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Abstract. This study examined the soil cover and the state of the natural grass stand of saline
and erosion-prone lands in the valley and gully system of the Sukhi Yaly River. Low-productive
saline lands are located on the slopes and bottoms of gullies, micro-depressions of lowland and
floodplain meadows. Plant groups associated with such soils are characterised by low species
diversity and a lack of species valuable for fodder. The article presents the results of research on
the improvement of low-productive lands on saline soils by sowing a set of forage grasses that
can grow under saline soil conditions and have high fodder value. It was found that during the
observation period, the yield of green mass and hay on all variants was significantly higher than
the yield of natural herbage. The biochemical composition of forage grasses is characterised by an
increased content of crude protein, hydrocarbons, vitamin C and essential amino acids. Data on
the introduction of be herbs to improve saline fodder lands in combination with wild bee plants are
presented, and their nectar content is determined. This paper presents a bio-agronomic assessment
of fodder plants cultivation on black alkali soil. The authors provide recommendations for improving
fodder lands on saline and alkaline soils
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RELEVANCE

An important factor limiting the highly efficient
use of soils in southern Ukraine is the significant
prevalence of saline and alkaline soil types. In to-
tal, 47 million hectares of alkali soils were found
in the steppe regions, which is 48% of arable
land. Almost half of them is comprised of strong
and medium alkaline soils — 2.3 million hectares
(National Report on Soil Fertility, 2010).

According to the State Land Cadastre of
Ukraine, saline and alkaline soils cover a total
area of 2.8 million hectares (including 2.0 million
hectares of arable land): saline soils are spread
over 2.2 million hectares and alkaline complexes
over 0.6 million hectares. The main requirement
for the rational use of Ukraine’s alkaline soils in
modernconditionsistheneedforalandscape-ge-
ochemical assessment of their formation and
distribution and the adaptive use of conven-
tional and new energy-saving types of reclama-
tion. This allows for the protection and improve-
ment of the effective fertility of alkaline soils
and the optimisation of the conditions for crops.

In the context of land reform, the system
of measures for the renaturalisation of agri-
cultural landscapes in areas of alkaline soils
should in the short term provide for the with-
drawal of highly saline soils and alkaline com-
plexes with saline patches of 50% or more from
arable land for the introduction of cultivated
hayfields and pastures. It is recommended to
use salt- and alkaline-tolerant grasses adapted
to soil conditions for meadowing.

ANALYSIS OF RECENT RESEARCH

AND PUBLICATIONS
Methodological aspects of environmental sus-
tainability of agro-landscapes in the current
conditions of land relations transformation have
been the subject of numerous works (Medvedev
& Laktionova, 1998; Bulyghin, 2005; Bulyghin &
Vitvitsky, 2018).

°)

However, given the diversity of natural and
economic conditions, it is necessary to find opti-
mal solutions to improve erosion resistance and
increase the productivity of marginal lands, con-
sidering the specifics of a given area.

Given the current shortage of resources, lack
of funds, and limited state soil protection policy,
the priority and mandatory measure to prevent
further degradation of agricultural landscapes
and soil cover is to withdraw low-productive and
erosion-prone lands from cultivation and trans-
form them into natural fodder lands (Sayka,
2000; Bulyghin & Dumin, 2001; Antypova, 2015;
Antypova et al, 2018; Cosgrove & Barrett, 1987
Sapck, 1998)

To improve low-productive lands on saline
soils in the region, it is necessary to test a set of
forage grasses that can grow in conditions of soil
salinity and exhibit traits of high fodder value
(Khromtsov, 2001; Patyka et al., 2003; Petrychen-
ko et al., 2018; Kurhak & Tkachenko, 2016).

The purpose of the study is to examine the
soil cover and the status of the natural grass
stand of saline and erosion-prone lands in the
valley and gully system of the Sukhi Yaly River,
to conduct research on sowing a set of fodder
and bee grasses to improve low-productive fod-
der lands; and to provide recommendations for
increasing the productivity and value of fodder
lands on saline and alkaline soils.

