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ABSTRACT

The article investigated the influence of different fertilisation systems on the productivity and quality of
Medicago sativa L. of different varieties. The peculiarities of green mass formation and seed yields depend-
ing on the use of organic and mineral fertilisers were studied. Changes in quality indicators, such as protein,
fibre and other nutrients in plants, were evaluated. The highest productivity of the thickness of Medicago
sativa grass was achieved when mowing at the beginning of flowering. On the basis of the yield of dry mat-
ter and crude protein, the varieties were ranked in the following order: Rosana, Banat VS, Nasoloda, Unitro,
Narechena Pivnochi. The maximum crude protein yield (6.98-7.31 t/ha) was observed during mowing at the
early flowering phase, which exceeded the indicators at the budding stage by 0.07-0.60 t/ha. At the same
time, the forage harvested at the budding phase had higher protein content, ranging from 193 to 211 g. The
research results indicate a significant impact of fertilisation systems on the productivity and chemical com-
position of Medicago sativa, which is important for optimising agronomic practices in the cultivation of this
crop. Adherence to alfalfa cultivation technologies is a key factor in ensuring high productivity of the grass
thickness. On the grey forest soils of the Right-Bank Forest-Steppe, the use of alfalfa varieties of different
eco-geographical origins allows for the stable production of plant raw materials for high-quality feed in the
form of hay, haylage, pellets, or grass meal.

Keywords: alfalfa (Medicago sativa L.), varieties, height, productivity, chemical composition, feed, mineral fer-
tilisers, organic fertilisers.

INTRODUCTION

Alfalfa (Medicago sativa L.) is one of the
most valuable and productive forage crops, which
can significantly help address the issue of plant
protein deficiency in the diet of livestock in most
regions. It is superior to most fodder crops in
terms of protein quality and essential amino acid
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content (Karbivska et al., 2019; Karbivska et al.,
2022; Kurhak et al., 2022; Kurhak et al., 2023).
However, its cultivation faces a number of chal-
lenges: the decline of livestock farming, the use
of uniform feed, soil acidification, which reduces
productivity, nutritional value, and the longevity
of alfalfa in thickness of grass. Additional factors
include extreme climatic conditions and a lack of
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high-quality seeds. Therefore, improving the tech-
nology of alfalfa cultivation is an important task
that will contribute not only to increasing live-
stock productivity, but also to enhancing soil fer-
tility and halting its degradation (Melnyk, 2020).

Alfalfa (Medicago sativa L.) is a perennial
forage crop grown worldwide. It is character-
ised by high biomass productivity and nutritional
value; it also contributes to soil fertility improve-
ment (Latrach et al., 2014; Tyshchenko et al.,
2021) and protects soils from wind and water ero-
sion (Annicchiarico et al., 2011; Vozhehova et al.,
2022; Tyshchenko et al., 2022).

Moreover, due to atmospheric nitrogen fixa-
tion, alfalfa is an important precursor for other
agricultural crops. It can grow under a variety of
climatic conditions, from equatorial to Arctic lati-
tudes (Bagavathiannan et al., 2009; Vozhehova et
al., 2022; Tyshchenko et al., 2021). However, ac-
cording to forecasts, global climate change will
lead to higher temperatures, changes in precipita-
tion patterns, and an increase in the frequency of
extreme weather events, which is already notice-
able in southern Ukraine (Harrison et al., 2014;
Tyshchenko et al., 2020; Vozhehova et al. 2021).

Symbiotic nitrogen fixation carried out by
leguminous crops helps increase yields and re-
duce the use of chemical fertilisers, particularly
nitrogen and phosphorus fertilisers. This, in turn,
contributes to strengthening food security and the
development of sustainable agriculture. Research
confirms that leguminous plants supply nitrogen
for crop rotation systems, and its accumulation in
the root zone is a key factor in providing this re-
source for subsequent crops (Geng et al., 2024).

