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ABSTRACT

Deterioration of ecological situation, increase of mineral fertilizer prices and their foreseen increase in recent years
force us to look for the ways to reduce the rates of their application and alternative means of maintaining high
productivity of sown fodder lands. Fertilization was and remains one of the decisive ways of increasing haymak-
ing productivity, as well as increasing their economic efficiency. The productivity of leguminous grasses based on
the study of agrotechnological measures of cultivation in the conditions of the Carpathian region is currently rel-
evant. The studied species of perennial grasses, during the three-year cultivation, showed that the largest number
of shoots was formed on the variant with horned sedge and was 1185-1201 pieces/m?. Medicago sativa had the
smallest number of shoots (470 pics/m?, control (without fertilizers)). Trifolium pratense and Lotus corniculatus
provided the highest productivity in relation to other species from 20 to 31%.

Analysis of single—species crops productivity of perennial bean grasses by cuttings showed that the peculiarities
obtained on average for all slopes, were also similar in each of two slopes. During the three—year use of the herbage
on the yield from 1 ha of dry mass in both slopes, the herbage factor had the greatest influence, the share of which
was 61-62%, while the share of the influence of fertilizer was 38-39%.

Keywords: legumes, productivity, nutrition, botanical composition, density of plants, crude protein, productivity,
meadow coenoses.

INTRODUCTION

One of the important things in today’s onion
production is the creation of sown high—yielding
grass stands using perennial leguminous grasses,
which ensure high productive longevity of mead-
ow coenoses, proper quality of fodder and provide
the opportunity to organize raw material convey-
ors due to a wide selection of the latest species
and varieties. Such grass stands are created un-
der the conditions of applying mineral fertilizers
[Kovtun & Veklenko, 2006; Karbivska, 2020;
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Chetan et al., 2021; Karpenko et al., 2022]. The
latest intensive technologies increase the produc-
tivity of phytocenoses by 3—4 times, where one of
the agrotechnical measures is the selection of va-
rieties, fertilization and the creation of sown grass
stands. [Litvinov et al., 2020; Rieznik et al., 2021].
On meadows, high yields can be achieved only
with systematic application in optimal doses and
ratios of mineral fertilizers in accordance with the
composition of grass stands, features of soil cover
and modes of use [Mashchak & Mizernyk, 2013;
Nanetal., 2019; Tonkha et al., 2021]. Fertilization
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is one of the decisive measures for increasing the
productivity of haymaking. It ensures yield in-
crease as well as extends effective longevity of
sown grasses in agrophytocenoses [Kukreja &
Meredith, 2011; Wozniak, 2019; Hryhoriv et al.,
2022a]. As a result of applying fertilizers that
are not balanced in terms of elements, although
the yield increases, the botanical composition of
plant communities is depleted, and there is also
a lack of new types of grasses in the grass stands
[Martsinko, 2022; Hryhoriv et al., 2022b].

In Ukraine, the most widespread perennial
bean grasses are Medicago sativa, Hizobium tri-
folii, Onobrychis viciifolia, Melilotus albus and
Melilotus officinalis, Lotus corniculatus, etc.
[Tsymbal & Kushchuk, 2019; Dziubailo et al.,
2020; Tsyuk et al., 2022]. Their value in agricul-
ture and fodder production is extremely impor-
tant, because it is almost impossible to solve the
problem of fodder without them in the regions
with developed animal husbandry. They are high-
ly productive, contain a lot of protein, vitamins,
and minerals, and they are widely used in feed-
ing all kinds of animals that eat and digest them
well [Dziubailo et al., 2020; Madhav et al., 2020;
Martsinko, 2022].

However, despite the high agrotechnical, eco-
nomic and ecological importance of perennial
grasses, the area under them is constantly decreas-
ing. Thus, according to Petrychenko, Getman and
Tsyganskyi, perennial grass crops in Ukraine de-
creased from 3752000 ha in 1980 to 950000 ha in
2019 [Demydas & Demtsiura, 2011; Petrychenko
et al., 2018; Novak et al., 2020]. Despite the large
number of studies conducted on the study of the
effect of fertilizer on the productivity of legumi-
nous grasses, it has not been sufficiently studied
under the conditions of the Carpathian region,
which prompted the publication of the research
conducted in this work.

