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Ukraine. The following methods were used: field, laboratory, mathematical-statistical, calculation-comparative. It
was established that the highest productivity on the background without fertilizers (4.21-4.86 t-ha! of dry matter)
was provided by single-species crops of maize and white lupine, as well as their combined crops, which were formed
by continuous row and strip methods, which by 2.60-3.17 t-ha~* of dry matter or 1.8-2.6 times more compared to crops
of oats and its mixture with white lupine and by 1.13-1.58 t-ha* or 1.4-1.5 times more compared to crops of Sudanese
sorghum and its mixture with white lupine. Through the accumulation and use of symbiotic nitrogen fixation, the
productivity of lupine-oat mixtures increased from 1.90 to 2.70-3.21 t-ha! of dry mass or 1.4-1.7 times, and that of
lupine-sorghum - from 3.17 to 3.43-3.47 or 1.1 times. The most effective ratio of each cereal component to legume
in binary intercropping was 25:75% of the sowing rate in single-species agrocenoses when dry biomass productivity
was the greatest. Compared to the variant without fertilizers, the most significant (by 1.3-2.0 times) increase in the
productivity of all fodder agrocenoses under study was ensured by the application of N,.P, K. , while the application
of P, K., or humigran organic fertilizer at a dose of 250 kg-ha™* - only by 1.2-1.3 times. The research results can be
used in the development of scientific and methodological recommendations and the education about the formation
of highly productive agrophytocenoses for conveyor production of high-quality grass fodder for animal feeding

Keywords: solid and strip agrocenoses; mineral and organic fertilizers; annual cereals; crude protein; compatible

and single-species crops; dry mass; grass fodder

INTRODUCTION

In creating a strong fodder base for animal husbandry
in Ukraine, a major role belongs to improving the ef-
ficiency of using legumes as a source of cheap symbi-
otic nitrogen. They are a source of cheap grass fodder
(hay, silage, green fodder, artificially dried grass fodder),
which is well-balanced in terms of protein, minerals,
and vitamins (Demidas & Prorochenko, 2018; Demidas
& Galushko, 2018; Kurhak et al., 2020). Improving the
efficiency of using cheap symbiotic nitrogen of legumes
by enriching them with cereal coenoses is not only an
important reserve for increasing fodder production, but
is aimed at reducing energy costs, reducing environmen-
tal pollution with nitrogen fertilizers, improving soil fer-
tility, etc. The need for fodder production in the Polissia
and Forest-Steppe of Ukraine can be provided at least by
half through using the potential of perennial and an-
nual leguminous crops when grown in both single-spe-
cies and combined crops (Kurgak & Karbivska, 2020).

In Western European countries, the dependence of
fodder production on mineral nitrogen is also already
decreasing by using the potential of leguminous peren-
nial and annual grasses, the need to partially replace
mineral nitrogen with symbiotic ones is increasing be-
cause the production of nitrogen fertilizers is a very en-
ergy-intensive and expensive process, the introduction
of elevated doses of mineral nitrogen pollutes the en-
vironment, production, and the application of nitrogen
fertilizers to fodder lands is insufficient. Therefore, it
is not by chance that within the framework of the In-
ternational Biological Program of UNESCO and the In-
ternational Society of Soil Scientists, nitrogen fixation,
along with photosynthesis, is highlighted as one of the
main physiological processes on which the production
of agricultural products largely depends. Increasing
the use of leguminous perennial and annual grasses
in forage production is the most important component
of the program for the introduction of energy-saving

technologies in the world (Nilsdotter-Linde et al., 2016;
Hannaway et al., 2018).

Legumes, thanks to their positive consortial rela-
tionships with symbiotrophs (rhizobia), not only feed
themselves with symbiotic nitrogen, but also accumu-
late nitrogen in the soil. This has a positive effect on
cereals that grow together with them in phytocenoses
(Hetman et al., 2019; Kurgak & Karbivska, 2020).

When creating models of mixtures of annual forage
crops, it is necessary that their components are com-
patible in terms of morphological characteristics and
biological features of their growth and development,
while simultaneously increasing productivity and im-
proving the quality of feed in terms of crude protein
content. These requirements are met by legume and ce-
real agrophytocenoses (Demidas & Proroshenko, 2018;
Kurhak et al., 2020).

The studies of various scientists have developed
and recommended legume-cereal fodder agrophyto-
cenoses with a productivity of 5-6 t/ha of fodder units,
which ensure the production of high-quality fodder
crude materials to produce herbal fodder for animals
and the production of ecologically safe animal hus-
bandry products for humans, namely, milk and meat
(Hetman et al., 2019; Ratoshniuk, 2020; Dzyubaylo et al.,
2020).In this context, it is important to obtain complete
feeds from leguminous-cereal mixtures not only of per-
ennial grasses, but also of potential with an expanded
assortment and the use of conventional crops and new
introducers of annual crops in early intermediate crops
and crops involving highly productive drought-resist-
ant late-ripening crops in the chain of green or raw
material conveyor. To create stable, highly productive
fodder agrocenoses in the conditions of aggravation
of arid phenomena in the Northern Forest-Steppe
of Ukraine, growing attention is being paid to crops
that form high productivity in conditions of a lack of
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atmospheric precipitation and a deficit of moisture in
the soil, namely, maize and Sudanese sorghum, which
are characterized by high production potential not only
in single-species crops, but also in mixtures. Sudanese
sorghum tolerates a lack of moisture in the soil better
than low average daily temperatures. Even during fre-
quent dry periods, it generates prominent yields of fod-
der biomass (Slyusar, 2017; Slyusar & Oksymets 2018).

