TN

’/Pant and Soil
__Science

Journal homepage: https://agriculturalscience.com.ua/en
Plant and Soil Science, 13(1)
Received: 28.10.2021. Revised: 30.01.2022. Accepted: 23.02.2022

UDC 631.5:635.7

DOI: 10.31548/agr.13(1).2022.17-26

Oleksandr Komar®, Iryna Bobos, Ivan Fedosiy

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Adaptive Potential of Fenugreek Species at Different Sowing Times

Abstract. Among the unexplored technological elements of growing fenugreek in the conditions of Ukraine is the
creation of conveyor cultivation of the culture. Therefore, the problem of the influence of sowing dates on the growth
and development of plants, the parameters of the harvest and the qualitative composition of marketable products
is acute. The purpose of this study was to substantiate the optimal sowing dates of fenugreek species to increase
the yield of dried products in the conditions of Polissia on sod-podzolic soils. The leading methods employed
to investigate this issue were the field method - to find the interaction of the object of research with biotic and
abiotic factors, statistical method - to evaluate the research results to find the parameters of fenugreek’s adaptive
capacity. During 2012-2014, for different sowing periods, the average yield of dry mass in blue fenugreek varied from
0.5 to 1.3 t/ha, and in hay fenugreek - from 0.6 to 1.5 t/ha. The early spring period and the late spring period of the
1%t sowing period were characterized by the highest overall adaptive capacity. The highest value of the specific adaptive
capacity was established during the late spring 2" sowing period. The relative stability index ranged from 2.6 to 11.4.
Blue fenugreek during the late spring 1* and 2" sowing periods responds well to improved growing conditions (b, >1),
and fenugreek hay during the late spring 2" and summer sowing periods. Early spring and late spring 1%t sowing
period samples are characterized by high breeding value. An increase in the sum of effective temperatures by 1°C
contributed to the fluctuation of green mass yield from 4.82 to 128 kg/ha, and dry mass yield from 0401 to 6.63 kg/ha.
At the same time, an increase in precipitation by 1 mm affected the fluctuation of the yield of green mass from 15.0
to 146 kg/ha, and of dry mass from 0.145 to 25.9 kg/ha. Commercial production of fenugreek species was formed
within the range of the sum of air temperatures (>10°C) 383.9-487.1°C, the amount of precipitation 70.7-144.3 mm,
and the growing season ranged from 35 to 55 days. The highest productivity of fenugreek species was found during
sowing from the second decade of April to the first decade of May. The materials of this paper are of practical value for
expanding the species diversity of vegetables and increasing the supply of the population with valuable food products
and during the application of new and improved elements of technologies for growing valuable rare crops to achieve
the maximum effect of fulfilling the genetic potential of plants
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INTRODUCTION

Since ancient times, fenugreek has been used as a spice,
food, and medicinal crop, and more recently as a func-
tional food (food that provides health and wellness bene-
fits in addition to nutrients) [1]. Fenugreek seeds contain a
considerable amount of fibre, phospholipids, glycolipids,
oleic acid, linolenic acid, linoleic acid, choline, vitamin A,
B1, B2, C, nicotinic acid, niacin, and many other functional
elements [2; 3]. It is necessary to focus on the develop-
ment of new cultivated varieties, to completely fulfil their
potential as edible plants along with medicinal value [4].

Fenugreek is grown on different continents, in
different soil and climatic conditions [5]. However, the
development of plants is influenced not only by soil and
climatic conditions, but also by technological interven-
tions [6]. Sowing time and row width are important agro-
nomic factors directly affect the yield level [7 8]. The op-
timal timing of sowing opens the way to more efficient
use of light, temperature, precipitation, and other envi-
ronmental factors [9]. In general, early sowing times are
better because of the expected beneficial effect on seed
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germination, plant growth and development, duration of
the growing season, and yield [10].

Numerous studies have shown that climate change
has adverse effects on food production and food security,
and, according to forecasts, adverse effects will increase
in the future [11-13]. Climate variability, such as being too
wet or too dry, also affects yield [14; 15]. High average air
temperatures affect crops through several mechanisms,
including acceleration of plant growth and total evapo-
transpiration, and thus yields will decrease in response
to increased temperatures [16]. Crops are especially
sensitive to strong heat during the reproductive period,
when it can substantially reduce the amount of grain and
the final yield, and in the most negative cases lead to a
complete loss of the harvest [17].

