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Fedoruk, 2019). The analysis of the major stud-
ies and publications that addressed the prob-
lem demonstrates that trace elements also play
a special role in improving the efficiency of
mineral nutrition of plants (Likhochvor, 2008;
Marchuk, 2009).

According to V.V. Moskalets & VK. Shynk-
arenko (2004), mainly such trace elements as
boron, molybdenum, copper, zinc, iron, man-
ganese, cobalt, and magnesium. No plant can
develop properly in their absence or deficiency,
as they are part of the most important enzymes,
vitamins, hormones and other physiologically
active substances. Trace elements are involved
in the synthesis of proteins, carbohydrates, fats,
and vitamins. They increase the chlorophyll
content in the leaves, enhance the assimilation
activity of the plant, and boost the efficiency of
the photosynthesis process. The purpose of the
study was to examine the effect of seed inocula-
tion and microfertiliser application on the for-
mation of varietal productivity of soybean grain.

RESEARCH RESULTS

Legumes are gradually gaining popularity in
Ukraine and are changing and optimising the
structure of sown areas. They also have a posi-
tive effect on the structure of the soil complex,
replenishing it with plant residues, which, in the
process of mineralisation, contribute to the en-
richment of the soil with nutrients.

Increasing the production of soybean grain
is possible only through the improvement of
existing and development of new agrotechni-
cal elements of soybean cultivation technolo-
gy, considering the significant climate change
(Bakhmat & Bakhmat, 2001; Bakhmat & Fedo-
ruk, 2017).

The selection of soybean varieties for
cultivation in Podillia has its own unique fea-
tures, as the natural conditions of Ukraine have
limited light and heat resources for growing
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medium- and late-ripening varieties (the grow-
ing season is 145 days), and varieties must also
be adapted to climate change, be flexible to soil
fertility, both in the main and pre-sowing soil
preparation, and form yields, considering the
nutrition system and inoculation processes.

In the process of climate change, when the
accumulated temperature rises, precipitation
decreases, and drought is spreading not only in
the soil but also in the air, selection should be
carried out in specific conditions of growing are-
as or by taking these conditions into account.

It is crucial to properly select the variety,
not only based on the natural and climatic con-
ditions of cultivation, but also on the chemical
composition. It is also important to consider
the optimal height of the beans so that the har-
vester does not damage the beans and seeds
during harvesting, thus reducing yield losses.
Having 2-3 seeds in a bean is essential, and 4
is already an indication of high productivity, as
is the presence of 10-11 productive nodes. The
plant must be compact, with a complete type
of growth. A ripe and ready-to-harvest variety
does not crack or drop off leaves.

The variety realises its yield potential only
when the cultivation technique fully meets its
biological requirements. Given that varieties
react differently to agrotechnical measures, it
is necessary to determine the optimal timing
and methods of sowing, seeding rates, fertiliser
doses, and so on for each variety. Without this, it
is impossible to realise the genetic potential of
the variety (Babich et al., 2000; Babich, 1974). As
a result of the greater realisation of the poten-
tial of new varieties, crop yields can be signifi-
cantly increased.

The following soybean varieties were studied
in the experiment: Maxus, Cordoba, and Saska.

Soybean variety Maxus by Prograin. The
growing season is 100-110 days. The type of plant
growth is intensive. The oil content is 20.7%.

Cr
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The height of the plants is 85-115 cm, the height
of the lower beans is 15-17 cm, and the protein
content is 41%. The weight of a thousand seeds is
about 197 g, which affects the yield potential - up
to 50 c/ha. Resistant to diseases and pests. It does
not lodge or drop of leaves. Resistant to stem
damage. Beans do not crack during ripening.

Soybean variety Saska by Prograin. The
growing season is 115-120 days. The height of the
lower pod is 15-20 cm. Adapts to a variety of soil
and climatic conditions. The height of plants is
135 cm. The protein content is 41 %. The weight
of a thousand seeds is about 156 g. Resistant to
diseases and pests. It does not lodge or drop of
leaves. Resistant to stem damage. Beans do not
crack during ripening.

The genetically determined varietal adapt-
ability of these varieties to different soil and cli-
matic regions of Ukraine provides the effective-
ness of scientifically based varietal technologies
and high yields in all soil and climatic regions of
the Forest-Steppe of Ukraine.

Cordoba is a high-yielding soybean varie-
ty developed by SAATBAU. Mid-early ripening
period. The growing season is 105-110 days. The
potential yield declared by the manufacturer is
50 c/ha, but during the research, the best yield
was 33.3 c/ha. It is cultivated for grain. The Cor-
doba soybean variety is recommended for grow-
inginall areas of the country. Itis resistant to ad-
verse weather conditions. Resistant to diseases
and pests. It does not lodge or drop of leaves. Re-
sistant to stem damage. Beans do not crack dur-
ing ripening. Crop height - 90 cm. The weight of
1000 seeds is 170-185 g. The grain is large and of
high quality. The protein content is 40-44% and
the oil content is 22%.

SAATBAU soybean varieties are character-
ised by intensive development in the early stag-
es, which greatly facilitates weed control, ge-
netic resistance to viral diseases and excellent
branching ability.

)

SAATBAU soybean varieties are character-
ised by intensive development in the early stag-
es, which greatly facilitates weed control, ge-
netic resistance to viral diseases and excellent
branching ability.

The field experiment was conducted in the
field crop rotation of field No. 2 of the agricul-
tural enterprise LLC “Garant” of Kamianets-Po-
dilskyi district, Khmelnytskyi Oblast, as a branch
of the Department of Ecology, Quarantine and
Plant Protection of Podilskyi State Agrarian and
Technical University.

The experimental field was located in the
southwestern forest-steppe part of the Khmel-
nytsky Oblast, which, according to the condi-
tions of heat supply and moisture, belongs to
the southern humid agroclimatic region of the
Western Forest-Steppe.

The results obtained showed that the pro-
ductivity of soybean grain depends on the cul-
tivar, research factors (factor A - cultivar, factor
B — microfertiliser, factor C - inoculation) and
variants in the experiment, and climatic condi-
tions of cultivation.

Analysis of the yield level of soybean vari-
eties Maxus, Cordoba, Saska in the experiment
revealed a composite index that included such
components as genetic potential of the variety,
soil fertility and availability of nutrients by pe-
riods of soybean growth and development, the
formed nutrition regime based on mineral fer-
tiliser rates, weather conditions during the veg-
etation period of the varieties, plant density, and
quality of mechanised operations.

In view of the above, plants were selected
and the structural analysis of the sheaf materi-
al was carried out. The structure of the crop was
studied in sheaf samples, which were taken at
full maturity, on 0.25 m?plots in four replications.
The weight of the sheaf, the number of plants,
branches, beans on the main and side branches,
seeds per bean, the number and weight of seeds

Plant and Soil Science (12)1
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per plant, and the weight of 1000 seeds were de-
termined. The harvest was calculated from the
entire accounting area of each plot. The grain
harvest was processed to 100% purity and 14%
moisture content.

Inthe course of mathematical and statistical
studies of the experimental data, the following
were analysed: yield data (by the method of var-
iance analysis of multifactorial complexes; cor-
relation and regression analyses); quantitative
plant traits (by the method of variation series,
difference, correlation, regression, etc.).

The correlation and regression analysis
showed a direct and close relationship between
biometric parameters and soybean plant yield.

It ranged from 0.81 to 0.99, depending on the
variety. Out of these, the three most strong-
ly correlated indicators were selected and a
regression model of the linear dependence
of these parameters was created. According
to the regression equation, an increase in the
number of beans per plant per unit resulted
in an increase in soybean yield by 0.0428 t/ha
in the Maxus variety, 0.1521 t/ha in the Cordoba
variety, and 0.1034 t/ha in the Saska variety. An
increase in the number of seeds per bean per
unit resulted in an increase in soybean yield by
0.0205 t/ha in the Maxus variety, by 0.0732 and
0.0458 t/ha in the Cordoba and Saska varieties,
respectively (Table 1).

Table 1. Mathematical models of correlation between actual yields
and elements of soybean yield structure for 2015-2018

Indicators Regression equation Correlation coefficient, R Determinatli;;coefﬁdent'
]

Maxus
Number of beans, pcs. y=0.0428x+1.619 0.960 92
Number of seeds, pcs. y=0.0205x +1.6689 0.967 93
Seed weight per plant, g y=0.11x+1.6569 0.965 93
Cordoba
Number of beans, pcs. y=0.1521x+0.219 0.953 91
Number of seeds, pcs. y=0.0732x+0.4116 0.955 91
Seed weight per plant, g y=0.3814x+0.4035 0.944 89
Saska
Number of beans, pcs. y=0.1034x+0.669 0.950 90
Number of seeds, pcs. y=0.0458x+0.9283 0.905 82
Seed weight per plant, g y=0.1638x+1.3667 0.906 82

The increase in seed weight per plant per
unit led to an increase in soybean yield by
011 t/ha in the Maxus variety, by 0.1638 in
the Saska variety, and the largest increase of
0.3814 t/ha in Cordoba.

Plant and Soil Science (12)1

Analysis of the yield indicators of soy-
bean variety Maxus (Table 2), shows in par-
ticular that the lowest values of the indica-
tors were inherent in the control variant
(water irrigation).

a
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Table 2. The yield of soybean varieties Maxus, Cordoba, Saska
in the years of research depending on microfertilisers and inoculation (average for 2015-2018), t/ha

Soybean grain yield by year
Study variant designations

2015 2016 2017 2018
AB,C, 1.50 1.32 1.75 3.78
AB,C, 1.78 0.96 2.4 4.14
A.B,C, 1.71 0.83 2.27 3.28
AB,C, 1.65 135 1.97 4.03
AB.C, 1.97 1.01 2.45 4.33
AB.C, 1.93 0.85 2.36 3.44
AB.C, 1.87 1.36 2.18 431
A.B.C, 2.03 1.03 2.63 4.52
A,B,C, 2.01 0.86 2.48 3.51
AB,C, 2.07 1.44 2.27 4.08
AB,C, 2.24 1.22 2.53 4.48
AB,C, 2.25 0.89 2.59 3.46
AB.C, 2.23 1.68 2.30 4.22
ABLC, 2.70 1.41 2.67 4.61
AB.C, 3.06 0.93 2.64 3.59
AB,C, 2.12 1.80 2.63 4.72
AB.C, 3.03 1.48 291 4.93
AB.CC, 3.16 1.05 2.73 3.85
AB,C, 2.21 1.48 239 4.59
AB.C, 2.39 1.26 2.47 4.79
AB,C, 2.45 0.93 2.88 4.25
AB,C, 2.32 1.79 2.48 4.69
ABLC, 2.83 1.47 2.86 491
AB,C, 3.15 0.98 2.95 4.13
AB.C, 2.29 1.97 2.77 5.05
A,B,C, 3.14 1.59 3.15 5.19
AB,C, 3.20 1.14 2.92 4.37
AB,C, 2.33 1.55 2.58 4.41

Plant and Soil Science (12)1
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Table 2, Continued

Soybean grain yield by year
Study variant designations

2015 2016 2017 2018
A,B,C, 245 1.30 2.69 4.71
A,B,C, 2.59 0.94 2.64 3.62
A,B,C, 2.42 1.83 2.67 4.58
AB.C, 2.94 1.52 3.15 4.84
A,B,C, 3.28 1.00 239 3.85
A,B,C, 2.38 2.04 2.96 4.53
A,B,C, 3.20 1.67 3.49 4.96
A,B,C, 335 117 2.67 371
A 0.06 0.08 0.07 0.07
B 0.06 0.08 0.07 0.07
C 0.07 0.10 0.08 0.09
LsD,, AB 0.10 0.15 0.12 0.13
AC 0.12 0.17 0.14 0.15
BC 0.12 0.17 0.14 0.15
ABC 0.03 0.05 0.04 0.04

The results of the analysis on variance re-
vealed that the difference between the experi-
mental and control variants was significant, as
they exceeded the index of the least significant
difference.

