8.17 1.77 1.28 25.3 79 211 1.13 -8 8 1.15
Karmazin 7.33 1.45 0.86 20.4 71 1.83 1.06 -5 7 1.04
Green lowland 5.67 1.30 0.67 12.2 5.5 1.84 0.83 -4 6 0.80
Svitiaz 8.33 1.70 1.19 26.4 8.0 2.01 1.17 -3 8 1.18
Bianco 7.33 1.43 0.84 204 7.1 1.81 1.07 -5 8 1.04
Extra Grano Violetto 717 1.39 0.77 19.5 6.9 1.76 1.04 -5 7 1.01

X 7.07

ol 2.08

o} 9.01

o} 6.93

VG, % 20.4

CVP, % 424

CVA, % 37.2

CVG/CVA 0.55

Note: * - st - standard
Source: obtained as a result of the present study

Scientific Horizons, 2024, Vol. 27, No. 6

39



40

DeEcological plasticity, stability, and nitrogen-fixing capacity...

The Svitiaz and Green lowland cultivars stood out
in terms of stress resistance (SR), which suggests their
high productivity under optimised growing conditions,
as the cultivars with the highest and lowest productivity
stood out. In terms of compensatory capacity (CC), the
cultivars under study were characterised as quite stable,
which allows them to be classified as plastic cultivars.
According to the trait “seed weight”, the most adaptive
cultivars with an adaptation coefficient (AAC) greater
than 1 were identified - Bacchus and Svitiaz, cultivars
Karmazin, Bianco, and Extra Grano Violetto, which are
medium adaptive, and cultivars Karadag, Ukrainian
Sloboda, Windsor Broad, and Green lowland, which are
classified as low adaptive.

In the conditions of the Right-Bank Forest-Steppe,
beans are a rare crop, and there is no data on varie-
tal characteristics of productivity formation. The find-
ings of the study showed an average yield variation
of 12%, although the cultivars varied by year within
21-34%. The optimised conditions for the formation of
productivity of edible bean cultivars were character-
ised by 2021, where seed yields ranged within 1.60-
2.56 t/ha. The most productive cultivars were Bacchus
and Svitiaz, where this indicator was higher than the
standard by 16.4% or 0.36 t/ha and 10.0% or 0.22 t/ha,
respectively. In 2020, average data on vegetable bean
yields were obtained, but the variation was the larg-
est - CV=16%. In the current year, the cultivars that
significantly outperformed the standard were Bac-
chus and Svitiaz (+0.55 t/ha or 34.4%). Vegetable bean
plants were the least productive in 2022, due to dry
conditions during the growing season. IN the current
year, the yield varied little, with a CV of 9%, but most
cultivars were significantly more productive than the
standard, with Karmazin (+0.21 t/ha or 23.3%), Svitiaz
(+0.23 t/ha or 25.6%),and Extra Grano Violetto (+0.22 t/

ha or 24.4%) standing out. The analysis of the average
seed yields of edible bean cultivars showed that all
cultivars had a comparable variation of data and sig-
nificantly depended on the weather conditions of the
growing season, but this contributed to the selection of
more productive cultivars: Bacchus - 1.92 t/ha and Svi-
tiaz - 1.90 t/ha. The Ukrainian Sloboda cultivar had a
yield lower than the standard by 11.1%, while all other
cultivars tested were slightly higher than the standard.

The optimised conditions for the formation of
productivity of edible bean cultivars were character-
ised by 2021, where seed yields ranged within 1.60-
2.56 t/ha. The most productive cultivars were Bacchus
and Svitiaz, where this indicator was higher than the
standard by 16.4% or 0.36 t/ha and 10.0% or 0.22 t/ha,
respectively. In 2020, average data on vegetable bean
yields were obtained, but the variation was the larg-
est - CV=16%. In the current year, the cultivars that
significantly outperformed the standard were Bac-
chus and Svitiaz (+0.55 t/ha or 34.4%). Vegetable bean
plants were the least productive in 2022, due to dry
conditions during the growing season. IN the current
year, the yield varied little, with a CV of 9%, but most
cultivars were significantly more productive than the
standard, with Karmazin (+0.21 t/ha or 23.3%), Svi-
tiaz (+0.23 t/ha or 25.6%), and Extra Grano Violetto
(+0.22 t/ha or 24.4%) standing out. The analysis of the
average seed yields of edible bean cultivars showed
that all cultivars had a comparable variation of data
and significantly depended on the weather conditions
of the growing season, but this contributed to the se-
lection of more productive cultivars: Bacchus - 1.92 t/
ha and Svitiaz - 1.90 t/ha. The Ukrainian Sloboda cul-
tivar had a yield lower than the standard by 11.1%,
while all other cultivars tested were slightly higher
than the standard (Table 6).

