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of alfalfa in the conditions of the Right-Bank Forest-Steppe

Abstract. The relevance of the study is due to the need to examine the influence of hydrothermal resources of the
region on the formation of the crop of leaf-stem mass and alfalfa seeds, which isimportant in the conditions of modern
climate changes. In this regard, the purpose of the study is to identify the influence of precipitation and temperature
conditions on the growth and development of plants of varieties and hybrids by harvest cycles and years of use of the
herbage. In the course of the study, the following methods were used: field (conducting phenological observations
and accounting), laboratory (structural analysis of the grass stand), mathematical-statistical (objective assessment of
the obtained experimental data). It was identified that the amount of precipitation from the beginning of the period
of the relative rest to the onset of active temperatures above 10°C had the greatest impact on the formation of the 1st
harvest; the amount of precipitation after the establishment of active temperatures above 10°C and before accounting
for the yield of leaf-stem mass moderately affected the formation of the 2nd harvest and strongly - the 3rd; the
amount of precipitation of the previous harvest - the 2nd-4th harvest (the strongest - the 4th); the sum of active
temperatures above 10°C - the 1st and 3rd harvests; indicators of hydrothermal coefficient - the 2nd-3rd; duration
of the growing season with active temperatures above 10°C - the 1st and 3rd harvests. Seed yield, in contrast to feed
productivity, largely depended on the amount of precipitation before the flowering phase and in general during the
growing season of alfalfa. It is established that the yield of dry matter and seed yield are influenced by: the sum of
active temperatures, the amount of precipitation per harvest or vegetation of plants, and the genetic characteristics
of the hybrids and varieties under study. It was identified that the hydrothermal conditions of the year have different
effects on the level of plant productivity - excessive and sufficient moisture increases feed productivity and reduces
seed yield. The data obtained are of practical value for predicting the yield of green mass of alfalfa each subsequent
harvest of the herbage, depending on the amount of precipitation during the growing season of the previous one, and
for developing programmes for creating synthetic varieties with increased yield of leaf-stem mass and seeds
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INTRODUCTION

Alfalfa is one of the most productive and widespread for-
age crops in the world. The value is not limited only to its
feed benefits, it is also important in the biologisation of
Agriculture. Alfalfa (Madisago sativa L.) is one of the old-
est agricultural plants in the world, which, in pure crops
and as part of grass mixtures, provides a high yield of
green mass with a high content of digestible protein and
in the process of symbiotic nitrogen fixation enriches

the soil with biological nitrogen, which in the conditions
of an energy crisis is important for increasing soil fertility
(Bugayov & Zadorozhnay, 2012).

There is an increase in the interest of research-
ers in the use of this culture in medicine and the food
industry, which indicates its versatility and the prospect
of further research (Apostol et al.,, 2017, Rafinska et al,
2017; Yakhlef et al. 2020). Due to its plasticity in terms of
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longevity and resistance, alfalfa is the most suitable crop
for biotic and abiotic factors. However, according to its
biological characteristics, alfalfa plants grow well and
develop at a pH of 6.5-7.5. A decrease in the reaction of
the soil solution to pH 5.1-5.5 negatively affects the en-
zymatic apparatus of cells, which leads to inhibition and
suspension of synthesis processes in plants, disruption
of hydrocarbon and protein metabolism. Alfalfa is one
of the crops that responds best to soil liming (Hetman
et al., 2017). According to the agrochemical certifica-
tion of arable land in Ukraine, the area of acidified soils
is 3.7-4.4 million hectares. In particular, in the zone of
Forest-Steppe and Polesia, such soils occupy 25-37%.
Alfalfa crop losses on acidic soils reach 20-40% (Baliuk
et al., 2010; Melnyk, 2010). This is especially true for seed
formation under such conditions (Buhaiov § Horenskyi,
2021). Therefore, increasing seed productivity will con-
tinue to be one of the main areas of breeding this crop.
Itisknown that most studies on alfalfabreeding are
aimed at creating varieties adapted to abiotic and biotic
factors of the growing area (Tyshchenko & Tyshchenko,
2014), improving or developing certain agrotechnical
techniques aimed at increasing feed and seed productiv-
ity (fertilisation, sowing dates and norms, plant protec-
tion, etc.) (Hetman et al., 2017: Noskova, 2015). However,
researchers do not always consider the hydrothermal
resources of the research site. It is established that the
amount of precipitation and the sum of active tempera-
tures of a particular year substantially differ from the
average annual values, especially recently, in the condi-
tions of climate change, and this accordingly affects the
productivity of the crop (Petrychenko et al., 2020).
Alfalfa (Medicago sativa L.) among other peren-
nial legumes, is the most common forage crop in all soil
and climatic zones of Ukraine. It provides the production
of high-quality protein feed and promotes the biological
reproduction of soil fertility (Petrychenko et al.,, 2018). A
substantial amount of studies has been conducted to im-
prove the agricultural technology of alfalfa cultivation for
feed and seed purposes under various agroclimatic con-
ditions in Ukraine. Optimal terms and methods of sow-
ing, seeding rates, and application of mineral fertilisers
were identified (Demydas et al., 2010; Petrychenko et al.,
2020). Considerable attention is paid to the development
of ways to increase the proportion of symbiotic nitrogen
fixed by alfalfa plants in symbiosis with nodule bacteria
(Holoborodko, 2021; Tyshchenko et al., 2018). A positive
effect of growth stimulators and microfertilisers on the
formation of leaf-stem mass and seeds of alfalfa variet-
ies was identified (Vlasenko et al., 2003; Vozhehova et al.,
2021; Tyshchenko et al., 2020). A number of researchers
have considered the ecological and genetic foundations
of adaptive crop production (Zaporizhchenko et al., 2018;
Ivashchenko § Rudyk-Ivashchenko, 2011; Karta, 2006).
Creating favourable conditions for the growth and de-
velopment of alfalfa plants involves a scientifically based