According to Table 2, the yield in 2015 is
quite high, especially high in the variant of the
experiment with seed inoculation with High Kot
on Saska variety — 3.06 t/ha, also in the variant
with seed inoculation with Hi Stick + High Kot
Super + High Kot Super Extender + Vuksal Boron
on Cordoba variety — 314 t/ha, Saska - 3.20 t/ha.
High yields are achieved by the variant with seed
treatment with the inoculant High Kot Super +
High Kot Super Extender + Vuksal Boron + Bosfo-
liar on the varieties Cordoba - 2.94 t/ha, Saska -
3.28 t/ha, as well as the variant with the inocu-
lant Hi Stick + High Kot Super + High Kot Super
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Extender + Vuksal Boron + Bosfoliar on the varie-
ties Cordoba - 3.20 t/ha, Saska - 3.35 t/ha.

In the 2016 season, inoculants had a dif-
ferent effect on yields depending on the matu-
rity group of the varieties. The Maxus variety
compared to the control showed an increase of
0.72 t/ha in the variant Hi Stick + High Kot Su-
per + High Kot Super Extender + Vuksal Boron +
Bosfoliar, Cordoba showed a result of 0.71 t/ha in
this variant, and the late-ripening variety Saska
showed a yield increase of 0.34 t/ha in the var-
iant Hi Stick + High Kot Super + High Kot Super
Extender + Vuksal Boron + Bosfoliar.

The weather and climatic conditions in 2017
were more favourable for crop cultivation com-
pared to the previous vegetation year (2016).
Soybean yield formation in the Maxus and Cor-
doba varieties (bean setting, filling) proceeded
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with moderate moisture in the soil and air. In
the late-ripening variety Saska, the processes
of flowering, bean setting, and filling for the
first to fourth tiers occurred under relatively fa-
vourable conditions.

The analysis of the table data shows that in
the variant without inoculants, but with the use
of Vuksal Boron microfertiliser, regardless of the
maturity group of soybean varieties, a yield in-
crease ranged from 0.05 t/ha to 0.22 t/ha, which
was 2.0-12.5%, respectively. Repeated use of mi-
crofertilisers, viz: Bosfoliar, allowed to obtain an
additional 011 t/ha to 0.21 t/ha, the maximum
effect was achieved with the Maxus variety -
0.21 t/ha, while the Saska variety only provided
an additional 0.11 t/ha.

The weather and climatic conditions in 2018
are more favourable for crop production com-
pared to the previous vegetation period (2017).

In 2018, inoculants and Vuksal Boron proved
to be effective solutions for soybeans. Thus, in
the budding phase, the start of flowering, the
introduction of Vuksal Boron gave the follow-
ing positive results. The early-ripening variety
Maxus reached 0.81 t/ha of control with the use
of Hi Stick, and 0.91 t/ha with the use of High Kot
Super + High Kot Super Extender inoculant. The
mid-season variety Cordoba produced 0.65 t/ha
and 0.77 t/ha respectively. Similarly, high yield
results were obtained on the late-ripening vari-
ety Saska, whereby the use of Hi Stick resulted in
0.97 t/ha compared to the control, and 0.85 t/ha
with the use of High Kot Super + High Kot Super
Extender inoculant.

Spring tillage started with harrowing (“mois-
ture infiltration”). Soybean seeds were fertilised
in advance using insecticidal and fungicidal seed
treatment with physiological impact Standak
Top at a rate of 11/t and inoculants according to
the experimental scheme (Hi Stick, Hi Kot), as
well as microfertilisers Vuksal CoMo. Inoculation

)

of soybean seeds with Hi Stick was carried out on
the day of sowing.

The advantages of Standak Top insecticid-
al-fungicidal seed treatment are its excellent
protection against soil pests and sprout flies.
The use of this agent prevents the spread of
pathogens such as fusarium, anthracnose, and
seed mold. It stimulates the rooting of plants in
the soil through accelerated development of the
root system, an increase of the assimilation sur-
face of the leaf apparatus, and also promotes ac-
tivation of nitroreductase, which also intensifies
photosynthesis, resulting in intensely saturated
dark green colour of the plants.

Due to the moisture deficit, cultivation was
carried out on the day of sowing to a depth of
3-5 cm, with row spacing of 35 cm.

For sowing, the Maxus variety was used at
a rate of 750 thousand/ha, the Saska variety at
a rate of 550 thousand/ha, and the Cordoba va-
riety at a rate of 450 thousand/ha. After sowing,
the soil was rolled with spur rollers. After rolling,
the next day soil herbicides were applied (Stomp
330 + Frontier Optima — 2 + 0.7 1/ha, the so-called
European experience, this operation involves
factoring in the mechanical composition of the
soil). Inthe phase of 2-3 leaves, the herbicide Pul-
sar 40 (11/ha) was applied with a working solu-
tion consumption rate of 250 I/ha.

In the budding phase, the beginning of
flowering, microfertilisers from Unifer Vuksal
Boron were applied at a rate of 11/ha, following
the study scheme the fungicide Abacus was ap-
plied for all varieties at a rate of 0.8 I/ha. In the
bean filling phase, Abacus was re-applied (back-
ground) at a rate of 07 l/ha and an insecticid-
al-acaricidal mixture against leaf-eating pests
and ticks Fastak 10% + Masai 20% was preven-
tively applied at a rate of 0.15 I/ha + 0.5 kg/ha.
Basfoliar12-4 -6 + S at arate of 2 1/ha was applied
according to the study scheme.

Plant and Soil Science (12)1
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CONCLUSIONS

A large number of soybean varieties of differ-
ent genetic character makes it impossible to
distribute all the cultivation zones specified in
the Register, and therefore soybean producers
face a difficult choice of which variety to use
in production, because the productivity traits
that develop according to genetic potential are
determined by the interaction of a set of traits
with environmental conditions.

Analysis of the best variants in the study of
cultivars, microfertilisers and inoculants of vari-
ous formulae, along with optimisation of soybean
cultivation technology elements is a topical issue
for study in the Western Forest-Steppe. Especial-
ly relevant is the use of new foreign varieties and
modern elements of soybean cultivation tech-
nology in specific soil and climatic conditions.

Having conducted research on different
maturity groups of soybean varieties such as:
Maxus, Cordoba, Saska, the results of using in-
oculants and microfertilisers proved to be pos-
itive. The optimal yield value on average for the
years of research at 3.33 t/ha was provided by the

variety Cordobausingthe experimental variant Hi
Stick + High Kot Super + High Kot Super Extender +
Vuxal Boron + Basfoliar, exceeding the control by
43.5%, a similar variant of the experiment in the
Maxus variety had an average of 2.97 t/ha, which
exceeds the control by 42.8%, the Saska variety
yielded 2.72 t/ha on the Hi Stick + High Kot Super
+ High Kot Super Extender + Vuxal Boron + Bosfo-
liar variant, which exceeds the control by 34.6%.

All of the soybean varieties studied had high
productivity both in individual years and on av-
erage over three years of cultivation, with Cordo-
ba being the most prominent, showing the best
yield compared to Maxus and Saska. Soybean
grain yields varied over the years depending
largely on weather conditions and, above all, on
the availability of moisture throughout the vege-
tation season.

The selection of varieties with good genetic
potential recommended for the climatic condi-
tions of Podillia, combined with the inoculation
and applying microfertilisers in the cultivation
technology, as shown by the results of the study,
give significant results in increasing yields.

(1]

(2]

(3]

(4]

(5]

(6]

REFERENCES
Babich, A.A. (1974). Varietal reaction of soybeans on sowing dates, changes in plant density and
nutritional conditions. Documents VASHNIL, 10, 14-17.
Babich, A.0,, § Babich-Poberezhna, A.A. (2011). Selection, production, trade and use of soybeans in
the world (pp. 30-31). Kyiv: Agricultural science.
Babich, A0, Kolisnyk, S.I, Ivanyuk, SV, Temchenko, IV, Bilyavska, L. Sherepitko, V, &
Poberezhna, A.A. (2000). Productive potential of soybean varieties for the regions of Ukraine,
Offer, 11, 33-35.
Bahmat, M.I, § Bahmat, 0.M. (2001). Development of technological measures for the production
of environmentally friendly soybean grain in the Western Forest-Steppe. Interdepartmental
Scientific Collection of the Institute of Feeds of UAAS, 47,105-106.
Bakhmat, O.M., § Fedoruk, L.V. (2017). Formation of soybean grain yield depending on the
measures of adaptive technology in the conditions of the Western Forest-Steppe. Collected
scientific works of Podilskyi State Agrarian and Technical University, 26(1), 9-14.
Fedoruk, LV. (2019). Influence of seed inoculation on soybean harvest (pp. 110-116). Kherson:
Taurian Scientific Bulletin. Agricultural sciences.

Plant and Soil Science (12)1



Productivity of Soybean varieties in Podillia

[7] Likhochvor, V.(2008). Features of sheet top dressing. Grain, 5(26), 48-53.

[8] Marchuk, I.(2009). Modern fertilisers to protect the harvest. Offer, 4, 42-45.

[9] Melnyk, SI., Zhylkin, V.A.,, § Havryliuk, M.M. (2007). Recommendations for the Effective Use of
Microbial Preparations in Technologies of Crop Cultivation. Ministry of Agrarian Policy of Ukraine,
Ukrainian Academy of Agrarian Sciences.

[10] Moskalets, V.V, § Shynkarenko, VK. (2004). Application of microbial preparations and
micronutrient fertilisers on soybean grain quality. Agroecological Journal, 3.

[11] Petrichenko, VF. et al. (2016). Soybean. Vinnytsia: Dilo.