MATERIALS AND METHODS

A field experiment on the introduction of
meadow-field crop rotation on saline fodder
lands was established in a floodplain on the
right bank of the Sukhi Yaly River. The soil type
is hydromorphic meadow salt marsh. Experi-
ments on testing bee plants were also conduct-
ed at the same site.

The plot was divided into two parts. The
coastal part (water protection zone) of 25-50 m
was left for control as a plot with a natural grass
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stand, theyield of green mass and hay fromwhich
was compared with the yield of grasses and
grass mixtures sown in five variants. The second
part was used for experimental purposes. The
surface was levelled and disked with disk har-
rows, mineral fertilisers were applied at a dose
of N, P, K., per hectare, and gypsum at a dose
of 2 t/ha. After applying fertiliser and gypsum,
the area was ploughed to a depth of 28-30 cm.

Grasses were sown manually - Medicago
sativa (Zaykevych variety), Trifolium (Skif va-
riety) and grass mixtures: (#1) - Medicago sa-
tiva (Zaykevych variety) + Medicago romanica
+ Trifolium (Skif variety) + Festuca gigantea +
Festuca arundinacea + Elytrigia elongata (Host)
Nevski + Phalaris arundinacea; (No. 2) Medicago
sativa (Zaykevych variety) + Medicago romanica
+ Trifolium (Skif variety) + Festuca gigantea +
Festuca arundinacea + Elytrigia elongata (Host)
Nevski + Phalaris arundinacea + Isatis tinctoria
+ Bunias orientalis. The research was conducted
according to the methodology of experiments
on hayfields and pastures (1969) and the meth-
odology of perennial grasses selection (Kon-
stantinov et al., 1971).

The sowing of honey species was carried out
inawide-rowmethod, manually. The seedingrate
was calculated at 30 kg/ha of Borago officinalis,
4 kg/ha of Nepeta cataria spp. citriodora, 4 kg/ha
of Trifolium and 4 kg/ha of Melilotus officinalis L.
The nectar content of plants was determined by
the method of B.I. Fesko and Ye.l. Karklyn (1967).

The experiments on the introduction of fod-
der plants on the black alkali soil marsh were
initiated to increase the species composition of
valuable fodder species and to increase the yield
of low-productive fodder land.

RESULTS AND DISCUSSION
The soil profile of the salt marsh has clear signs
of hydromorphism under poor drainage condi-
tions on the floodplain terrace of the river with
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the close occurrence of mineralised groundwa-
ter (humus content in the Hs horizon is 3.83-
5.69%). The reaction of the soil solution of the
upper horizons is alkaline (pH 7.5-8.1), the lower
ones are low-alkaline (pH 7.4-7.5). The content
of mobile forms of phosphorus and potassium
in the upper horizons is very high. However, the
high concentration of salts in the soil solution
significantly increases its osmotic pressure, dis-
rupts the supply of water and plant nutrients;
there is a direct toxic effect of salts on plants,
which leads to their severe depression.

Structure of the profile of a hydromorphic
meadow salt marsh:

Hs 0-45 cm - humus, saline, dark grey,
moist, medium loamy, lumpy-grained, loose,
fine-porous, salts in the form of dots and thin
veins, gradual transition;

Hpsk 46-65 cm - upper transitional, sa-
line, carbonate, dark grey, moist, medium clay,
lumpy-grained, loose, porous, salts in the form
of veins, gradual transition;

Phskgl 66-87 cm - lower transitional, sa-
line, carbonate, grey, darkish dirty olive with
rusty spots, moist, medium clayey, lumpy-nutty,
slightly compacted, porous, gradual transition;

PksGl 88 and deeper - loess loam, car-
bonate, saline, heavily silty, brownish-grey with
bluish tint and abundant rusty spots, damp, me-
dium clayey, lumpy, compacted, viscous.

