Censia]
TF HACHIMITEO

UDC 631:57-047.44:[635.655:631.526.3](477.4) https://doi.org/10.21498/2518-1017.17.4.2021.248991

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

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

Introduction

The consumption of soybeans has increased
significantly in the world in recent years. De-
spite growing demand, most edamame (imma-
ture soybeans) are imported from Asian coun-
tries. Therefore, commercially viable varieties
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adapted to the conditions of Ukraine that meet
the needs of consumers become an important
component for the soybean processing segment
of industrial production.

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

In the USA, edamame is known as «vegetab-
le soybean», but other common names are «ed-
ible soybean», «fresh green soybean», «garden
soybean», «green soybean», «green ripe soy-
bean», «vegetable green soybean», «immature
soy», «large-seed soy», «beans for beer», «vege-
table-type soybean» [56]. In North America,
vegetable soybeans have been researched for
more than 70 years. During 1929-1931 bree-
ders Dorsett and Morse amassed an extensive
collection of germplasm, which Morse used as
starting material to create 49 edamame varie-
ties [6].

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

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

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

High-quality edamame pods are bright green
with sparse hairs (from white to gray), well
shaped with a flawless surface, without dama-
ge or external defects, and contain two or more
beans [10]. Edamame is harvested when the
beans are still immature (between the repro-
ductive growth stages R6 and R7), when the
seeds have filled 80—-90% of the pod and retain
about 65% moisture [11]. In the phase of tech-
nological maturity, edamame at the R6 stage
has an intense green color, a low concentration
of oligosaccharides and antinutrients, as well
as a high content of sucrose and a large mass
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of immature seeds [12, 13]. Vegetable varieties
of soybeans differ from oilseeds in increased
content of monosaccharides (about a third
higher), sucrose (1.5 times more), and a re-
duced content of trisaccharides (almost 2
times). In the dry matter of vegetable soybean
seeds, the proportion of mono- and oligosac-
charides ranges from 14-24%, sometimes
reaching 35%, but in world collections there
are vegetable-type soybean samples in which
the proportion of C, H, O, is higher. Such
beans are more palatable and do not cause di-
gestive problems when consumed, which is why
they are also called «sweet soybeans» [14]. An
important element in the introduction of vege-
table soybeans with a high content of biologi-
cally active substances is the study of the pro-
ductivity of the starting material Glycine max
var. Shirofumi L.

Materials and research methods

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

Table 1
The origin of the collection varieties of vegetable
soybeans
Number according to State Catalog
of Samples of Legume cultures Variety name Country
of the National Center for Plant of origin
Genetic Resources of Ukraine
‘Romatnyka’ St Ukraine
UD0200177 ‘Fiskeby V' Sweden
UD02200640 ‘Karikachi’ Japan
UD0201068 ‘Astra’ Russia
UD0201080 Vesta’ Russia
UD0201152 ‘SibNIISOKh 6" | Russia
UD0202500 ‘Sac’ Japan
UD0202625 ‘Fiskeby V-E5" | Belarus
UKR001:02894 ‘L 380-2-13’ Ukraine

A randomized field experiment was conduc-
ted. The experiment was performed in four
repetitions. The area of the experimental plot
was 10 m?2. Sowing of vegetable soybeans was
carried out according to the scheme 45 x 5 cm
(444 000 pcs./ha) on May 5-10.

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

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

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

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

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

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

_2°+(B,—-B) Q)
Y (L,+L,)-T

The dry matter was determined by the dry-
ing method according to the State Standard
7804:2015 [16]. Sugars were extracted from
crushed (1 g) unripe beans with water and ana-
lyzed by high-performance liquid chromatog-
raphy (HPLC) using a Waters-2695 HPLC
chromatograph. Measurement of sugar content
was determined using a Waters 410 differen-
tial refractometer according to the Johansen
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and others method. [17]. Protein content — by
the Kjeldahl method, according to the State
Standard ISO 5983-2003 [18].

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

_SD
CV = 2

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

CV < 10% - weak variation;

CV 11-25% — average;

CV > 25% — significant [19] using computer
programs Excel and Statistica 10.