approach to adapting them to natural and climatic condi-
tions, considering genetic, biological, and hydrothermal
factors (Hetman et al., 2017 Noskova, 2015; Lili et al., 2019).
Despite the substantial success of Ukrainian breeding,
it is relevant to create alfalfa varieties with a combina-
tion of high seed and feed productivity and adaptability
(Buhainov § Gorenskyi, 2021; Tyshchenko § Tyshchenko,
2014). A number of researchers have identified that alu-
minium ions at the physiological, biochemical, and molec-
ular levels have both stimulating and toxic effects on the
growth of alfalfa plants (Buhaiov et al., 2014; Khu et al., 2012).

The formation of seed productivity is influenced
by a number of factors: increased soil acidity, insufficient
supply of nutrients, lack of a sufficient number of polli-
nating insects, hydrothermal conditions, abortivity of
flowers and beans (Rudska, 2016; Bolafios-Aguilara et al,,
2002; Katepa-Mupondwa et al., 1996).

The purpose of the study - identification of the
influence of hydrothermal conditions of the year on the
processes of growth, development, and formation of the
yield of leaf-stem mass of alfalfa, depending on the har-
vest and years of use.

MATERIALS AND METHODS

The study was conducted in 2013-2020 at the Institute
of Feed Research and Agriculture of Podillya of the Na-
tional Academy of Agrarian Sciences of Ukraine, located
in the Right-Bank Forest-Steppe of Ukraine, Vinnytsia
district, Vinnytsia region. Vinnytsia district is located in
the central zone of the Vinnytsia region, which is charac-
terised by a moderately warm and humid climate typical
of the Central Forest-Steppe. The hydrothermal coeffi-
cient (HTC) is 1.7-1.8. Precipitation during the year is 534-
540 mm. Of this amount, about 70% is during the warm
period of the year. The soil cover of the fields where the
studies were conducted is represented by grey forest
medium-loamy soils with a pH of salt extract from 5.0 to
5.5 and a hydrolytic acidity of 26-28 mg.-eq/1 kg of soil.
Humus content is 1.5-1.8%,; easily hydrolysed nitrogen -
34-54 mg.-eq/1 kg of soil; mobile phosphorus 100-120,
and exchange potassium 120-140 mg.-eq/1 kg of soil. The
degree of soil saturation with bases is 85.7%. Samples
of alfalfa (Syniukha (UJ0700134), Regina (UJ0700031),
Yaroslavna (UJ0700225) (Ukraine); Vika (Denmark); Mega
(UJ0700365), Grilys (Uj0700772) (Sweden), Zhidrune
(UJ0700699, Lithuania), and 37 hybrid populations, cre-
ated with their involvement, were used as research ma-
terials of the third and fifth generation. Its predecessoris
winter triticale. Mineral fertilisers were applied for sow-
ing in a dose of N, P, K, kg/ha. In autumn, every year
the herbage of the second and subsequent years of use
was supplemented at a dose of P, K, kg/ha. Seed herb-
age was additionally supplemented annually with foliar
boric and molybdenum preparations, and if necessary,
insecticide treatment was conducted in the budding and
seed formation phase.
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Laying of breeding nurseries was conducted by the
summer coverless method of sowing (10-15 June): contin-
uously (15 cm) - to assess feed productivity, and wide-row
(45 cm) - seed with the corresponding seeding rate of 8
and 3.5 million tonnes germinating seeds/1 ha. The area
of the registered plot is 3 m? in the F,nursery and 10 m? -
in F. Sowing with a Maple 15 selection seeder, the depth
of seed embedding is 1.5-2 cm. Evaluation of the yield of
green mass and seeds was conducted on alfalfa stands
of the first, second, third, and fourth years of use. Field
studies and phenological observations were conducted
in accordance with methodological recommendations

(Andriushchenko et al., 2010). The data from four har-
vests were used at the onset of the budding phase to ac-
count for feed productivity - the beginning of flowering,
seed - from the grass stand of the first harvest. In the fu-
ture, the average dry matter yield along the harvests was
used for calculations. Accounting of the seed harvest was
conducted by a Sampo 130 small-sized harvester.

