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ABSTRACT

The current study explores the role of alfalfa (Medicago sativa L.) as a valuable perennial legume crop that serves
as an effective precursor in crop rotations for maize and winter wheat cultivated on grey forest soils in the Vin-
nytsia region of Ukraine. Alfalfa is recognized as one of the most productive and valuable forage crops, capable
of addressing the deficit of plant-based protein in livestock feed across many regions. It is unmatched in terms of
protein quality and essential amino acid content. However, key factors limiting its cultivation include the decline
of the livestock sector, reliance on monotonous forage systems, and soil acidification, which reduces alfalfa’s
productivity, nutritional value, and longevity in grass stands. The study analyzes the agrobiological properties
of alfalfa in improving soil structure, increasing organic matter content, and stimulating microbial activity. The
results highlight its impact on enhancing soil fertility, improving the productivity of subsequent crops, and re-
ducing the need for mineral fertilizers. The highest productivity of alfalfa stands was recorded under the second
management regime — cutting at the early flowering stage. It was found that the early-maturing semi-dwarf
winter wheat variety Bilotserkivska outperformed the mid-early Tsarivna variety by 0.27-0.54 t/ha regardless of
sowing time. Among maize hybrids, Bilozirskyi 295 SV showed superior silage yield compared to Monika 350
MV across all fertilization levels. The highest yield (28.9 t/ha) was recorded in Bilozirskyi 295 SV at the wax
ripeness stage with nitrogen application at Niss. As a rotation crop, alfalfa facilitates the development of stable
and highly productive agroecosystems, reduces the need for mineral fertilizers and agrochemicals, and thereby
increases the efficiency and environmental sustainability of farming. Under the conditions of climate change and
resource conservation needs, the integration of alfalfa into crop rotations is a crucial direction for the sustainable
development of agricultural production.

Keywords: alfalfa (Medicago sativa L.), maize, winter wheat, fertilization, precursor crop, biological factor, ag-
ricultural intensification, soil fertility

INTRODUCTION fix nitrogen symbiotically contribute to increased
agricultural efficiency. According to FAO (2024),

Alfalfa (Medicago sativa L.) occupies a key  the area under alfalfa cultivation in Europe ex-
place in the structure of perennial leguminous ceeds 5.0 million hectares, providing up to 20%
grasses, as its high protein value and ability to of the feed protein volume (Hetman et al., 2025).
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The use of alfalfa as a component of legume-
grass mixtures of perennial forage crops ensures
long-term and efficient utilization of grasslands
for the production of high-quality hay or for graz-
ing various types of livestock. Due to the forma-
tion of dense sod in agro-phytocoenoses, such
mixtures prevent the degradation of plant cover
and contribute to a significant increase in both
aboveground and belowground biomass, which
helps to prevent soil erosion on slopes (Tucak et
al., 2021; Karbivska et al., 2022; Kurhak et al.,
2023; Hetman et al., 2025). Thus, they serve as an
effective means of protecting soil from wind and
water erosion (Annicchiarico et al., 2011; Vozhe-
hova et al., 2021; Tyshchenko et al., 2022).

Perennial leguminous grasses that are used
for a long time should be considered a natural
source of accumulation in the soil of about 10—
12 t/ha of root and crop residues (Melnik, 2020;
Olifirovych et al., 2023). After their decomposi-
tion, nitrogen reserves increase by 150-300 kg/
ha, which becomes available to other crops in the
crop rotation. The feasibility of growing peren-
nial legumes as precursors when growing grain
crops is confirmed by studies by Kvitka G.P.
(2013), which indicate an increase in humus con-
tent and, in terms of efficiency, is equivalent to
the application of 3540 t/ha of organic fertiliz-
ers. The formation of humus from root residues
begins mainly in the second year of the grass
stand’s life, when the intensity of mineralization
processes decreases due to soil compaction under
the plants (Kvitko et al., 2013).

According to research conducted by the V.M.
Remeslo Myronivka Institute of Wheat, crop
predecessors contribute 14% to the formation of
wheat yield, ranking third after plant protection
measures (27%) and fertilizers (17%) (Protopish
et al., 2012; Protopish, 2014).