[12] Petrichenko, VF, & Lihochvor, V.V. (2014). Plant growing. Technologies for growing crops. Lviv: NFF
“Ukrainian Technologies’”.

[13] Shevnikov, M.Ya., Koblaj, 0.0. (2015). Application of biological, chemical and physical means in
soybean and corn growing technologies. Poltava: FOP Kryukov Y.S.

[14] Singh, G. (Eds.) (2014). Soybean: biology, production, use. Kyiv: “Zerno” Publishing House.

l. Pepgopyk

AcnipaHT
MoAainbCbKUN AepXKaBHUI YHIBEPCUTET
32316, Byn. eBueHKa, 13, m. Kam'aHeup-MominbebKuii, YkpaiHa

0. baxmar
JOKTOp CinbCbKOrocnoaapcbKkhx HayK, npodecop

MoAainbCbKMin AepKaBHUI YHiIBEpCUTET
32316, Byn. WeBuyeHKa, 13, m. Kam'aHeub-TNoainbcbknit, YkpaiHa

MpoAayKTUBHICTb copTiB coi Ha Moainni

AHoTauifa. Ha ocHOBi aHaii3y HAyKOBUX [Kepes HOCIiIKeHO OoCo6JIMBOCTI COpTIB coi mjid
BUpOIIYyBaHHA B yMoBax Iloginsa. PO3MIAHYTO OCHOBHI HANpAMU MiABUILEHHS MPOAYKTUBHOCTI
copTiBcoi.IllpefcTaBIeHo Ta0bIPyHTOBAaHO TTIEpEBArt, 0CHOBHI HEIOMI KU Ta TTp06JIe MY BUPOILYBaHHS
copTiB col B ymMoBax Ilozinsa. BUBUEHO OCOBJIMBOCTI COPTIB COi, BIUIMB IIPOLIECY iHOKyNIALil Ta
ebeKTUBHICTh MiKpPOZO6PUB, LI0 AO3BOJIMIO PO3POOUTH 3aXOOU TEXHOJIOTil BUPOIINYBaHHA 3
ypaxyBaHHAM 6ioJ10rii poCcaMH Ta 3MiH KJIIMaTUYHUX YMOB. JOCIiZIKEeHO MIPOLeCH BUPOIIYBaAHHS
Ta PO3BUTKY COPTIB coi: Makcyc, Kopmoba, Cacka 3aJIeXXHO Bifl 06pobKY HACiHHSA IHCERTUIIUAHO-
GyHTIIMAHNM IPOTPYHHKKOM CTaHak Tor, iHokynsHTaMu Xaii CTak, Xai Ket Cyniep, Xari KeT Cymiep
ExcTeHziep Ta 06pobKU HaciHHA MiKpomo6puBoM KoMo 15, a TaKOXK IT03aKOPEHEBOTO IiIKMBIEHHS
MirpogmobpuBaMu Bykcan Bop i Bocdosmiap mporsarom Beretattii. JocCiIy)keHHS Ha pi3HUX Tpymax
CTUIVIOCTi COPTIB COi, TakuX AK Makcyc, Kopzoba, CacKa, IMOKa3aau MMO3UTUBHI pe3ylbTaTy Bif
3aCTOCYBaHHA MiKpOZO6PUB, iIHOKYIAHTIB, 06p06KM HACIHHSA COI iIHOKYITHTaMU Ta MiKpOEJIEMEHTOM
Bykcas KoMo 15. KpiMm Toro, IpoTpyioBaHHS HaciHHA CTaHAak Tom 1 JI/T TaKoXK 3ar1obirae po3BUTKY
TaKUX XBOPOD, AK Py3apios, aHTPaKHO3, IUTiICHABIHHS HACIHHS, CIIPHUsIE YKOPIHEHHIO POCJIVH Y TPYHTI
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3aBASKU TIPUCKOPEHOMY PO3BUTKY KOPEHEBOI CHCTeMM, 361MBIIEHHI0O aCUMIIALINHOI MTOBEpXHi
JINCTKOBOI'O amapary, CIIpUsSe aKTUBallil HiTpopenyKTas3H, sIKa TaKOXX aKTUBi3ye pOTOCHHTE3, II0
TIPOSIBIISIETHCA Y TaK 3BaHOMY AgCelence-edekTi. PocIMHYM MaloTh iHTEHCHBHO HaCUYeHUM TeMHO-
3eJIeHUN KOoJip, epeKTUBHO 3HUIIYIOTbCA IPYHTOBI WIKIZHWMKU. JOCHiAM 3 BUBYEHHS BIUIMBY
iHOKynA1il HaCIHHA Ha BPOKaMHICTh COI ITPOBOAVIIM MUIIXOM II0€JHAHHSA iHOKY/ISHTY Bykcan KoMo
Ta iHCEeRTULIMOHO-QYHTILMAHOTO Ipenapary CaHmak Torn B 6aKOBiM CyMillni 3 TepMiHOM ITOCIiBY
IIo 5-7 pHiB. OfHi€I0 3 OCHOBHUX BUMOT € BUKOPUCTAHHS BUCOKOSAKICHUX IHOKYNISHTIB 3 BUCOKUM
BMiCTOM JKUTTE3IATHUX a30ThiKCyounx 6aKTepiit Ay 06pobKu HaCiHHA COi, 0 € HeobximHicTo
Ha CBOTOIHILIHIN JeHb, OCKIJIBKYU JO03BOJISIE ITOBHICTIO PO3KPUTU Ta peasi3yBaTh MeHEeTUYHUH Ta
COPTOBUIM MOTEHIIiaJl Cy4acHUX COpTiB. KpiM Toro, 1ie cipuaTiMe OTPUMaHHIO BUCOKUX BPOXKaiB
ol 3 OIITUMAaJIbHUMU BUTPATaMU Ta MAaKCUMAJIBHO IIBU/IKOIO OKYITHICTIO iHBECTHUIIiH, 0CO6IMBO B
HUHIIITHIX yMOBax. Pe3y/bTaToM AOCIIKEHHS CTajla PO3p0obKa HOBUX TEXHOJIOTIYHUX aCIIEKTiB
TIOEIHAHHSA MPOLIECY iHORYIALI] 3 BUKOPUCTAHHAM MiKpOZO6pUB Ta iHCEKTULMAHO- GYHTILIUIHNX
IIperapariB y TEXHOJIOTII BUPOUIyBaHHS, 110 AAJI0 3HAUHI pe3y/IsTaTy y MiIBUIeHHI BpOsKallHOCTI.
Crnip TaKOXX BpaxoBYBaTU BiIHOCHY BOJIOTICTb IIOBITpS Ta 3aIllacd ITPONYKTUBHOI BOJIOTH B
IPYHTI. Pe3yisTaTul OOCHIAKeHDb CIIPAMOBAaHI Ha BUpILIeHHS aKTyaJIbHUX 3aBOAaHb y TEXHOJIOTII
BUPOLIYBaHHS 3epHOO6060BUX KYJIETYP, a caMe: po3pobyIeHHA BapiaHTy TEXHOJIOTIl BUPOILYBaHHS
coi 3 ypaxyBaHHAM Mig60py COPTiB, afalTOBaHUX A0 JAaHOI KIIMaTUYHOI 30HU, 3aCTOCYBaHHS
iHORyIAHTIB Ta MikpoZO6pUB B yMOBax 3MiHU KiliMaty Ha Iloziti

Kno4yoBi cnoBa: cos, COpT, iHOKyIALis, MiKpomobpuBa, IepenrociBHa 0o6pobra HaciHHS,
YPOXKaMHICTh
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RELEVANCE

The successful development of Ukraine’s live-
stock industry requires the development of en-
ergy- and resource-saving technologies in fod-
der production and grassland farming, based on
the use of the enormous potential of perennial
grasses, and legumes in particular, as a source
of natural cheap symbiotic nitrogen. Only calcu-
lations of economic and energy efficiency make
it possible to evaluate the relevant technological
elements, identify the best ones, and provide
the basis for a reasonable recommendation of
certain feed production technologies to be im-
plemented in agricultural production. There-
fore, the final stage of research, including the
identification of the best elements of technology
for the formation of forage phytocoenoses, their
fertilization systems and modes of use, etc. is
their economic and energy assessment (Babich
§ Motornyi, 1986).

Technologies for the improvement and ra-
tional use of perennial grasses, including leg-
umes, should be resource- and energy-saving,
based on a combination of the latest scientific
achievements and best practices, at the same
time, providing a high return on the material and
technical means used. Failure to comply with at
least one requirement in the overall techno-
logical process leads to a decrease in yield and
a sharper decline in the level of cost recovery.
The cost of grass feed produced on forage lands,
in particular on pastures, is several times lower
than that obtained in the field (Kurhak, 2010).

The summarisation of published data, re-
search results, and the experience of advanced
farms in terms of the economic efficiency of feed
production suggests that grass feed is the most
economically efficient. However, the cost of 1ton
of feed units of fodder obtained from cultivat-
ed pastures is 1.9 times lower than the mowed
green mass of perennial grasses, 2.5 times lower
than hay from natural hayfields, 10.5 times lower
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than fodder root crops, and 3.9 times lower than
concentrated fodder (Babich § Motornyi, 1986;
Kurhak, 2010; Blagoveshchenskiy, 1995).

The low cost of fodder from perennial grass-
es is primarily attributable to the fact that the
funds for grassland management and landscap-
ing are distributed over a number of years, dur-
ingwhichitis planned touse them with relatively
low maintenance and operation costs (Andreev
& Zotov, 1985; Kutuzova & Kozminykh, 1998;
Yarmolyuk et al., 2013).

It should be noted that in recent years, due
to rising energy costs and rising prices for min-
eral fertilisers and fuel, the cost of fertilising and
cuttings and, in general, grass feed production
has increased. Therefore, in the context of rising
prices of mineral fertilisers, in particular nitro-
gen, an important factor in reducing the cost of
feedisthe use of legumes as a source of symbiot-
ic nitrogen (Voloshyn, 2018; Prorochenko, 2020).

The energy analysis of technologies in feed
production is particularly important because
the energy contained in the feed is essential not
only for the functioning of animals but also for
the production of animal products. On the one
hand, the energy output from 1 ha of forage land
is used to determine the payback of costs for
growing forage crops or producing certain types
of grass feed, and on the other hand, to deter-
mine the energy-intensive units of feed. Ukraine
has a tendency to accelerate the development
of knowledge-intensive industries in line with
changes in the structure and investment policy
of the state in the agricultural sector (Medve-
dovsky & Ivanenko, 1988).

Giventherising costof non-renewable ener-
gy sources used for feed production, an increase
in feed and livestock production is possible with
the widespread introduction of energy and re-
source-saving technologies, unconventional
and continuously renewable energy sources,
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which reduce energy consumption for the pro-
duction of certain types of feed.