For a brief description of hydrothermal condi-
tions, the period 2013-2020 is given, which is character-
ised by a heterogeneous distribution of precipitation and
temperature regime in comparison with the perennial
average values (Table 1).

Table 1. Hydrothermal parameters

Parameter 2013 | 2014 | 2015 | 2016 2017 | 2018 | 2019 | 2020 | Perennial

average
Average air temperature, °C 16.0 176 18.8 170 179 177 167 181 16.5
Sum of precipitation, mm 4185 | 3858 | 1607 | 2139 2660 | 3703 | 3644 | 3020 4090
Sum of active temperatures >10°C, | 29379 | 2164.8 | 28777 | 31149 | 27432 | 32504 | 25626 | 27673 25210
HTC! 142 | 178 | 056 069 097 114 142 109 162

Notes: 'HTC (hydrothermal coefficient)

The Selyaninov hydrothermal coefficient was
calculated (Polovyi et al., 2012), according to which 2015
corresponds to the conditions of severe drought, 2016,
2017 - mild drought, 2013, 2018, 2019, 2020 - sufficiently
humid conditions, and 2014 - excessive moisture to im-
prove the perception of such conditions. In general, in
comparison with the perennial average values, a substan-
tial decrease in precipitation and an increase in the sum
of active temperatures is observed, which had an ambigu-
ous effect on the level of feed and seed productivity.

Statistical processing of data was performed using
Agrostat, IBM SPSS Statistics, and Microsoft Excel software.

RESULTS AND DISCUSSION
During the research period of 2013-2020, it was identi-
fied that hydrothermal factors were characterised by a

heterogeneous distribution of precipitation and tem-
peratures. An analysis of the level of dry matter yield
along the harvests was conducted to objectively assess
their impact.

Thus, from the time of relative dormancy of plants
to the establishment of average daily temperatures
of above 10°C (approximately from November to
the beginning of April +10-15 days), the amount of
precipitation ranged from 177 mm in 2013 to 313 mm in
2017, or on average for years of research — about 230 mm.
The amount of precipitation received after the onset of
average daily temperatures of above 10°C and before the
time of the first harvest also varied substantially over the
years and ranged from 15 mm (2018) to 136 mm (2019). It
is noted that the sum of active temperatures above 10°C
varied greatly (Table 2).

Table 2. Dry matter yield in hybrid alfalfa populations (F,and F,) and hydrothermal indicators of 2013-2020

(1st and 2nd harvests)
1st harvest 2nd harvest
Total Precipitation

1]

% e ) .

5 precipitation amount Sum of active o Dry Sum of Sum of active o | B et

> (reststate- | (t,>10°C- | temperatures | £ iI:liltttifla precipitation, | temperatures | £t | yield, t/ha

onset of accounting), | (t,>10),°C y Mem mm (t.>10),°C M+m
t.>10°C), mm mm

2013 176.9 60 859.2 070 | 4.81+112 107 722 148 | 2.51+041
2014 193.2 57 3925 145 | 313+1.25 152 7594 20 2.93+1.06
2015 224 39 4061 096 | 3.20+11 283 629.5 045 | 1.81+0.86
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Table 2, Continued

1st harvest 2nd harvest
. Total Precipitation
5 precipitation amount Sum of active © nger Sum of Sum of active o | Dry matter
> (reststate— | (t, >10°C- | temperatures | & yield, tha precipitation, | temperatures | & | yield, t/ha
onset of accounting), | (t,>10),°C Mim teteal (t.>10),°C Mim
t.,>10°C), mm mm
2016 237 68 5594 122 | 3.21+t146 63 6817 092 | 299+1.32
2017 313 51 558.6 091 | 700+£0.87 24 656.1 037 | 240042
2018 258 15 5624 027 | 477+0.6 100.5 785.8 128 | 2.67+0.39
2019 2314 136 407 3.34 | 4.59+0.56 74 639.6 116 | 3.29+048
2020 201 79.5 312 2.54 | 3.8+044 1275 688 1.85 | 2.99+048
Average 229.31 63.19 5071 142 | 4.31+144 84.54 695.26 119 | 270046

In terms of the yield of dry matter in the first har-
vest, 2017 should be highlighted - 7 t/ha. Evidently, this is
due to substantial precipitation during the period of rel-
ative dormancy of plants, which allowed forming suffi-
ciently high reserves of productive moisture in the soil, and,
despite a weak drought in the spring (HTC - 0.91), plants
were able to fully realise their genetically determined yield
level. Therewith, the dry matter yield in other years was in
the range of 313-4.81 t/ha. It is necessary to highlight 2013,
when this indicator was 4.8 t/ha, 2018 - 477, and 2019 -
4.57 t/ha with HTC of 07, 0.27, and 3.34, respectively.