The changes in temperature and precipitation
predicted by global climate models for the 2050s will
lead to a global decrease in crop yields if planting and
harvesting dates stay unchanged. However, adaptation
of sowing dates and variety selection increases yield in
temperate regions and allows avoiding 7-18% losses [18].

Technologies aimed at maximizing the protective
reactions of the plant organism to adverse environmen-
tal conditions are of particular importance in vegetable
production. Such technologies have a prominent degree
of flexibility, considering environmental conditions in
connection with a change in the set of technological op-
erations, which are most suitable in particular conditions
of the growing season [19]. The defining element in such
technologies is the variety due to its biological, morpho-
logical, and genetic features, the constructed strategy for
the selection of the predecessor, tillage, fertilizers, sowing,
crop care, and harvesting.

A variety, as a biological system, should be consid-
ered in terms of the fulfilment of genetic potential in a
particular ecological region [20]. The value of varieties is
determined by their plasticity and stability, or the ability
to form a certain level of yield in different environmental
conditions [21]. The genotype x environment interaction
must be considered when developing selection programs
focused on nutrition quality parameters, since selection
in particular soil conditions can provide further optimi-
zation of nutrition quality [22; 23].

The purpose of this study was to find the best date
of sowing to obtain the highest yield of dry mass of fenu-
greek species on sod-podzolic soils of Polissia.

MATERIALS AND METHODS
The research was conducted during 2012-2014 at the
National University of Life and Environmental Sciences
of Ukraine at the collection site of the Fruit Orchard, in
the Kyiv Oblast. Two local samples of fenugreek were inves-
tigated: blue fenugreek (Trigonella coerulea (Desr.) Ser.)
and hay fenugreek (Trigonella foenum graecum L.). Spe-
cies were sown simultaneously in four terms: early spring -
II-11I decade of April (April 10 - 2012, April 24 - 2013,
April 10 - 2014); late spring of the 1* term - 3" decade
of April - 15t decade of May (04/25 - 2012, 05/08 - 2013,

%)

04/29 - 2014); late spring of the 2" term - the 2" decade
of May (May 15, 2012, May 17, 2013, May 14, 2014); summer —
1st decade of June (06/10 — 2012, 06/04. — 2013, 06/05 —
2014). Moreover, the seeds for the early spring and the
first late spring terms in 2013 had to be sown later due to
the prolonged cold spring. Control - early spring sowing
period (II-111 decade of April). Repetition - three times with
randomization. The registered area of the site was 5 m2
Calculations were carried out on 30 plants — 10 from each
repetition. The seeding scheme for fenugreek was 45x15 cm.
The depth of wrapping the seeds of blue fenugreek was
10-1.5 cm, hay fenugreek - 2-3 cm.

The field research method was used to determine
the quantitative assessment of the effect of the researched
factors on growth, development, plant productivity, and
crop quality. The reliability of the obtained results was
determined using a statistical method.

Analysis of variance (ANOVA) and correlation
analysis were performed using the XLSTAT add-on in MS
Excel. It was considered that the differences are signifi-
cant when a=0.95 [24].

The indicator of general adaptive capacity (GAC)
was defined as the average value of the trait in various
environmental conditions, and specific adaptive capac-
ity (SAC) as a deviation from the general adaptive capacity
in a certain environment [25]. The method of evaluating
the GAC and SAC is based on testing a population of n
genotypes in m environments. The number of repetitions
is equal to c. Then (1):

Xy = U+ Vi+d, + (Vd)ik+ €ir (1)

where x,_is the phenotypic value of (i) genotype grown in
(k) environment in (r) replication; U is the overall average
of the entire population of phenotypes; V is the effect of (i)
genotype; d, is the effect (k) of environment; (Vd), is the
effect of interaction of (i) genotype with (k) environment;
e, is an effect due to random causes and attributed to the
(ekr) phenotype.