Long-term studies conducted by the Institute
of Feed Research and Agriculture of Podillia of
NAAS have confirmed the feasibility of coverless
cultivation of alfalfa (Medicago sativa L.), which,
over two years of stand use under favorable agro-
ecological conditions, accumulates approximate-
ly 600 kg/ha of biological nitrogen in the soil
(Kvitko et al., 1971). This allows for a 50-80%
reduction in energy costs for the purchase and ap-
plication of mineral nitrogen fertilizers for subse-
quent crops (Zabarnyi, 2011). Specifically, alfalfa
is capable of assimilating phosphorus (P) from the
soil through root exudates and interactions with
arbuscular mycorrhizal fungi, which promotes an

efficient process of symbiotic nitrogen fixation
(N). Acting as an active microbiological hotspot,
alfalfa possesses unique biological properties and
significant economic advantages (Melnyk, 2020;
Kurgak et al., 2023).

In addition to the aforementioned unique capa-
bilities, alfalfa, with its well-developed and robust
root system, is capable of accumulating approxi-
mately 10.8 t/ha of dry root biomass in the arable
soil layer, containing (kg/ha): 55.1 — nitrogen (N),
13.8 — phosphorus (P20s), and 21.9 — potassium
(K20) (Barabash, 1998; Hetman et al., 2013; Pet-
rychenko et al., 2020; Hetman et al., 2021). At the
same time, soil bulk density decreases, total poros-
ity and pore volume increase, which contributes to
higher field water capacity and the share of water-
stable aggregates in the arable layer (Malyarchuk
et al., 2024). This enhances the agroecological and
economic value of alfalfa in crop rotations for plant
production regardless of the soil-climatic growing
zone (Latrach et al., 2014; Tyshchenko et al., 2021;
Vozhehova et al., 2023).

It has been established that the processes of
restoration and maintenance of soil fertility are
possible only under the condition of a scientifi-
cally sound crop structure, which includes the
correct selection of crops and their rational place-
ment in crop rotation (Antipova, 2008; Boiko et
al., 2014; Olifirovych et al., 2023). Rational se-
lection of crops in crop rotation, taking into ac-
count their biological properties, sowing and har-
vesting dates, as well as the application of appro-
priate care measures, contributes to reducing the
anthropogenic load on the agroecosystem. Thus,
in the left-bank Forest-Steppe, the gluten content
in winter wheat grain was 26.2% when grown af-
ter black fallow, 25.7% after alfalfa (one cut), and
23.2% after silage corn (Predko, 1982).

Scientists from research institutions have prov-
en the effectiveness of using meadow clover and
alfalfa as the best predecessors for winter wheat in
the forest-steppe zone when grown using resource-
saving technology (Kutsenko et al., 2008).

Therefore, the use of alfalfa in intensifying ag-
riculture is a promising direction for increasing crop
production and protecting the environment, espe-
cially in the current conditions of climate change.

The aim of the research is to substantiate the
agronomic significance of alfalfa as a precursor
and biological factor that contributes to increas-
ing soil fertility, enriching it with organic matter
and nitrogen, and ensuring environmentally safe
intensification of agriculture.
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MATERIALS AND METHODS

The research was conducted during 20162020
at the Department of Field Forage Crops, Hayfields,
and Pastures of the Institute of Feed Research and
Agriculture of Podillia, NAAS of Ukraine. The
experimental plots were located on grey podzolic
medium loamy soil developed on loess deposits,
which is typical of the Right-Bank Forest-Steppe
zone and Vinnytsia region. The arable soil layer
(0-30 cm) was characterized by the following ag-
rochemical parameters: pH (H20) — 5.9; humus
content (according to Tiurin) — 2.52%; alkaline
hydrolyzable nitrogen (by Kornfild) — 97 mg/kg of
soil; exchangeable potassium — 115 mg/kg; avail-
able phosphorus (by Chyrikov) — 90 mg/kg. The
hydrolytic acidity was 3.40 meq/100 g of soil.

Hydrothermal conditions during the research
period differed significantly from the long-term
average, which manifested itself in uneven precipi-
tation distribution and elevated temperatures dur-
ing the growing season. In the year of sowing and
grass formation (2016), the sum of active tempera-
tures was 1235 °C, exceeding the norm by 244 °C,
while precipitation was 26% below normal (only
106 mm), and the hydrothermal coefficient (HTC)
was 0.86. In the second year of vegetation, the sum-
mer period was marked by an increase in the aver-
age daily temperature to 19.1-21.4 °C and a 1.8~
fold decrease in precipitation compared to the long-
term average. During the third and fourth years of
alfalfa grass use (2018-2019), the average daily air
temperatures in May—September were 15.4-20.0
°C in 2018 and 12.2-20.1 °C in 2019, while pre-
cipitation was 295 mm and 254 mm, respectively.