During the observation period, the yield
of green mass and hay in all variants is signif-
icantly higher than the yield of natural grass
(Table 1). On average, over three years, the yield
of green mass of Medicago sativa was 37.3 t/ha,
Trifolium - 37.3 t/ha, grass mixture No.1- 407 t/
ha, grass mixture No. 2 - 417 t/ha. The yield of
dry mass (hay) in the experimental variants
was as follows: Medicago sativa - 773 t/ha, Trifo-
lium - 764 t/ha, grass mixture No. 1 - 9.32 t/ha,
grass mixture No. 2 - 970 t/ha, Medicago sativa +
Trifolium - 1074 t/ha.
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Table 1. Harvest of green and dry masses of grasses and grass mixtures

Green mass over the years Dry mass (hay) over the years

Variant of vegetation, t/ha of vegetation, t/ha
first second third first second third
Control 10.1 24.5 24.6 1.14 2.73 2.75
Medicago sativa 14.2 45.2 47.1 3.28 9.69 10.22
Trifolium 19.3 47.4 45.2 3.42 10.26 9.24
Mef;fr‘;%‘,’i;fnﬁva 22.2 52.4 32.1 4.16 14.09 13.99
Grass mixture No. 1 20.6 51.2 50.2 3.76 12.16 12.04
Grass mixture No. 2 26.4 50.3 48.3 6.76 11.54 10.82

Depending on the farming use of mead-
ow-field crop rotations, itis necessary to consid-
er the full development (in Trifolium, Isatis tinc-
toria, and Bunias orientalis - in the second year
of vegetation, in Medicago sativa - in the sec-
ond, third, and in cereals - in the third, fourth).

At the same time, the biochemical com-
position of plants under study was deter-
mined (Tables 2, 3), in phases corresponding
to the pasture and haymaking stages of grass-
es according to the methods used in feed bio-
chemistry.

Table 2. Biochemical composition of fodder grasses

0
Nutrient content, % AL BAD T Y Content of vitamin
dry matter
Plant names Total
Crude Crude Crude essential Carotene,
protein fat fibre GE G e amino C, me/ke %
acids g/kg
Isatis tinctoria 12.03 3.47 15.53 13.65 22.21 22.19 195 2.61
Bunias orientalis 20.93 3.97 15.68 14.03 18.26 29.39 245 1.10
Trifolium
10.58 4.26 33.07 10.81 18.74 21.67 100 2.12
pratense
Medicago 19.96 | 4.42 345 9.62 8.18 78.73 146 2.84
romanica
Alfalfa 13.02 3.51 35.94 6.77 7.10 75.76 98 2.01
Festuca 8.79 351 | 3168 | 827 12.32 20.94 135 3.05
arundinacea
Festuca gigantea 8.53 2.68 34.01 8.11 12.04 24.11 210 2.84
Phalaris 8.71 434 25.0 10.6 10.88 10.15 35 4.64
arundinacea
Elytrigia elongata | cq 375 | 33.82 | 727 10.56 20.94 120 1.59
(Host) Nevski
Control 13.19 3.89 27.74 8.02 9.93 50.71 128 1.24
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Table 3. Nectar content and number of flowers per plant

Nectar-forming capacity, Number of flowers,
Plant names
kg/ha of sugar pcs.
Borage 776.2 3881
Nepeta cataria spp. citriodora 350.9 1493
Trifolium pratense 89.3 495
Melilotus albus 3280.6 18226

Bee plants form a large number of flowers
(on one plant of Melilotus albus - 18226 pcs., Bor-
ago officinalis - 3881 pcs., Nepeta cataria spp. cit-
riodora - 1493 pcs., Trifolium pratense — 495 pcs.)
By improving saline fodder lands with wild hon-
ey bee plants, it is possible not only to increase
the honey supply of the area, but also to preserve
wild species.