In2013 and 2019, a fairly high level of precipitation
in winter also substantially affected the formation of the
leaf-stem mass. In 2018, the dry matter yield was most
strongly affected by precipitation during the relative
rest period, since after setting active temperatures of
above 10°C , rather harsh conditions developed (HTC -
0.27, precipitation - 15 mm). Alfalfa plants needed from

26 to 53 days with active temperatures of above 10°C to
form a crop in the first harvest. In the second harvest,
precipitation also varied substantially over the years -
from 152 mm in 2014 to 24 mm in 2017. Thus, according
to the HTC indicator (0.37), 2017 corresponded to the
conditions of a very strong drought, 2015 (0.45) - a strong
drought, 2016 (0.92) - a weak drought, 2013 (1.48), 2018
(1.28), 2019 (1.16) - sufficiently humid conditions, and
2014 (2.0) and 2020 (1.85) - excessive moisture.

The dry matter yield was in the range of 1.81-
3.29 t/ha. Therewith, an increase in the value of this
feature was observed depending on the increase in
precipitation. The sum of active temperatures increased
and ranged from 629.5 to 785.8°C , and the number of
days before harvest, on the contrary, decreased to 31-
43. Hydrothermal conditions can be considered more
unfavourable for the formation of yield on harvests 3 and
4 (Table 3).

Table 3. Dry matter yield in hybrid alfalfa populations (F,and F,) and hydrothermal indicators of 2013-2021

(3rd and 4th harvests)
3rd harvest 4th harvest
% ] Amount of c
® Sum of Sum of active O Dry matter recipitation Sum of active o | Drymatter
> precipitation, | temperatures 1 | collection, t/ha jenEce temperatures (t & yield, t/ha
mm (t fact>10),°C M:m UIE i fact>10), °C M+m
0 - accounting), mm Z -
2013 46.2 8274 0.56 279107 1747 739.5 2.36 0.94+0.2
2014 54 756.9 071 1.90+0.75 102 905 113 0.89+0.25
2015 22 801.8 0.27 149+0.69 41 1313 0.31 1.21+0.55
2016 44 602 073 1.89+£0.83 35 9744 0.36 1.09+£0.48
2017 61 736 0.83 1.64+0.34 64 760.3 0.84 0.51+0.11
2018 187 7913 2.36 3.31£0.38 58.8 8874 0.66 2.37+0.3
2019 68 783 0.87 2.00+£040 9.3 836.9 011 0.60+£017
2020 49 721 0.68 1.60+0.35 364 9535 0.38 1.00+£0.17
Average 664 75243 0.88 2.08+0.65 65.15 921.25 0.77 1.08+0.57
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Thus, the amount of precipitation before the 3rd harvest
was in the range of 22-68 mm (with the exception
of 2018 - 187 mm), on the 4th - 9.3-64 mm (with the
exception of 2013 - 1747 and 2014 - 102 mm). The sum
of active temperatures, in comparison with the first and
second harvests, increased and amounted to 752.4°C in
the 3rd harvest and 921.2°C in the 4th, and the number of
days for crop formation was 28-42 in the 3rd and 42-74
days in the 4th. The HTC values, respectively, except for
some exceptions, were less than 1 and linked to various
drought variants, which had a corresponding effect on

the level of dry matter yield, which in the 3rd harvest was
149-331t/ha and in the 4th - 0.51-2.37 t/ha. In total, for
four harvests, the yield of dry matter of alfalfa in hybrid
nurseries was: 2013 - 11.05 t/ha; 2014 - 8.85; 2015 - 771;
2016 - 918; 2017 - 11.55; 2018 - 13.12; 2019 - 10.48; 2020 -
9.39 t/ha, or on average - 10.17 t/ha.

For a more complete perception of the depen-
dence of the level of feed productivity on hydrothermal
factors and the duration of the growing season, correla-
tion coefficients between these features are calculated
(Table 4).

Table 4. Dependence of dry matter yield on harvests on hydrothermal factors
and the duration of the growing season

- Amount of precipitation, Amount of
9] mm (autumn-winter precipitation, mm (after Amount of Sum of active O Number of days
E before the onset of active the onset of active precipitation, mm | temperatures £ before harvest
T | temperatures of above 10°C, temperatures above (previous harvest) above 10°C with (t fact>10), °C
potential moisture reserves) | 10°C before accounting)
1 0.69 -0.05 - 0.39! -017 0.631
2 -0.16 0.52¢ 0.66 0.20 0.58! 017
3 -0.09 078! 0.33! 0.39! 075 046!
4 - -0.06 0.78 0.24 -0.10 0.03

Notes: ! - the correlation is substantial at 0.05

Accordingtothe obtained calculations, the manifestation
of dependencies was identified, characterised by a
strong relationship between the amount of precipitation
from the beginning of the relative rest period and the
sum of active temperatures above 10°C - 0.69. It is noted
that winter precipitation did not affect the subsequent
harvests. Therewith, the amount of precipitation after
the establishment of active temperatures above 10°C
and before harvest ripeness moderately affected the
formation of the 2nd harvest (0.52) and strongly - the
3rd (0.78), while no effect was identified on the 4th. This
is due to the fact that with a decrease in the length of
daylight at a relatively high average daily temperature,
the duration of the inter-harvest period and the average
daily linear growth icrease (Hetman et al., 2018; Lili
etal.,2019).