The alfalfa cultivation technology was gen-
erally accepted for the conditions of the Forest-
Steppe, which involved liming the soil to neutral-
ize acidity at the full rate according to hydrolytic
acidity, and applying phosphorus-potassium fer-
tilizers in the spring during pre-sowing cultiva-
tion as a “reserve.”

The study examined the impact of three-year
cultivation of Medicago sativa L. cv. Rosana as a
preceding crop on the productivity of two winter
wheat cultivars (the early-maturing Bilotserkivska
semi-dwarf and the medium-early Tsarivna), as
well as two silage maize hybrids (Bilozirskyi 295
SV and Monika 359 MV). Phenological observa-
tions and yield assessments were conducted ac-
cording to generally accepted and widely tested
methodological guidelines in forage production
(Babych et al., 1998).
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RESULTS AND DISCUSSION

The use of legumes as precursors contributes
to improving soil structure and increasing soil
fertility, which is a key factor for the successful
cultivation of crops in crop rotations, in particular
winter wheat and corn for grain or silage. More-
over, the positive effect after their cultivation lasts
up to three years (Lykhochvor, 2004). Studies
have shown that with three years of use of alfalfa
harvested at the beginning of flowering, the aver-
age dry matter yield is 37.31 t/ha.

It has been established that the highest pro-
ductivity of alfalfa grass was ensured by the fol-
lowing regime of use: mowing all crops at the
beginning of flowering. The maximum crude pro-
tein yield (7.3 t/ha) was obtained precisely when
mowing at the beginning of flowering, which
exceeded the indicators for mowing all crops in
the budding phase. At the same time, the protein
content in plant raw materials was higher than in
the first regime and amounted to 211 g (Table 1).

The highest exchange energy output —
103.70 GJ/ha — was recorded at the beginning of
flowering, while during budding, this indicator
was 91.30 GJ/ha. The calculations showed that
the energy efficiency coefficient of Rosana al-
falfa reached its highest values within the range
of 3.24-3.62, depending on the mode of use of
the grass stand.

Thanks to the effective use of alfalfa as a bio-
logical factor in crop production, two harvests can
accumulate 196.27-217.72 Gl/ha of energy per
unit area. After alfalfa, the PAR (photosyntheti-
cally active radiation) utilization coefficient for
growing winter wheat for grain was 1.66—1.84%.
Thus, sowing winter wheat in the first ten days of
October after alfalfa, without the use of mineral
fertilizers, provided an increase in grain yield by
0.18-0.45 t/ha compared to the traditional sowing
period in September (Table 2).

The results show that later sowing (Octo-
ber 7) had a positive effect on the yield of the
Bilotserkivska semi-dwarf wvariety, which in-
creased from 5.16 t/ha (when sown on Septem-
ber 17) to 5.34 t/ha. The yield of the Tsarivna
variety also increased — from 4.62 t/ha to 5.07 t/
ha. This indicates the adaptability of both variet-
ies to later sowing dates, especially in favorable
agroclimatic conditions.

The PAR intake during the growing sea-
son was slightly higher with later sowing dates
— for both varieties, the indicator increased by
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Table 1. Forage productivity of alfalfa (Medicago sativa L.) cultivar Rosana depending on the utilization regimes

Indicator | Value

Regime 1: All cuts at the bud stage (BBCH code 50)
Dry matter yield, t/ha 34.24
Crude protein yield, t/ha 7.23
Metabolic energy yield, GJ/ha 91.30

Dry matter content of crude protein, g

211

Regime 2: All cuts at the beginning of the flowering stage (BBCH code 60)