MATERIAL AND METHODS

Field research was conducted on the sod-pod-
zolic soil of the experimental field of the Faculty
of Natural Sciences of Vasyl Stefanyk Prykarpat-
tia National University in 2017-2019 according to
the generally accepted methodology. The relation-
ship between the following factors was investi-
gated: A — types of grasses; B — fertilizer. Mineral
fertilizers in the form of ammonium nitrate were
applied superficially, granular superphosphate and

potassium magnesia in early spring. The size of
sowing plots is 10 m?, accounting plots — 8 m?.
The experiment was repeated four times. Peren-
nial grasses adapted to the natural and climatic
conditions of Prykarpattia were sown.

The scheme of the experiment was as follows:
Trifolium pratense, 18 kg ha''; Medicago sativa, 18
kg ha''; Trifolium hybridum, 14 kg ha™'; Lotus cor-
niculatus, 12 kg ha'; Bromus inermis, 25 kg ha’!
(cereal grass). The analysis of climatic conditions
during the research was carried out according to
the data of the Ivano—Frankivsk Regional Center
for Hydrometeorology. In terms of weather condi-
tions, the year 2017 differed somewhat from the in-
dicators, but was favorable for agrophytocenoses of
grasses. During the growing season of leguminous
grasses, precipitation was 13.1 mm lesser than the
norm, and at the same time, a decrease in by 4.5°C
temperature was observed in relation to long—term
indicators. The temperature regime in 2018 was
characterized by elevated air parameters (+1.5°C
above the long—term norm), while the amount of
precipitation was insufficient (24% less than the
norm). The conditions in 2019 were satisfactory for
the growth and development of legumes.

Field research was conducted in accordance
with the generally accepted methodology of the
Institute of Fodder and Agriculture of the Podillia
National Academy of Sciences [Babych, 1994].
Harvest accounting was carried out plot by plot,
using the weight method. The content of abso-
lutely dry matter was determined by drying plant
samples in a thermostat at a temperature of 100—
105°C (DSTU ISO 6497:2005). Botanical com-
position was determined by taking a sample of
green mass from the plots of each variant from
the first and third repetitions, which were divided
into botanic—economic groups: cereals, beans,
various herbs (DSTU 6017:2008). The reliability
of research results was carried out by statistical
methods on a personal computer using the Statis-
tica 6 software package [Dospekhov, 1985].

RESULTS AND DISCUSSION

During the first three years of using the grass-
lands, of the four species, only Lotus corniculatus
was well maintained (Table 1). On average, over
three years, on different nitrogen—free fertiliza-
tion backgrounds, its share fluctuated between
81-84%, which is 22-40% more compared to the
share of the sown crop in single—species crops of

191



Journal of Ecological Engineering 2023, 24(6), 190-196

Table 1. Dynamics of the content of bean grasses and Lotus corniculatus on different fertilization backgrounds,

2017-2019, %

Grass species and seﬁd sowing Fertilization Years of use Average
norms, kg ha 1st 2d 3d

Without fertilizers (control) 90 79 6 58
Hizobium trifolii PoKeo 92 82 8 61
PooKeo 93 83 9 62
Without fertilizers (control) 65 50 8 41
Medicago sativa PsoKeo 67 52 10 43
PooKgo 68 53 1 44
Without fertilizers (control) 87 76 5 58
Trifolium hybridum PeoKso 89 77 7 58
PgoKeo 90 80 8 59
Without fertilizers (control) 90 78 75 81
Lotus corniculatus PeoKso 92 81 77 83
PoKeo 93 82 78 84
Without fertilizers (control) 80 88 86 85
Bromus inermis*® PeoKeo 82 90 88 87
NeoPeoKeo 83 91 89 88
LSD,, % 8 9 5 7

Note: * — the dynamics of Bromus inermis content in a single-species crop is given.