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

Research results

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

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

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

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

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

Table 2
Productivity parameters of different varieties of vegetable soybeans (2020-2021)
Productivity parameters of vegetable soybeans in the phase of technological maturity of beans
. Leaf area Number Number Number NPPF full pod - technological
Sample Plantci:nmght, of crops, of shoots, of beans, of seeds, [l)'naturity, ’
thousand m?2 pcs./plant pcs./plant pcs./bean g/m?/day
‘Romatnyka St 97+5.2 30.2+0.64 2.0£0.11 31.0£1.9 2+0.10 2.52+0.07
‘Fiskeby V' 62+1.7 34.6+0.98 2.0+£0.08 31.8£0.7 2+0.07 2.65+0.14
‘Karikachi’ 108+3.3 33.0+1.13 2.0+0.06 34.0+0.5 240.07 2.41+0.04
Astra’ 109+2.9 30.6+1.60 2.5+0.07 38.0+2.1 3+0.07 2.43+0.07
‘Vesta’ 78+3.1 39.0+0.99 2.5+0.09 48.5+1.2 3+0.07 2.95+0.09
‘SibNIISOKh 6 70+£2.5 30.0+0.83 3.0+0.11 49.0+1.3 3+0.21 2.55+0.08
‘Sac’ 72+0.6 35.0+1.12 3.0+0.08 58.0+1.3 3+0.04 2.74+0.07
‘Fiskeby V-E5’ 67+3.6 37.5+1.32 3.5+0.17 71.0+5.1 3+0.13 2.83+0.10
‘L 380-2-13" 64+2.9 28.1+0.89 4.0+0.08 76.0+1.7 3+0.06 2.62+0.05
Xmed. 80.8 33.1 2.7 48.6 2.7 2.6
SD 17.7 3.5 0.7 15.8 0.5 0.2
CV, % 22 11 25 33 18 6

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

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

The net primary productivity of photosyn-
thesis varied little in all variants of the ex-
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periment (CV = 6%). The maximum net pri-
mary productivity of photosynthesis was ob-
served in samples ‘Vesta’ — 2.95 g/m?/day and
‘Fiskeby V-E5’ — 2.83 g/m?/day, which is 17.1
and 12.83% more than the standard. The net
primary productivity of photosynthesis in
‘Fiskeby V’, ‘Sac’ samples was significantly
higher than ‘Romantyka’ variety — 2.65 and
2.74 g/m?/day, which is more by 5.2 and 8.7%.

In terms of the number of beans per plant,
samples ‘Sac’, ‘Fiskeby V-Eb5’, ‘Astra’ signifi-
cantly prevailed over ‘Romantyka’ variety —
58-76 pcs./plant, which is more by 19.6—56.7%.
A smaller number of beans in comparison with
the standard was formed by samples ‘Fiskeby V’,
‘SibNIISOKh 6°, ‘Karikachi’, ‘L 380-2-13" -
31-38 pcs./growth, which is 21.6-36.1 less %.
The variation of this feature was strong —
CV = 33%.

In terms of the number of seeds in one bean,
the varieties were medium variable, the coeffi-

ISSN 2518-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2021, T. 17, N¢ 4



Breeding and seed production

cient of variation was 18%, and they were clear-
ly divided into two groups: with two-seeded
beans (Karikachi’, ‘Astra’, ‘L 380-2-13’) and
three-seeded beans (‘Romantyka’ St, ‘Fiskeby V’,
‘Vesta’, ‘SibNIISOKh 6’°, ‘Sac’, ‘Fiskeby V-E5’).

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

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

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

Crop yield is an indicator on which the expe-
diency and efficiency of cultivation technology
depends. Most of the collection samples signifi-
cantly exceeded the standard variety ‘Romatny-
ka’, their yield fluctuated within 11.83-22.4 t/ha.
Varieties ‘L 380-2-13° (17.3 t/ha), ‘Vesta’
(18.8 t/ha), ‘Sac’ (19.6 t/ha), ‘Fiskeby V’
(21.4 t/ha), ‘Fiskeby V-E5’ (22.4 t/ha), were cha-
racterized by maximum yield, which was 6.2—
98.2% more than the standard. Edamame yield
variation was also strong with CV = 27%.