The following restrictions were imposed on the
elements of the model (2):

2ivi = 2pde = LDy = L)y =X ey =0 (2)

GAC effects (3):
GACL = Vi = Xi -Uu (3)

The parameters of the adaptive capacity of fenu-
greek species were as follows (4; 5):
1

Yaldg + Vdip)? - 225 62 (4)

*
m-1 m
0 SAC; = /0% SAC; (5)

To compare the variability of various features
upon investigating fenugreek species and habitats, the
relative stability of the species according to the following
S, feature was used (6):

o2 SAC; =

Plant and Soil Science. Vol. 13, No. 1



0. Komar et al.

OSAC;
Sy = ——=L% 1009
9L U+GAc %

(6)

The reaction of fenugreek species to the improve-
ment of environmental conditions was determined by
the value of the regression coefficient b, (7):

b = L Xig *dg
i = Ty a2
rRAR

)

To select fenugreek species that combine produc-
tivity and stability, the selection value of the genotype was
used (8):

SVGL =U+ GACl -p O-SACi (8)

To figure out when a certain stage of plant devel-
opment will occur (“sowing-seedlings”, “seedlings-be-
ginning of budding”, “beginning of budding-beginning
of flowering”, “beginning of flowering-beginning of
ripening of beans’, “seedlings-beginning of ripening
of beans”) the Growing Degree Days method was used,
which is based on the real temperature [26]. The sum of
effective air temperatures for the interphase period was

calculated using the formula (9):

Ztef = (tavg _B)*n
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where Xt is the sum of the effective air temperatures for
the period; °C, t,,, is the average active air temperature for
the period, °C; B is the biological minimum, which in this
study was taken as 10°C; n is the number of days in the
period.

RESULTS AND DISCUSSION
The duration of the phenological phases of development
of blue fenugreek from the 2°¢ decade of April to the
1stdecade of Junewas established as follows: “sowing-seed-
ling” ranged from 6 to 12 days and took place at total air
temperatures (>10°C) of 21.3-70.5°C and total precipitation
0f10.3-45.3 mm; “seedling-beginning of budding” - from
28 to 39 days, for total air temperatures (>10°C) of 310.0-
316.2°C and total precipitation of 477-123.3 mm; “the be-
ginning of budding-the beginning of flowering” - from
4 to 7 days, for the total air temperatures (>10°C) of 48.2-
78.9°C and the total precipitation of 2.3-24.1 mm; “the be-
ginning of flowering-the beginning of ripening of beans” -
from 3 to 6 days, for the total air temperatures (>10°C)
of 35.4-617°C and the total precipitation of 3.6-237 mm;
“seedlings—-the beginning of ripening of beans” - from 36
to 52 days, for the total air temperatures (>10°C) of 398.9-
450.6°C and the total precipitation of 70.7-133.3 mm (Fig. 1).
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Figure 1. The sum of air temperatures above 10°C with a cumulative total and the total precipitation necessary
to complete the phenological phases of the development of blue fenugreek at different sowing times
(average for 2012-2014)
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Depending on the timing of hay fenugreek sowing, the
ranges of phenological phases of development were es-
tablished as follows: “sowing-seedling” ranged from 7 to
12 days and took place during the total air temperatures
(>10°C) of 24.6-82.1°C and the total precipitation of 12.0-
207 mm; “seedling-beginning of budding” - from 26 to
37 days, for total air temperatures (>10°C) of 2877-325.1°C
and total precipitation of 40.7-122.0 mm; “the beginning
of budding-the beginning of flowering” - from 5 to 6 days,

160 T

-

~

o
'
T

[y

N

o
1
T

[uny

o

o
1
T

D
o
1
T

N
o
'
T

Total precipitation, mm
(0]
o
t

N
o o
1 1

for the total air temperatures (>10°C) 48.0-63.0°C and the
total precipitation 3.0-287 mm, “the beginning of flower-
ing - the beginning of ripening beans” - from 3 to 12 days,
for total air temperatures (>10°C) of 30.3-135.6°C and to-
tal precipitation of 21.3-35.7 mm; “seedlings-the begin-
ning of ripening of beans” - from 35 to 55 days, for the
total air temperatures (>10°C) 383.9-4871°C and the total
precipitation 71.3-144.3 mm (Fig. 2).
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Figure 2. The sum of air temperatures above 10°C with a cumulative total and the sum of precipitation necessary
to complete the phenological phases of hay fenugreek development during different sowing periods
(average for 2012-2014)