Dry matter yield, t/ha 37.31
Crude protein yield, t/ha 7.30
Metabolic energy yield, GJ/ha 103.70
Crude protein content of dry matter, g 196
Table 2. PAR Utilization in winter wheat grown after alfalfa
Sowing dates
Indicators 17.09 07.10
BiIotst_erkivska Tsarivna Bilotst_erkivska Tsarivna
semi-dwarf Semi-Dwarf
Grain yield, t’/ha 5.16 4,62 5.34 5.07
PAR input, GJ/ha 11570 11770 11870 11970
GZT;%JJI?}:? energy in alfalfa and wheat 21237 196.27 217.72 209.68
PAR utilization efficiency, % 1.84 1.66 1.83 1.75

300—400 GJ/ha. Despite the slight difference in
PAR intake, the accumulation of energy in the
grain yield and related products also increased:
for the Bilotserkivska semi-dwarf variety — from
212.37 to 217.72 GJ/ha, for the Tsarivna variety —
from 196.27 to 209.68 GJ/ha. The PAR utilization
coefficient (PUC), which is an important indica-
tor of crop energy efficiency, was higher in the
Bilotserkivska semi-dwarf variety at both sowing
dates (1.84% and 1.83%, respectively), indicat-
ing its higher ability to convert solar energy into
biomass. In the Tsarivna variety, the PAR utiliza-
tion coefficient was 1.66% for early sowing and
1.75% for later sowing.

The results of the studies showed that the
productivity of corn for silage in the milky-waxy
ripeness phase of the grain with the use of nitro-
gen fertilizers was at the level of 19.9 to 25.3 t/ha,
with an increase in the dose of nitrogen fertilizer,
an increase in the productivity of both hybrids
was observed (Figure 1).

For the Bilozirskyi 295 SV hybrid, dry mat-
ter yield at the milk-wax maturity stage increased
from 22.1 t/ha at Nus to 24.7 t/ha at Niss, and at
the wax maturity stage — from 25.8 t/ha to 28.9 t/
ha, respectively. The Monika 350 MV hybrid also

showed increased yield: from 19.9 t/ha to 25.3 t/
ha at the milk-wax maturity stage and from 22.4 t/
ha to 27.6 t/ha at the wax maturity stage. Overall,
Bilozirskyi 295 SV demonstrated higher produc-
tivity than Monika 350 MV at all fertilizer levels
and at both stages of maturity. The highest dry
matter yield (28.9 t/ha) was recorded in Bilozir-
skyi 295 SV at the wax maturity stage under ni-
trogen application of Nuss.

Cultivation of maize hybrids of different ma-
turity groups following alfalfa with seed treat-
ment and foliar feeding using a combination of
Emistym C and Ekolyst multinutrient formulation
resulted in dry matter yields of 29.0-29.3 t/ha,
which was 2.1-5.8% higher compared to nitrogen
fertilization at Niss. The profitability level ranged
from 130% to 136%.

One of the key objectives of modern agricul-
ture is to increase crop productivity and improve
yield quality while reducing energy inputs and
ensuring the regeneration of soil fertility. Alfalfa
(Medicago sativa L.) plays an essential role in
achieving this goal by contributing to the eco-
logical stability of agroecosystems. Due to its
well-developed taproot system penetrating deep
into the soil, alfalfa effectively enriches it with
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Figure 1. Dynamics of dry matter accumulation by corn hybrids grown after alfalfa (Medicago sativa L.), t/ha

organic matter and biologically fixed nitrogen.
An increase in humus content in the arable layer
is a critical factor in improving soil structure and
density, enhancing water retention capacity, and
building a reservoir of nutrients — aspects that
are particularly important under conditions of
global climate change (Kvitko et al., 2010; Ka-
minskyi et al., 2013).

Analysis of the agrochemical composition of
soil after winter wheat harvesting revealed a hu-
mus content of 2.54% in the arable layer. Soil acid-
ity also improved, with a pH of 6.2. Cultivation
of alfalfa contributed to an increase in available
phosphorus content in the arable layer from 90.0 to
105.5 mg/kg of soil and exchangeable potassium
from 115.0 to 120.5 mg/kg of soil (Table 3).

The effectiveness of growing alfalfa (Medica-
go sativa L.) as a factor in improving soil fertility
has been confirmed on sod-podzolic soils in the
Precarpathian region. After three years of using
the grass stand, 6.53—6.85 t/ha of dry root biomass
accumulated in the arable soil layer, containing
1.57-1.63% nitrogen, 0.21-0.24% phosphorus,
and 0.90-0.92% potassium. The total accumula-
tion of nutrients was: nitrogen — 103-112 kg/ha
(of which 49-53 kg/ha was symbiotic), phospho-
rus — 14-18 kg/ha, and potassium — 59-65 kg/ha
(Karbivska, 2020).