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

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

Table 3

Yield and quality parameters of vegetable soybean samples

Sample Weight of beans, g/plant | Bean yield, t/ha | Seed yield, t/ha | Dry matter, %
‘Romatnyka’ St 90.0+2.4 11.3+0.40 2.00+0.06 31.70+0.62
‘Fiskeby V' 171.0£6.2 21.4+0.41 2.11+0.18 23.00+1.58
‘Karikachi’ 81.0+1.5 10.5+0.36 2.20+0.06 32.00+1.92
Astra’ 90.0+2.8 12.7+0.55 2.3840.11 30.70+1.62
‘Vesta' 163.0+12.0 18.8+0.45 2.88+0.08 28.00+1.09
‘SibNIISOKh 6' 95.4x2.4 12.0£0.24 3.08+0.16 31.10£0.79
‘Sac’ 156.6+9.0 19.6+0.62 3.08+0.09 26.00+1.26
‘Fiskeby V-E5' 176.0+5.6 22.4x0.35 3.63£0.21 22.70+1.29
‘L 380-2-13' 138.6+4.4 17.3£0.82 4.00+0.04 28.60+1.26

Xmed. 129.1 16.2 2.80 28.20

SD 37.2 4.4 0.7 3.4

CV, % 29 27 23 12

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

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

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

0.05 t.m.

= 2.14; LCD =2,92)

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

Table 4
Soluble sugar content in vegetable soybeans
Variety Sugar content, g/100 g dry matter (X + SD)
fructose glucose sucrose raffinose stachyose

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

Xmed. 0.88 0.18 8.54 0.35 0.09

SD 0.12 0.04 0.81 0.11 0.02
CV, % 14 19 10 33 27

The concentration of glucose in all studied sam-
ples of vegetable soybeans varied markedly with-
in the range of 0.13-0.24 mg/100 g (CV = 19%)
and was below the standard by 8.3—-45.8%. In
terms of the concentration of sucrose and raf-
finose, the same tendency was observed — the
studied samples were characterized by the lo-
west concentration, with the exception of indi-
vidual samples (‘Vsesta’ and ‘L 380-2-13).
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However, the sucrose content varied little —
CV = 10%, and the raffinose content very
strongly (CV = 33%).

The samples significantly varied in the con-
tent of stachyose (CV = 27%); most of the stu-
died samples significantly exceeded the stan-
dard, with the exception of samples of ‘Vesta’
and ‘L 380-2-13’ varieties, where its content
was equal to the standard.
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Breeding and seed production

The results of the study indicate a very
strong differentiation of varieties according to
all economic characteristics.

Conclusions

The results show that even with minor vari-
ations in genotype, vegetable soybean varie-
ties/samples are reasonably similar to grain-
type soybeans. Our results also support the
benefits of edamame as a low oligosaccharide
dietary product. A promising variety is
UD0202500 ‘Sac’ originating from Japan. It is
characterized by large seeds of bright green
color at the stage of technological and biologi-
cal maturity, increased yield of green beans —
19.6 t/ha, seeds — 3.08 t/ha; has fairly high
protein content — up to 35.9% in green beans
and up to 42.0% in mature seeds. The obtained
results provide useful information about seed
and nutritional quality of edamame for further
breeding practice and prove that the intro-
duced vegetable soybean varieties are suitable
for both vegetable production and high-quality
seeds.