Table 6. Seed yield of edible bean cultivars, t/ha, (BBCH 99), (2020-2022)

Seed yield, g/plant

Cultivar X SD v, % K,
2020 2021 2022
Karadag st 1.60 2.20 0.90 1.57 0.53 34 2.44
Ukrainian Sloboda 1.52 1.80 0.86 1.39 0.39 28 2.09
Windsor Broad 1.80 1.84 1.08 1.57 0.35 22 1.70
Bacchus 2.15 2.56 1.06 1.92 0.63 33 242
Karmazin 191 1.90 111 1.64 0.38 23 1.72
Green lowland 1.20 1.60 0.97 1.26 0.26 21 1.65
Svitiaz 2.15 2.42 1.13 1.90 0.56 29 2.14
Bianco 1.67 2.00 1.08 1.58 0.38 24 1.85
Extra Grano Violetto 191 1.80 1.12 1.61 0.35 22 171
1.77 2.01 1.03 1.61
SD 0.29 0.30 0.09 0.20
v, % 16 15 9 12
LSD 0.09 0.12 0.06

05

Note: * - st - standard
Source: obtained as a result of the present study
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Statistical analysis of the obtained data on the
yield of edible bean seeds showed that the most sta-
ble in terms of the complex of indicators (o*d and
MC, Hom) was the variety Green lowland (c?d =0.51;
MC=1.72; Hom=3.3) and the variety Extra Grano Vi-
oletto (62d =0.59; MC=1.78; Hom = 5.4). According to
the indicators of the ratio of plasticity (bi) and stabil-
ity o?d parameters, the cultivars Karadag st, Ukrainian
Sloboda, Windsor Broad, Karmazin, Green lowland, and
Bianco had a ratio of indicators bi>1, 6?d>0 - i.e.,
they show better productivity under favourable grow-
ing conditions. Cultivars Karadag, Bacchus, and Sviti-
az had a ratio of indicators bi< 1, ¢?d >0, i.e., more
productive under unfavourable conditions, unstable.
According to the environmental plasticity coefficient
(bi), the group of highly plastic or intensive cultivars
includes Karadag, Bacchus, and Svitiaz, i.e., these cul-
tivars respond well to improved growing conditions;

Yatsenko et al.

the group of relatively low plastic cultivars includes
Ukrainian Sloboda, Windsor Broad, Karmazin, Green
lowland, Bianco, and Extra Grano Violetto. The statis-
tical data suggest a significant influence of growing
conditions on the yield of edible bean seed cultivars
and a greater dependence on environmental condi-
tions (CVA =30.1%) than on the genetic component
(CVG=15.8) and a rather high CVG/CVA ratio of 0.53.

According to the stress resistance indicator (SR),
the Green lowland cultivar stood out, as this cultivar
had a minimum gap between the minimum and max-
imum yields, indicating a higher resistance to stress
and a wider range of its adaptive capabilities. Accord-
ing to the compensatory capacity (CC), two cultivars
were distinguished among the cultivars under study -
Bacchus and Svitiaz, since the concept of ‘compen-
sation” is close to “plasticity”, this allows them to be
classified as plastic cultivars (Table 7).

Table 7. Parameters of adaptive capacity and breeding value of edible bean cultivars based on the trait “seed yield’, t/ha

Cultivar X, t/ha od bi Hom Sc MC EPI SR cC AAC
Karadag st 1.57 0.73 1.24 5.1 1.5 227 0.96 -1.3 1.6 0.98
Ukrainian Sloboda 1.39 0.63 0.95 4.0 1.4 2.09 0.86 -0.9 1.3 0.87
Windsor Broad 1.57 0.59 0.82 5.1 1.5 1.84 0.99 -0.8 1.5 0.98
Bacchus 1.92 0.80 1.52 7.7 1.9 227 1.17 -1.5 1.8 1.20
Karmazin 1.64 0.61 0.87 5.6 1.6 1.85 1.03 -0.8 1.5 1.02
Green lowland 1.26 0.51 0.57 33 1.2 1.72 0.80 -0.6 1.3 0.78
Svitiaz 1.90 0.75 1.33 7.5 1.9 2.13 1.17 1.3 1.8 1.18
Bianco 1.58 0.62 0.91 5.2 1.6 1.92 0.99 -0.9 1.5 0.99
Extra Grano Violetto  1.61 0.59 0.78 5.4 1.6 1.78 1.02 -0.8 1.5 1.00

X 1.61

o2 0.06

o? 0.30

o} 0.23

VG, % 15.8

CVP, % 34.0

CVA, % 30.1

CVG/CVA 0.53

Note: * - st - standard
Source: obtained as a result of the present study

According to the trait “seed yield”, the most adap-
tive cultivars with an absolute adaptation coefficient
(AAC) greater than 1 were identified - Bacchus and
Svitiaz, cultivars Karmazin, Extra Grano Violetto, and
Bianco were medium adaptive, and cultivars Karadag,
Ukrainian Sloboda, Karadag, Windsor Broad, and Green
lowland were classified as low adaptive. For selection
practice, seed size is significant. The thousand-kernel
weight significantly depends on the varietal character-
istics, climatic conditions of cultivation and agricultural
practices, and the variability of this trait characterises
the plasticity of the genotype.