Trifolium pratense, Medicago sativa, and Trifo-
lium hybridum and only 4% less with the crop of
Bromus inermis. Medicago sativa sowing had the
smallest share of influence among bean grasses
species. Trifolium pratense and Trifolium hybri-
dum were well-maintained in grass stands at the
level of 82-93% only during the first two years of
use. In the 3rd year of use, due to the short dura-
tion of ontogenesis, they practically fell out of the
grass stands, reducing their share to 5-9%. Due to
unfavorable soil conditions — high acidity, Medi-
cago sativa was liquefied and suppressed already
in the first year of use (with a share of 65-68%).
In the third year, its share decreased to 8§—11%.
According to the number of shoots of the sown
crop, during the first three years of grass stands
use, of four species only Lotus corniculatus had
sufficient density and was well maintained, (Table
2). On average, over three years, on different ni-
trogen—free fertilization backgrounds, the number
of its shoots fluctuated between 1185-1201 pcs/
m?, which is 1.9-2.4 times more compared to the
number of the sown crop shoots in single—species
phytocenoses. Among the species of perennial
bean grasses that were studied, the lowest number
of shoots of the sown crop was Medicago sativa
sown (470 units/m?, without fertilizers).
Trifolium pratense and Trifolium hybridum
had a full density and were well-maintained in
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grass stands with a density of 689-782 shoots/
m? only during the first two years of use. In the
third year, due to short vegetation of ontogen-
esis, they became very thin, reducing their den-
sity to 94-120 shoots/m?. Medicago sativa had
lower density and was depressed already in the
first year of use (the number of shoots per 1 m?
within the range of 670-690 pics/m); in the third
year of use, the number of its shoots per 1 m?* de-
creased to 231-255 pics, which is more compared
to Trifolium pratense and less compared to Lotus
corniculatus. Among all studied species, the most
stable and with the highest density was the vari-
ant with Lotus corniculatus in the range of 1102—
1392 shoots/m?* during all three years of use. With
adding P, K, N, the number of shoots decreased
by 123 shoots on average over three years. They
were characterized by greater linear growth. Ap-
plication of phosphorus—potassium fertilizers did
not significantly affect the density of perennial
bean grasses. The number of shoots increased
by 33 pieces/m? in the variants of the experiment
where P, K and P, K, were applied. The linear
growth of perennial bean grasses during the years
of research in the first slope ranged from 50 to 85
cm (Table 3).

Trifolium pratense was characterized by the
greatest linear growth with average height of
74-80 cm, and Lotus corniculatus — the smallest
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Table 2. Dynamics of changes in the density of bean grasses under different fertilization, units/m?

Grass species and seid sowing Fertilization Years of use Average
norms, kg ha 1st 2d 3d

Without fertilizers (control) 950 752 100 601

Hizobium trifolii PsoKeo 972 770 112 618
PooKeo 980 782 120 627

Without fertilizers (control) 670 510 231 470

Medicago sativa PsoKeo 685 530 241 485
PooKeo 690 543 255 496

Without fertilizers (control) 971 689 94 585

Trifolium hybridum P.oKeo 983 699 99 594
PooKeo 991 708 104 601

Without fertilizers (control) 1159 1250 1143 1185

Lotus corniculatus PsoKeo 1168 1259 1149 1192

PooKeo 1179 1270 1153 1201

Without fertilizers (control) 1270 1380 1293 1314

Bromus inermis PsoKso 1290 1392 1305 1329

NeoPeoKeo 1102 1300 1215 1206
LSD,, shoots/m? 87 92 73 84

(51-54 cm), which is 23-26 c¢m less compared to
the first species. Within error margin of the ex-
periment, Trifolium hybridum was inferior to 7ri-
folium pratense in height. An intermediate place
between Hizobium trifolii and Lotus corniculatus
was occupied by Medicago sativa crop with the
height of 65-70 cm. Trifolium pratense and Lo-
tus corniculatus were characterized by the same

linear growth on nitrogen—free backgrounds.
With application of N three—year average linear
growth of Bromus inermis, in contrast to its shoot
density, increased from 87 to 111 cm, or by 24
cm. By the years of use, it was found that the spe-
cies (Trifolium pratense and Trifolium hybridum
and Medicago sativa) decreased their share and
density in the grass stand, as well as the height