Depending on the type of livestock product,
feed accounts for 50 to 80% of the cost of pro-
duction, so reducing energy consumption for its
production is extremely important for reducing
the cost of livestock products.

It is known that feed is a source of energy
obtained both through photosynthesis and the
total energy consumption for its production. The
effect of converting the latter type of energy into
livestock products is a criterion for assessing
the energy saving balance. Therefore, the crite-
rion of economic assessment of any technolog-
ical process in agricultural production should
include the criterion of energy balance assess-
ment (Kulyk, 1997).

The life of any living organism is inextrica-
bly linked with the exchange and transforma-
tion of energy. Nutrients, in particular in the
form of hydrocarbons, proteins, fats, etc., play a
crucial role in the metabolism and energy in the
animal body. Therefore, energy analysis of feed
production is extremely important. The main
task of the energy analysis of agricultural pro-
duction is to comply with the basic principles
that provide for the rational use of non-renew-
able (fuels and lubricants) and renewable (solar
radiation) energy, operating assets and natural
resources, and the protection and improve-
ment of the agroecological condition of soils
and agrophytocenoses (Kulyk, 1997).

According to V. Kurhak (2010), the energy ef-
ficiency coefficient as a ratio of output per 1 ha of
gross energy to total costs for growing perennial
legumes ranged from 6-8, and the bioenergy co-
efficient as a ratio of output per 1 ha of metabo-

lisable energy to total costs - 3-4. An increase in
these coefficients means an increase in energy
efficiency. The task is reduced to obtaining the
largest yield from 1 ha of gross or exchange en-
ergy at the lowest total cost.

The purpose of the study is to determine
changes in the economic and energy efficiency
of growing different varieties of red clover for
fodder purposes depending on the methods of
sowing, seed inoculation with nodule bacteria
and fertilisation.

MATERIALS AND METHODS

The research plan included laboratory, field, and
production experiments that were carried out in
the scientific laboratories of the Department of
Feed Production, Land Reclamation, and Mete-
orology in Field Crop Rotation of the Agronomic
Research Station, a separate subdivision of the
National University of Life and Environmental
Sciences of Ukraine.

The soil structure is dominated by ordi-
nary chernozems (about 70%) and meadow
chernozems (20%), with a mix of meadow cher-
nozem and podzolised chernozems. Meadow
chernozems are characterised by the content
of carbonates, the line of which varies from the
surface to 1.2-1.5 m depending on moisture con-
ditions, which significantly affects the phos-
phate regime of the soil. Common chernozems
and meadow chernozems have a high supply
of nitrogen and phosphorus, and a medium to
low supply of potassium (according to Machy-
gin). The humus content in the arable layer is
44-4.6%. The research was conducted in the
period 2018-2020, according to the following
scheme (Table 1).

Table 1. Experiment scheme

Factor A (fertiliser)

Factor B (varieties)

Factor C (sowing method)

1. No fertilisers (control)

1. Lybid

1. Bezpokryvnyy

2. seed inoculation with nodule
bacteria (background)

2. Tayfun

2. undersown spring barley

»)
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Table 2, Continued

Cost price per ton. UAH
Fertilisation Cultivar ro(;:xc:st?on Costs. LG AL I o
p . UAH / ha UAH/ha % fodder crude
UAH/ha unit protein
Lybid 32.000 17.038 14.962 88 2.662 10.264
Background | fin 36.050 17.838 18.662 105 2.474 9.642
+ NSUPGOKQD
Tina 32.200 17.078 15.122 89 2.652 9.703
Undersown spring barley
Lybid 28.900 8.455 20.445 242 1.463 5.831
No fertilisers Tayfun 31.450 8.956 22.494 251 1.424 5.363
Tina 28.600 8.395 20.205 241 1.468 5.750
Lybid 29.950 9.052 20.898 231 1.511 5.955
Inoculation Tayfun 33.500 9.757 23.743 243 1.456 5.607
(background)
Tina 28.650 8.793 19.857 226 1.535 5.710
Lybid 31.300 14.994 16.306 109 2.395 9.458
Baikfrzund Tayfun 34.100 15.554 18.546 119 2.281 8.546
60 90
Tina 31.900 15.674 16.226 104 2.457 9.616
Lybid 32.200 17.143 15.057 88 2.662 10.265
Background | . fin 38.200 17.943 20.257 113 2.349 9.544
+ N60P60K90
Tina 33.050 17.303 15.747 91 2618 9.944

Regardless of the variety of red clover,
the highest value of gross output (32,200-
38,200 UAH/ha) was obtained by inoculating
seeds with nodule bacteria in combination with
the introduction of N P K, , which is 8-11%
more compared to the variant without fertil-
isers. When seeds were inoculated with nodule
bacteria in the background without fertilizers
and when P, K, was applied in the background
of inoculation, the cost of gross production in-
creased less, namely by 3-8% compared to the
variant without fertilisers.

On average, over the three years of research,
there was no significant difference in the cost of
gross production between sowing methods.

The lowest total costs for the cultivation

of different varieties of meadow clover were

2)

in the variant without fertilisation and with
different sowing methods, ranging from 8,325-
9,025 UAH/ha. When seeds were inoculated
with nodule bacteria, compared to the variant
without fertilisers, they increased by only 403-
470 UAH/ha. When applied in combination with
inoculation of seeds with nodule bacteria P, K,
they increased to 14,868-15,748 UAH/ha, which
is 1.7-1.8 times more compared to the variant
without fertilisers. The highest total costs were
for inoculation of seeds with nodule bacteria in
combination with N P, K, , which ranged from
17038-17,943 UAH/ha, 11-1.2 times more com-
pared to the variant of inoculation of seeds with
nodule bacteria in combination with P, K  and
2.0 times more compared to the variant without

fertilisation.
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The sowing method and use of grass stands
did not naturally affect the total costs of grow-
ing red clover over an average of three years
of research. Among the varieties, regardless of
fertilizers and sowing methods, energy costs
were somewhat higher for the cultivation of the
Tayfun variety.

The main indicator of economic efficiency
is the net profit, which in this study on cultiva-
tion under different technologies and varieties
of red clover ranged from 14,962 to 23,743 UAH/
ha. Among the varieties of red clover, the highest
net profit was provided by Tayfun, which on dif-
ferent fertiliser backgrounds and with different
sowing methods prevailed over Lybid and Tina
varieties - by 2,049-5,200 UAH/ha.

In the cultivation of different varieties of red
clover among the fertilizer variants, the high-
est (except for the variety Tina with undersown
spring barley) net profit (19,857-24,605 UAH/
ha) was obtained for inoculation of seeds with
nodule bacteria, which is 1,620-1,930 UAH/ha
more compared to the variant without fertilisa-
tion, 3631-5,197 UAH/ha more compared to the
fertilisation of seeds with nodule bacteria , K.,
and 3,486-5,841 UAH/ha more compared to in-
oculation of seeds with nodule bacteria in com-
bination with the introduction of N, P, K., With
the additional application of N, on the back-
ground of P, K for the cultivation of red clover,
the net profit varied differently. In most cases,
it decreased by 479-1,249 UAH/ha, and for the
Tayfun variety with undersown spring barley, it
increased by 1,711 UAH/ha.

The analysis of economic efficiency indica-
tors showed that the profitability of cultivating
varieties of red clover under different technol-
ogies ranged from 88-251%. Regardless of the
method of sowing and variety, it was the high-
est in the variant without fertilisers and under
inoculation of seeds with nodule bacteria with
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fluctuations of 226-253%, which is 2.0-2.2 times
more compared to the introduction of seeds with
nodule bacteria P, K., and 2.2-2.8 times more
compared to the introduction of seeds with nod-
ule bacteria N, P, K.

Among the varieties of red clover, the high-
est profitability was provided by Tayfun, which
on different fertiliser backgrounds and with
different sowing methods prevailed over Ly-
bid and Tina varieties - by 12-25%. According
to the calculations for an average of three years
of research and use of grass stands, the method
of sowing did not influence the profitability of
growing red clover.

Unlike profit and profitability, the cost of 1t
of feed units and crude protein had an oppo-
site dependence on varieties and technologies
of growing red clover and ranged from 1,392-
2,662 UAH and 5,363-10,265 UAH, respectively.
Regardless of the method of sowing and variety,
itwas the lowest in the variant without fertilisers
and under inoculation of seeds with nodule bac-
teria with fluctuations of 1,392-1,535 and 5,363-
10,265 UAH, respectively, which is 1.6-17 times
less compared to the introduction of seeds with
nodule bacteria P, K, and 17-18 times more
compared to the introduction of seeds with nod-
ule bacteria N P K, .

Among the varieties of red clover, the most
cost effective was Tayfun, which was 3-12% less
expensive than Lybid and Tina with different
fertilisers and different sowing methods. Ac-
cording to the calculations for an average of
three years of research and use of grass stands,
the method of sowing did not influence the cost
of growing red clover.

The analysis of data on the energy efficien-
cy of cultivating different varieties of red clover
for fodder purposes showed that the total en-
ergy consumption ranged from 17.6-277 GJ/ha
(Table 3).
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Table 3. The energy efficiency of growing red clover varieties
under different cultivation technologies (average for 2018-2020)

Energy Energy
Fertiliser Cultivar costs, EER BER consumption per
GJ/ha 1 ton of feed, GJ
Pure sowing
Lybid 17.8 8.4 4.2 3.14
No fertilisers Tayfun 18.3 8.9 4.6 2.87
Tina 17.8 83 4.3 3.21
Lybid 18.5 8.5 4.4 3.04
Inoculation
(background) Tayfun 19.3 8.7 4.6 2.83
Tina 18.5 8.5 4.3 3.07
Lybid 22.6 7.2 3.7 3.76
Background + Tayfun 234 7.4 3.9 3.28
P60K90
Tina 22.5 7.2 3.8 3.62
Lybid 26.9 6.3 3.2 4.20
Background + Tayfun 275 6.6 3.4 3.81
N60P60K90
Tina 27.0 6.3 3.3 4.19
Undersown spring barley
Lybid 17.6 8.6 4.4 3.04
No fertilisers Tayfun 18.0 9.0 4.6 2.86
Tina 17.6 8.6 4.4 3.08
Lybid 18.4 8.5 4.4 3.07
Inoculation
(background) Tayfun 19.0 8.8 4.6 2.84
Tina 18.3 8.4 4.4 3.19
Lybid 22.6 7.1 3.7 3.61
Background + Tayfun 23.1 7.5 3.9 3.39
PGOKQD
Tina 22.7 7.4 3.7 3.52
Lybid 27.0 6.2 3.3 4.19
Background + Tayfun 27.7 6.5 35 3.62
N60P60K90
Tina 27.1 6.5 3.3 4.10

Note: EER is the ratio per 1 ha of gross energy to total energy consumption. BER is the ratio per 1 ha of exchangeable
energy to total energy consumption
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The lowest total energy costs for the cultiva-
tion of different varieties of red clover and sow-
ing methods were in the variant without fertilis-
ation, which ranged from 17.6-18.3 GJ/ha. When
seeds were inoculated with nodule bacteria, they
increased by 07-1.0 GJ/ha compared to the var-
iant without fertilisers. When applied in com-
bination with inoculation of seeds with nodule
bacteria P, K, they increased to 22.5-23. GJ/ha,
which is 1.2-1.3 times more compared to the var-
iant without fertilisers. The highest total energy
costs were for inoculation of seeds with nodule
bacteria in combination with N, P, K., which
ranged from 26.9-277 GJ/ha, being 1.1-1.2 times
more compared to the variant of inoculation of
seeds with nodule bacteria in combination with
P, K., and 1.5 times more compared to the vari-
ant without fertilisation.