Black alkali soils are found in large patches
among other soil types. Profile structure of black
alkali soil:

NEd 0-10 cm - humus-eluvial, dark grey,
fresh, heavy loam, dusty-lumpy with a well-de-
fined horizontal division, loose, coarsely porous,
many roots, clear transition;

Eh 11-22 cm - eluvial, light grey, slightly hu-
mified, fresh, heavily loamy, lamellar, coarsely
porous, many roots, sharp transition;

Ih 23-40 cm - illuvial, brownish-dark grey,
fresh, medium clay, columnar-prismatic, dense,
finelyfissured, separateroots, gradual transition;

PIhk 41-65 cm - transitional, illuviated, light
grey with a brown tint, dark brown in the lower
part, light clay, nutty-prismatic, compacted, slo-
bose, carbonates from a depth of 42 cm, some
thin roots, gradual transition;

Pk(h) 66-86 cm - green-grey slightly humic
clay, lumpy, compacted, slightly porous, gradual
transition;

Pks 86 and deeper - greenish-grey clay, oily,
from a depth of 87 cm - salts in the form of fades,
from a depth of 130 cm - small gypsum druses
and salt veins.

The description of the alkaline soil profile
shows that it is strictly divided into eluvial (su-
pra-salt) and illuvial (alkaline) horizons. In terms
of the depth of occurrence of illuvial (alkaline)
soil, it should be classified as deep.

The upper horizon is characterised by a re-
duced content of mobile forms of nitrogen, phos-
phorus, and potassium due to their leaching. The
physical properties of alkali soils are unfavoura-
ble for plants. The alkaline horizon is very dense
in the dry state, while in the wet state it is vis-
cous, swells and becomes impermeable to water.

The results of phenological observations
and determination of green mass productivity
showed that its yield is directly dependent on the
length of shoots, volume and length of root mass.
Thus, in white Melilotus albus, the volume of the
root system was 82 ml, the length of the root sys-
temreached 28 cmand the plantreached 100-110
cm in height (Table 4). In the year of sowing, the
plants of the Psathyrostachys juncea had a root
system volume of 16 ml with a length of 25 cm
reaching 86 cm in height. Accordingly, the yield
of the green mass of Melilotus albus was 20.5 t/
ha, and of Psathyrostachys juncea - 12.8 t/ha.

Plant and Soil Science (12)1 @
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Table 4. Bio-agronomic characteristics of fodder plants on black alkali soils

Inflorescence length,
Shoot length, cm | number of spikelets and Root mass* Yield, t/ha
whorls
Plant names g < § 2 4 ﬁ a
£ £ g ; 5 = £ £ s 2
© © 9 £ i) @ = g £ £ -
o k1 oG 2 = ~ ~ © H 3
= 80 = o e > T < o = )
[7} [9) [=] R~ = E a
© > = a = (c]
-_ wv
Psathyrostachys | gc 2c | 3673 | 126 33 - 162 | 0-25 25 12.8 3.1 0.47
juncea
Elytrigia elongata | o) oo | o ¢ 22 14 - 5 0-18 18 10.8 38 136
(Host) Nevski
Leymus 87.13 | 499 | 257 30 . 35 0-25 25 9.8 3.9 1.85
racemosus
Festuca 7048 | 3132 | 286 - 15 - - . 10.1 26 1.25
arundinacea
Elymus repens | 564 | 19.1 | 10.5 13 - 36 3-10 14 6.1 2.7 1.09
Melilotus albus | 101.6 - - - . 82 3-16 28 205 8.6 -
Melilotus 72.9 ; ; ; ; ; ; ; 7.4 33 .
wolgicus

Notes: V - volume of root mass; H — depth of accumulation of the main body; L - length in the second year of

vegetation

The analysis of the data on dry mass yield
showed that despite the lower levels of green
mass compared to the Psathyrostachys juncea,
more dry mass was obtained by Elytrigia elon-
gata (Host) Nevski and Leymus racemosus - 3.1
and 3.8-3.9 t/ha, respectively, and the maximum
value was obtained in the variant with Melilotus
albus - 8.6 t/ha.