However, until recently, the issues of the optimal
ratio and methods of placing the components of lu-
pine-cereal mixtures under different fertilization sys-
tems (organic and mineral) and the influence of these
factors on the forage productivity of crops and the
quality of grass fodder are still understudied. In the
green or raw material conveyor system, it is necessary
to substantiate the wider use of lupine-cereal binary
mixtures along with oats for sowing drought-resistant
corn and sorghum, which is vital in the modern con-
ditions of aggravation of drought phenomena due to
aridization of the climate. These are the questions that
the present study is aimed at, the results of which are
presented in this paper.

The purpose of this study was to establish the fea-
tures of the formation of one-year highly productive fod-
der agrophytocenoses with different ratios and methods
of placement of cereal components with white lupine
when sowing in binary compatible crops under different
fertilization systems for conveyor production of highly
nutritious grass fodder in the Forest Steppe of Ukraine.

MATERIALS AND METHODS

A study on the fodder productivity of white lupine,
oats, maize, and Sudanese sorghum in single-species
crops and lupine-cereal mixtures with different ratios
and methods of placement under different fertilizer
systems (organic and mineral) was conducted during
2016-2018 in the Forest-Steppe zone of Ukraine on
dark grey podzolized coarse-pollinated-light loamy soil
in the National Research Centre “Institute of Agricul-
ture of the National Academy of Agrarian Sciences of
Ukraine” (Chabany village, Kyiv region). Humus content
in the 0-20 cm soil layer is 2.4%; pH (saline) - 5.2; the
content of alkaline hydrolyzed nitrogen - 13.1, mo-
bile phosphorus - 17.1 and exchangeable potassium
12.9mg-100g-* of soil. The depth of the humus horizon is
35-40 cm,and the groundwater occurrence is about 3 m.

The climate of the region where the study was con-
ducted is temperate continental. The average annual air
temperature is 6-7°C, while the maximum temperature
in the summer months reaches 37-39°C, and the lowest
temperature is 36°C in winter. Precipitation averages
480-620 mm per year,and 423 mm during the growing
season. Weather conditions during the research years
were favourable for the vegetation of perennial grasses.
The least favourable year was 2017, when the least pre-
cipitation fell during the growing season (335 mm) and
when the lowest fodder productivity of all the crops and
their mixtures under study was formed. The scheme of
the experiment is presented in Table 1.

Table 1. Experiment scheme

Sward factor - crops and their mixtures and seed sowing rate, kg-ha-* (%)

White lupine, 300 (100)

Seed oats, 160 (100)

Seed oats, 80 (50) + white lupine, 150 (50) - strip sowing*

Seed oats, 40 (25) + white lupine, 225 (75)

Seed oats, 80 (50) + white lupine, 150 (50)

Seed oats, 120 (75) + white lupine, 75 (25)

Maize, 70 (100)

Maize, 35 (50) + white lupine, 150 (50) - strip sowing*

Maize, 17.5 (25) + white Lupine, 225 (75)

Maize, 35 (50) + white lupine, 150 (50)

Maize, 52.5 (75) + white lupine, 75 (25)

Sudanese sorghum, 30 (100)

Sudanese sorghum, 15 (50) + white lupine, 150 (50) - strip sowing”

Sudanese sorghum, 7.5 (25) + white lupine, 225 (75)

Sudanese sorghum, 15 (50) + white lupine, 150 (50)

Sudanese sorghum, 22.5 (75) + white lupine, 75 (25)

Note: * Strip sowing method with a strip width of 1.5 m. On the remaining agrocenoses, there was a continuous sowing
of components in one row with row spacing of 0.15 m. The experiment was conducted on four fertilizer backgrounds:

without fertilizers; N,,R. K., P, K.,

Source: compiled by the authors

Mineral fertilizers were introduced for pre-sow-
ing cultivation in the form of ammonium nitrate, su-
perphosphate, and potassium chloride, while organic
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P. K., Humigran - 250 kg-ha™?

fertilizer humigran (granulated vermicompost) was ap-
plied to the rows when sowing annual grasses.The area
of the sown plot is 30 m?, the accounting plot is 25 m?.




The repetition of the experiment was fourfold. Agricul-
tural techniques for growing mixtures were generally
accepted for the Right-Bank Forest-Steppe. Pre-sowing
soil treatment was carried out with the Europak-600
combined unit to a depth of 6-8 cm, which ensured lev-
elling and crushing of the soil to a fine-grained state.