Notably, the productivity of alfalfa plants largely
depends on the intensity of shoot formation, which is
influenced by various factors, in particular, soil and me-
teorological conditions (Georgieva & Nikolova, 2015). The
regrowth of alfalfa after harvesting in different harvests
has its own characteristic features. It is known that in
the first harvest, shoots are formed from the crown of
the root of plants, and in the second, third and fourth -
54-78% of shoots are formed due to the axillary buds of
the plant stem and only 22.1-46.2% - from the buds of
the root crown. Stems formed from the buds of the root
crown are characterised by a larger mass compared to

Plant and Soil Science (13) 3

shoots formed from the stem axillary buds (Hetman
et al., 2018; Petrychenko et al., 2021;).

Thus, the feed productivity of alfalfa is affected not
only by precipitation during the growing season of plants
of a particular harvest but also by the previous one, since
plants lay buds to restore shoots throughout almost the
entire growing season. The identified dependencies were
confirmed by the corresponding correlation coefficients:
inthe 2nd harvest - 0.66, in the 3rd - 0.33, and, especially,
in the 4th - 0.78. The sum of active temperatures above
10°C was characterised by an average effect on the level
of feed productivity in the 1st and 3rd harvests.

According to the level of the HTC indicator, the
average correlation coefficient was identified in the 2nd
harvest — 0.58, and a strong one in the 3rd - 0.75. Since the
HTC indicator includes precipitation and temperature, it
is quite evident that the available soil moisture in this case
has a stronger impact. Between the duration of the growing
season of plants and the sum of active temperatures above
10°Cand theyield of dry matter, an average relationship was
identified only in the first and third harvests — a correlation
coefficient of 0.63 and 046, respectively.

Notably, in the first year of life, the root system of
alfalfa is not yet sufficiently developed and cannot fully
provide plants with the necessary nutrients and mois-
ture, this is also influenced by the genetic character-
istics of varieties and hybrid populations (Karta, 2006;
Georgieva § Nikolova, 2015) (Fig. 1).
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Figure 1. Dependence of the influence of hydrothermal factors on the feed and seed productivity of varieties and
hybrids (F, ) alfalfa seed populations
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It was identified that varieties and hybrid popu-
lations reacted differently to hydrothermal conditions,
among which, as already noted, moisture has the great-
est impact. In general, in most cases, a positive reaction
was recorded for the dry matter yield. The strongest ef-
fect was identified in the samples of Yaroslavna (correla-
tion coefficient was 0.85), Syniukha/Mega (0.82), Grilys
(0.8), Regina/Mega (0.68), Yaroslavna/Zhidrune (0.64),
Syniukha/Vika (0.61), Mega (0.59). Potentially, these sam-
ples can form a fairly high feed productivity on irrigated
land. Some populations of alfalfa, on the contrary, reduced
the accumulation of vegetative mass with an increase in
available moisture, among which the following should
be highlighted: Regina/Yaroslavna (-0.46), Vika/Syniukha
(-043), and Grilys/Syniukha (-0.36).

As for seed productivity, with an increase in the
amount of moisture, almost all samples showed a negative
effect on thelevel of the correlation coefficient - from -0.06
to -0.87 Only two hybrid populations showed a positive
effect of HTC indicators on the level of seed and feed pro-
ductivity: Syniukha/Regina (0.36; 0.38) and Grilys/Regina
(013; 0.25). It was identified that hybrids and varieties de-
creased the level of seed productivity with fodder growth:

Syniukha/Mega (-0.06 and 0.82), Grilys (-0.08 and 0.8),
Yaroslavna (-0.2 and 0.85), Zhidrune/Yaroslavna (-0.23
and 0.5), Vika/Zhidrune (-0.28 and 0.18). That is, an in-
versely proportional relationship was identified, which is
important for the development of breeding programmes
for creating synthetic alfalfa varieties with increased
feed and seed productivity.

In contrast to feed productivity, the formation of
the seed crop, in addition to the negative impact of high
soil acidity, is influenced by a number of other factors:
insufficient supply of nutrients (both macro- and mi-
croelements), lack of a sufficient number of pollinating
insects, abortivity of flowers and beans, and appropriate
hydrothermal conditions (Buhaiov & Horenskyi, 2021;
Rudska, 2016; Buhaiov et al., 2018).