Alfalfa is considered a global leader among
perennial leguminous grasses in terms of the yield
of digestible protein and essential amino acids per
hectare of sowing (Kvitko et al., 1995; Kvitko et
al., 2010). In European Union countries, large-
scale production of high-quality alfalfa protein,
which is cholesterol-free, is actively developing.
This new protein, known as ribisco, can replace
soy in various food products, such as sausages,
sauces, and chocolate mousse. In terms of its
properties, it is equivalent to cow’s milk protein.
The Swedish company “Alfalaval” has devel-
oped a technology for extracting protein from
alfalfa, and a plant in France, under the manage-
ment of “France Luzerne,” is already producing
this product. Companies from the USA, Canada,
and Saudi Arabia have also shown interest in this

technology (Telekalo et al., 2017; Telekalo et al.,
2019a; Telekalo et al., 2019b).

For the European Union, alfalfa protein pro-
duction is particularly significant as it reduces
dependence on soy imports. Additionally, this
protein is safely used in livestock feed, eliminat-
ing the risk of bovine spongiform encephalopa-
thy (mad cow disease). Alfalfa (Medicago sativa)
shows a characteristic response to changes in
temperature and day length. In September, when
the duration of daylight decreases to 12.48 hours
and the average daily temperature drops to the
biological minimum of 5 °C, the plant stops its
vegetative growth (Petrychenko et al., 2020; Ka-
minskyi et al., 2021).

Research has shown that for alfalfa cultiva-
tion, it is advisable to apply organic fertilisers at a
rate of 2040 t/ha for the preceding crop, as well
as phosphorous-potassium fertilisers in increased
doses (90150 kg/ha P-Os and 60—100 kg/ha K-0O)
during ploughing. These elements are used by the
cover crop and provide nutrition for the alfalfa in
the following years. It is recommended to annual-
ly fertilise alfalfa with phosphorus and potassium
at doses of P3o—s0Kso—s0 (Mazur et al., 2018).

During the growing season, phosphorus plays
an important role, particularly in the formation of
the symbiotic apparatus. Adequate phosphorus
nutrition promotes an increase in the amount of
leghemoglobin in the nodules, which is an indi-
cator of nitrogen fixation activity, and also par-
ticipates in the synthesis of amino acids, proteins,
fats, starch, and sugars. The use of phosphorus
fertilisers should not only compensate for the
phosphorus losses removed with the crop, but
also create a reserve of available phosphates in
the soil. This ensures a long-term positive impact
on crop formation and its quality (Hetman et al.,
2017; Hetman et al., 2021).

Potassium plays a crucial role in the carbohy-
drate and protein metabolism of alfalfa. Under its
influence, processes such as carbohydrate assimi-
lation, protein synthesis, and the movement of car-
bohydrates from the aboveground parts of the plant
to the root system are enhanced. Additionally, po-
tassium contributes to increased drought resistance
and winter hardiness of alfalfa (Shpaar, 2011).

Thus, the use of perennial leguminous grass-
es, particularly alfalfa, remains promising and
relevant in the production of plant raw materi-
als and the preservation of ecological balance,
especially in the context of climate change. The
aim of the research was to study the biological
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characteristics of alfalfa (Medicago sativa L.) and
its productivity depending on varietal traits and
fertilization systems.

MATERIALS AND METHODS

The research was conducted from 2016 to
2019 in the technological crop rotation of the De-
partment of Field Forage Crops, Hayfields and
Pastures of the Institute of Forage and Agriculture
of Podillya, NAAS. The soil of the experimental
plot is grey forest, medium loamy, on loess, typi-
cal for the Right-Bank Forest-Steppe and the Vin-
nytsia region.

The plow layer of the soil (0-30 cm) was
characterised by the following indicators: pH (in
salt) — 5.9; humus content (according to Tyurin)
— 2.52%; ammonium nitrogen (according to Ko-
rnfield) — 97 mg/kg of soil; available potassium
and available phosphorus (according to Chirikov)
— 115 and 90 mg/kg, respectively. The hydrolytic
acidity was 3.40 mg eq./kg of soil.