C.Karma et al. (2017) found that different sowing
dates in West Bengal differed significantly in number of
days to germination, sowing on 30 December showed the
maximum number of days (14.13 days) and the minimum
number of days was achieved by fenugreek plants sown
on 30 October (9.38 days) [27]. R. Sheoran et al. (2000)
found that during a 14-day delay in sowing, the analysed
fenugreek varieties formed inflorescences earlier and
ripened faster. Furthermore, late sowing reduced plant
requirements for warm temperatures, which is critical
when plants requiring higher temperatures must be
adapted to grow in more severe climates [28]. Ionescu and
Roman (2013) note that fenugreek ripened in the third
decade of July, after 95 days of vegetative growth, and the
number of accumulated heat units was 922.2 (>10°C) [29].

In general, culture needs a cool climate during
vegetative growth, and a dry climate during seed matu-
ration [30]. Plants sown at the optimal time have more
chances to achieve the correct phenological development.
A delay in sowing, on the contrary, shortens the duration
of the vegetation period of plants and successive phases
in growth and development [31].

Based on the conducted analysis of variance,
it was established that the yield of fenugreek species
considerably depended on the genotype, environment,
repetitions, and interaction of factors with the share of
their influence being 18%, 36%, 24%, and 18%, respec-
tively, with the predominance of the influence of the
environment (Fig. 3)
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m Share of influence of fenugreek species (factor A)

@ Share of influence of sowing dates (factor B)

@ Share of the interaction of fenugreek species and sowing dates
O Share of the influence of repetitions

B Share of the impact of the error

Figure 3. The share of influence of individual elements of the experiment on fenugreek productivity, %
(average for 2012-2014)

Among the features of fenugreek species under
study, yield is of particular importance as a holistic in-
dicator of genetic potential. The range of yield variation
shows the difference between the minimum and maxi-
mum value and characterizes the stability of a certain
genotype. Varieties with a smaller range of variation
have better adaptability. During the research period, the
best value in terms of variation stability can be iden-
tified for fenugreek in the early spring period (0.2 t/ha)
and late spring of the 15t sowing period (0.3 t/ha), and for
blue fenugreek in the early spring period (0.3 t/ha), which
were characterized by a high yield of dry mass within 1.1-
14 t/ha (Table 1). The widest range of yield fluctuations
(0.5 t/ha) was noted during the late spring 2" period of
fenugreek sowing. The time of sowing is crucial for the

growth and development of plants and obtaining the
highest possible yield. Sowing too early or too late can
hinder growth, reduce yield, and worsen the quality of
the crop [32]. Radojka and Jevdjovic (2007) found that
sowing in the first two weeks of April resulted in con-
siderably higher yields compared to sowing at the end
of April and during May [33]. In Kansas, A. Obour et al.
(2015) reported no effect of sowing between April 1 and
May 22 on dry matter yield [34]. In Poland, T. Bienkowski
et al. (2016) found that sowing seeds as early as possible
or with a delay of 10 days did not cause a significant de-
crease in seed yield, although delaying the sowing date
by 20 days could reduce seed yield by 3-13%. Early sowing
of fenugreek in West Bengal (October 30) is recommended
for fast growth and high yield [35].

Table 1. Parameters of adaptive capacity by dry mass yield (average for 2012-2014)

Type (factor A) Blue fenugreek Hay fenugreek
=) =)
E= —_ —~ = E= = P =
Egv ol < mger S« Egv ol < mgw S«
©55 | £35  £85 g5 | =285  £3% £85 | €8
Sowing terms £o9q 5Sq aSq E] £oq acq eSS ES
(factor B) g8 | @EY | oE8 | 298 | B3y | gEY «Eg | 29
58 | 52R 53R BR 23R SB2R EER BB
ne - N £ ne - N £
= =
a (77
e Min 1.0 0.9 0.8 0.5 1.3 1.1 0.9 0.6
S~
%f Max 1.3 1.3 1.2 0.7 1.5 1.4 1.4 1.0
=
§ Average 1.2 1.1 1.0 0.6 1.4 1.3 1.1 0.8
1S
g‘ Range of variation 0.3 0.4 0.4 0.2 0.2 0.3 0.5 0.4
Coefficient of variation (V), % 131 18.2 21.5 16.7 7.1 121 27.1 27.2
GAC, 125 58 -75 -442 358 225 25 -275
SAC, 61.4 82.4 86.0 36.6 36.6 61.4 121.1 86.0
Relative stability (Sgi) 5.3 7.5 8.9 6.1 2.6 4.8 11.4 11.2
Plasticity (bi) 0.84 1.16 1.21 0.58 0.58 0.84 1.57 1.21
Selection value (SVG) 742 529 371 347 1147 842 228 171
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On average, the coefficient of yield variation for
blue fenugreek was 17%, depending on individual sow-
ing dates - from 13% to 22%; for hay fenugreek - 18%,
depending on individual sowing dates - from 7% to 27%.
In the case of blue fenugreek, a slight variation of the
trait was found during the early spring sowing period,
medium - late spring1®*seasonand summer, significant -
late spring 2" period. For hay fenugreek, a slight variation
was found for the early spring sowing period, medium -
for the late spring 1t sowing period, significant - for the
late spring 2" sowing period and summer.