The crops under study and their mixtures were sown
in optimal agrotechnical terms with a mounted Seeder
CH-16Ain an aggregate with a tractor t-25A in the usual
lowercase way with row spacing of 15 cm, including
sowing during the formation of strip agrocenoses. The
seeding rate of forage crops is consistent with the ex-
periment scheme in the corresponding variants. During
sowing, the experiment used zoned varieties of annual
crops, mainly selected by the NSC “Institute of Agricul-
ture of the National Academy of Sciences”.

Harvest accounting was carried out differentially,
as the harvest maturity of the dominant crops of the
corresponding agrophytocenoses, namely, the phase
of milky maturity of cereals (oats, maize, and Sudanese
sorghum) and in the phase of physiological maturity of
the seeds in the lower tier of white lupine, continuous
mowing of the green mass with accounting area fol-
lowed by weighing.

Field studies were conducted according to gen-
erally accepted methods in feed production (Methods
of conducting experiments on feed production, 1994).
Harvest accounting was carried out by continuous
mowing of biomass in the accounting area at the time
of harvesting maturation for harvesting grass fodder in
fourfold repetitions, and the determination of the con-
tent of dry matter in biomass during harvest accounting
was carried out by drying biomass in a drying cabinet at
105°C (DSTU 8044:2015, 2018).

In the dry plant mass, the content of crude protein,
crude fat, crude fibre, digestibility of the dry matter of
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feed was determined in vitro - according to the method
of infrared spectroscopy per (DSTU 4117:2007, 2008);
the content of nitrogen-free extractive substances
(NFES) - by calculation (DSTU 4674:2006, 2008). The
agrochemical parameters of the soil were determined
before starting the experiment in the 0-20-cm layer
of the soil according to generally accepted methods,
namely: humus - according to Tiurin (DSTU 4289:2004,
2006); nitrogen that is easily hydrolyzed by alkali - ac-
cording to Cornfield (DSTU 7863:2015, 2018); mobile
phosphorus and potassium - according to Kirsanov and
Machygin (DSTU 4115-2002, 2004); pH (saline) - po-
tentiometrically (DSTU 1S010390:2001, 2008). Math-
ematical processing of the obtained experimental
performance data in the experiment was carried out
according to the method of variance analysis.

RESULTS AND DISCUSSION

The results of the study on the formation of fodder
productivity of single-species (white lupine, seed oats,
maize, and Sudanese sorghum) and lupine-cereal binary
combined crops with different ratios and placement of
components upon sowing under different fertilizer op-
tions on average for 2016-2018 are presented in Table 2.
The analysis of the study results showed that against a
background without fertilizers, the productivity of these
agrocenoses ranged within 1.90-4.86 t-ha~! of dry matter
(mass) and 0.16-0.85 t-ha~! of crude protein. The highest
productivity (on the background without fertilizers, 4.21-
4.86 t-ha~! of dry matter) was provided by single-species
crops of maize and white lupine and their mixtures with
continuous row and strip sowing methods, which pre-
vailed over oats and their mixtures with white lupine by
2.60-3.17 t-ha~? of dry matter or 1.8-2.6 times, while Su-
danese sorghum and its mixture with white lupine - by
1.13-1.58 t-hat or 1.4-1.5 times.

35

Table 2. Productivity of mixtures of annual cereal fodder crops with white lupine depending on the ratio
and methods of placing components upon sowing

Average for 2016-2018

Crops and their Dry mass by year, t-ha*

s gy T "o 2016 2017 2018 Drymass,tha? Crude protein,that "¢ share of A
1 2 3 4 5 6 7 8
Without fertilisers ~ 4.84 3.63 5.08 4.52 0.88 94
White Lupine, 300 NP, K., 640 480 672 5.97 1.24 95
(100) P, K, 6.15 461 646 5.74 1.16 94
Humigran 558 419  5.86 5.21 1.07 94
Without fertilisers  2.04  1.53  2.14 1.90 0.16 -
NP K. 330 248 347 3.08 0.29 -
Seed oats, 160 (100) P.K. 264 198 277 2.46 0.21 -
Humigran 249 187 261 2.32 0.23 -
Without fertilisers  3.44 2.58 3.61 321 0.45 66
S\?\/ehdi t‘e’aﬁ’;?n%ﬁ%)(; N,.P. K. 485 364 509 453 0.68 63
(50) - strip sowing" P.K. 440 330 462 411 0.60 67
Humigran 4.14 3.11 4.35 3.87 0.58 67
Without fertilisers 340  2.55  3.57 3.17 0.45 68
Seed oats, 40 (25) + NP, K., 482 362 506 4.50 0.70 65
white lupine, 225 (75) P, K., 441 331 463 412 0.61 69
Humigran 4.10 3.08 4.31 3.83 0.61 69

Scientific Horizons, 2023, Vol. 26, No. 6




36

Forage productivity of combined crops of seed...

Table 2, Continued

Crops and their

Dry mass by year, t-ha!