Under current agricultural development con-
ditions, alfalfa plays an important role not only
in the production of high-protein plant products,
but also in improving the agroecological condi-
tion of the soil due to the formation of a powerful
root system. When used as a preceding crop, it
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contributed to an increase in soil pH by 0.3 units,
available phosphorus by 1.6 mg, and exchange-
able potassium by 0.6 mg per 100 g of soil. The
humus balance in the arable soil layer with a
bulk density of 1.26 g/cm?® remained positive and
amounted to +1.28 t/ha.

The cultivation of alfalfa (Medicago sati-
va L.) has a positive impact on the agrochemical
composition of the soil. By the end of the second
year of alfalfa vegetation, changes in soil prop-
erties were observed.

The humus content changed only slightly
over the two years of alfalfa growth, despite the
development of a powerful root system. This is
due to the fact that root decomposition begins
only in the second year of their life, particularly
when soil compaction occurs. The increase in hu-
mus content amounted to 0.03% (Table 4).

Two years of alfalfa (Medicago sativa L.) cul-
tivation led to a decrease in hydrolyzable nitrogen
content in the soil by 3 mg/kg. Leguminous pe-
rennial grasses are capable of accumulating min-
eral nitrogen in the soil through symbiotic nitro-
gen fixation. However, this nitrogen was utilized
for the growth of alfalfa, resulting in a reduced
soil nitrogen content, which is compensated by a
high yield of green biomass.

Two-year cultivation of alfalfa contributed to
an increase in available phosphorus in the soil by
3.7% compared to the level before sowing — up
to 405 mg/kg, and an increase in available potas-
sium by 20% — up to 80 mg/kg.

Two years of alfalfa cultivation led to a
28.3% decrease in soil hydrolytic acidity, down to
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Table 3. Agrochemical composition of soil after three years of alfalfa (Medicago sativa L.) cultivation

and winter wheat harvest

Soil parameter Value
Humus, % (by Tiurin method) 2.54
. Content, mg/kg of soil: ' 104.0
— Alkali-hydrolyzable nitrogen (Kornfild)
— Available phosphorus (Chyrikov method) 105.5
— Exchangeable potassium (Chyrikov method) 120.5
Hydrolytic acidity, meq/100 g soil 4.01
pH (salt extract) 6.2
Calcium, meqg/100 g soil 1.55

Table 4 Ecological and agrochemical indicators of the soil depending on the duration of alfalfa cultivation

(NRF “Ahronomichne”, 2013-2017, M+m)

Content
- . i i Hydrolytic acidity, H (salt
Cultivation period Colj}LtJ;:lth% Hyncii;’g;z&:]t:'e pfﬁ;/:;fgrljs, p’?)\t/:!:izlri,. n?;ﬁ;u;’“ r¥1eq/ ¥00 g 30i|y 2th(é"f?'f)
’ mg/kg soil mg/kg soil mg/kg of soil
Before cultivation | 2.0+0.01 133+2.83 390+4.24 64+2.83 130+2.83 0.53+0.014 7.0+0.14
2 years 2.03+0.01 130+2.83 405+4.24 80+4.24 130+2.83 0.38+0.028 7.320.14
4 years 2.1+0.01 137+1.41 424+5.66 86+4.24 130+2.83 0.40+0.014 7.1+0.14

0.38 meq/100 g. It also resulted in a 4.1% increase
in soil solution pH, reaching a value of 7.3.

After four years of growing alfalfa, the ma-
jority of agrochemical indicators in the soil stabi-
lized. In particular, four years of cultivation led to
a 0.1% increase in humus content in the soil.

A key factor through which leguminous pe-
rennial grasses improve soil properties is the ac-
cumulation of root biomass and the nutrients it
contains. The accumulation of nutrients by legu-
minous perennials is determined by the develop-
ment of their underground root systems.

According to Korniychuk O.V. (2013), Het-
man N.Ya., Kvitka H.P. (2013), Shramko N.V.
(2008), and Churbanova S.A. (2013), the culti-
vation of leguminous perennial grasses increases
the humus content in soil due to the accumula-
tion of root biomass, which is equivalent to the
application of 35—40 t/ha of manure. The trans-
formation of root mass into humus begins in the
second year of the grasses’ life cycle, when the
soil becomes compacted and the mineralization
process slows down.