References

1. Johnson, D., Wang, S., & Suzuki, A. (1999). Edamame: a vegetab-
le soybean for Colorado. In J. Janick (Ed.), Perspectives on New
Crops and New Uses (pp. 385-387). Alexandria, VA: ASHS Press.
2. Mentreddy, S. R., Mohamed, A. I., Joshee, N., & Yaday, A. K.
(2002). In Edamame: a nutritious vegetable crop. Trends in new
crops and new uses (pp. 432—438). Atlanta, GA: ASHS Press.
3. Zeipiné A. S., Alsiné A. 1., & Lepse, L. (2017). Insight in eda-
mame yield and quality parameters: A review. Res. Rural. Dev., 2,
40-44. doi: 10.22616/rrd.23.2017.047
4.Yu, D., Lord, N., Polk, J., Dhakal, K., Li, S., Yin, Y., ... Huang, H.
(2021). Physical and chemical properties of edamame during
bean development and application of spectroscopy-based ma-
chine learning methods to predict optimal harvest time. Food
Chem., 368, 130799. doi: 10.1016/j.foodchem.2021.130799
5. Carneiro, R., Duncan, S., 0’Keefe, S., Yu, D., Huang, H., Yin, Y., ...
Gillen, A. (2021). Utilizing Consumer Perception of Edamame to
Guide New Variety Development. Front. Sustain. Food Syst., 4,
556-580. doi: 10.3389/fsufs.2020.556580
6. Hymowitz, T. (1984). Dorsett-Morse soybean collection trip to
East Asia: 50-year retrospective. Econ. Bot., 38(4), 378-388.
doi: 10.1007/BF02859075
7. Smith, J. M., & Van Duyne F. 0. (1951). Other soybean products.
In K. S. Markley (Ed.), Soybeans and soy-bean products (Vol. 2,
pp. 1055-1078). New York, NY: Interscience.
8. Carneiro, R. C. V., Duncan, S. E., 0'Keefe, S. F., Yin, Y., Neill, C. L.,
& Zhang, B. (2020). Sensory and consumer studies in plant
breeding: A guidance for edamame development in the U.S.
Front. Sustain. Food Syst., 4,124. doi: 10.3389/fsufs.2020.00124
9. Zhang, B., Lord, N., Kuhar, T., Duncan, S., Huang, H., Ross, J., ...
Buss, G. (2021). A vegetable soybean cultivar for commercial
edamame production in the mid-Atlantic USA. J. Plant Regist.,
1-5. doi: 10.1002/plr2.20140
10. Williams, M. M. (2015). Phenomorphological characterization of
vegetable soybean germplasm lines for commercial production.
Crop Sci., 55, 1274-1279. doi: 10.2135/cropsci2014.10.0690

11. Nolen, S., Zhang, B., & Kering, M. K. (2016). Increasing fresh
edamame bean supply through season extension techniques.
J. Hortic., 3, 1-5. doi: 10.4172/2376-0354.1000170

ISSN 2513-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2021, Vou. 17, No 4

12. Xu, Y., Cartier, A., Kibet, D., Jordan, K., Ivy, H., & Davis, S.
(2016). Physical and nutritional properties of edamame seeds
as influenced by stage of development. J. Food Meas. Cha-
ract., 10, 193-200. doi: 10.1007/511694-015- 9293-9

13. Jankauskieng, J., Brazaityte, A., & Vastakaité-Kairiene, V.
(2021). Potential of vegetable soybean cultivation in
Lithuania. Not. Bot. Horti Agrobot. Cluj-Napoca, 49, 12267.
doi: 10.15835/nbha49112267

14. Findlay, S., McKenzie, J., Al-Dujaili, E., & Davidson, H. (2015).
Weight loss and reductions in body mass index, abdominal-
girth and depth after a 12 week dietary intervention of soya
beans (edamame). Proc. Nutr. Soc., 74, E70. doi: 10.1017/
$0029665115000853

15. Nedvyha, M. V. (1994). Morfolohichni kryterii ta henezys sucha-
snykh gruntiv Ukrainy [Morphological criteria and genesis of
modern soils of Ukraine]. Kyiv: Ahrarna nauka. [in Ukrainian]

16. Produkty pererobliannia fruktivta ovochiv. Metody vyznachannia
sukhykh rechovyn abo volohy: DSTU 7804:2015 [Fruit and vege-
table products. Methods for determination of total solids or
moisture: State standard of Ukraine 7804:2015]. (2015). Kyiv:
Derzhspozhyvstandart Ukrainy. [in Ukrainian]

17. Johansen, H. N., Glitso, V., & Knudsen, K. E. B. (1996). Influ-
ence of extraction solvent and temperature on the quantita-
tive determination of oligosaccharides from plant materials
by high-performance liquid chromatography. J. Agric. Food
Chem., 44, 1470-1474. doi: 10.1021/jf950482b

18. Kormy dlia tvaryn. Vyznachannia vmistu azotu i obchysliuvannia
vmistu syroho bilka. Metod Kieldalia: DSTU IS0 5983-2003 [Animal
feed. Determination of nitrogen content and calculation of crude
protein content. Kjeldahl method: State standard of Ukraine ISO
5983-2003]. Kyiv: Derzhspozhyvstandart Ukrainy. [in Ukrainian]