Average for 2016-2018

’“"‘t“{(‘;f;fae_f‘(’;:f' rate,  Fertilizer 2016 2017 2018 Drymass,that Crude protein, t-ha-! Th?nsl‘,f‘;ecr":r},“;"“e
1 2 3 4 5 6 7 8
Without fertilisers  3.04 228  3.19 2.84 0.41 55
Seed oats, 80 (50) + NP K. 468 351 491 437 0.68 52
white lupine, 150 (50) P.K., 426 320 447 3.98 0.59 57
Humigran 388 291 407 3.62 0.58 56
Without fertilisers  2.89 217  3.03 2.70 0.37 43
Seed oats, 120 (75) + N,.P. K., 4.52 3.39 4.75 4.22 0.64 41
white lupine, 75 (25) P.K., 402 302 422 3.75 0.54 44
Humigran 3.71 2.78 3.90 3.46 0.54 43
Without fertilisers  5.21 3.91 5.47 4.86 0.53 -
. N,.P. K. 9.00 675 945 8.40 1.02 -
Maize, 70 (100) P. K., 636 477 668 5.94 0.68 -
Humigran 6.87 515 721 6.41 0.81 -
Without fertilisers  5.03 377 5.8 4.69 0.76 43
ma:;: ﬁ 65((;)0; Wshtirtie N,.P. K., 770 578  8.09 7.19 1.19 40
P coming' T P.Ky 626 470 657 5.84 0.93 44
Humigran 629 472  6.60 5.87 0.95 44
Without fertilisers  5.00 375  5.25 4.67 0.85 42
Maize, 17.5 (25) + N,.P. K. 833 625 875 7.78 1.51 38
white lupine, 225 (75) P.K., 6.00 450 6.30 5.60 1.04 45
Humigran 6.35 476  6.67 5.93 1.18 45
Without fertilisers  4.70 353 4.94 4.39 0.72 36
Maize, 35 (50) + N,.P. K. 802 602 842 7.49 1.32 33
white lupine, 150 (50) P.K., 567 425 595 5.29 0.89 38
Humigran 6.01 451 631 5.61 1.01 38
Without fertilisers  4.51 3.38 4.74 4.21 0.67 30
Maize, 52.5 (75) + N,.P. K., 769 577 807 7.18 1.24 27
white lupine, 75 (25) P.K., 553 415 581 5.16 0.86 31
Humigran 568 4.26 5.96 5.30 0.95 30
Without fertilisers ~ 3.40 2.55 3.57 3.17 0.28 -
Sudanese sorghum, 30 N,.P. K., 6.83 5.12 7.17 6.37 0.64 -
(100) P.K., 400 300 420 3.73 0.35 -
Humigran 433 325 455 4.04 0.43 -
Sudanese sorghum, _Without fertilisers 372 2.79 391 3.47 0.53 53
15 (50) + white Lupine, NP K. 6.58 494 691 6.14 1.02 50
150 (50) - strip P.Ke. 457 343 4380 427 0.68 54
sowing* Humigran 455 341 478 425 0.69 54
Sud A Without fertilisers  3.68 276  3.86 343 0.55 52
udanese sorgnum
75 (29) + whit eglupm’ e NP K. 6.34 476 666 5.92 1.02 48
225 (75) P. K., 4.33 3.25 4.55 4.04 0.66 55
Humigran 501 376 526 4.68 0.83 55
Sudanese sorghum, Without fertilisers 369 277  3.87 3.44 0.52 46
15 (50) N,.P. K. 600 450 6.30 5.60 0.92 43
+ white lupine, 150 P.K. 401 301 421 3.74 0.59 48
(50) Humigran 473 355 497 442 0.75 48
Without fertilisers  3.68 2.76 3.86 343 0.49 40
SUdagezsg 5;’5@““”" N,.P.K.. 635 476 667 5.93 0.92 37
+ white mpi(ne,@ 5 (25) P.oKs, 434 326 456 4.05 0.60 4
Humigran 5.00 3.75 5.25 4.67 0.70 40
LSD,, by factors
Sward 027 022 029 0.26
Fertilizer 023 020 025 0.23
Share of factors, %
Sward 59 61 63 61
Fertilizer 41 39 37 39

Note. * Strip sowing method with a strip width of 1.5 m. On the remaining agrocenoses, there was a continuous sowing
of components in one row with row spacing of 0.15 m
Source: compiled by the authors
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Compared with single-species agrocenoses of cereal
crops, the productivity of fodder biomass of lupine-oat
mixtures increased from 1.90 t/ha to 2.70-3.21 t-ha~! of
dry weight or by 1.4-1.7 times, and of lupine-sorghum -
from 3.17 to 3.43-3.47 t-ha! or 1.1 times. The excep-
tion was the productivity of lupine-maize agrocenoses,
which did not have an advantage over single-species
maize sowing in terms of yield from 1 ha of dry mass.
However, in terms of yield from 1 ha of crude protein,
lupine-maize agrocenoses prevailed over one-species
sowing of maize by 1.3-1.6 times.