Four years of alfalfa cultivation, due to sym-
biotic nitrogen fixation, resulted in a 2.9% increase
in hydrolyzable nitrogen content in the soil, reach-
ing 137 mg/kg. Since no mineral fertilizers were
applied to the alfalfa crop, the plants relied entirely
on the nutrients accumulated by the grasses.

Nitrogen cycling studies show that most ni-
trogen is removed from the soil with the harvested
biomass of leguminous perennials. According to
Kirilesko O.L. (2013), 75% of nitrogen uptake by
these crops comes from atmospheric nitrogen fix-
ation, while the remaining portion is withdrawn
from the soil, leading to a reduction in hydro-
lyzable nitrogen content after cultivation. Min-
eral nitrogen after legume cultivation is primar-
ily stored in root biomass, and its concentration
in the soil is six times lower — especially during
dry weather in the vegetation period. Moreover,
according to Sobko M.H. (2012), nitrogen ac-
cumulated in the soil by legumes is concentrated
in their root systems and becomes available only
after decomposition. The amount of nitrogen ac-
cumulated also depends significantly on moisture
conditions. According to Makarenko P.S. (2008),
during dry weather, nitrogen accumulation in the
soil decreases by 3.5 times.

Four-year alfalfa cultivation increased the con-
tent of available phosphorus in the soil by 8.0%.
The content of available phosphorus after four
years of alfalfa cultivation reached 424 mg/kg.
Over four years of alfalfa vegetation, compared to
two years, the phosphorus content increased by 19
mg/kg. Four years of alfalfa cultivation led to a
25.6% increase in the content of available potas-
sium in the soil, reaching 86 mg/kg.
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The accumulation or reduction of available
phosphorus and potassium in the soil depends on
changes in green biomass yield and, consequent-
ly, the uptake of nitrogen, phosphorus, and potas-
sium by the aboveground plant parts.

During the four years of alfalfa vegetation,
soil hydrolytic acidity decreased by 24.5%,
amounting to 0.40 meq/100 g. Compared to the
two-year cultivation period, the hydrolytic acidity
decreased by 5.0%.

The pH of the soil solution increased by
1.4% after four years of alfalfa cultivation. The
actual pH was 7.1, corresponding to neutral acid-
ity. Compared to two years of cultivation, the pH
of the soil solution increased by 2.7% after four
years of alfalfa growth.

CONCLUSIONS

Alfalfa (Medicago sativa L.) is a highly effi-
cient agricultural crop that combines agronomic,
biological, and environmental value. Due to its
well-developed root system and ability to fix at-
mospheric nitrogen, it significantly enriches the
soil with organic matter and nutrients, improves
its structure, promotes the accumulation of hu-
mus, and enhances water-holding capacity. Using
alfalfa as a preceding crop creates favorable con-
ditions for the formation of highly productive ag-
rocenoses, reduces the need for mineral fertilizers
and agrochemicals, thereby increasing the effi-
ciency and ecological sustainability of farming.
In the context of climate change and the need for
resource conservation, including alfalfa in crop
rotations is an important direction for the sustain-
able development of agricultural production.

It was found that the early-ripening winter
wheat variety Bilotserkivska semi-dwarf demon-
strated a higher grain yield compared to the mid-
early variety Tsarivna, regardless of the sowing
dates — by 0.27-0.54 t/ha.

Overall, the hybrid Bilozirskyi 295 SV pro-
duced a higher yield than Monika 350 MV, re-
gardless of fertilizer levels and growth stage. The
highest productivity (28.9 t/ha) was recorded in
the Bilozirskyi 295 SV hybrid at the wax ripe-
ness stage under nitrogen application at a rate of
Niss. At the same time, due to the use of alfalfa as
a preceding crop, the dry matter yield increased
by 2.1-5.8% compared to the application of nitro-
gen fertilizers at a rate of Niss, with a profitability
level of 130-136%.
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The agroecological role of alfalfa is defined by
its contribution to increasing humus content, hy-
drolyzable nitrogen, and available forms of phos-
phorus and potassium in the soil, reducing hydro-
lytic acidity, and optimizing soil pH reaction.
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