The method of sowing did not affect the to-
tal energy consumption for the cultivation of
meadow clover on average over three years of
cultivation and use of grass stands.

The main indicator of energy efficiency in
fodder production is the return on energy costs
per hectare of gross (energy efficiency ratio) and
metabolic (bioenergy ratio) energy, which in this
study on cultivation under different technolo-
gies and different varieties of red clover ranged
from 6.2-9.0 and 3.3-4.6, respectively. Among the
varieties of red clover, the Tayfun variety provid-
ed a slightly higher return on energy inputs in
terms of gross and metabolisable energy per1ha
than the Lybid and Tina varieties.

When growing different varieties of red clo-
ver among the fertilizer variants, the highest
EER and BER were obtained in the variants with-
out fertilisation and under seed inoculation with
nodule bacteria with indicators of 8.3-9.0 and
3.2-4.6, respectively, which is 1.2-1, 5 and 0.5-0.8
units more compared to the application against
the background of seed inoculation with nodule
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bacteria P, K, and 2.1-2.3 and 1.0-1.2 units more
compared to the inoculation of seeds with nod-
ule bacteria in combination with the application
of NP K,, With the additional application of
N, on the background of P_ K, for the cultiva-
tion of red clover, the payback of energy costs
per 1 ha of gross and metabolisable energy de-
creased by 0.8-1.0 and 0.4-0.5, respectively.

Energy consumption per 1t of feed units un-
der different technologies of cultivation of red
clover varieties ranged from 2.84-4.20 G]J. Re-
gardless of the method of sowing and variety, it
was the lowest in the variant without fertilisers
and under inoculation of seeds with nodule bac-
teria with fluctuations of 2.84-3.21 GJ, which is
1.2 times compared to the background of inoc-
ulation of seeds with nodule bacteria P, K, and
1.3-14 times less compared to the background
of inoculation of seeds with nodule bacteria
N60P6OK90'

The lowest energy consumption per 1 ton of
feed units among the varieties of meadow clover
was provided by Tayfun, and on different fertil-
isation backgrounds and with different sowing
methods it was inferior to Lybid and Tina vari-
eties — by 0.27-0.57 GJ. According to the calcula-
tions for an average of three years of cultivation
and use of grass stands, the method of sowing
did not affect the energy consumption per 1t of

feed units for growing red clover.

CONCLUSIONS

The cultivation of red clover for fodder purposes
on typical low-humus chernozems of the north-
ern part of the Right-Bank Forest-Steppe of
Ukraine is profitable. Regardless of the technol-
ogy components, it provides a net profit of UAH
14,962-23,743 per hectare with a profitability of
88-259% and a cost of 1 ton of feed units of UAH
1,415-2,662 and raw protein of UAH 5,363-10,265,
a payback of energy costs in terms of gross
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energy (EER) yield per hectare of 6.2-90 and
metabolisable energy (BER) yield per hectare of
3.2-4.6, with energy costs per 1 ton of feed units
0f2.86-4.20 GJ.

The best rates of economic and energy effi-
ciency of red clover cultivation are provided by

the variety Typhoon when seeds are inoculat-
ed with nodule bacteria on fertiliser-free soil.
The additional application of P, K, or N_ R, K.
against the background of inoculation, which
is necessary to preserve soil fertility, worsens

them, reducing net profit by 3,486-5,943 UAH/ha.

(1]

(2]

(3]
(4]

(5]

6]
(7]

(8]

(9]

[10]

[11]

(12]
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AcnipaHT

HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lepois ObopoHu, 15, m. Knis, YkpaiHa

EKOHOMIYHa Ta eHepreTuiHa epeKTUBHICTb BUPOLLYBaHHS
Pi3HUX COPTIB KOHIOWWMHM NY4YHOI (Trifolium pratense L.) Ha KOpM

AHoTauia. BupollyBaHHS KOHIOMIMHU JIyYHOI HA KOPMOBI Iiji Ha 4YOpHO3eMax TUIIOBUX
MaJIOTYyMyCHUX IiBHiYHOI 4acTuHU I[IpaBobeperkHoro JlicocTemy VKpaiHU € peHTabelbHUM.
He3asneyXHO BiJj CKJIAZIOBUX TEXHOJIOTII BOHO 3abe3redye OTPUMAaHHA YUCTOTO MPUGYTKY 14 962-
23 743 rpH 3 TeKTapa 3a piBHA peHTabeabHOCTI 88-259% Ta cobiBapTOCTi 1 T KOPMOBUX OAVHUILIS 1
415-2 662 TpH i cuporo npoTeidy 5 363-10 265 rpH, OKYIIHICTb €HepreTUYHUX BUTPAT 32 BUXOIOM
BastoBoi eHeprii (BEP) 3 rekrapa 6. 2-9,0 Ta Buxoay obMiHHOI eHeprii (OF) 3 rekrapa 3,2-4,6, Iipu
BUTpaTax eHeprii Ha 1 T KOPMOBUX OOUHULIb 2,86-4,20 ITI3K. MeTO0 JOCTiIKeHH s 6Y/I0 BUSHAUUTU
3MiHM E€KOHOMIUHOI Ta eHepreTUYHOI ePEeKTUBHOCTI BUPOLIYBAHHA Pi3HUX COPTIB KOHIOIIMHU
JIygyHOi Ha KOPMOBI L 3a/eXHO Bif crmocobiB ciB6u, iHORyALil HaciHHA 6yIB6OYKOBUMU
HaKTepiaMU Ta BHECEHHA Jo6pUB. I1if yac JoCiaKeHb BUKOPUCTOBYBAJIHM TaKi METOAM: TIOJTBOBUH i
J1ab0paTOpHU — IJIS IPOBEIeHHS NOCIIIPKEHB Y ITOJIBOBHUX i Ta60paTOPHUX YMOBAX, AHATI TUYHUH —
IJI1 BU3HAUYeHHS XiMIYHOTO CKJIAZy Cyxoi 6ioMacu KOHIOIIMHYU JIYYHOI, pO3PaxyHKOBUM - IJIS
BU3HAYEHHS ITOKA3HUKIB eKOHOMIYHOI Ta eHepreTM4YHOI edeKTUBHOCTI. HalMKpallli ITOKa3HUKU
€KOHOMIYHOI Ta eHepreTUYHOl epeKTUBHOCTI BUPOIIyBaHHA KOHIOIIWHY JIYYHOI 3a6e31meuye copT
TaridyH 3a iHORynALii HaciHHs 6yIE60YKOBUMU 6aKTepiaMU Ha 6€3006pMBHOMY IPYHTI. JoLaTKOBe
BHeceHHSI P60K90 abo N60R60K90 Ha ¢oHi iHOKynALil, HeobxigHe mia 36epeskeHHS pOAIOYOCTi
[PYHTY, IOTipIIye iX, SMEHIIYIOUM YUCTUMN TPUOYTOK Ha 3486-5943 rpH/ra

KniouoBi cnoBa: 6ioeHepreTuuHuil GakTOp, 3aTpaTy KOIITIB Ta eHeprii, eKOHOMiYHa Ta
eHepreTUyYHa epeKTUBHICTh, OKYITHICTb BUTPAT, pEHTA6eIbHICTb, CO6iBapTiCTh, YMCTUM ITPUOYTOK
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optimal plant nutrition during the vegetation period. The purpose of the study was to determine the
influence of crop nutrition conditions and to select high-yielding hybrids (NK Diamantis, SI Kupava,
NK Neoma) for specific soil and climatic conditions through the formation of their productivity.
The study was conducted in 2018-2019 on typical low-humus chernozems. The research program
included a three-factor field experiment in which hybrids (factor A), fertiliser options (factor B), and
foliar feeding of crops (factor C) were studied in the phase of 4 and 8 leaves of sunflower with Ecoline
Boron, Nertus Boron, and Bast Boron. The sunflower hybrids studied were NK Diamantis, SI Kupava,
and NK Neoma. The research results revealed significant changes in the diameter of the sunflower
inflorescence under the influence of different nutritional conditions created by fertiliser variants. The
influence of hybrid features also determined this indicator. Plants of the hybrid NK Diamantis formed
heads with diameters ranging from 17.6 to 21.2 cm, SI Kupava - from 18.8 to 22.1 cm, NK Neoma - from
17.2 t0 21.6 cm. The maximum index was achieved in the variant with the introduction of N, R, K, .S, +
N,, + Ecoline Boron (phase 4 and 8 leaves) in plants of hybrid SI Kupava, and it amounted to 22.1 cm. The
weight 0f 1,000 achenes, which is one of the genetically determined traits of the crop, in plants of the
hybrid NK Diamantis, depending on the fertiliser variant, varied from 59.3 to 62.3 g, SI Kupava from 69.8
to74.0 g, NK Neoma from 68.8 to 72.6 g. The maximum result was provided by the variant with the use of
N..R..K,..S,, N, + Ecoline Boron (phase 4 and 8 leaves). Studies have shown that the most productive

+N23 +

hybrid was Si Kupava with the maximum yield in the variant with the use of N, R_ K, .S..
Ecoline Boron (in the phase of 4 and 8 leaves of 11/ha) - 346t/ ha

Keywords: sunflower, fertilisers, microelements, boron, hybrids, Ecoline Boron, Nertus Boron, Bast
Boron, head diameter, the weight 0of 1,000 achenes, yield

RELEVANCE

The appeal of sunflower lies in the strategic
and significant economic efficiency of its cul-
tivation. Compared to other oilseeds, sunflower
has the highest oil yield per unit area (750 kg/ha
on average in Ukraine). The share of sunflow-
er oil reaches 90% of the total oil production
in Ukraine. Sunflower seed oil is characterised
by the high nutritional value. It is second only
to olive oil. Sunflower oil contains polyunsatu-
rated fatty linolenic acid, phosphates, stearins,
and vitamins.