According to these data, the best ratio of the ce-
real component to the legume in the continuous row
method of sowing the mixture was 25:75% of the sow-
ing rate in single-species sowing, when the productivity
of dry biomass was the highest upon growing white
lupine with seeded oats and maize. With this ratio, the
productivity of 1 ha of dry biomass and crude protein
of these lupine-cereal mixtures increased by 1.1-1.3
times compared to the ratio of cereal to lequme compo-
nent as 75:25%. With the ratio of these components as
50:50%, the productivity of these coenoses occupied an
intermediate position. In lupine-sorghum mixtures, an
increase in the proportion of the lequme component in
the ratio during sowing considerably increased produc-
tivity in terms of the yield of crude protein from 1 ha.

For the ratio of the cereal component to the legu-
minous component at 25:75%, the share of white lupine
in the harvest was the largest, which varied between
65-69% in the lupine-oat agrocenosis, 38-45% in lu-
pine-maize, and 48-55% in lupine-sorghum, which is 12-
26% more than for a ratio of 75:25%.The largest share of
the legume component in the harvest was in lupine-oat
mixtures, and the smallest - in lupine-maize mixtures.

According to these data, the method of sowing (strip
method with a strip width of 1.5 m with alternating
placement and continuous sowing in one row of cereal
and leguminous components with a ratio of 50:50% of

Kurhak et al.

leguminous-cereal mixtures had little effect on the pro-
ductivity of the fodder agrophytocenoses under study. In
most cases, there was a tendency to prefer strip agro-
cenosis over continuous agrocenosis when growing in
compatible lupine crops with oats and maize.

According to the data of this study, the share of the
leguminous component in lupine-cereal mixtures de-
creased by 3-7% from the introduction of N,, against
the background of P, K, . Compared to the option with-
out fertilizers, the most significant (1.3-2.0 times) in-
crease in the productivity of all fodder agrocenoses un-
der study was provided by the application of N,.P, K,
while the application of P, K, or organic fertilizer hu-
migran at a dose of 250 kg/ha - only by 1.2-1.3 times.

According to these data, the cultivation of cereal crops
in mixtures with white lupine, in comparison with sin-
gle-species sowing of cereal crops in the variant with-
out fertilization, increased the content of crude protein
in dry fodder biomass from 8.6-11.1 to 14.0-18.1 or by
5.4-7.0% (Table 3). At the same time, the content of pro-
tein and crude fat increased and the content of crude
fibre and nitrogen-free extractive substances (NFES)
decreased, as well as the digestibility of the dry weight
of the feed improved, which increased from 47-54% to
57-61% or by 7-10%. With an increase in the amount of
the leguminous component in fodder agrocenoses, the
content of crude protein and protein in the dry biomass
increased and the content of crude fibre and NFES de-
creased, as well as the digestibility of the dry mass in
vitro improved. The highest content of crude protein and
protein was characterized by a single-species sowing of
white lupine, where they accumulated 19.5% and 17.0%
in the dry mass in the version without fertilizers, respec-
tively. Among the fertilizers, the application of NP, K.,
had the greatest effect on the accumulation of crude
protein and protein. The amount of crude protein in the
dry mass of fodder in this case increased by 1.1-1.3%
compared to the option without fertilizers.

Table 3. Chemical composition of mixtures of annual cereal fodder crops with white lupine depending on the ratio and
methods of placement of components during sowing, % in dry weight (average for 2016-2018)

Crops and their mixtures,

seeding rate, kg-ha-* (%) Fertilizer options  Crude protein  Protein Crude fat Crude fibre NFES Digestibility
3 4 5 6 7 8
Without fertilisers 195 17.0 35 239 459 67
N,.PK 207 183 3.1 227 46.7 68

h' H 1 45 30 "50

White lupine, 300 (100) P.K. 202 183 30 2238 471 67
Humigran 205 185 33 220 46.3 69
Without fertilisers 8.6 78 3.0 31.0 51.1 47
NPK., 9.6 8.6 26 286 522 48
Seed oats, 160 (100) PK., 8.8 78 27 288 527 48
Humigran 10.1 8.9 2.7 28.5 51.3 49
Without fertilisers 140 1238 33 27.0 485 57
w:iigduf;tnsésfs(g?g 5) i NP, K, 151 136 2.9 257 495 58
Strip Sowing P K., 146 131 29 2538 49.9 59
Humigran 149 133 3.0 253 488 59
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Table 3, Continued