The hydrothermal conditions significantly
differed from the long-term averages and were
characterised by uneven rainfall and elevated
temperatures during the growing season. In the
year of sowing and formation of the grass stand
(2016), the sum of active temperatures amounted
to 1235 °C, exceeding the norm by 244 °C, while
the amount of precipitation was 26% lower than
the norm (106 mm), and the hydrothermal coef-
ficient (HTC) was 0.86.

Table 1. Experimental design

In the second year of vegetation, during the
summer, the average daily air temperature in-
creased to 19.1-21.4 °C, while the amount of
precipitation decreased by 1.8 times compared
to the long-term average. In the third and fourth
years of using the alfalfa grass stand, the average
daily air temperature during the period from May
to September was 15.4-20.0 °C (2018) and 12.2—
20.1 °C (2019), while the amount of precipitation
reached 295 mm and 254 mm, respectively.

For alfalfa cultivation, the generally accepted
technology was used, except for the studied fac-
tors. The experimental design included Factor A
— varieties (Narechena Pivnochi, Rosana, Banat
VS, Unitro, and Nasoloda) and Factor B — fertili-
sation (mineral and organic) (Table 1).

The experiment involved sowing high-yield-
ing varieties of alfalfa, which differ in dormancy
class and the speed of grass stand formation. It is
known that the duration of the dormancy period
can vary significantly both between species and
among varieties of the same species. This is deter-
mined by the genetic traits of each variety and the
influence of external conditions. The characteris-
tics of the alfalfa varieties are presented in Table 2.

The sowing of alfalfa was conducted on April
29, 2016, using a bare-seed method with a seed-
ing rate of 8.0 million viable seeds per hectare.
The experiment was carried out with three repli-
cations. The accounting plot area was 25 m?, and
the total area was 40 m?. Within the study, two
fertilisation systems were investigated: organic
and mineral. Organic fertilisers included poultry

Factor A — varieties

Factor A — varieties

Narechena Pivnochi
Rosana
Banat VS
Unitro
Nasoloda

Mineral (phosphorus-potassium fertilizers (P1g0K1g0)
Organic — poultry manure (5 t/ha)

Table 2. Classification of alfalfa varieties according to dormancy group level and climatic zone

Variety Dormancy group and its Variety originator Climatic zone
values
. . 2.5 National Scientific Center ”Institute of . .
Narechena Pivnochi (dormant) Agriculture of NAAS” Polissya, Ukraine
Rosana 4,0 Institute of Forage and Agriculture of Podillya, Forest-Steppe,
(dormant) NAAS Ukraine
Banat VS 4.5 Institute of Field and Vegetable Crops N.S. Seme (Serbia)
(moderately dormant)
Unitro 4.8 Institute of Climate-Oriented Agriculture Steppe. Ukraine
(moderately dormant) NAAS ppe,
5,0 . . . .
Nasoloda (moderately dormant) Breeding and Genetics Institute NAAS Steppe, Ukraine
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manure at a dose of 5 t/ha, while phosphorus-
potassium fertilisers were applied at a dose of
PisoKiso. Phenological observations and records
were made according to standard methodological
recommendations approved in forage production
(Babich et al., 1998).

The main research material

Due to favourable hydrothermal conditions
and sufficient soil nutrient supply, in the year of
sowing, alfalfa (Medicago sativa) developed a
well-established root system and a sturdy stems.
The studied ecotypes provided two mowing yields:
Banat VS and Rosana yielded 6.44—6.69 t/ha of dry
matter, the southern varieties Unitro and Nasoloda
yielded 5.38-5.71 t/ha, and Narechena Pivnochi
yielded 4.80 t/ha. In the second year of vegetation,
under drought conditions (hydrothermal coefficient
0.87), alfalfa productivity was limited. The plants
remained stunted, reaching a height of 54-57 cm
(BBCH code 50) and 55-58 cm (BBCH code 60),
regardless of the nutrient background, for varieties
with a dormancy group of 4.0. For varieties with a
dormancy group of 4.5-5.0, the height was 52—54
cm and 54-57 cm, respectively (Fig. 1).