Similar patterns are also observed for
seed yields: Psathyrostachys juncea - 0.47 t/ha,
Elytrigia elongata (Host) Nevski - 1.36 t/ha, Ley-
mus racemosus - 1.85 t/ha.

)

The seed productivity of the Psathyrostachys
juncea, Elytrigia elongata (Host) Nevski and Ley-
mus racemosus was the highest in the third
year of life, and that of the Festuca arundinacea
in the fourth year. Optimal yields of grasses on
the black alkali soil were observed in Elytrigia
repens in the second and third years, Psathy-
rostachys juncea and Elytrigia elongata (Host)
Nevski in the third and fourth years, in Festuca
arundinacea in the third and fourth years, and
in Leymus racemosus in the fourth and fifth
years. In the following years of vegetation, the

Plant and Soil Science (12)1
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productivity of these grasses decreases gradual-
ly and more significantly in Festuca arundinacea.

CONCLUSIONS

During the observation period, the yield of green
mass and hay on all variants was significant-
ly higher than the yield of natural herbage. On
average, over three years, the yield of the green
mass of Medicago sativawas 37.3 t/ha, Trifolium -
37.3 t/ha, grass mixture No. 1 - 407 t/ha, grass
mixture No. 2 - 417 t/ha. The yield of dry mass
(hay) was as follows: Medicago sativa - 773 t/
ha, Trifolium - 764 t/ha, grass mixture No. 1 -
9.32 t/ha, grass mixture No. 2 - 9.70 t/ha, Medica-
go sativa + Trifolium - 1074 t/ha.

In terms of crude protein content, the
highest protein crops are Bunias orientalis and
Medicago romanica (17-28%); medium protein
crops (12-16%) are Isatis tinctoria and Medicago
sativa (12-16%); all others are low protein crops
(8-11%). Brassicaceae and Trifolium pratense
have the highest content of carbohydrates and
vitamin C, while Medicago sativa and Medicago
romanica have the highest content of essential
amino acids.

Studies of sowing bee grasses on the hygro-
morphic meadow salt marsh revealed that the
highest nectar content was found in Melilotus
officinalis - 3280.6 kg/ha, Borago officinalis -

776.2 kg/ha and Nepeta cataria spp. citriodora —
3509 kg/ha. The yield of green mass of fodder
grasses is directly related to the length of shoots,
volume and length of the root mass. The yield
of green mass was 12.8 t/ha for Psathyrostachys
juncea, and 20.5 t/ha for Melilotus albus. For the
cultivation of Elytrigia elongata (Host) Nevski and
Leymus racemosus, a dry weight of 3.8-3.9 t/ha
was obtained, and the maximum value was
found in the variant with Melilotus albus -
8.6 t/ha. Seed yield: Psathyrostachys juncea -
047 t/ha, Elytrigia elongata (Host) Nevski -
1.36 t/ha, Leymus racemosus - 1.85 t/ha.

Given the low fertility of saline soils and
their poor aeration, the arrangement of per-
manent hayfields and pastures on them is not
rational. It is recommended to introduce mead-
ow-field (2-3 field crops, 5-7 grass crops) crop ro-
tations. To improve the productivity and value of
fodder lands on saline soils, honey plant species
should be introduced - Borage officinalis, Nepe-
ta cataria spp. citriodora, Trifolium pratense,
Melilotus albus.

The following should also be applied to alkali
soils: Melilotus albus, Melilotus wolgicus, Psathy-
rostachys juncea, Leymus racemosus, Festuca
arundinacea, Elytrigia repens, Elytrigia elongata
(Host) Nevski, which go through a full develop-
ment cycle on alkali soil algae.
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[LOKTOp CiNlbCbKOroCnoAapcbKMX Hayk, npodecop,

aKafeMik HauioHanbHOI akaaemii arpapHmMx Hayk YKpaiHu

HauioHanbHWI yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHK
03041, syn. lrepois O6opoH#n, 15, m. Kunis, YkpaiHa