Crops and their mixtures,

seeding rate, kg-ha-* (%) Fertilizer options  Crude protein  Protein Crude fat Crude fibre NFES Digestibility
3 4 5 6 7 8
Without fertilisers 14.5 133 3.1 24.6 46.9 64
Seed oats, 40 (25) + NP Koo 15.8 14.1 3.0 23.2 47.6 66
white lupine, 225 (75) P. Ko 15.0 13.6 3.1 23.5 47.8 65
Humigran 16.3 14.8 31 229 471 67
Without fertilisers 14.6 134 3.3 26.8 45.0 64
Seed oats, 80 (50) + N,P. K, 15.9 14.2 3.2 254 45.7 65
white lupine, 150 (50) P. Ko 15.1 137 3.1 25.6 46.2 65
Humigran 16.4 14.9 3.3 25.1 45.2 66
Without fertilisers 14.1 13.3 3.3 24.9 47.1 64
Seed oats, 120 (75) + NP Ko, 15.4 14.1 3.3 23.6 476 65
white lupine, 75 (25) P. Ko 14.6 13.6 3.3 23.8 48.0 64
Humigran 15.9 14.8 3.0 23.2 47.6 66
Without fertilisers 11.1 10.4 3.4 26.8 49.3 54
N,.P. K 12.4 10.2 3.1 25.9 49.8 55
Maize, 70 (100) K. 116 9.7 32 260 50.1 55
WKeo . . . . .
Humigran 12.9 10.9 3.1 255 49.4 56
) Without fertilisers 16.3 14.7 3.5 254 47.6 61
Maize, 35 (50) + white N,.P.K., 166 145 31 243 483 62
upine, 150 (9) = strip P.K,, 15.9 14.0 31 244 486 61
g Humigran 16.2 14.2 3.2 23.8 479 63
Without fertilisers 18.1 16.6 3.7 24.8 42.2 71
Maize, 17.5 (25) + N,P.oKe 19.4 17.4 3.6 236 42.8 72
white Lupine, 225 (75) P.Ke 18.6 16.9 3.5 23.8 433 72
Humigran 19.9 18.1 3.4 23.2 42.7 73
Without fertilisers 16.6 144 3.8 25.9 42.8 69
Maize, 35 (50) + NP K., 17.9 16.2 3.6 24.9 432 70
white lupine, 150 (50) P..Kq 171 15.7 3.4 25.1 43.8 69
Humigran 184 16.9 3.5 24.5 43.0 71
Without fertilisers 16.0 14.5 3.6 22.9 46.6 67
Maize, 52.5 (75) + N,P. K, 173 15.3 3.8 21.6 47.0 69
white Lupine, 75 (25) P.Ke 16.6 14.9 3.7 21.8 474 68
Humigran 17.9 16.1 3.6 211 46.9 69
Without fertilisers 9.0 7.5 3.0 28.0 52.2 48
Sudanese sorghum, 30 N,.P. K, 10.3 9.3 29 27.8 51.7 49
(100) P.Kq 9.5 8.8 3.0 28.0 52.0 49
Humigran 10.8 10.0 3.0 274 51.3 50
sud hum. 15 Without fertilisers 15.3 13.3 33 24.0 49.1 58
udanese sorghum,
e
(50) (strip sowing) 3050 : : : : :
Humigran 16.2 14.8 3.2 24.7 48.8 60
sud N . Without fertilisers 16.2 14.5 3.1 24.6 45.1 68
udanese sorghum, 7.
(25) + white h?pine, 225 NP Koo 17.5 15.3 3.1 231 45.8 69
(75) P.Ke 16.7 14.8 29 23.2 46.4 69
Humigran 18.0 16.0 3.4 22.8 45.0 70
Without fertilisers 15.5 14.4 3.2 24.9 45.7 67
SUda”ese(;'g)rgh“m' 15 NP K. 16.8 152 32 235 463 68
+ white Lupine, 150 (50) P.Keo 16.0 147 3.1 236 46.9 67
Humigran 17.3 15.9 3.3 23.2 45.8 69
Without fertilisers 14.2 12.6 3.0 29.8 47.8 52
Sudanese ?;’Sr;-?h“m’ 225 NP K., 155 134 25 286 4838 53
+ white lupine, 75 (25) P. K 14.7 12.9 2.8 28.7 48.9 52
Humigran 14.9 13.0 2.9 28.1 48.1 54
Zootechnical norm 14 - 3.5 25-30 - 50-70
LSD,,, by factors
Sward 0.6 0.5 0.2 1.1 1.5 2
Fertilizer 0.5 0.4 0.2 1.0 1.2 2

Source: compiled by the authors
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Thus, the patterns of changes in the specific fea-
tures of the formation of the botanical composition and
fodder productivity of lupine-cereal agrophytocenoses,
as well as indicators of the chemical composition and
digestibility of dry biomass in vitro,which were obtained
under the researched factors and presented in this pa-
per, confirm the results of earlier studies by various au-
thors. The presented study confirmed the experimental
data obtained by Kurgak & Karbivska (2020), as well as
Kovtun et al. (2020) that the inclusion of leguminous
grasses in grass mixtures of perennial and annual crops
increases their productivity.

The studies conducted by Ratoshniuk (2020), Holodna
(2018) and Holodna & Stolyar (2018) indicate that a
prominent positive effect is ensured by inclusion of white
lupine in leguminous-cereal mixtures involving seed oats
or maize or Sudanese sorghum because white lupine acts
as a source of cheap symbiotic nitrogen, provides not only
an elevated yield of green mass and hay, but also enriches
the fodder with protein, vitamins, amino acids, etc.