19. Lakin, G. F. (1990). Biometriya [Biometrics]. (4th ed., rev. and
enl.). Moscow: Vysshaya shkola. [in Russian]

20. Pylney, V. V. (Ed.). (2005). Chastnaya selektsiya polevykh kul'tur
[Private breeding of field crops]. Moscow: Kolos. [in Russian]

21. Carneiro, R., Yin, Y., Duncan, S., & 0'Keefe, S. (2021). Edamame
Flavor Characteristics Driving Consumer Acceptability in the
United States: A Review. ACS Food Sci. Technol., 1, 1748-1756.
doi: 10.1021/acsfoodscitech.1c00261

BukopucrtaHa nitepatypa

1. Johnson D., Wang S., Suzuki A. Edamame: A vegetable soybean
for Colorado. Perspectives on new crops and new uses / J. Janick
(Ed.). Alexandria, VA : ASHS Press, 1999. P. 385-387.

2. Mentreddy S. R., Mohamed A. I., Joshee N., Yadav A. K. Edama-
me: a nutritious vegetable crop. Trends in new crops and new
uses. Atlanta, GA : ASHS Press, 2002. P. 432-438.

3. Zeipina$S., Alsina I., Lepse L. Insight in edamame yield and quali-
ty parameters: A review. Res Rural Dev. 2017. Vol. 2. P. 40-44.
doi: 10.22616/rrd.23.2017.047

4. YuD., Lord N., Polk J. et al. Physical and chemical properties of
edamame during bean development and application of spec-
troscopy-based machine learning methods to predict optimal
harvest time. Food Chem. 2021. Vol. 368. 130799. doi: 10.1016/
j.foodchem.2021.130799

5. Carneiro R., Duncan S., 0'Keefe S. et al. Utilizing Consumer Per-
ception of Edamame to Guide New Variety Development. Front.
Sustain. Food Syst. 2021. Vol. 4. P. 556-580. doi: 10.3389/
fsufs.2020.556580

6. Hymowitz T. Dorsett-Morse soybean collection trip to East
Asia: 50-year retrospective. Econ. Bot. 1984. Vol. 38, Iss. 4.
P. 378-388. doi: 10.1007/BF02859075

7. Smith J. M., Van Duyne F. 0. Other soybean products. Soybeans
and Soybean Products / K. S. Markley (Ed.). New York, NY : In-
terscience, 1951. Vol. 2. P. 1055-1078.

8. Carneiro R. C. V., Duncan S. E., 0’Keefe S. F. et al. Sensory and
consumer studies in plant breeding: A guidance for edamame
developmentin the U.S. Front. Sustain. Food Syst. 2020. Vol. 4.
124. doi: 10.3389/fsufs.2020.00124

333



Cenekyis ma HaciHHUYMBO

9. Zhang B., Lord N., Kuhar T. et al. A vegetable soybean cultivar
for commercial edamame production in the mid-Atlantic USA.
J. Plant Regist. 2021. P. 1-5. doi: 10.1002/plr2.20140

10. Williams M. M. Phenomorphological characterization of vegetab-
le soybean germplasm lines for commercial production. Crop Sci.
2015. Vol. 55. P. 1274-1279. doi: 10.2135/cropsci2014.10.0690

11. Nolen S., Zhang B., Kering M. K. Increasing fresh edamame
bean supply through season extension techniques. J. Hortic.
2016. Vol. 3. P. 1-5. doi: 10.4172/2376-0354.1000170

12. Xu Y., Cartier A., Kibet D. et al. Physical and nutritional
properties of edamame seeds as influenced by stage of de-
velopment. J. Food Meas. Charact. 2016. Vol. 10. P. 193-200.
doi: 10.1007/s11694-015- 9293-9

13. Jankauskiené J., Brazaityte A., Vastakaite-Kairiené V. Poten-
tial of vegetable soybean cultivation in Lithuania. Not.
Bot. Horti Agrobot. Cluj-Napoca. 2021. Vol. 49. 12267.
doi: 10.15835/nbha49112267