The findings suggest the presence of a difference
in yield and yield stability among the edible bean

cultivars evaluated in this study. There is an inverse re-
lationship between yield and yield stability (r=-0.061 at
both bean maturity stages), with low yielding cultivars
showing the highest stability and high yielding culti-
vars showing lower stability. This trend in different bean
genotypes has been reported previously (Temesgen et
al., 2015). According to the thousand-kernel weight
(TKW), the cultivars of edible beans under study were
conditionally divided into three groups with a low TKW
(up to 1,500 g), medium TKW (1,500-2,000 g), and large
TKW (over 2,000 g). The first group includes cultivars
Karmazin and Ukrainian Sloboda; the second - Karadag,
Windsor Broad, Bacchus, and Green lowland; the third
group includes Svitiaz, Bianco, and Extra Grano Violetto.
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Statistical analysis of the TKW of edible beans
showed that the most stable according to the set of
indicators (according to ¢*d, and MC, Hom) was the Kar-
mazin cultivar (¢’d=3.29, MC=1.19, Hom =4,666.9). In
terms of the ratio of plasticity (bi) and stability (¢%d)
parameters, all varieties Karadag st, Bacchus, Karmazin,
Green lowland, Svitiaz, Extra Grano Violetto, and Bianco
had a ratio of bi>1,0?d>0,i.e., they show better produc-
tivity under favourable growing conditions. Ukrainian
Sloboda and Windsor Broad cultivars had a ratio of in-
dicators bi<1,0?d>0,i.e., they have better results under
unfavourable conditions, they are unstable.According to
the environmental plasticity coefficient (b/),the group of
highly plastic or intensive cultivars includes Ukrainian
Sloboda, Bacchus, Green lowland, Svitiaz, Bianco, Extra
Grano Violetto, i.e., these cultivars respond well to im-
proved growing conditions; the group of relatively low

plastic cultivars includes Karmazin, Karadag, and Wind-
sor Broad. The statistical data suggest a strong influ-
ence of growing conditions on the TKW of edible bean
cultivars and a greater dependence on environmental
conditions (CVA=20.88%) than on the genetic compo-
nent (CVG=5.76) and an average CVG/CVA ratio of 0.28.

The Karmazin cultivar stood out in terms of stress
resistance (SR), as this cultivar had a minimum gap be-
tween the minimum and maximum TKW, indicating a
higher resistance of the cultivar to stress and a wider
range of its adaptive capabilities, but this cultivar was
also characterised by the lowest TKW. According to the
compensatory capacity (CC), two cultivars were distin-
guished among the cultivars under study - Bacchus,
Svitiaz, Bianco, and Extra Grano Violetto, since the con-
cept of ‘compensation” is close to “plasticity”, which al-
lows them to be classified as plastic cultivars (Table 8).

of edible bean cultivars by the trait “thousand-kernel weight’, g

Table 8. Parameters of adaptive capacity and breeding value

Cultivar )?, r o’d bi Hom Sc MC EPI SR CcC AAC
Karadag st 1,590 8.56 -091 6,723.2 1,602.1 -0.03 0.89 -163 1,561 0.88
Ukrainian Sloboda 1,453 11.92 1.81 5,612.2 1,463.8 3.25 0.80 -304 1,502 0.81
Windsor Broad 1,815 16.40 -341 8,760.2 1,828.8 -2.38 1.02 -576 1,723 1.01
Bacchus 1,979 13.84 244 10,4110 1,9936 3.22 1.10 -410 2,045 1.10
Karmazin 1,325 3.29 0.14 4,666.9 1,334.8 1.19 0.74 -25 1,328 0.74
Green lowland 1,517 10.07 1.30 6,114.8 11,5279 2.54 0.84 -220 1,550 0.84
Svitiaz 2,059 17.69 397 11,2661 12,0739 4.47 1.14 -666 2,168 1.14
Bianco 2,126 12.88 212 12,0113 2,1414 2.80 1.18 -360 2,180 1.18
Extra Grano Violetto 2,354 11.96 154 14,7346 2,371.8 2.18 1.31 -340 2,330 1.31
X 1,802
al 10,772.44
o} 152,285.85
o} 141,513.41
VG, % 5.76
CVP, % 21.66
CVA, % 20.88
CVG/CVA 0.28