Plasticity and stability allow predicting the be-
haviour of varieties in production conditions. Varieties
where the regression coefficient is significantly lower
than 1 belong to the neutral type. They do not respond
well to changes in the environment. Under conditions of
intensive farming, they do not reach high indicators, but
under poor conditions, their indicators decrease to aless-
er extent compared to varieties of the intensive type [36].

Varieties with a regression coefficient above 1belong
to the intensive type. In years with unfavourable weather
conditions, including when there is a low agricultural
background, they sharply reduce productivity. A close to
zero or zero value of the regression coefficient reflects
a variety that does not respond to environmental changes.
With a smaller square deviation of the real indicators
compared to the theoretically expected ones, the variety
is more stable [37].

The coefficient of regression of dry weight yield of
fenugreek species was different. During the late spring
1st and 2™ sowing periods, blue fenugreek responds well
to improved growing conditions (b, >1): with an increase
in average yield by 1 kg/ha, the increase in dry weight
was 116 and 121 kg/ha, respectively. The lowest sensi-
tivity to changes in environmental conditions for blue
fenugreek was established during the early spring and
summer sowing period: with an increase in average
yield by 1 kg/ha, the increase in dry weight was 0.84 and
0.58 kg/ha, respectively.

Hay fenugreek is characterized by high sensi-
tivity (b>1) to the improvement of growing conditions
during the late spring 2" and summer sowing periods:
with an increase in the average level of yield by 1 kg/ha,

the increase in dry weight was 1.57 and 121 kg/ha,
respectively. Hay fenugreek reacted the least to the im-
provement of growing conditions during the early spring
and late spring 1%t sowing period: with an increase in the
average level of yield by 1 kg/ha, the increase in dry mass
was 0.58 and 0.84 kg/ha, respectively.

GAC characterizes the ability of a cultivated plant
to obtain a consistently prominent yield under any con-
ditions, and SAC indicates the plasticity of a cultivated
plant, i.e,, the ability to adapt to specific conditions (low
temperature, drought, pests, etc.) [38].

At different sowing dates, the samples of fenu-
greek species under study ranged widely - from -442 to
358 according to the GAC parameter. The maximum GAC
value was noted in hay fenugreek during the early spring
and late spring 1%t sowing period, with indicators of 358
and 225, respectively. For blue fenugreek, the maximum
value was also established for the early spring and late
spring 1t sowing period with indicators of 125 and 58, re-
spectively. Summer sowing is characterized by the lowest
GAC value.

The highest SAC value (86.0) for blue fenugreek
was established in the late spring 2" sowing period, and
the lowest (36.6) - in the summer. For hay fenugreek,
the highest SAC value (121.1) was established for the late
spring 2" sowing period, and the lowest (36.6) - for the
late spring 15t sowing period.

The best variety for the test zone is the one that had
the maximum GAC value, forms the highest yield under
favourable growing conditions (weather and climatic
conditions of the area, appropriate agricultural technology)
and ensures prominent yield stability [39].

A variety with a high but unstable yield cannot
guarantee maximum productivity in production condi-
tions with insufficient care and adverse weather conditions.
An integrated indicator that characterizes the combination
of high productivity and stable yield in a variety is the se-
lection value of the genotype (SVG) [40]. Early spring and
late spring 1t sowing period samples are characterized
by high breeding value.