Previous studies by Hetman et al. (2019), Senyk
(2020, 2021) and Kurhak et al. (2020) found that the
productivity of legume-cereal agrocenoses increases
with an increase in the share of the lequme component,
the amount of which can be adjusted by increasing its
share in grass mixtures. This is conditioned upon the
fact that, according to these authors, the optimal ratio
of legumes and cereals, both in early-and late-maturing
mixtures, contributes to more efficient use of moisture,
photosynthetically active radiation, soil nutrients, etc.

The study by Senyk (2020) proved that when grow-
ing grass mixtures of seeded oats with seeded peas,
the highest productivity (7.26 t-ha™! of dry matter)
is provided by the ratio of 75% leguminous and 25%
cereal components from the norm of sowing seeds in
single-species sowing combined with the use of other
intensification factors, including fertilizers.

Not only Ukrainian researchers, namely Kurhak
et al. (2020) and Demidas & Prorochenko (2018), as
well as foreign scientists (Hannaway et al., 2018) note
that in the conditions of a substantial increase in the
cost of mineral nitrogen, the maximum possible use of
elements of biologization of feed production due to the
increase in the efficiency of the use of symbiotic nitro-
gen of the best fodder legumes cultures has no alterna-
tive. This makes it possible to obtain high productivity
(6-8 t-ha™! of dry fodder biomass and more) of fodder
land, save 50-300 kg-ha-! of mineral nitrogen, preserve
and increase soil fertility, preserve the environment,
and produce organic fodder raw materials.

According to Petrychenko et al. (2018, 2020), cereal
mixtures are inferior in productivity to legumes and
cereals. The increase in the yield of green mass on leg-
ume-cereal grass mixtures in comparison with cereals
on average over the years of research is 6.27 t/ha.

Slyusar (2017) and Slyusar & Oksymets (2018)
noted that in the conditions of increasing aridity of the

Kurhak et al.

climate, it is advisable to expand the crops of not only
perennial, but also annual fodder crops when growing
them in mixtures with legumes. Such agrophytocenoses
make better use of ecological niches and do not react
so sharply with productivity to air drought and lack of
moisture in the upper soil layer.

Kurhak et al. (2020) and Senyk (2020) proved that
the use of leguminous grasses as components of leg-
ume-cereal grass mixtures not only increases the pro-
ductivity of forage land, but also improves the quality
of fodder. In comparison with cereal herbage, in this
case, the dry mass of feed increases the content of
crude protein by 5-9%. At the same time, the amount
of protein increases and its amino acid composition
improves, primarily in terms of the content of essen-
tial amino acids, specifically, the amount of lysine in-
creases, which is quite enough for balanced feeding
of cattle. Thanks to legume components in the fodder,
the concentration of metabolic energy increases and
the content of crude fibre decreases, as well as the di-
gestibility of dry mass improves. At the same time, the
mineral composition of the fodder improves, due to an
increase in the content of calcium and magnesium and
some trace elements.

CONCLUSIONS

On the dark gray soils of the Forest Steppe of Ukraine,
the fodder productivity of single-species (white Lu-
pine, seed oats, maize, and Sudanese sorghum) and
lupine-cereal binary combined crops with different ra-
tios and placement of components when sowing under
different options on a background without fertilizers
ranges within 1.90-4.86 t-ha~'t/ha of dry matter (mass)
and 0.16-0.85 t-ha™! of crude protein.

The highest productivity (on the background with-
out fertilizers, 4.21-4.86 t-ha™! of dry matter) is char-
acterized by maize and white lupine in single-species
sowing, as well as their combined sowing under con-
tinuous row and strip sowing methods. Oats and its
mixtures with white lupine in terms of productivity are
superior by 2.60-317 t-ha-! of dry matter or by 1.8-2.6
times, and Sudanese sorghum in single-species sowing
and its mixture with white lupine - by 1.13-1.58 t-ha™!
or 1.4-1.5 times. In comparison with single-species
agrocenoses of cereals, the productivity of fodder bio-
mass of lupine-oat mixtures increased by 1.4-1.7 times
and lupine-sorghum mixtures - by 1.1 times.

The best ratio of the cereal component to the leg-
ume (white lupine) in the continuous row method of
sowing the mixture is 25:75% of the sowing rate in sin-
gle-species crops, when the productivity of dry biomass
is the greatest. Compared to the option without ferti-
lizers, the most significant (1.3-2.0 times) increase in
the productivity of all fodder agrocenoses under study
is provided by the application of N, P, K., while the
application of P, K. or organic fertilizer humigran at a
dose of 250 kg/ha - only by 1.2-1.3 times.
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Cultivation of cereals in mixtures with white lu-
pine in comparison with single-species crops of ce-
reals in the version without fertilization increases
the content of crude protein in dry fodder biomass by
5.6-8.0%. At the same time, the content of protein and
crude fat increases and the content of crude fibre and
nitrogen-free extractive substances (NFES) decreases,
as well as the digestibility of the dry weight of the
feed improves, which increased from 47-54% to 57-

family, has the prospect of continuing in different soil
and climatic conditions of Ukraine. This will contribute
not only to increasing the production of cheap grass
fodder and improving its quality, but also to reducing
energy and money costs, reducing environmental pol-
lution with nitrogen fertilizers and improving soil fer-
tility, and on this basis, strengthening the fodder base
of Ukrainian livestock breeding.