Along with the increase in the area under
the crop, there is a decrease in its yield. The rea-
sons for the decline in yields are a variety of fac-
tors, the most important of which are violations
of crop rotation and cultivation technologies.
At the same time, the excessive use of foreign
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hybrids characterised by low adaptability to the
conditions of Ukraine has been recognised.
Among the factors that ensure high sun-
flower yields are plant nutrition conditions
throughout the growing season and techno-
logical measures aimed at realising the ge-
netic potential of the crop in certain regions
of Ukraine. Today, it is necessary to study in-
depth the potential of hybrids and varieties for
growing them in different conditions to deter-
mine their competitiveness and popularisa-
tion, which will increase the quality and yield
of the crop. (Eremenko et al.,, 2019; Eremenko
et al., 2018, Ieremenko & Kalitka, 2016). That is
why today much attention is paid to the study
of the influence of nutritional conditions on
the formation of productivity of hybrids of both
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Different nutrients affect growth, develop-
ment, crop formation, and product quality dif-
ferently. Thus, nitrogen enhances growth pro-
cesses and promotes the formation of larger
plants and heads. However, excessive nitrogen
nutrition prolongs the vegetation, negatively af-
fects the processes of oil accumulation in seeds,
as the protein content in the seeds increases,
and the oil content decreases sharply. Excessive
nitrogen levels increase the risk of plant lodg-
ing and pathogen damage (phomopsis, white
rot, etc.) (Vozhehova et al., 2013; Tkalich, 2016,
Shakaliy, 2017).

Phosphorus is absorbed by the plant from
germination to flowering. It accumulates before
flowering in the stem and leaves, then moves to
the heads and eventually to the achenes. Plants
absorb 60-70% of the total phosphorus required
during the period of head formation - the end of
flowering. Lack of phosphorus negatively affects
the formation and filling of achenes and limits
sunflower productivity. A sufficient amount of
phosphorus increases the drought resistance
of plants and the oil content of seeds. Phospho-
rus contributes to the formation of a powerful
root system, the laying of reproductive organs

with a large number of rudimentary flowers in
the head. It is important to provide plants with
phosphorus in the initial stages of organogen-
esis from seed germination to 3-4 pairs of true
leaves. With sufficient phosphorus nutrition, the
development of plants is accelerated, and there
is a more rational consumption of moisture, as
a result of which they can withstand dry winds
and soil moisture deficit. With increased phos-
phorus nutrition, the coefficient of water con-
sumption by sunflower plants sharply decreases
(Buldykova et al., 2015; Yeremenko et al., 2017).
The purpose of the study was to identify the
influence of the factors studied on the formation
of productivity elements of sunflower hybrids.

MATERIALS AND METHODS

The study was conducted in 2018-2019 in the
Chernihiv Oblast on typical low-humus cher-
nozems. According to the set objective, a study
plan and a field experiment programme were
developed (Table 1). The design of the experi-
ment involved the study of hybrids (factor A),
fertiliser options (factor B) and the use of foliar
fertilisation of crops (factor C) in the phase of 4
and 8 leaves of sunflower.

Table 1. Formation of sunflower productivity elements under the influence
of nutritional parameters (experimental scheme)

Hybrids
(factor A)/variant designation

Fertilisation variants
(factor B)/variant designation

Foliar fertilisation
(factor C)/variant designation

1. NK Diamantis;
2. Sl Kupava;

1.
3. NK Neoma 2: NygRs K

N,,R,,Kq, S, +N

81721 237

56 108728 23

1. Ecoline Boron;
2. Nertus Boron;

S0 N 3. Bast Boron

Ecoline Boron Organic micronutrient fertil-
iser (nitrogen (N-NH,) - 6.5%; boron (B) - 15.5%)
isa concentrated liquid boron fertiliser intended
for foliar feeding of crops requiring boron sup-
ply, containing boron in the form of an organ-
ic compound. The application of the fertiliser
during critical periods of plant development
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contributes to stress resistance, cold resistance
of plants, provides regulation of the flowering
process and improves the quality of the crop. The
rate of foliar fertilisation is 1-2 1/ha.

Hertus Boron microfertiliser (150 g/l (bo-
ron-ethanolamine) helps to increase yields and
resistance to stresses, bacterial damage, reduces
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the risk of fruit and root rot, is compatible with
most pesticides without reducing their effec-
tiveness in mixtures. The rate of foliar fertilisa-
tionis1-51/ha.

BAST Boron (B (200 g/1); N (70 g/1)) quick-
ly eliminates boron deficiency, stimulates the
formation and development of growth points,
leaves, flowers, fertilisation, and fruit formation,
provides drought resistance of crops, prevents
diseases resulting from boron deficiency, in-
creases yields and improves product quality. The
rate of foliar fertilisation is 1-2 1/ha.

The accounting area is 50 m? with four rep-
etitions. The location of the plots is systematic
(Ermantraut et al., 2014; Rozhkov et al., 2016).

The seeding rate is 50,000 germinating
seeds/ha. FertilisersN, R K. S, andN, R K .S .
were introduced into pre-sowing cultivation,
N,,inthe form of ureawas applied during sowing.
Fertilisation was performed twice foliarly with
Ecoline Boron, Nertus Boron, Bast Boron in the
phase of 4 and 8 leaves at 1litre/ha. The weight of
1,000 seeds was determined in accordance with
DSTU 4138-2002, the yield was determined by
the accounting method, and the statistical pro-
cessing of the data was performed using SAS 94.

RESULTS AND DISCUSSION

The research program included investigating
the influence of the factors under study on the

formation of productivity elements of sunflower
hybrids. The results obtained show that struc-
tural analysis of sunflower generative organs al-
lows for a better understanding of the structure
of yield formation and the identification of indi-
cators that are crucial for achieving a particular
level of yield. To complete these analyses, the
following parameters were determined: head di-
ameter, number of heads per unit area, weight of
1,000 seeds.

The diameter of the sunflower head is an
important indicator for sunflower, which varies
widely depending on the growing conditions.
According to previous studies, on 5 linear meters
of arow on with 18-20 plants, the diameter of the
plant head can vary from 10-12 to 20-24 cm.

When determining the number of achenes
in the head, the scientists consider the total
number of seeds and the number of performed
seeds among them.

There were significant changes in the di-
ameter of sunflower inflorescence under the
influence of different nutritional conditions
created by fertiliser variants. Notably, there was
a significant difference between the hybrids.
Thus, plants of the hybrid NK Diamantis formed
heads whose diameter, depending on the fer-
tiliser varied from 17.6 to 21.2 cm, SI Kupava -
from 18.8 to 22.1 cm, NK Neoma - from 17.2 to
21.6 cm (Table 2).

Table 2. Sunflower hybrid head diameter, cm (average for 2018-2019)

Hybrid
Fertiliser variant
NK Diamantis Sl Kupava NK Neoma

N,,R,,Kq,S,+N,, (background 1) 17.6 18.8 17.2

N, R K. 0eS,6 TN,;(background 2) 19.9 21.3 20.7
Background 1 + Ecoline Boron (5-6 leaves) 19.9 20.7 20.1
Background 1 + Nertus Boron (5-6 leaves) 18.4 19.3 18.5
Background 1+ Bast Boron (5-6 leaves) 20.3 20.5 21.0
Background 2 + Ecoline Boron (5-6 leaves) 21.2 22.1 21.6
Background 2 + Nertus Boron (5-6 leaves) 19.6 21.6 20.9
Background 2 + Bast Boron (5-6 leaves) 20.7 21.7 213

2)
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The maximum index was achieved in the
variant with the introduction of N, P K .S
+N,, +N23 + Ecoline Boron (phase 4 and 8 leaves)
in plants of hybrid SI Kupava, and it amounted to
221 cm. The weight 0f 1,000 seeds is a genetical-

ly determined trait, but the response rate of this

indicator is significant. Analysis of the results
showed that in plants of the hybrid NK Diaman-
tis, the weight of 1,000 seeds, depending on the
fertilisation, varied from 59.3 to 62.3 g, SI Kupa-
va - from 69.8 to 74.0 g, NK Neoma - from 68.8
to 72.6 g (Table 3).

Table 3. Weight of 1,000 seeds of sunflower hybrids, g (average for 2018-2019)

- . Hybrid
Fertiliser variant - -
NC Diamantis Sl Kupava NK Neoma

N, R,,K.,S,,+N,, (background 1) 59.3 69.8 68.8

N, P K, :S,stN,,(background 2) 61.0 72.8 71.4
Background 1 + Ecoline Boron (5-6 leaves) 61.8 72.2 71.9
Background 1 + Nertus Boron (5-6 leaves) 59.6 70.2 69.1
Background 1+ Bast Boron (5-6 leaves) 61.2 71.0 71.3
Background 2 + Ecoline Boron (5-6 leaves) 62.3 74.0 72.6
Background 2 + Nertus Boron (5-6 leaves) 61.4 73.1 71.6
Background 2 + Bast Boron (5-6 leaves) 61.7 73.4 72.1

The maximum index was achieved in the
variant with the introduction of N, P K, .S,
+N,, +N23 +N23 + Ecoline Boron (phase 4 and
8 leaves) in plants of hybrid SI Kupava, and it
amounted to 22.1 cm.

The yield of seeds from sunflower heads

differed only slightly under the influence of the

factors studied. According to the study results,
the average seed yield for the variants of the hy-
brid NK Diamantis was 72.0%, the hybrid SI Ku-
pava — 74.3%, NK Neoma — 73.2%. At the same
time, the indicators varied within the limits:
NK Diamantis - from 69.7 to 73.4%, SI Kupava —
72.6-75.7%, NK Neoma - 71.0-75.0% (Table 4).

Table 4. Seed yield per head, % (average for 2018-2019)

Hybrid
Fertiliser variant
NC Diamantis SI Kupava NK Neoma

N,.R,,K,S,,+N,. (background 1) 69.7 72.6 71.0
N,PoK 0sS,6+N, (background 2) 72.3 74.4 74.0
Background 1 + Ecoline Boron (5-6 leaves) 72.8 74.8 73.2
Background 1 + Nertus Boron (5-6 leaves) 70.1 72.8 71.4
Background 1+ Bast Boron (5-6 leaves) 72.1 74.0 72.3
Background 2 + Ecoline Boron (5-6 leaves) 73.7 75.7 75.0
Background 2 + Nertus Boron (5-6 leaves) 72.4 74.7 74.3
Background 2 + Bast Boron (5-6 leaves) 73.1 75.1 74.6

Analysis of the huskiness of sunflower
achenes showed that the lowest values were
in hybrid SI Kupava, which varied from 20.2 to

219% under different nutritional conditions.
There was no clear correlation between the
fertiliser variants.
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The main task of cultivation technology is to
providethemostfavourableregulatedfactorsdur-
ing the growth and development of plants while
ensuring the rational use of materials and funds.