14. Findlay S., McKenzie J., Al-Dujaili E., Davidson H. Weight loss
and reductions in body mass index, abdominal-girth and-
depth after a 12-week dietary intervention of soya beans
(edamame). Proc. Nutr. Soc. 2015. Vol. 74. E70. doi: 10.1017/
50029665115000853

YOK 631:57-047.44:[635.655:631.526.3](477.4)

15. Hepeura M. B. MopdonoriuHi kputepii Ta reHesuc cy4yacHux
rpyHTiB YKkpaiHu. Kuis : Cinbrocnoceita, 1994. 344 c.

16. MpopyKTy nepepobnsHHA hpyKTie Ta 0BoYiB. MeToau BU3HaYaH-
HA CYXuX peyoBuH abo Bonoru : ACTY 7804:2015. Kuis : fepx-
CnoXwuBCcTaHpapT Ykpainm, 2015. 19 c.

17. Johansen H. N., Glitso V., Knudsen K. E. B. Influence of
extraction solvent and temperature on the quantitative
determination of oligosaccharides from plant materials by
high-performance liquid chromatography. J. Agric. Food
Chem. 1996 Vol. 44. P. 1470-1474. doi: 10.1021/jf950482b

18. Kopmu ans TBapuH. BusHauyaHHs BMicTy a30Ty i 064MC/IOBaH-
HA BMicTy cuporo 6inka. Metog K'enbpans : ACTY ISO 5983-
2003. Kuis : lepxxcnoxusctaHgapt Ykpainu, 2005. 8 c.

19. Jlakuu I. ©. BuomeTpus. 4-e u3p., nepepab. u gon. Mocksea :
Beicwas wkona, 1990. 352 c.

20. YacTHas cenekuus nonesblx KynbTyp / nog pen. B. B. MbinbHe-
Ba. Mocksa : Konoc, 2005. 552 c.

21. Carneiro R., Yin Y., Duncan S. et al. Edamame Flavor Characte-
ristics Driving Consumer Acceptability in the United States:
A Review. ACS Food Sci. Technol. 2021. Vol. 1. P. 1748-1756.
doi: 10.1021/acsfoodscitech.1c00261

fluenko B. B.*, Montopeubkuut C. M., AueHko A. 0. ArpobGionoriyHe oUiHIOBaHHA KONEKLilHMX COpTiB coi
oBoueBoi B ymoBax Jlicocteny Ykpainu. Plant Varieties Studying and Protection. 2021. T. 17, N2 4. C. 327-334.

https://doi.org/10.21498/2518-1017.17.4.2021.248991

Ymarcokuli HayioHanbHul yHiBepcumem cadisHuymsa, 8ya. Incmumymceka, 1, M. Ymaus, 20301, Ykpaina,

*e-mail: slaviksklavin16 @gmail.com

MeTa. ArpoGionoriyHe ouiHiOBaHHA copTiB coi Glycine
max var. Shirofumi 3a KOMNNEKCOM roCnoAapCbKo-LiHHMX
03HaK ansa iHTpoaykuii B ymosax Jlicocteny Ykpainu. [ob6ip
NepcnekTUBHUX CeNnekLinHux hopm 3a Mopto-6ionoriuHumm
Ta ¢isionoro-6ioximiyHumn xapaktepuctukamu. Metoau.
MonboBi, NabopaTopHi, CTaTUCTUYHI, PO3PaxyHKOBO-aHaNi-
TWYHi. [locnigXeHHs NpPOBOAWAM B YMOBax HaBYalbHO-BU-
pobHuyoro Bigainy YMaHCbKOro HauioHanbHOro yHiBepcu-
TeTy cafiBHWUTBA BNpogoBx 2020-2021 pp., BUKOpUCTO-
BYBaNW KOJEKLiiiHi cOpTM pi3HOro ekonoro-reorpagivyHoro
noxomxeHHs (YkpaiHa, binopycs, Wseuis, AnoHis i Pocis).