Note: * - st - standard
Source: obtained as a result of the present study

In terms of seed yield, the most adaptive cultivars
with an absolute adaptability coefficient (AAC) greater
than 1 were identified - Bacchus, Svitiaz, Bianco, and
Extra Grano Violetto, while Karadag, Ukrainian Sloboda,
Windsor Broad, and Green lowland cultivars are medi-
um adaptive and Karmazin cultivar is classified as low
adaptive. The main indicator of the nutritional value of
beans, as well as other legumes, is the protein content.
Studies showed that, on average, the protein concen-
tration increased by 12.37% between the technical and
biological ripeness phases. Thus, in the phase of tech-
nical ripeness, the maximum accumulation of protein
in green grain was observed in the cultivars Windsor
Broad (13.51 g/100 g), Bianco (14.30 g/100 g), and
Green lowland (14.43 g/100 g), where this indicator

Scientific Horizons, 2024, Vol. 27, No. 6

is 22.5%, 15.7%, and 30.8% higher than the standard,
respectively. Overall, only the Bacchus cultivar had
a lower protein concentration than the standard -
10.57 g/100 g (-4.2%).

At the stage of biological ripeness, the dynamics of
the cultivars changed slightly and became more even.
Thus, the maximum protein concentration was obtained
in the Green lowland cultivar - 30.57 g/100 g, which
is 27.5% higher than the standard. The protein content
of Bianco, Bacchus, and Karmazin cultivars was slightly
lower than the standard. Significantly higher concen-
tration was observed in the cultivar Windsor Broad, and
slightly higher in the cultivars Svitiaz, Extra Grano Vio-
letto, and Ukrainian Sloboda. Statistical analysis shows
that in technical ripeness, varietal characteristics, and




weather conditions have a greater impact (CVG 8.58%;
CVA 18.39%; CVG/CVA 0.47%) on the protein concen-
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tration in grain than in biological ripeness (CVG 2.19%;
CVA 10.11%; CVG/CVA 0.22%) (Fig. 4).

30.57

Windsor
Broad

Green
lowland

Bianco

Figure 4. Crude protein content at different stages of bean ripeness depending on their cultivar (2020-2022), g/100 g

Note: * - st - standard
Source: obtained as a result of the present study

No relationship was found between seed protein
content and yield, which is in contrast to the findings
of analogous phenotypic correlations in pea (Jha et
al., 2012) and chickpea (Frimpong et al., 2009). In a
study conducted in Finland by C. Lizarazo et al. (2015),
the difference in protein content between bean cul-
tivars was significantly dependent on the year (en-
vironment)xgenotype interaction. According to the
above researchers, these differences may be condi-
tioned by genotypic differences in nitrogen metabo-
lism in most cultivars.

Analysing the parameters of biochemical compo-
sition, it was found that the lowest yielding cultivar
Green lowland had the highest dry matter content -
15.04%, which is 2.24% higher than the standard. Over-
all, only five cultivars outperformed the standard by
this indicator (Green lowland, Ukrainian Sloboda, Wind-
sor Broad, Bianco, and Extra Grano Violetto). The most
productive and adaptive cultivars Bacchus and Svitiaz

accumulated less dry matter than the standard. Over
50% of carbohydrates by weight of green seeds was
recorded in the cultivars Windsor Broad (51%), Green
lowland (60%), and Bianco (54%), which is 10.0-18.7%
more than the standard. The dynamics of fat concentra-
tion in green seeds was comparable. Thus, the highest
fat concentration was recorded in the Green lowland
(0.84%), Bianco (0.82%), Windsor Broad (0.81%), and
Extra Grano Violetto (0.80%) cultivars, which is 0.10-
0.14% greater than the standard cultivar. All the above
biochemical composition indicators contribute to a
comprehensive assessment of edible bean cultivars by
calculating the energy value of the products obtained.
The results of determining the calorific value of 100 g
of raw weight of green beans helped to identify the
most valuable ones: Green Lowland (305 kcal), Bianco
(242 kcal), and Windsor Broad (266 kcal), whose indica-
tors are 23.6-41.5% or 50.81-89.42 kcal higher than the
standard cultivar Karadag (Table 9).