Table 3. Linear growth of single-species crops of perennial bean grasses, cm

Grass species and sef—:;d sowing Fertilization Years of use Average
norms, kg ha 1st 2d 3d

Without fertilizers (control) 7945 7415 6915 74
Hizobium trifolii PeoKeo 836 7816 7216 78
PooKeo 8516 8016 7416 80
Without fertilizers (control) 7116 6716 57+6 65
Medicago sativa PeoKeo 7317 7147 6117 68
PooKeo T4+7 737 6317 70
Without fertilizers (control) 7815 7215 6815 73
Trifolium hybridum P.oKeo 8016 7516 706 75
PooKeo 8116 776 726 77
Without fertilizers (control) 5315 5045 5215 51
Lotus corniculatus PeoKeo 5415 5215 5415 53
PooKeo 5515 535 555 54
Without fertilizers (control) 9146 8616 7116 83
Bromus inermis PesoKeo 967 917 74+6 87
NeoPesoKeo 1058 11318 11648 111
LSD, cm 8 9 8 8
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by the years of use. In the third year of use, com-
pared to the first one, their height decreased by
11-14 cm. At the same time, the linear growth of
Lotus corniculatus during the first three years of
use was stable with a height of 50-55 cm.

On nitrogen-free backgrounds, the linear
growth of Bromus inermis also gradually de-
creased — for example, in the third year of use —
compared to the first one — its height decreased by
20-22 cm. With the addition of N, to P, K, the
height of this culture increased from 105 to 116
cm, which indicates a positive effect of nitrogen
fertilizers for its linear growth, as well as a highly
positive reaction to nitrogen.

In the study, the herbage factor had a signifi-
cant impact with a share of 63%, while the share
of fertilizer was only 37%. It is worth noting that
during the first year of using herbs, the herbage
had the largest share of influence (61%). In all
subsequent years of use, a decrease in the amount
of the bean component and the effect of symbiotic

nitrogen was noted on average by 64%. On av-
erage, over the years of use, the productivity of
perennial bean grasses with double-hooked use
in variants of control and application of P K
fluctuated in the range of 5.0-6.5 t ha' of dry
weight, 3.6-5,0 t ha! of fodder units, 0,8—1.1 t
ha! of crude protein, 43—58 GJ ha! of exchange-
able energy, which is 1.3-2.5 times more than in
single—species Bromus inermis (Table 4).

The greatest advantage of all types of perenni-
al bean grasses in comparison with Bromus iner-
mis was obtained in terms of crude protein yield
from 1 ha, which is stipulated by its much higher
content in the dry mass of perennial bean grasses.
Trifolium pratense and Lotus corniculatus pro-
vided the highest productivity. The most active
nutrient element turned out to be nitrogen on ce-
real grass stand, which is represented in the study
by Bromus inermis. Thus, productivity on cereal
grass stand with application of N in comparison
with the variant without application of nitrogen

Table 4. Productivity of perennial bean grasses and Bromus inermis depending on fertilizers by the years of use