It is known that the potential of seed productiv-
ity of alfalfa in the Forest-Steppe is only partially real-
ised. This is due to the low level of pollination of flowers
(usually 40-60%) and a small number of seeds in the
bean (3-4 pcs.), which largely depends on hydrother-
mal and soil conditions (Bolafios-Aguilara et al., 2002;
Katepa-Mupondwa et al., 1996). A brief description of hy-
drothermal conditions is given in Table 5.

Table 5. Seed yield in hybrid populations (F,and F,) alfalfa sowing and hydrothermal indicators 2013-2020

Precipitation, Precipitation, T(z;zg gremt}))ltfatlon Precipitation S e e Seed vield
Years mim mm- ays betore HTC amount temperatures SEel el
(30 days before | (30 days during and during (t fact>10°C) (t fact>10), °C t/ha M+m
flowering) flowering) flowering) mm ac ,mm ac ’
2013 62 152 214 118 2782 2365.5 0.352+0.15
2014 135 53 188 156 263 1689.3 0.167+0.07
2015 343 35 69.3 049 89.3 1809.8 0.525+0.15
2016 54 52 106 0.73 186 2557.8 0.231+0.11
2017 15 20 35 0.59 125 2108.2 0.319+0.12
2018 14 186.5 200.5 121 302.5 25044 0.229+0.08
2019 144 88 232 137 278 20324 0.093+0.06
2020 136 68 204 107 2924 27244 0.211+0.08
Average 74.29 81.81 156.10 103 226.80 222398 0.258+0.141

Since alfalfa is a cross-pollinated entomophilic
crop, and its wild pollinating insects arrange nesting sites
mainly in the soil, precipitation during 30 days before
and during the flowering of plants (May-June) is consid-
ered for analysis, in addition to the factors used in as-
sessing feed productivity. It is this period that is critical
for the reproduction of pollinators, thus, accordingly, it
directly affects the level of seed yield.

The calculated HTC indicators during the growing
season of alfalfa show that in 2015 there was a severe
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drought; in 2016 and 2017 - average; in 2013, 2018, 2019,
and 2020 - there were quite wet conditions, and in
2014 - excessive moisture. The amount of precipitation
was 89.3-302.5 mm, of which 57-83% fell in the period of
30 days before and during the flowering of plants. With
the exception of 2017, when only 28% of the specified
amount, or 35 mm, fell during this period. The sum of
active temperatures over the years was 1689.3-2724.4°C.
It was identified that seed yield depended to a
greater extent on the amount of precipitation (Table 6).
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Table 6. Relationship of alfalfa seed yield with hydrothermal conditions

Parameter Indicator value

Precipitation 30 days before flowering -0.64

Average daily temperatures 30 days before flowering 019
Precipitation during flowering (30 days) -017

Average daily temperatures during flowering (30 days) -017
Amount of precipitation 30 days before and during flowering -048!
Amount of precipitation during the growing season -07*
Sum of active temperatures -019
HTC of the reporting year -073!

HTC of the previous year -0.27

Notes: ! - the correlation is substantial at 0.05

Thus, in 2015, with a precipitation level of
89.3 mm, a seed yield of 0.525 t/ha was obtained, and in
2017 (125 mm) - 0.319 t/ha. In 2013, a sufficient level of
yield was also obtained (0.352 t/ha) with very substantial
precipitation - 278.2 mm. In such years, the duration of
precipitation and the sum of active temperatures during
this period are essential.

Other authors (Petrychenko et al., 2021; Demydas
et al., 2010; Tyshchenko & Tyshchenko, 2014) analysed
the influence of these factors in general for the entire
growing season of alfalfa plants. Moreover, one or more
varieties were used as the object of research. According
to the results, the dependence of the formation of the
leaf-stem mass of 44 varieties and hybrids of alfalfa on
the amount of precipitation and temperature was estab-
lished. The relationship between dry matter yield and
seed yield was identified. Most studies, as arule, are con-
ducted separately for these indicators and, accordingly,
their dependencies are not analysed (Tyshchenko et al.,
2020; Petrychenko et al., 2021).

According to the study by Tishchenko (2012), in
years with favourable weather conditions, the yield of
alfalfa seeds was in the range of 0.67-1.17 t/ha, with unfa-
vourable conditions - 0.17-0.36 t/ha. It was also possible
to identify hybrid populations that responded less to
the deterioration of environmental conditions and re-
sponded well to their improvement and were character-
ised by high nitrogen-fixing activity. Harvesting the grass
stand in the early stages (the beginning of budding) does
not allow plants to deposit enough plastic substances in
the root crown for regrowth in the next harvest, which
leads to a decrease in the density of the grass stand and
yield. The flowering phase is crucial for the most intense
and sufficient supply of starch and other plastic sub-
stances in the root crown.