Table 9. Nutritional value of green beans of edible bean (BBCH 80), (2020-2022), (X*SD)

. Carbohydrates Fats Energy, kcal 100
Cultivar Dry matter, % 4/100 g of wet weight ofgalet weight g
Karadag st 12.81+1.80 41+5.3 0.71+0.12 21626
Ukrainian Sloboda 13.51+1.35 4629 0.79+0.14 239+15
Windsor Broad 14.30+1.20 51+7.4 0.81+0.14 26634
Bacchus 10.95+1.04 38+4.9 0.71+0.11 202+25
Karmazin 12.75+2.96 49+6.6 0.79+0.14 253+41
Green lowland 15.04£1.50 60+7.8 0.84%0.14 305£39
Svitiaz 11.93+2.91 43+4.6 0.76*0.12 22529
Bianco 15.02+1.64 54£8.0 0.82%0.14 280+40
Extra Grano Violetto 13.47+1.54 47+6.2 0.80+0.14 242+3)
X 13.31 48 0.78 246
ol 1.19 12.72 0.004
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Table 9. Continued

X o Carbohydrates Fats Energy, kcal 100

Cultivar Dry matter, % 4/100 g of wet weight of?lyet weight g
o} 6.43 90.38 0.018
o} 5.24 77.6 0.014
CVG, % 8.20 747 8.13
CVP, % 19.05 19.90 17.18
CVA, % 17.19 18.44 15.13
CVG/CVA 0.48 0.40 0.54

Note: * - st - standard
Source: obtained as a result of the present study

The symbiotic potential of edible beans is signif-
icantly greater than that of other legumes. The inten-
sive nitrogen fixation lasts from the budding phase
to the full filling of the beans in the upper tiers. On
average, during the study period, the total number
of nodules varied greatly, ranging within 11-51 pcs./
plant (CV =49%), while the number of active nod-
ules varied significantly less - 6.63-12.76 pcs./plant
(CV = 21%). The efficiency of the symbiotic appara-
tus depends on the number of active nodules. Active
nodules are much larger and contain legoglobin. The
total mass and mass of active nodules varied greatly
(CV =28% and 37%, respectively). The formation of
these indicators was significantly influenced by both
varietal characteristics (CVG =22.62% and 21.90%)
and, to an even greater extent, growing conditions
(CVA=48.36% and 53.15%), which is confirmed by the

moderate strength of the CVG/CVA ratio, especially
when studying active nodules.

The analysis of the data obtained contributed to
the selection of cultivars with the best development
of the nodulation apparatus, where the highest weight
and number of nodules were noted - these are the cul-
tivars Ukrainian Sloboda and Bianco, where the number
of nodules was 51 pcs./plant and 39 pcs./plant, while
their weight was 0.70 g/plant and 0.80 g/plant. The
maximum number of active nodules was observed in
the cultivars Svitiaz (12.76 pcs./plant), Ukrainian Slo-
boda (10.70 pcs./plant), and Bianco (10.40 pcs./plant).
The highest percentage of active nodules of the total
number was obtained in the cultivar Green lowland -
78.7%, which accounted for 80.6% of their total weight.
A large number of nodules, but with a low weight, was
obtained in the Extra Grano Violetto cultivar (Table 10).

Table 10. Development of the nodulation apparatus of edible bean cultivars (BBCH 80), (2020-2022) (X =SD)

Nodules, pcs/plant

Bulb weight, g/plant

Collection sample

general active general active
Karadag st 23+95 6.63.6 0.56%0.25 0.28+0.11
Ukrainian Sloboda 51+7.1 10.7+3.3 0.70£0.36 0.41+0.20
Windsor Broad 14£45 9.7%£37 0.71£0.34 0.47+0.21
Bacchus 1753 9.4%35 0.58+0.15 0.24+0.05
Karmazin 2157 9.8%£3.6 0.51£0.23 0.23+0.10
Green lowland 11£25 8.6%2.3 0.33%0.18 0.26+0.14
Svitiaz 18+3.1 12.8+3.2 0.33£0.06 0.22+0.03
Bianco 39+12.3 10.4%4.6 0.80%0.16 0.46+0.10
Extra Grano Violetto 28%4.6 6.1+1.8 0.78+0.18 0.61+0.14

X 25 9.34 0.59 0.35

ol 15.16 377 0.02 0.01

o} 204.96 18.76 0.10 0.04

o} 189.80 14.99 0.08 0.04

VG, % 15.81 20.78 22.61 21.90

CVP, % 58.13 46.37 53.38 57.49

CVA, % 55.94 41.45 48.36 53.15

CVG/CVA 0.28 0.50 0.47 0.41

Note: * - st - standard
Source: obtained as a result of the present study

The best development of the nodulation apparatus

was found in the cultivars Ukrainian Sloboda, Windsor
Broad, Bianco, and Extra Grano Violetto, which had the
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highest concentration of legoglobin, the highest activ-
ity of symbiotic potential and, accordingly, the high-
est amount of fixed nitrogen. Thus, plants of the Extra