It is worth noting that providing sunflower
plants with the necessary nutrients (macro- and
micro-nutrients) throughout the growing sea-
son allows for an increase in crop productivity,
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but at the same time, production costs increase
significantly.

The level of the yield of hybrids in the exper-
iment was affected by the weather conditions of
the year of research, morphobiological charac-
teristics of the hybrids that were subject to the
study and nutritional conditions formed by fer-
tiliser variants (Fig. 1).

Bl B2 Bi1C1 B1C2 B1C3

3.31 3.39
NK Diamantis
B SIKupava
NK Neoma
B2C1 B2C2 B2C3

Figure 1. Yield of sunflower hybrids, t/ha

Note: LSD% A=0.27,B=0.14; C=0.11; ABC=NNO0.39

The study results showed that in the vari-
ants without fertilisation, the yield of the hybrid
NK Diamantis varied from 2.42 to 2.76 t/ha, SI
Kupava from 2.71 to 312 t/ha, NK Neoma from
2.59t02.89 t/ha.

Foliar fertilisation in combination with the
basic microelement fertilisation contributed to
yieldincreasecomparedtothebasicfertiliservar-
iants in the range from 0.46 to 0.56 t/ha in hybrid
NK Diamantis, from 0.56 to 0.71t/ha in SI Kupava
and from 0.38 to 0.52 t/ha in NK Neoma (Fig. 1).

The most productive hybrid was SI Kupava
with the maximum yield in the variant with the
application of N, P_ K, .S +N,. + N23 + Ecoline
Boron - 346 t/ha.

The correlation analysis allowed to establish
a close correlation between the weight of 1,000
achenes of sunflower hybrids and the yield of
sunflower hybrids. The correlation coefficient

)

varied depending on the fertiliser variant from
0.8451t0 0.943.
Theweatherconditionsduringthevegetation
period in 2018 proved to be more favourable for
the cultivation of the sunflower hybrids studied.

CONCLUSIONS

The findings of the research showed that the use
of Ecoline Boron, Nertus Boron, and Bast Boron
twice in fertilisation at the initial stages of plant
growth and development (phase 4 and 8 leaves)
of sunflower hybrids in combination with the
basic fertiliser provided favourable conditions
for the formation of hybrid productivity ele-
ments and contributed to an increase in yield.
The maximum effect from the application of
fertilisers was obtained by applying N, P. K, .S,

+N,, + N23 and foliar fertilisation with Ecoline
Boron in plants of the SI Kupava hybrid, resulting
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EdeKTUBHICTbAO6pUBY POPMYBaHHI NPOAYKTUBHOCTI COHSILLUHUKY

AHoTauif. JKuBeHHS pOCIINH IIPOTATOM YChOI'O ITepiofy BereTallil € 0MHUM 3 OCHOBHUX paKTOPiB,
CIPAMOBAHUX Ha peasti3allilo TeHeTUYHOTO IIOTeHIiaNy ribpUIiB COHANUIHUKY IIPY BUPOLUIYBaHHI
B OyIb-IKUX I'PYHTOBO-KJIIMaTUYHUX yMoBaX. Hapasi aKTyaJpHUM € BHUBYEHHS I'€HETUYHOTO
MIOTEeHLiaNy BiTYM3HAHUX Ti6GPUZIB 3a Pi3HMX YMOB BUPOLIYBaHHA 3 METOI BUABJIEHHS iX
KOHKYPEHTOCIIPOMOXXHOCTI, W0 AACTh 3MOIY IIiIBUIIUTU fKICTh IIPOAYKLII Ta BPOKAMHICTB.
BUKOpPUCTaHHS IIMPOKOTO CIIEKTPY KOMIUIEKCHUX MiKpOJO6pUB y BUPOGHULITBI pasoM 3
OCHOBHUM JI0OPMBOM CITPUSIE MTiIBUIIEHHIO €GEKTHBHOCTI BUKOPHUCTAHHSA POCTIMHAMHU IIOKUBHUX
PEUYOBUH MiHEpATBPHUX LOO6PUB Ta IPYHTY i € OHUM i3 HIIAXIB IiABUIIEHHA BPOKAWMHOCTI Ta IKOCTI
CiNBCBROTOCIIONAPCHKOI IPOAYKIIil. Xoua COHALUIHWK BBAKAETHCSA OIHIEI0 3 KIIIOYOBUX OJIIMHUX
KYJIBTYP, TEXHOJIOTiS MIOr0 BHUPOILYBAaHHS He € ITOBHICTIO BUBYEHOIO, a NTOIepeiHi JOCIiIKeHHS
YaCToO MICTATh CyllepedsinBi faHi. BaKJIMBOIO YaCTUHOIO arpOTeXHIYHUX 3aXO0AiB, CIIPAMOBAHUX
Ha MiIBUIIEHHS IPOAYKTUBHOCTI KYJIBTYPH, € 3a6€e3[1eYeHH OIITUMAaIbHOTO JKUBJIEHHS POCIINH
[IPOTATOM BereTanii. MeTo JOCTIIKeHHA 6yJI0 BU3HAYEHHA BIUIMBY YMOB JKUBJIEHHSA POCIIUH
Ta 10o6ip BUCOKOBpoXKarHux ribpuzis (HK Oiamanric, CI Kynmasa, HK Heoma) i1 KOHKPETHHUX
I'PYHTOBO-KJIIMaTUYHUX YMOB dyepe3 GOpMyBaHHS iX IPOAYKTUBHOCTI. [lOCiAKeHHS IIPOBOIUIINU
y 2018-2019 pokax Ha 4OpHO3eMax TUIIOBHUX MaJIOryMycHUX. [IporpaMa AoCiifyKeHb BKIIOYaaa
TprbaKTOPHUI TIONBOBUM JOCIIZ, B SIKOMY BHUBYamu ribpunu (baktop A), BapiaHTu ymobpeHHs
(darTop B) Ta mo3aKopeHeBe MiKUBIEHHA MMOCiBiB (bakTop C) y ¢pasi 4 Ta 8 TUCTKIB COHALIHUKY
npernaparaMu Ekojavin Bop, HepTyc Bop Ta BacT Bop. [ocCmimXyBanu Ti6puAu COHAUIHUKY
HK [iamanrTic, CI KymaBa Ta HK Heoma. PesynbTaTu IOCHIAyKeHb BUSBUIN CYTTEBI 3MiHU

Plant and Soil Science (12)1 @ k



Fertiliser efficiency in the formation of sunflower productivity

JiaMeTpa CYLBITTA COHSIIHUKY IIiJi BIJINBOM Pi3HUX YMOB JKUBJIEHHS, CTBOPEHUX BapiaHTaMU
ymobpeHHS. BruB Tri6pUgHUX O0COBIMBOCTEN TaKOXX BU3HA4YaB L€ ITOKAa3HUK. POCIMHU
riépuzay HK JliaMaHT popMyBasiv FOJIOBKY JiaMeTpoM Bifx 17,6 mo 21,2 cM, CI Kymaga - Bix 18,8 10
22,1 cM, HK HeoMa - Bix 17,2 1o 21,6 cM. MaKCHMaJIbHOTO ITOKa3HUKa 6YJI0 JOCATHYTO Y BapiaHTi
3 BHeceHHAM N36R56K108528 + N23 + Eronanid Bop (basa 4 i 8 nucTKiB) y pociuH riépuma CI
KymagBa, i BiH cTaHOBUB 22,1 cM. Maca 1000 ciM'THOK, SIKa € OJIHI€I0 3 TeHeTUYHO AeTepMiHOBaHUX
O3HaK BpO’XKaio, y poCauH ribpuma HK JliaMaHTic 3a1eXHO Bifi BapiaHTy yaIo6peHHs BapiroBasa
Big 59,3 mo 62,3 1, CI Kymasa - Big 69,8 1o 74,0 r, HK Heoma - Bif 68,8 1o 72,6 T. MaKCUMaJIbHUN
pesysbTar 3a6e3MeunB BapiaHT i3 3acTocyBaHHaM N36R56K108S28 + N23 + Eronarid Bop (dasa 4
i 8 mucTKiB). JOCHIOKEHHS ITOKA3aJIH, 10 HAU6iIbII IPOAYKTUBHUM BUABMECA ri6pus Ci Kymasa
3 MaKCHUMaJIbHOIO BpOJKAMHICTIO Y BapiaHTi i3 3acTocyBaHHAM N36R56K108S28 + N23 + ERoylallH
Bop (y a3y 4 Ta 8 nucTKiB 1o 111/ra) - 3,46 T/Ta

KnouoBi cnoBa: COHAIIHUK, T06puBa, MikpoeneMeHTH, 60p, ribpuau, ERonaiH Bop, HepTyc Bop,
Bact Bop, miaMeTp KoIrka, Maca 1000 ciM'SHOK, YpOsKalHiCTb
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leaves with a mixture of ‘Rost-kontsentrat’ and
‘Khelatyn oliyni’ (Polyakov et al., 2017).

Sunflower is a highly sulfur-sensitive crop.
A feature of the crop’s mineral nutrition is its
higher sulfur intake: three times higher than
that of cereals, which make up almost 50% of
rapeseed’s needs. Sulphur plays an important
role in plant nutrition and is one of the nine
elements necessary for plant nutrition (Hayfa
et al.,, 2003). In cells, it performs the following
biological functions: energetic, structural (as
part of proteins, carbohydrates, lipids, etc.),
catalytic (in the active centre of enzymes, a
component of cofactors), redox (balance in
the cell), initiating (during cell division), and
growth (in the polypeptide chain during pro-
tein synthesis). Sulphur is actively consumed
by cultivated plants in the biological cycle and
is alienated from the harvest. Sufficient sulfur
nutrition increases the resistance of plants to
low temperatures, drought, diseases, and soil
salinity. In old leaves, it is highly labile and is
a source of a certain amount of mobile sulfur
for the meristems of young leaves and roots,
which are in greater need of it and actively di-
viding (Shevyakova, 1979). With sulfur starva-
tion, the leaves do not die off, although their
colour becomes paler.

Studies have also shown that sulfur-con-
taining fertilisers contributed to a more inten-
sive supply of nitrogen, phosphorus, potassium,
calcium, magnesium, sulfur and a number of
trace elements to corn, sugar beet, potato and
rapeseed plants (Bloem et al., 2002).

The purpose of the study is to determine
the sulfur influence on the formation of high-
oleic sunflower plant productivity on typical
low-humus black soils of the Right-Bank For-
est-Steppe of Ukraine at different rates of min-
eral fertiliser application.

Plant and Soil Science (12)1

MATERIALS AND METHODS

The study was conducted in an 8-seed station-
ary grain-tilled crop rotation of the Department
of Plant Production at the Agronomic Research
Station of the National University of Life and En-
vironmental Sciences of Ukraine and in the an-
alytical research laboratory of the Department
of Plant Production in 2015-2017. The soils of the
experimental field are typical low-humus me-
dium loamy chernozems with a humus content
of 4.38-4.53% in the topsoil and a pH of 6.9-7.3 in
the salt extract.