Using correlation dependence calculations, the re-
lationship between the parameters that evaluate the adap-
tive properties of genotypes was established (Table 2).

Table 2. Matrix of correlations between parameters of the adaptive capacity of fenugreek species
(average for 2012-2014)

o s s = o

1 = =~ _— st 3
0w © Sao S 5 o o % =y O

i 0 £ > c 20 =) £ 5
Indicator e <5 £ g = ) = 2%
E [ Q 'S = o 5=
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a = & o = )
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Dry mass yield, t/ha 1
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) ] = £ - g
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Indicator § £ ..E = % :.E g g é %8 % %é
o (=]
GAC, 0.99 -0.08 0.60 1
SAC, -0.07 0.99 0.82 -0.07 1
Relative stability (Sgi) -0.54 0.86 0.99 -0.54 0.86 1
Plasticity (b) -0.11 0.99 0.85 -0.11 0.99 0.88 1
Selection value (SVG) 0.81 -0.64 -0.94 0.81 -0.64 -0.92 -0.66 1

The calculation of the correlation coefficient showed
that the average yield has a direct strong relationship with
the GAC index (r=0.99) and selection value (r=0.81) and an
average inverse relationship with the coefficient of varia-
tion (r=0, 60) and relative stability (r=0.54).

GAC has a strong direct relationship with the in-
dex of average yield (r=0.99) and selection value (r=0.81)
and an inverse average relationship with the coefficient
of variation (r= -0.60).

The SACindex has a strong direct relationship with
the range of variation (r=0.99), plasticity (r=0.99), relative
stability (r=0.86), and coefficient of variation (r=0.82).

Adirect strong relationship was established between
relative stability and the coefficient of variation (r=0.99),
plasticity (r=0.88), range of variation (r=0.86), SAC (r=0.86)
and inverse average relationship with GAC (r= -0.54).

The plasticity indicator has a direct strong rela-
tionship with the SAC index (r=0.99), the range of varia-
tion (r=0.99), relative stability (r=0.88) and the coefficient
of variation (r=0.85) and an inverse average relationship
with selection value (r= -0.66).

Selection value has a direct strong relationship with
average yield (r=0.81), and an inverse average relationship
with GAC (r=0.81). An inverse relationship was found be-
tween the selection value and the coefficient of variation
(r=-0.94), relative stability (r= -0.66), SAC (r= -0.64), and
range of variation (r= -0.64).

A direct strong relationship was found between
dry mass yield at different sowing dates and the total
effective temperatures (r=from 0.66 to 0.99). An inverse
medium and strong relationship (r=from -0.48 to -0.99)
was found between the yield of dry mass at different
sowing times and the amount of precipitation.

According to the results of the regression equa-
tions, it was found that an increase in the total effective
temperatures by 1°C contributed to the fluctuation of the
yield of the blue fenugreek: in the early spring period
(control) - by 128 kg/ha (green mass) or by 6.06 kg/ha (dry
mass); in the late spring 1% period - by 53.0 kg/ha (green
mass) or by 3.98 kg/ha (dry mass); in the late spring
27 period - by -11.1 kg/ha (green mass) or by -1.81 kg/ha
(dry mass); in the summer period - by -4.82 kg/ha (green
mass) or by -0.401 kg/ha (dry mass). An increase in the
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amount of precipitation by 1 mm affected the yield: in the
early spring period (control) - by 146 kg/ha (green mass)
or by 5.38 kg/ha (dry mass); in the late spring 1% period -
by 28.3 kg/ha (green mass) or by 0.145 kg/ha (dry mass);
in the late spring 2 period - by -96.7 kg/ha (green mass)
or by -22.7 kg/ha (dry mass); in the summer period - by
-16.1kg/ha (green mass) or by -3.42 kg/ha (dry mass).

An increase in the total effective temperatures by
1°C contributed to the fluctuation of hay fenugreek yield:
in the early spring period (control) - by 14.1 kg/ha (green
mass) or by 1.58 kg/ha (dry mass); in the late spring 1%
period - by 33.9 kg/ha (green mass) or by 2.21 kg/ha (dry
mass); in the late spring 2" period - by 21.2 kg/ha (green
mass) or by 6.63 kg/ha (dry mass); in the summer period -
by 10.25 kg/ha (green mass) or by 4.33 kg/ha (dry mass).
An increase in the amount of precipitation by 1 mm
affected the yield: in the early spring period (control) -
by 15.0 kg/ha (green mass) or by 1.07 kg/ha (dry mass);
late spring 1% period - by 22.7 kg/ha (green mass) or by
-0.693 kg/ha (dry mass); in the late spring 2" period - by
-77.3 kg/ha (green mass) or by 25.9 kg/ha (dry mass); in
the summer period - by 184 kg/ha (green mass) or by
6.80 kg/ha (dry mass).