Grano Violetto cultivar had the highest nitrogen fix-
ation among others - 75.7 kg/ha, which is 25.5 kg or
54.0% greater than the standard cultivar. The Ukrain-
ian Sloboda and Windsor Broad cultivars fixed signif-
icantly more nitrogen than the standard - 67.7 kg/ha
(+37.7% to st) and 71.0 kg/ha (+44.5% to st), respec-
tively, compared to the standard cultivar. Bacchus,
Karmazin, and Green lowland cultivars fixed slightly
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less nitrogen than the standard. Statistical analy-
sis confirmed the noticeable influence of growing
conditions on the formation of symbiotic potential
productivity. Overall, the influence of environmental
conditions was almost twice as strong as the ge-
netic component: CVA =41.28-53.44%; CVG = 19.26-
27.35%, which is confirmed by the CVG/CVA ratio of
0.47-0.53 (Table 11).

Table 11. Activity of the symbiotic apparatus of edible bean cultivars (BBCH 80), (2020-2022) (X+SD)

Collection sample Legoglobin content, mg/g

Active symbiotic potential,

thsd kgxday/ha Fixed nitrogen, kg/ha

Karadag st 4.52+1.29 15.7+8.2 49.1+£26.7
Ukrainian Sloboda 5.82+1.73 19.3+8.3 67.7+25.2
Windsor Broad 6.45%2.15 22.0%£79 71.0%£27.0
Bacchus 3.34+£1.24 11.3%5.6 45.0+20.6
Karmazin 4.16+1.06 13774 47.0%20.3
Green lowland 446+1.17 12.0%6.5 46.3+22.6
Svitiaz 4.34+1.41 15.7+9.0 50.0£23.0
Bianco 5.15%£2.03 17.7£9.7 50.0£30.6
Extra Grano Violetto 7.58+2.56 243%8.5 75.7+28.7
X 16.85 5.09 55.8
al 21.24 0.96 211.71
o} 102.33 5.38 975.96
o} 81.09 4.42 764.25
VG, % 27.35 19.26 26.10
CVP, % 60.03 45.55 56.03
CVA, % 53.44 41.28 49.58
CVG/CVA 0.51 0.47 0.53

Note: * - st - standard
Source: obtained as a result of the present study

The statistical analysis revealed a significant re-
lationship on the Chaddock scale - r=0.6591 be-
tween the yield of beans in the phase of technical
ripeness and the hydrothermal coefficient (HTCQ):
y=2.6836+12.2646 - x, where x is HTC, g, y is yield, t/
ha. A moderate relationship (r=0.4519) was found be-

Y = 2.6836+12.2646"x;

35

y =2.6836 + 12.2646"x;
r=0.6591; p = 0.0002; r* = 0.4344

w
o

N
3]

Bean yield, tha

0.2 0.4 0.6 0.8 1.0 1.2 14
HTC

BBCH 80

tween the yield at the stage of biological maturity of
seeds and the HTC, which is explained by the regression
equation y=1.2277 - 0.5665 - x, where x is the HTC, y
is the yield at biological maturity. Considering the sta-
tistical reliability of the equations, the corresponding
dependence is presented graphically in Figures 5, 6.

Y = 1.2277+0.5665"x;

—
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Figure 5. Correlations between edible bean yields in the phase
of technical maturity and HTC and the amount of fixed nitrogen by plants and HTC

Source: obtained as a result of the present study
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Y = 18.5947+55.7413"x;

120
/

y = 18.5947 + 55.7413"x;
r=0.7780' p = 0.00000; r* = 0.6053
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Figure 6. Correlations between the volume
of fixed nitrogen in plants and the HTC index
Note: * - st - standard
Source: obtained as a result of the present study

Statistical studies of the relationship between the
volume of fixed nitrogen and the hydrothermal coeffi-
cient revealed a strong relationship (r=0.7780) in ed-
ible beans, which is explained by the regression equa-
tion y=18.5947 + 55.7413 - x, where x is the HTC, y is
the amount of fixed nitrogen.

Statistical analysis showed significant differences
in the interaction of genotypes with the environment
in terms of growth and productivity parameters, which
affects the difference in yield (both immature grain and
seeds) of genotypes; sufficient differences between the
environment by years of research to distinguish geno-
types. Thus, genotypes did not show analogous devel-
opment for all years, which is a consequence of unsta-
ble climatic conditions (precipitation and temperature).
L. Barroso et al. (2016) and A. Santos et al. (2017) found
comparable results for grain yields of cowpea geno-
types in multi-environmental analyses in Mato Grosso,
Sul, Brazil, showing that edaphoclimatic factors had a
significant impact on genotype adaptability and stabil-
ity, and that additional analyses are needed to identify
genotypes that are adapted to multiple environments.
The findings of the study conducted in 2020-2023 by
S. Barvinchenko et al. (2023) showed the variability of
quantitative traits of bean plants that are comparable
to the ones presented in this study.