Zhang (2005) believes that transgenic alfalfa
plants can be used in breeding this crop to increase re-
sistance to drought conditions, because due to the in-
creased waxy coating of the leaf cuticle, transpiration

decreases, water is better retained in the plant, and
therefore slow wilting occurs after watering is stopped
and faster and better recovery after watering is resumed.
Alfalfa regrowth begins early in spring with buds located
on the root crown. The intensity of spring and post-har-
vest regrowth of alfalfa species and varieties depends on
their genotype, nutrient reserves in the plant root crown,
soil moisture, and meteorological conditions, and is
closely related to plant height.

Tucak et al. (2008) consider plant height to be one
of the important indirect indicators of feed mass yield.
They observed a high association of alfalfa plant height
with theyield of green mass and dry matter (g=0.85; 0.87).
It was identified that the height of the alfalfa grass stand
(the phase of the beginning of flowering) decreases from
harvest to harvest, so in the first harvest it was 67-81 cm,
in the second — 54-63 cm, in the third — 38-61 cm. Along
the harvests, the height of plants largely depended on
meteorological conditions and was, as a rule, maximum
in the first harvest, reaching 70.6-76.4 cm, and minimum
(20.6-31.5 cm) — in the third harvest. Sometimes, in the
first year of life, the height of alfalfa plants was lower
than in subsequent years, and it naturally increases
from the first year of life to the third. The author explains
this by saying that in the first year of life, the alfalfa root
system is not yet sufficiently developed and cannot pro-
vide plants with the necessary nutrients, and the genetic
characteristics of populations are also important.

Based on the results of the study, the relationship
between dry matter and seed yields with indicators of
hydrothermal conditions was established. Thus, the con-
ducted studies indicate the specific features of the influ-
ence of precipitation and temperature on the formation
of leaf-stem mass in separate harvest cycles.

CONCLUSIONS
Based on the results of the assessment (2013-2020), the
influence of hydrothermal indicators of the growing zone
on the feed and seed productivity of alfalfa for different
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years of use of the herbage was established. Itisidentified
that the formation of maximum indicators of dry matter
yield in a particular harvest and seed yield is influenced
by both the hydrothermal resources of the region and
the biological characteristics of varieties and hybrids.
This is confirmed by the corresponding correlation
coefficients. Thus, the amount of precipitation from
the beginning of the relative rest period to the onset of
active temperatures above 10°C had the greatest impact
onthe formation of the leaf-stem mass of the 1st harvest;
the amount of precipitation during the time after the
establishment of active temperatures above 10°C and
before accounting for the leaf-stem mass moderately
affected the formation of the 2nd harvest and strongly -
the 3rd; the amount of precipitation during the previous
harvest - the 2nd-4th harvests (the strongest - the 4th);
the sum of active temperatures above 10°C - the 1st
and 3rd harvests; the HTC indicator - the 2nd and 3rd;
duration of the growing season with active temperatures
above 10°C - the 1st and 3rd harvests.

In contrast to feed productivity, seed yield
largely depended on the amount of precipitation before
the flowering phase and in general during the growing
season of alfalfa. Accordingly, the lower the value of the
HTC indicator, the more likely it is to get a high seed yield
from the first harvest. Thus, the complexity of breeding
alfalfa is confirmed, when the opposite conditions of the
year accordingly affect plant productivity — excessive and
sufficient moisture increases the level of feed productivity,
while seed productivity decreases. Arid and insufficiently
humid conditions, on the contrary, contributed to the for-
mation of seeds, while reducing the yield of leaf-stem mass.

The identified features of the formation of leaf-
stem mass and seeds of varieties and hybrids depend-
ing on the hydrothermal parameters of the growing area
encourage further research on this subject. In particu-
lar, identifying the relationship between the yield of dry
matter and the yield of seeds from the grass stand of the
second harvest, since this technological agricultural ap-
proach is widely used in practice.
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Bacunb ®noposuu MetpuueHko, OnekcaHap Bacunbosuu KopHiituyk,
Bacunb Amutposuu byraios, Bitanin Muxaintnoesuuy FfopeHcbKui,
lOpiit AHaTonilioBMY BekneHko

IHCTUTYT KOPMIB Ta CiNbCbKOro rocnogapcTtea Moainna HAAH
21100, npocn. KOHocTi, 16, M. BiHHMUS, YKpaiHa

BnnuBs rigpoTepMiyHUX paKTOpiB HA KOPMOBY Ta HAaCiHHEBY
NPOAYKTUBHICTb /IIOLLEPHU NOCIBHOI
B yMoBaXx Jlicocteny NMpaBo6epe)XXHoro