C.B. BiTBiubKui

KaHanAaT CiibCbKOroCnoAapCbKMX HayK, AOLEHT

HauioHanbHWIM yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lrepois ObopoH#u, 15, m. Kuis, YkpaiHa

M.I. YaiiKka

LOKTOp CinbCbKOrocnoAapcbKMx Hayk

XapKiBCbKMI HaLiOHAaNbHWIA arpapHUin yHiBepcuTeT im. B. B. [lokyyaesa
62483, c. [loKy4yaeBCbKe, M. XapKiB, YkpaiHa

MinsnweHHs 6ionoriuHoi NPOAYKTUBHOCTI 3aCONEeHNX
Ta epo3iMHO Hebe3neYyHMUX 3eMe’sib AOHELbKOI obnacTi
LUJISIXOM 3a/ly)XEeHHSA

AHoTauia. [ociiIKeHo I'PYHTOBUM ITOKPHMB Ta CTAaH MPUPOAHOTO TPABOCTOIO 3aCOJIEHUX Ta
epo3ifiHO Hebe3NeyHUX 3eMeNlb HOJNMHHO-6aJKoBOi cucteMu p. Cyxi Snu. MaJompomyKTHBHI
3acoJieHi 3eMJIi po3TalIoBaHi Ha cxuiiax i gHUIIAaX 6aJIoK, MiKpo3anagrH HUSUHHUX i 3aTIaBHUX
JIyK. POCJIHHI yTpyIIOBaHHA, TTOB'A3aHi 3 TAKUMU I'PYHTAMU, XapaKTePU3YIOThCS HU3BKUM BUZOBUM
Pi3SHOMAHITTAM 1 BIACYTHICTIO LiHHUX IJi KOPMIB BUZAIB. V CTaTTi NpeACTaBIeHO pe3yIbTaTu
JOCTimKeHb MO0 IOJIMIIEHHS MAaJOIPONYKTUBHUX 3€MeJlb Ha 3aCOJIeHHX IPYHTaX LIIAXOM
T10CiBy KOMILJIEKCY KOPMOBUX TPaB, SKi 3IaTHI pOCTY B yMOBaXx 3aCOJIEHUX I'PYHTIB i MalOTb BUCOKY
KOPMOBY LiHHiCTb. BCTaHOBJIEHO, LIO 3a IIepiof, CIIOCTEpeskeHb YPOXKAWHICTh 3eJIeHOI Macu
Ta ciHa Ha Bcix BapiaHTax 6yja 3HaYHO BUIIOIO, HDK Ha MIPUPOAHOMY TpaBOCTOI. BioxiMiunui
CKJIaZ, KODMOBUX TpaB XapaKTepU3YeThCA IMiABUIIEHNWM BMICTOM CHPOrO IIPOTeiHy, ByIJIEBOAHIB,
BiTaMiHy C Ta He3aMiHHUX aMiHOKMCIIOT. HaBeJileHO AaHi uofo iHTpOoAyKIii 645K0TOHOCHUX TPaB
IJIS TIOJITIIIEHHS 3aCOJIEHUX KOPMOBUX VTiib ¥ TTOEAHAHHI 3 UKOPOCIUMU 6IKOIOHOCIAMU Ta
BU3HAUYEHO iX HEKTapOHOCHICTh. HaBeZieHo 610J10r0-arpoOHOMIUHY OLIiHKY BUPOIIYBaHHSI KOPMOBUX
POCJIMH Ha YOpHO3eMi BWIyTyBaHOMY. HasaHO peKOMeHIallil o0 MIOJIINIIeHHS KOPMOBHUX YIillb
Ha 3aCOJIeHUX i COJIOHIIIOBATUX I'PYHTaX

KnouyoBi cnoBa: MaJIONPOAYKTUBHI Ta epo3iliHo Hebe3meuHi 3eMili, rimpoMopdHe ayuHe
COJIOHYAKOBEe H60JI0TO, YOPHO3EM COJIOHIIIOBATHI, KOPMOBi TPaBH, IyKiBHULITBO
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