61% or by 7-10%. ACKNOWLEDGEMENTS
Research into ways to increase the efficiency of us-  None.
ing cheap symbiotic nitrogen in leguminous crops in
fodder production by enriching cereal phytocenoses CONFLICT OF INTEREST
with them, involving a larger number of species of this  None.
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AHoTauif. JocnigkeHb, CIPSMOBAHMX Ha HAKOMWYEHHS Ta edeKTUBHE BUKOPUCTAHHS a30Ty CMMOIOTMYHOI 1Oro
dikcauii 3 NnoBiTps pocanHaMK NONKHY 6inoro, WaSxoM Ao60pYy KpawWmxX 371aKOBUX KOMMOHEHTIB, ONTUMI3aLii ix
CMiBBiAHOLWEHHS Ta cnocobiB po3MilLeHHS NPY BUPOLLYBAHHI Y CYMiCHWMX MOCIiBaX 3 HUM 33 Pi3HMX CUCTEM YAOOPEHHS
B Jlicocteny we He npoBefeHo. MeTa — BCTAHOBWTM Kpalli 31aKOBi KOMMOHEHTH, iX CNiBBIAHOLIEHHS Ta CNocobu
pO3MillleHHs 3 NnMHOM BinnMM npu ciBbi B CyMicHMX MOCIiBaX 3a pi3HMX cucTeM ynobpeHHs Ans BMPOOHMUTBA
TpaB’saHMX kopMiB B Jlicocteny YkpaiHu. byno BUKOpUCTaHO HACTYNHi METOAM: NONbOBUIA, NaBOPATOPHUIA, MaTEMATUKO-
CTAaTUCTUYHUI, PO3PaxXyHKOBO-MOPIBHANBHMIA. byno BCTaHOBMEHO, WO HaMbinblWy NPOAYKTMBHICTL HA (OHI b6e3
nobpus (4,21-4,86 t-ha™! cyxoi peuoBuHu) 3abesneumnu OLHOBWMAOBI MOCIBM KyKypya3u Ta nonuHy 6inoro, a
TakKoX iX CyMiCHi nociBu, siki COOPMOBAHO CyLiNbHUM psSifOBMM Ta CMYroBMM cnocobamu, wo Ha 2,60-3,17 t-ha?
Cyxoi pe4yoBuHM abo B 1,8-2,6 pasu Ginblue NOPIBHAHO 3 NOCiBaMM BiBCa Ta MOro CyMmiwi 3 6inMM NONUHOM i Ha
1,13-1,58 t-ha abo B 1,4-1,5 pasu Ginblue B NOPIBHAHHI 3 NOCIBAMM COPro CYAAHCbKOrO i MOro cyMiwi 3 6inum
JIOMMHOM. 33 PaxXyHOK HaKOMUYEHHS Ta BMKOPWUCTAHHS a30Ty CMMOBIOTMYHOI dikcauii NpOAYKTUBHICTb NHOMMHO-
BIBCAHMX CyMillen 36inbwmnacs Big 1,90 o 2,70-3,21 t-ha! cyxoi macu abo B 1,4-1,7 pasu, a IONMHO-COProBUX —
Big 3,17 pno 3,43-3,47 abo B 1,1 pasu. Haibinbl epekTMBHUM CMiBBIAHOWEHHSAM KOXHOMO 3/1aKOBOr0 KOMMOHEHTA
[o 6060Boro B H6iHapHMX cyMicHMX nociBax 6yno sk 25:75 % Big HOpMM BMCiBY B OAHOBMOOBMX arpoLieHo3aXx,
KON NPOAYKTUBHICTb Cyxoi Biomacu byna Haibinbloto. [opiBHAHO 3 BapiaHTOM 6e3 fo6puB HalbINbLL CYTTEBO (B
1,3-2,0 pa3u) 36inbleHHs NPOAYKTUMBHOCTI BCiX A0CTIAXKYBaHUX KOPMOBMX arpoLleHO3iB 3abe3neynno BHECEHHS
N,.P.K., TMM Hacom sk BHeceHHs P, K. uun opraHiuHoro gobpusa rymirpa y nosi 250 kg-ha™ - amwe y 1,2-1,3
pasu. Pe3ynbtaTv foCnigkKeHb MOXYTb OYTM BMKOPUCTaHI NMpu po3pobiaeHHi HayKoBO-METOAMYHUX pEKOMEHAALIN
Ta HaBYaNbHOMY MpoLeCi CTOCOBHO (OPMYBaHHA BMCOKOMPOOYKTUBHMX arpodiTOLEHO3IB 3 METOK KOHBEEPHOMO
BMPOOHMLTBA AKICHUX TPaB'SHUX KOPMIB A4 FOAiBAI TBAPUH
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