OuiHloBaHHA COPTIB NPOBOAMAM 3@ HACTYMHWUMW napame-
TpaMu: BUCOTA POCMH, NIUCTKOBA NJOLWA, YUCTA MPOAYKTUB-
HiCTb OTOCMHTE3Y Ta NOKA3HMKM iHAMBiAYaNbHOT NPOAYKTUB-
HocTi (Maca 606iB 3 0fHiET pocAnHY, KiNbKiCTb HACTHWH y 6061
Ta iH.), BpOXaiiHicTb 3eneHux 606iB Ta GionoriyHo 3pinoro
HaciHHA i BifNOBigHO AKiCHI NOKa3HMKKM npopyKuii (cyxa pe-
YOBMHa, BMiCT LyKpiB i npoTeiHy). 06niku npoBoannu y dasi
TexHiuHoi cTurnocti 606is. Pesynbratu. MiHAMBiICTb O3HAKK
«BUCOTA POCANHUY [OCTIfKYBAHUX COPTIB MaNa CEpPeLHI0 Ba-
piauito — koediLieHT BapitoBaHHsA cknagas 22%. Pe3ynbratn
BKa3any, Wo copT-ctaHaapT ‘PomaHTuKa’ Ta KonekuiitHi copTu
‘Karikachi” Ta ‘Actpa’ BigHOCATbCA [O HaniBAETEPMiHAHTHO-
ro Tuny pocty (97-109 cm), coptu ‘Fiskeby V', “J1 380-2-13,
‘Fiskeby V-E5’, ‘Cu6HUNCOX 6', ‘Sac’, ‘BecTa’ Hanexarb 4o fe-
TePMiHAHTHOrO TUMY POCTY. 3a KiNbKiCTIO HACIHUH Yy CTPYYKY
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LOCNifXXyBaHi COPTU YiTKO PO3Ainunucs Ha ABi rpynu: 3 ABo-
HaciHHuMK 606ammn (coptu ‘Karikachi’, ‘Actpa’, ‘J1 380-2-13")
Ta TpUHaciHHUMKU 6o6amu (coptn ‘PomanTuka’ (St), ‘Fiskeby V',
‘Becta’, ‘Cu6HNNCOX 6, ‘Sac’, ‘Fiskeby V-E5). Makcumanb-
Hy BpOXaiHicTb 606iB egamame opMyBanu PoCinHU COPTY
‘J1 380-2-13" (17,3 1/ra), ‘Becta’ (18,8 1/ra), ‘Sac’ (19,6 7/ra),
‘Fiskeby V' (21,4 1/ra), ‘Fiskeby V-E5" (22,4 1/ra). BussneHo
iCTOTHY AndepeHLialito copTiB COT 0BOYEBOT 3a NOKa3HMKa-
MK GioximiyHoro cknagy Hepo3spinux 606is. Cyxuit 3anMwok
cTaHoBuMB 22,70-31,70%. YacTka npoTeiHy y 3eneHux 606ax
efamame crtaHosuna 28,2-38,6%, y 6ionoriyHo 3pinomy Ha-
CiHHi 10ro yacTka 3pocTana fo 36,1-42,8%. Cepep po34MHHUX
LYKpiB HalGinblly KOHUEHTpaLil Bif3HayeHo pis caxapo-
31 — 7,70-9,38 Mr/100 r cyxoro HaciHHS, U0 B CEpeAHbOoMY
cknapano 81,6—86,2% ycix uykpis. HaBepeHi pesynsratu 3a-
6e3neyyioTb KOMNNEKCHY OLiHKY ANA ceNekuiinHoT poboTu Hag
copTamu cOi OBOYEBOT 3 HU3bKMM BMiCTOM oOnirocaxapuais.
BucHoBKu. OUiHIOBAHHA KONEKUiHUX COPTIB COi OBOYEBOTO
HanpsMy BUKOPUCTAHHA 3a BapiabenbHicTio MOphonoriyHmx
03HaK Ta NPOAYKTUBHICTIO JO3BONMNO BUAINUTK Cepef, iHTpo-
LYKOBAHWX KONEKLiAHMX COPTiB 3@ KOMMIEKCOM LiiHHUX O3HaK
LNA BUKOPUCTaHHA y cenekuiiiHomy npoueci copt ‘Sac’ ans
CTBOPEHHS HOBUX COPTiB COT OBOYEBOrO HanpsMy, afganToBa-
Hux go ymoB Jlicocteny YkpaiHu.

Knroyosi cnosa: edamame; ypoxaliHicms, npomeid; smicm
UYKPiB; HACIHHS.
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