C. Grasshoff (1990), F.J. Lépez-Bellido et al. (2005)
and E. Rezaei et al. (2023), with a substantial gap be-
tween the years of their studies, note that climatic var-
iables also explain the high variation in cultivar per-
formance, as it was based on three years of data during
which the bean cultivars were grown. It is clear that air
temperature and precipitation are the limiting factors
for the formation of bean productivity, which is con-
firmed by the data presented in Figure 5. The findings
are in line with previous reports that high temperatures
and insufficient rainfall are the main factors limiting
yields in temperate regions of Europe.

Scientific Horizons, 2024, Vol. 27, No. 6

In the current study, the average amount of atmos-
pheric nitrogen fixed by beans was 55.8 kg/ha. This lev-
el of biological nitrogen fixation is average, confirming
previous reports by G. Ntatsi et al. (2018) on the high
efficiency of biological nitrogen fixation by beans. In a
field study conducted in the British Isles over several
consecutive years, M. Maluk et al. (2022) observed that
pulses can cover almost all of their own nitrogen re-
quirements through biological fixation in a relatively
wet and cool climate. E. Jensen et al. (2010) reported
nitrogen fixation by beans within 73-211 kg/ha. In an-
other study by M. Oliveira et al. (2019), it was reported
that the average nitrogen fixation for beans was 41 kg,
and the findings of S. Klippenstein et al. (2021) suggest
a significant inter-varietal variance in terms of nitrogen
fixation volume, which is analogous to the findings ob-
tained in this study. The values of biological nitrogen
fixation estimated in the current study appear to be the
result of sufficient soil nitrogen levels.

Thus, the findings of other researchers’ studies are
largely comparable to the findings presented in this
study. However, it was noted that productivity and nitro-
gen fixation rates vary significantly depending on the
genotype, technology, and region of cultivation.

CONCLUSIONS

As a result of the study, the promising cultivars Bianco
and Extra Grano Violetto with the shortest period of
technical ripeness - 78 days — were identified. Overall,
a rather extended period of technical maturity of edi-
ble bean cultivars from 78 to 105 days contributes to
the production of fresh bean products within 27 days
without additional operations. Only one cultivar was
identified - Karmazin - which had a significantly high-
er attachment of the first (lower) bean (which facili-
tates mechanised harvesting), depending on the year
of research, this indicator varied at 11-16 cm. Evalua-
tion of edible bean cultivars by individual productiv-
ity parameters showed a significant variation in the
number of shoots per plant and the number of beans
depending on the year, while the number of seeds per
bean varied less significantly. The Svitiaz and Bianco
cultivars were stable for this trait - 4.0 pcs./plant,com-
pared to 2-3 and 2-4 pcs./plant for other cultivars. The
analysis of the trait “weight of beans per plant” con-
tributed to the selection of two cultivars with a signif-
icantly higher value - 123.65 g in the Windsor Broad
cultivar and 103.57 g in the Bianco cultivar. The study
helped to determine the proportion of immature seeds
in the beans - an average of 52%. According to this
trait, the cultivars Bacchus, Svitiaz, Bianco, and Wind-
sor Broad were identified, with the share of immature
seeds ranging within 54.7-78.9%. These findings will
help forecast the conditional harvest of the consumer
portion of the crop.

The study of the ecological plasticity and stability
of the bean contributed to the selection of the Windsor




Broad, Svitiaz, and Bianco cultivars with a ratio of in-
dicators bi>1, 6’d>0 - i.e., these cultivars give better
results under favourable growing conditions and were
characterised by a wide agro-ecological adaptability
and belong to the cultivars of intensive type according
to the characteristic “yield of green beans”. In terms of
seed yield, the cultivars under study slightly exceeded
the standard, but the Bacchus and Svitiaz cultivars stood
out with a maximum of 1.92 t/ha and 1.90 t/ha, which
can provide high seed yields, are characterised by high
plasticity and respond well to improved growing con-
ditions. Statistical analysis revealed a significant cor-
relation between bean yield at the stage of technical
maturity and the HTC index and a moderate correlation
between seed yield and HTC. Varieties with high energy
value were identified: Green lowland (305 kcal), Bianco
(280 kcal), and Windsor Broad (266 kcal). The best de-
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sor Broad - 67.7 kg/ha and 71.0 kg/ha, respectively.
A strong dependence of the nitrogen-fixing capacity on
the hydrothermal coefficient (r=0.7780) was found.