CONCLUSIONS

The obtained results suggest that the air temperature
at different times of sowing had a great influence on the
growth and development of plants, namely, the “sow-
ing-seedling” period of fenugreek species varied from
6 to 12 days and passed for the total air temperatures
(>10°C) 21.3-82.1°C and the total precipitation 0f 10.3-45.3 mm,
“seedling-start of budding” - 26-39 days, 287.7-325.1°C,
407-1233 mm; “beginning of budding-beginning of
flowering” - 4-7 days, 48.0-78.9°C, 2.3-28.7 mm; “the be-
ginning of flowering, the beginning of ripening of beans” -
3-12 days, 30.3-135.6°C, 3.6-35.7 mm; “seedling - the be-
ginning of ripening of beans” - 35-55 days, 383.9-487.1°C,
70.7-144.3 mm.

Blue and hay fenugreek have the highest breeding
value of the genotype (SVGi =742 and 1,147, respectively)
in terms of yield, high ecological stability (S, =53 and 2.6,
respectively) and plasticity (b, =0.84 and 0.58%, respec-
tively) received during the early spring (II-III decade of

€
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April) sowing period. To obtain a high yield of dry mass
of plants, fenugreek should be grown during the early
spring (II-11I decade of April) and 1% late spring (III de-
cade of April-I decade of May) sowing period, during
which a more developed vegetative mass was formed
and a higher yield of dry mass was established 1.3-
14 t/ha - hay fenugreek and 1.1-1.2 t/ha blue fenugreek.
The practical significance of the obtained results lies in
the scientific substantiation of the best sowing dates of

fenugreek for correcting the cultivation technology on
the sod-podzolic soils of Polissia.

Elucidating the use and potential of particular
fenugreek species is a promising area for research, as
the complex relationships between nutritional value,
water availability, and soil quality remain understudied,
as well as their consumer appeal and opportunities for
inclusion in value-added chains.
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OnekcaHap OnekcaHppoBudy Komap, IpuHa MakapieHa bo6ocb, IBaH Onekciioeuy degocii
HauioHanbHW yHiBepcuTeT 6iopecypciB i NpUpOAOKOpUCTYBaHHA YKpaiHu
03041, Byn. l'epois O60poHMu, 15, M. KuiB, YkpaiHa