Dry weight by year, -
Grass species and tha Average for 2017-2019 pp.
seed sowing norms, Fertilization Dry Feeding Row Exchange
kg ha™ 2017 2018 2019 mass, units, protein, t | energy,
ta’ t ha' ha GJ ha'
Without fertilizers | 75 | 740 | 365 6.23 455 1.01 54.2
(control)
Hizobium trifolii P.Ke, 8.02 7.11 3.71 6.31 4.61 1.03 55.5
PooKso 8.14 7.22 3.86 6.44 477 1.07 57.3
Without fertilizers | g 33 | 553 | 343 5.03 3.62 0.79 433
(control)
Medicago sativa PooKeo 6.43 5.62 3.27 5.14 3.70 0.82 44.7
P.oKso 643 5.54 3.35 5.14 3.80 0.82 447
Without fertilizers 738 | 557 268 5.18 3.78 0.80 451
(control)
Trifolium hybridum Pookeo 759 | 568 2.79 5.39 3.99 0.84 474
PooKeo 7.44 5.64 2.84 5.34 4.01 0.83 475
Without fertilizers 7.91 6.41 5.07 6.43 489 1.07 57.2
(control)
Lotus corniculatus Pooke 797 | 637 5.18 6.47 4.98 1.08 58.2
PuoKeo 8.06 6.46 5.15 6.56 5.12 1.10 58.2
M 410 | 485 2.44 3.80 262 0.39 30.8
(control)
Bromus inermis PeoKso 4.15 5.10 2.63 3.96 2.77 0.42 32.5
NooPooKeo 5.90 5.75 5.15 5.60 3.98 0.76 45.9
LSD,,, t ha™ by factors
Grass stand 0.38 0.35 0.32 0.35
Fertilization 0.31 0.29 0.30 0.30
Factor share, %:
Grass stand 61 63 64 63
Fertilization 39 37 36 37
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on the background of P, K, , increased on average
from 3.96 to 5.60 t ha! of dry weight, 2.8-4,0 t
ha'! of fodder units, 0.4-0.8 t ha'! of crude protein
and 32.5-45.9 GJ ha'! of exchange energy. The
greatest advantage of applying N, was in collec-
tion of crude protein from 1 ha, which is stipu-
lated by an increase of its content in dry weight
and collection from 1 ha, respectively.

The effect of combined application of phos-
phorus and potassium in the doses of P K, and
P, K, on the productivity of bean grasses on av-
erage for three years was insignificant, mostly
within experimental error. Comparing to the con-
trol variant (without fertilizers), in this case, pro-
ductivity per 1 ha of dry mass increased by only
0.04-0.21 t. at LSD 0.3 t.

Regardless of agro—background, stable pro-
ductivity in all years of use among bean grasses
was provided by single—species sowing of Lotus
corniculatus, as well as grass stand of Bromus
inermis, which is stipulated by the steady stability
of mentioned types of perennial grasses. Over the
years of use, the productivity of Lotus cornicu-
latus ranged from 5.07 to 8.06 t ha™! of dry mass,
with an uneven distribution of the yield over the
years, expressed by a coefficient of variation 25—
30%. The productivity of Bromus inermis by the
years of use on nitrogen—free backgrounds was
in the range of 3.44-4.15, and on the background
NP K, it was 5.15-5.90 t ha'! of dry mass with
an uneven distribution of the yield by years 15—
25%. Meanwhile, Trifolium pratense and Trifo-
lium hybridum, due to low biological productive
longevity or short duration of ontogenesis, pro-
vided relatively high productivity of grass stands
in the 1st and 2nd years of use with a yield of
5.57-8.14 tons of dry weight per 1 ha.

Medicago sativa, apparently due to unfavor-
able soil acidity, also provided the highest pro-
ductivity in the first and second years of using the
grass stand, but with a lower level of productivity
(5.53-6.43 t ha'!), especially compared to Trifoli-
um pratense. Accordingly, Trifolium pratense and
Trifolium hybridum sharply reduced their produc-
tivity in the third year of use to 2.68-3.86 t., and
Medicago sativa reduced its productivity already
in the second year to 4.53—4.62 t. Coefficient of
uneven yield distribution over the years of using
these species ranged from 40 to 45%.

CONCLUSIONS

In single—species crops of perennial bean
grasses, Lotus corniculatus is well-maintained
with a shoot density of 1185-1201 pcs/m? and
a share of the sown crop of 81-84%. Trifolium
pratense and Trifolium hybridum are well-main-
tained in grass stands only during the first two
years of use. The linear growth of perennial bean
grasses in the first slope ranges from 50-85 cm,
with the greatest height of Trifolium pratense.

Single-species crops of perennial bean grass-
es in the versions without fertilizers and with the
introduction of P K = provided productivity at
the level of 5.0-6.5 t ha! of dry weight, 3.6-5.0
t ha'! of fodder units, 0.8—1.1t ha™' of crude pro-
tein, 43.3-58.2 GJ ha! of exchangeable energy,
respectively, it is 1.3-2.5 times more in relation
to cereal Bromus inermis grass stand.
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