The environmental testing of edible bean culti-
vars revealed that the conditions of the Ukrainian For-
est-Steppe are suitable for growing edible beans for
both food and seed purposes. Further research pros-
pects include zoning of the cultivars under study in
other zones of Ukraine, investigating changes in nutri-
tional value depending on the methods of storage and
processing of immature bean seeds.
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DeEcological plasticity, stability, and nitrogen-fixing capacity...
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AHoTauif. MeTtoo gocnigkeHb nepenbavanocs AOCAIAKEHHS BNAMBY KNIMAaTUYHMX YMOB POKIB AOCAIAXEHb Ha
3MiHY NMOKa3HMKIB NPOAYKTUBHOCTI M €KONOTiYHOT NNACTUYHOCTI M CTabinbHOCTI copTiB 606iB oBoYeBMX. KpiM LbOrO,
[ocnimxeHo a3oTdikcytounii noTeHuian copTie 606iB oBoveBux Ans bionorisauii ranysi 3emnepobcrsa. JocnigxeHHs
npoBeAeHi B YMOBax HaB4YaNIbHO-BMPOOHMYOro BifAiny YMaHCbKOrO HALiOHANbHOMO YHIBEPCUTETY CafiBHMUTBA
snpogosx 2020-2022 pp., BUKOPUCTAHO AEBATb COpTiB 606iB oBOYeBMX. [INs BUBYEHHS NapaMeTpiB afanTUBHOI
MiHIMBOCTI BUKOPUCTAHO CTaHAAPTHI METOAM CTaTUCTMUYHOINO aHanisy. Y pesynstaTi NOPiBHANBHOIO BUBYEHHS AAHO
XapaKTePUCTUKY Pi3HUX NapaMeTpiB alanTUBHOIO NOTEHLiany copTiB 606iB 0BOYEBMX 32 03HAKAMM: HACTAHHA da3u
TexHiYHoi cturnocTi: b'aHko i Ekctpa lpaHo Bionetto - 78 faib. 33 BpoXaMHICTIO 1 aganTUBHICTIO Y a3y TEXHIYHOI
cTurnocTi Buginunncsa coptv Binasopcbki (16,42 1/ra), banko (13,73 1/ra) i Ceutasb (11,51 1/ra), 32 BpOXKanHIcTIO 1
afanTuBHicTO Y a3y bionorivyHoi cturnocti coptv baxyc (1,92 1/ra) i Ceutasb (1,90 1/ra); 3 NigBULLEHUM BMICTOM
npoTeiHy y He3pinomy 3epHi coptn KapmasiH (12,77 r/100 r), Bing3sopcobki (13,51 r/100 r), baHko (14,30 r/100 ),
3eneHi Hu3uHHI (14,43 r/100 r); 3 BMCOKOK a30THIKCYOUOK 34aTHICTO copTu YKpaiHCbKi cnobinceki (67,7 Kkr/ra),
Binasopcobki (71,0 kr/ra) i Ekcrpa IpaHo BionetTo (75,7 Kr/ra). Pe3ynbtaTv CTaTUCTMUYHOIO aHani3y NoKasanu iCTOTHUIA
BMJIMB €KOJOTYHMX YMOB HA (POPMYBAHHS MOKA3HUKIB NPOAYKTUBHOCTI COPTiB 600y OBOYEBOrO i HinblUy 3aN1E€XHICTb
Big ekonoriyHnx ymoB (CVA =10,40-82,7 %) aHix Bip reHeTnyHoi cknapooi (CVG =5,76-39,7 %). OTpuMaHi paHi
BKA3YHOTb, L0 € TEHAEHLLiS 3BOPOTHOIO 3B'A3KY MiX BPOXAMHICTIO i CTaBiNbHICTIO BPOXato, MPUHOMY HU3bKOBPOXKaMHI
COPTU LEMOHCTPYHOTb CTAbiNIbHICTb,a BUCOKOBPOXAIHI COPTU — HeCTabinbHi.[peacTaBneHi pe3ynsTaTi faoTh YSBAEHHS
npo 3MiHy napameTpiB NPOAYKTUBHOCTI 606iB 0OBOYEBMX 33 KOHTPACTHMX MOTMOAHUX YMOB, LLO AAE 3MOTY BUAINUTU
COpPTM 3 BMCOKOK MPOAYKTUBHICTIO HA NMPOAOBObYI Lini Ta 3 OiNbLOK YacTKOK BUCOKOOBINKOBOI M eHepreTMyHo
LiHHOT CMOXMBYOI NpoayKLii. BuaineHo copTu 3 NiaBMLEHO a30ThiKCYHOYOH 34aTHICTHO, WO CNPUSITUME 3MEHLUEHHIO
BUKOPUCTAHHS CUHTETUUYHMX J0OpUB

KniouoBi cnoBa: ypoxanHiCTb; afanTUBHICTb; HACIHHA; Xapy0Ba LLiHHICTb; BMICT NPOTEIHY
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