ApanTMBHUM NOTeHUian BUAIB NAaXXMTHUKA 3a Pi3HUX CTPOKIB ciB6M

AHortauin. Cepell HEBUBUEHUX TEXHOJIOITYHUX €JIEMEHTIB BUPOIIYBaHHSA IT’KUTHHKA B YMOBaxX YKpalHU 3a/IMIIA€ThCS
CTBOPEHHS KOHBEEPHOTO BHPOIIYBAaHHSA KyJIETYPU, TOMY FOCTPO CTOITh mpo6jieMa BIUIMBY TEPMiHiB ciB61 Ha picT
i pO3BUTOK pOCIMH, ITapaMeTpy BPO’KAIO Ta SKICHWUM CKJIaZ, TOBApHOI ITPOAyKii. MeTa AOCHiIyKeHb IIOoNdraia B
O6I'PYHTYBaHHI ONTUMAaJIBHUX CTPOKIB CiB6Y BUIB MAKUTHYKA AJIS MiJBUIIEHHS BPOKAMHOCTI CyIlIeHOI IIPOIyKIIil B
yMoBax ITostices Ha IepHOBO-ITI30/IMCTIX IPYHTaX. [TPOBITHMUMI METOAAMU JOCIIREHHS 1Tl Tpo6JIeMY € TIOJIbOBU — IJIs
BU3HAYEHHS B3a€MOZIii 06 €KTa IOCiIKeHb i3 60 THYHMMU Ta ab6i0TUUHUMU paKTOpaMU, CTATUCTUYHU — TPOBEJeHHS
OLIiHIOBaHHS pe3yJ/IbTaTiB AOCIiIKeHb [J1 BU3HAUeHHS ITapaMeTpiB aaliTUBHOI 34aTHOCTI IasKUTHUKA. YIIPOIOBK
2012-2014 pp. 3a pi3HOTO CTPOKY CiB6M CepemHsa BPOXKAMHICTh Cyxol Macy B MayKUTHUKA TOIy60ro 3MiHioBasacs B
Meskax Bif 0,5 o 1,3 T/ra, a B MayKUTHMKA ciHHOro Bix 0,6 Ao 1,5 T/ra. HalBUILOIO 3araIbHOI0 aJalTHBHOIO 3JaTHICTIO
XapaKTepU3yBaBCA PAaHHBOBECHIHUM CTPOK Ta [Ti3HOBECHIHMI 1-T'0 CTPOKY CciB6u. Haribiblie sSHaUeHHA crieludivHoi
aZanTUBHOI 3[aTHOCTI BCTAHOBJIEHO 3a ITiSHHOBECHSHOIO 2-TO CTPOKY CiB6M. ITOKAsHMK BiJHOCHOI CTabinbHOCTI
KONUBABCA Bif 2,6 M0 11,4. [TaXKUTHUK TOJIyO6UH 3a IMi3HbOBECHSHOr0 1-T0 Ta 2-T0 CTPOKY ciB6u mobpe pearye Ha
TIOKpallleHHs YMOB BHUPOIIyBaHHSA (bi>1), a MaKUTHUK CIHHUK 3a ITiSHbOBECHSAHOIO 2-TO Ta JITHBOTO CTPOKY CiBOM.
BHICOKOIO CEJIEKLIIMHO0 1iHHICTIO XapaKTepPU3YIOThCSA 3pa3Ky 38 paHHBOBECHSIHOTO U ITi3HBOBECHSIHOIO 1-T'O CTPOKY
ciB6u. 361IbLIEHHS CyMU ePEeRTUBHIX TeMITEpaTyp Ha 1 °C CIIpUsIIO KOJIMBAHHIO BPOXKAMHOCTI 3e1eHol MacH Bif 4,82
110 128 kr/ra, a cyxoi Macu Bix 0,401 10 6,63 Kr/ra. BogHO4Yac 361/IbIIIEHHS CYMU OITaiB Ha 1 MM BIUIMHYJTO Ha KOJIMBAHHS
ypOXKaMHicTh 3eyieHo0i Macu Bix 15,0 mo 146 Kkr/ra, a cyxoi Macu Bif 0,145 mo 25,9 kr/ra. ToBapHa IIPOAYKIIif BUIIB
MAKUTHUKA GOpMyBasIaca B MeXKax CyMU TEMIIepaTyp mosiTps (>10°C) 383,9-487,1°C, KinbrocTi onazis 70,7-144,3 MM, a
BereTalliiHUM repiof KoauBaBcs Bif 35 1o 55 AHiB. HaMbinbliy IpoayKTUBHICTb BUAIB TasKUTHHUKA BUSBIIEHO ITiJ] Yac
ciB6bu Big II meKaay KBiTHA 110 | IeKay TpaBHA. MaTepiay CTaTTi CTAHOBJIATD IPAKTUYHY LiHHICT 1A pO3ILINPEHHS
BUJIOBOTO Pi3HOMAHITT OBOYIB i mimBUINEHHS 3a6e3eYeHHs HaCeIeHH IIHHUMU ITPOAYKTaMU XapuyBaHHS Ta i
Yac 3aCTOCYBaHHS HOBUX Ta YOOCKOHJIEHUX eJIEMEHTIB TEXHOJIOTIN BUPOIIYBAaHHSA IIIHHMX MaJIOIIONIMPEHUX KYJIETYP
ILJIL DOCATHEHHS MaKCUMAaJIbHOTO eQeKTY pearti3allii FeHeTUYHOT'O ITOTEHITiaTy POCIVH

Knioyogi cnoea: a>kKUTHUK FOIyOHi, TAaXXUTHUK CIHHUM, TepMiH ciB6U, ceeKIIifHa [iHHICTb TeHOTUITY
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