In the third year of vegetation, under favour-
able hydrothermal conditions (HTC 1.22), alfalfa
of the Rosana variety reached the greatest height
of 64—69 cm, while the Banat VS variety on a
mineral nutrient background achieved 64-73 cm.

80
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The lowest height indicators were observed
in the Narechena Pivnochi variety (55-58 cm), as
well as in the Unitro and Nasoloda varieties (60—64
cm), which belong to the dormancy group 4.8-5.0.

The formation of the grass stand and the pro-
ductivity level of alfalfa largely depended on the
temperature regime, rainfall amount, and fer-
tilisation level, which resulted in differences be-
tween the varieties. The lowest dry matter yield in
the second year of vegetation was shown by the
Narechena Pivnochi variety — 8.05-8.25 t/ha. The
Rosana variety demonstrated the highest produc-
tivity, providing 10.69-10.80 t/ha of dry matter.
For varieties with a dormancy group of 4.5-5.0,
productivity decreased to 9.94-10.75 t/ha, re-
gardless of the fertilisation background.

The ecological conditions of the third year of
vegetation (HTC 1.22) contributed to an increase
in the gross dry matter yield during the growth
and development phases. Mowing the grass stand
at the bud stage and the beginning of flowering
resulted in an increase in dry matter yield from
15.61-17.73 to 15.78—-18.98 t/ha, depending on
the variety, on the background of phosphorus-
potassium fertilisation. The use of poultry ma-
nure, as a less common organic fertiliser, ensured
a stable dry matter yield at a level of 15.57-18.28
t/ha, considering the varietal characteristics.

The maximum productivity of the alfalfa
grass stand was achieved by mowing at the be-
ginning of the flowering phase. In terms of dry
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Figure 1. Changes in the height of alfalfa plants depending on the variety, fertilisation, and modes of use, cm
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matter and crude protein yield, the varieties
ranked as follows: Rosana, Banat VS, Nasoloda,
Unitro, and Narechena Pivnochi. The highest
crude protein yield (6.98-7.31 t/ha) was observed
when mowing the grass stand at the beginning of
the flowering phase, which exceeded the figures
for mowing in the budding phase by 0.07-0.60
t/ha. At the same time, the protein content in the
forage was higher at the budding phase, ranging
from 193 to 211g.

The highest output of metabolisable energy
was provided by the alfalfa varieties Banat VS
and Rosana at the beginning of the flowering
phase — 97.48 and 103.70 GJ/ha, respectively. At
the budding phase, these values were also signifi-
cant: 88.79 Gl/ha for the Banat VS variety and
91.30 GJ/ha for the Rosana variety. The southern
ecotype varieties reached levels of 82.06-93.28
and 82.29-92.26 GJ/ha, while the lowest output
was observed in the Narechena Pivnochi variety
—74.39-80.00 GJ/ha (Fig. 2).

The calculations showed that the highest
energy efficiency coefficient was observed in
the Rosana variety (3.24-3.62), followed by the
southern ecotype varieties (2.82-2.97 and 3.24—
3.30), the northern ecotype varieties (2.70-2.87),
and the Banat VS variety (3.19-3.43), depend-
ing on the mode of use of the grass stand (Fig.