AHOTaLifl. AKTYaJIBHICTb NOCIiIKEHHS 3yMOBJIEHa HEO6XiIHICTI0O BUBYEHHS BIUIMBY TiIPOTEPMIUYHUX pecypciB
perioHy Ha $opMyBaHHS BPOXKAIO JIMCTOCTEBIOBOI MacH Ta HACiHHA JIIOLIEPHU IIOCIBHOI, 0 € BAJKJIMBUM 33 YMOB
Cy4acHUX 3MiH KiiMary. V 3B'13Ky 3 LIUM JlaHa CTaTTA CIIPIMOBAaHa Ha BUABJIEHHS BIUIKBY OIIaIiB i TeMITepaTypHOTIo
pPE’XUMY Ha PICT i PO3BUTOR POCIMH COPTIB i ribpumiB 3a LMKIaMU CKOIIYBAaHHS Ta POKAMU BUKOPUCTAHHS
TPABOCTOI0. B MpoLeci JOCITiAPKeHHS BUKOPUCTAHO METOAU: ITObOBUH (TpoBeieHHs GpEeHONIOTIYHIX CITOCTEPEKEHD
Ta 06JIiKiB), TabopaTOpHUN (CTPYKTYpHUI aHAaJIi3 TPaBOCTOIO), MaTeMaTUYHO-CTAaTUCTUYHNI (06'€KTUBHA OLIiHKa
OZepKaHUX eKCIIepUMEHTAIbHUX JaHUX). 3'ICOBaHO, IO KiJIbKICTh OMaZiB Bifi TOYATKy MEPiOAY BiIHOCHOTO CITOKO0
IO HACTaHHS aKTUBHUX TeMIIepaTyp Bullle 10 °C MaJia Har6inbInil BIUIUB Ha GOpMyBaHHS 1-T0 YKOCY; CyMa OlafiB
TiCJIT BCTAHOBJIEHHS aKTUBHUX TeMileparyp Buie 10 °C i 1o o6yiKy yposkaio JUCTOCTE6IOBOI Macu IOMIpHO
BIUIMBaJIa Ha GOpMyBaHHA 2-T0 YKOCY Ta CHUJIBHO — Ha 3-1f; CyMa OIafiiB ITOIlepefHbOr0 YKOCy — Ha 2-4-U yKic
(HaricunpHiLIe - Ha 4-11); cyMa aKTUBHUX TeMIiepatyp Buiie 10 °C - Ha 1-11 Ta 3-1 YKOCY; TOKAa3HUKHU TiIpOTEPMIYHOTO
KoeillienTy — Ha 2-3-11; TPMBAJICTb BereTalliliHOTO IIepiofly 3 aKTUBHUMU TeMIleparypamu Buile 10 °C - Ha 1-11
i 3-11 yrocu. VpoyKalHiCTh HACiHH{A, Ha BiAMiHY Bifi KOpMOBOI IIPOAYKTHBHOCTI, 3HAYHOIO MipOI0 3ajieskaja Bif,
cyMHU omazfiB nepep ¢a3o0:0 UBITIHHSA Ta B I[IJIOMY IIif Yac BereTallil IFOIlepHU ITOCiBHOIL. BCTaHOBIEHO, LII0 HAa BUXiT,
CyXOi pEUOBHMHU Ta YPOXKAMHICTh HACIHHA MAalOTh BIUIMB: CyMa aKTUBHUX TeMIIepaTyp, KiJIbKiCTh OIaJiB 3a YKiC YU
BETeTallil0 POC/IMH Ta TeHeTUYHI 0COBIUBOCTI JOCTiAKYBaHUX Ti6PUAIB i COPTiB. BUABIIEHO, 1[0 T IPOTEPMIUHI yMOBU
POKyY I0-pi3HOMY BIUIMBAIOTh Ha PiBEHB IIPOAYKTUBHOCTI POCJIMH — HAAJIUIIKOBE 1 JOCTAaTHE 3BOJIOYKEHH MTiIBUIIYE
KOPMOBY ITPOZYKTUBHICTB Ta 3MEHIIYE YPOXKaWHICTb HaCiHHSA. [IpaKTUYHY LIiHHICTb OfiepsKaHi IaHi CTAaHOBJIATD AJIS
MIPOTHO3YBaHHA BPOXKAIO 3eJIeHOI MacH JIIOLepHU IOCIBHOI KOXKHOI'O HACTYIIHOI'O YKOCY TPaBOCTOIO 3aJI€KHO Bif,
CyMU OTIaJZIiB BIIPOLOBIK BETeTallii IT0IIepefHbOT0, a TAKOXK IJI pO3PO6KY ITPOrpaM CTBOPEHHS COPTiB-CUHTETHUKIB 3
MiABUIIEHUMU IIOKAa3HUKAMU yPOXKaMHOCT] TUCTOCTE6I0BOI Macy Ta HACiHHS

KniouoBi cnoBa: ri6puz, rizporepMiuyHuil KoedillieHT, IUKII CKOUIyBaHH, BUXiJ, CyX0l pPeYOBUHU, YPOKaHICTh
HAaCiHHA, Kopendlis
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