250

o

200
150
100
5
0 IIIII -

120

100

1st mode : all mowingin  2nd mode: all mowing at
the budding phase (BBCH the beginning of the
code 50) flowering phase (BBCH
code 60)

W Rosana M Banat VS

00
o

o)}
o

N
o

N
o

M Narechena Pivnochi M Unitro  ® Nasoloda

Figure 2. Metabolisable energy output of different
dormancy groups of alfalfa (Medicago sativa)
depending on variety and modes of use, GJ/ha

3). According to the research of Savchuk, Bov-
sunovskyi, and Vlasenko, the application of an
increased fertiliser rate (N, P, K ) ensured the
maximum Yyield of both above-ground biomass
and plant residues of alfalfa exclusively on sod-
podzolic soils. On sod soils, a moderate fertilisa-
tion rate proved to be more effective. A similar
pattern was observed regarding the accumulation

of alfalfa plant residues. As a result, 296 and 278
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Figure 3. Forage productivity of different dormancy groups of alfalfa (Medicago sativa) depending on variety
and modes of use
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Table 3. Chemical composition of alfalfa (Medicago sativa) of different varieties depending on fertilisation

i i Crude Protein
Variety Fertiliser background Indicators of mtroogen
compounds, % Content, % Yield, t/ha
Unit Phosphorus-potassium fertilizers 3,31 20,69 3,94
nitro
Organic fertilizers 3,06 19,12 3,29
Phosphorus-potassium fertilizers 3,41 21,31 3,79
Nasoloda
Organic fertilizers 3,23 20,19 3,61
Phosphorus-potassium fertilizers 3,34 20,88 3,52
Banat VS
Organic fertilizers 3,13 19,56 3,98
Phosphorus-potassium fertilizers 3,38 21,12 4,49
Rosana
Organic fertilizers 3,11 19,44 4,04
Narechena Phosphorus-potassium fertilizers 3,09 19,31 3,19
Pivnochi Organic fertilizers 2,82 17,62 2,89

kg/ha of nitrogen, respectively, accumulated in
the soil (Savchuk et al., 2008). In the conducted
research, the application of different fertilization
levels contributed to a more efficient transforma-
tion of nitrogen in crop plants. The highest nitro-
gen content was recorded in plants of the Nasolo-
da variety under the variant with the application
of phosphorus-potassium fertiliser, with a value
of 3.41% (Table 3).

The research results showed that in all vari-
ants of the five alfalfa cultivars, the mineral fer-
tilisation system resulted in higher levels of nitro-
gen compounds (ranging from 0.18-0.27%) and
crude protein (ranging from 1.12-1.69%) com-
pared to the organic fertilisation system.

According to the research results, the highest
crude protein yield was observed in the Rosana
variety under the mineral fertilisation system,
with a value of 4.49 t/ha.

CONCLUSIONS

Among the studied alfalfa varieties, the high-
est forage productivity at the budding phase was
observed in the Rosana variety — 34.24 t/ha, with
7.23 t/ha of crude protein, 91.3 GJ/ha of exchange
energy, and a provision of 211 grams of crude
protein per kilogram of dry matter.

The maximum productivity of alfalfa grass
stand was achieved when mowing at the begin-
ning of flowering in all studied varieties. On the
basis of the dry matter and crude protein yield,
the varieties were ranked in the following order:
Rosana, Banat VS, Nasoloda, Unitro, and Na-
rechena Pivnochi. The highest crude protein yield
(6.98-7.31 t/ha) was recorded when mowing

at the beginning of flowering, which exceeded
the results of mowing at the budding phase by
0.07-0.60 t/ha. At the same time, a higher level of
protein content in the forage was observed when
mowing at the budding phase, ranging from 193
to 211 grams. Among the fertilisation systems,
the best results were obtained with the applica-
tion of phosphorus-potassium fertilisers at a dose
of P1soKiso.

Adherence to technological methods of grow-
ing alfalfa (Medicago sativa) helps to ensure high
productivity of the grass stand. On the grey forest
soils of the Right-Bank Forest-Steppe, the use of
alfalfa varieties of different eco-geographical ori-
gins allows for the stable production of plant raw
materials for high-quality feed in the form of hay,
haylage, pellets, or grass meal.
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