The research station is located in the Kyiv
Oblast. The annual precipitation is 543 mm.
Their distribution by vegetation period and in-
tensity is uneven. In 2015 and 2017, there were
some deviations of the main weather indicators
from the long-term average, while in 2016 they
were close to the long-term average and the
most favourable for crop growth and develop-
ment. The weather conditions in 2015 showed
certain unique characteristics: the amount of
precipitation at the beginning of the growing
season was below the long-term average. While
the deficit was compensated for at the beginning
of the growing season through soil moisture use,
the June drought was complicated by high tem-
peratures. The moisture deficit in the first half
of the 2017 growing season was accompanied by
severe frosts in the third decade of April.

The study programme envisaged a two-fac-
tor field experiment in 2015-2017. The following
factors were to be studied: factor A - mineral
fertiliser application rates, factor B - sulfur ap-
plication (Table 1). Fertiliser application rates
were calculated using the balance method for
the planned yield, considering the content of the
main mineral nutrients in the soil.

The subject of the study was a hybrid of
high leucine sunflower ES Romantic (applicant

G
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Euralis Semences Ukraine LLC), which is resist-
ant to broomrape races A-G. Ripening group:
mid-early. Development type: moderately inten-

sive. Plant height: 165-175 cm, head diameter: 22-
24 cm, head inclination: semi-raised. Fat con-
tent: 49-50%, oleic acid content: 88-89%.

Table 1. Efficiency of fertiliser application for sunflower cultivation
(experimental scheme)

Fertiliser application rates (factor A) / variant designation

Fertiliser application rates (factor A) / variant indication

1.N_R K

oRsoKgo (cONtrol)

2.N_R..K

90 75 135

3.N_ R _K

120 '100° "180

1.N_R K

+
60 50 90 SSO

2N R K, + S,

90" 75 135

3.N_ R K _+S

120" 100 "180 30

The cultivation technology is standard for
the Forest-Steppe zone, except for the elements
under study. Phosphorus and potassium fer-
tilisers were applied for basic tillage, nitrogen
fertilisers were applied in fractions: part for ba-
sic tillage, the rest for pre-sowing cultivation;
sulfur was applied in the form of ammonium
sulfate ((NH,),SO,) for pre-sowing cultivation.

The area of the sample plot is 50 m?, the
repetition rate is four times, and the placement
of variants is sequential. The research was con-
ducted using generally accepted methods of sci-
entific research in agronomy (Rozhkov, 2016).

RESULTS AND DISCUSSION

The study of the dynamics of dry matter accu-
mulation depending on the mineral nutrition
system of sunflowers is of considerable scien-
tific and practical interest. Dry matter is closely
related to varietal characteristics and mineral
fertiliser application rates (Fig. 1). The dry mat-
ter content of plants was determined by the
main stages of growth and development of sun-
flower plants.

2)

The level of fulfilment of the biological
potential of varieties and hybrids depends on
the climatic conditions of a particular year,
cultivation technology and their interaction
(Kalenska et al., 2010, Ion et al., 2013; Mijic et
al., 2020), which is confirmed by the results of
this research: the accumulation of dry matter
is uneven and depends on the factors studied.

The dry matter content of microstag-
es of BBCH 15-17 (rosette phase) ranged from
544 g/m? in the control variant to 629 g/m?
when N, R, K., +S,, was applied. At the begin-
ning of the growing season, this indicator was
significantly influenced by the rates of miner-
al fertilisers, while sulfur input had no signifi-
cant effect. During the period BBCH 15-17-BBCH
55-57, due to the active growth and development
of plants, the dry matter content increased by
more than4times and was the highestin the var-
iant with the introduction of N, R, K. +S., In
the microstages of BBCH 55-57 (budding phase),
it is noted that sulfur affects the accumulation
of dry matter in variants with increased rates of
mineral fertilisers.

Plant and Soil Science (12)1
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Figure 1. Dynamics of dry matter accumulation by sunflower plants, g/m2 (average for 2015-2017)
Note: LSD,, BBCH - 15-17=0,28; BBCH - 55-57=187: BBCH - 65-67=254; BBCH - 85-87=374

In the later phases (period of BBCH 65-67 —
BBCH 85-88), more intensive accumulation of
dry matter occurs in variants with the intro-
duction of N, R, K.+S,, and N, R K. +S..
In the microstages of BBCH 85-88 (ripening
phase, seed moisture content of 15%), the dif-
ference between the variants with the maxi-
mum mineral fertilisation is not significant,
which is explained by the extended perfor-
mance of leaves when N, R K _+S, was ap-
plied, less affected by diseases.

Thus, the introduction of sulfur increases
the accumulation of dry matter by sunflow-
er crops from 569% in the control variant to
9.27% - with the introduction of N, R_.K....

The yield level is determined by a set of
zonal agrotechnological measures and weather
conditions. A number of scientific studies have

shown that the interaction of hybrid-fertiliser

Plant and Soil Science (12)1

factors has the greatest impact on yields as new
hybrids are introduced and put into production.
Moreover, intensive hybrids require more nutri-
ents to generate high yields, and in some years,
especially with a water consumption factor of
more than 1, the share of fertiliser influence
increases to 60%. However, these studies were
conducted with linoleic hybrids with a linoleic
acid content of 55-60%. Therefore, research on
high-oleic hybrids requires studying the level
of mineral nutrition, the need for sulfur appli-
cation, based on their impact on the content of
oleic acid. The results of this study demonstrate
that weather conditions have a significant im-
pact on sunflower yields (Table 2). Thus, for all
variants of the experiment, the highest yield
was obtained in 2016, which was the most com-
mon in terms of multi-year indicators, and the
lowest in 2017.
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Table 2. Sunflower yield, t/ha

Fertilisation variants Years The average for
2015 2016 2017 20152017
Ng.R. K, (control) 3.15 3.45 3.11 3.24
Ng,ReoKoo*Ss, 3.38 3.73 331 3.47
NoR K s 3.69 4.11 3.52 3.77
NyoR K .. +S, 4.03 4.55 3.79 4.12
N,oR 00K 50 3.81 4.38 3.64 3.94
N,oR 100K 0S50 4.04 3.83 4.19
LSD, 0.16 0.18 0.15

It was revealed that sunflower yield is de-
termined by the level of mineral nutrition. On
average, over 3 years of research, whenN_ P_ K,
(control) was applied, the seed yield was the low-
est and amounted to 3.24 t/ha. The application
of mineral fertilisers at the rate of N, P K __in-
creased the yield of sunflower compared to the
control variant by 0.53 t/ha or 16.4%. With an
increase in the application rate to N, P, K.,
the seed yield increases to 3.94 t/ha (+07 t/ha
(+21.6%) compared to the control).

The highest seed yield was obtained by ap-
plying N, R K ..+S, and amounted to 412 t/ha.
A further increase in the rate of application of
mineral fertilisers does not lead to a significant
increaseinyield. The introduction of S, in com-
bination with N, R K . allows increasing the
yield of sunflower seeds by 0.35 t/ha or 9.28%.

Thus, based on the findings, it can be argued
that the introduction of S,, on the background
Of N90P75K]35
formation of the crop when growing a high-oleic
sunflower hybrid ES Romantic. The correlation

and regression analysis of the obtained research

provides optimal conditions for the

)

results shows a close correlation between the
accumulation of dry matter in 55-57 BBCH and
the level of yield (r=0.917) (Fig. 2). A closer direct
correlation between the mass of dry matter and
yield was noted in BBCH 65-67 (r=0,972).

The dependencies obtained can be de-
scribed by regression equations: Yield, t/
ha=.80370 + 0.01051 X dry matter weight, g/m?
(BBCH - 55-57); yield, t/ha=-07319 + 0.00674 X
dry matter weight, g/m? (BBCH - 65-67).

Various factors determine the fat content
of seeds. The main ones are the genetic char-
acteristics of hybrids and mineral application
rates, which are confirmed by the findings of
this study (Table 3). Analysis of the fertilisation
rates’ influence on the fat content of seeds, re-
vealed that the highest values (49.7%) were in
the variant with N, R K . +S, . The minimum
amount of fat (46.2%) was observed in the
N,,.R,,, K5 Variant, which is associated with
excess nitrogen, which leads to an increase in
the protein content in the nucleus as there is an
inverse correlation between the protein and fat
content in the kernel.

Plant and Soil Science (12)1
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Figure 2. Correlation between yield (y) and dry matter weight (X) of sunflower seeds in microstages
BBCH 55-57 and BBCH 65-67 (Average for 2015-2017)
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Table 3. Oil quality indicators and yield (average for 2015-2017)

Quality indicators
Fertiliser variant
fat content, % oleic acid content, % oil yield, t/ha
NgoRsoKy, (control) 47.3 85.6 1.53
NgoRooKog#Ss 48.8 86.7 1.69
NgoR oK. e 48.1 87.3 1.81
NgoR,K o +S. 49.7 88.5 2.05
N,oR 00K s 46.2 83.4 1.82
NoR 100K e S0 47.2 85.1 1.98
LSD, 1.4 33

Excess nitrogen affects the content of
oleic acid, leading to its reduction, which is
undesirable for high-oleic hybrids. The lowest
content of oleic acid was observed in the var-
iant N, R, K, — 834% against 87.3% when
N, R,.K.. was applied. All fertiliser variants
with sulfur application showed a tendency to
increase the content of oleic acid. However, on
average over 3 years, this difference was within
the margin of error.

The studies conducted show that, in gen-
eral, the fertiliser variants under study provide
a high yield of oil per unit area. However, the
highest oil yield is provided by the cultivation of
the ES Romantic hybrid with the introduction
of N, R K ..+S, and is 2.05 t/ha, which is more
than 0.52 t/ha compared to the control variant.

CONCLUSIONS AND PROSPECTS

The study revealed that the maximum amo-
unt of dry matter was accumulated in the

variants with the introduction of N, P K _.+S_,

and N, P, K _+S_. The addition of sulfur con-
tributes to an increase in dry matter weight
from 5.69% to 9.27%.

The highest yield of sunflower seeds is
formed by applying N, R K. +S, - 412 t/ha.
A further increase in the rate of application of
mineral fertilisers does not lead to a significant
increase in yield. The introduction of S, in com-
bination with N, R,.K._. allows increasing the
yield of sunflower seeds by 0.35 t/ha or 9.28%.

The correlation and regression analysis of
the obtained research results shows a close cor-
relation between the accumulation of dry mat-
ter mass in BBCH55-57 and BBCH 65-67 and the
level of yield (respectively r=0.917 and r=0.972).

The highest fat content in seeds (49.7%) with
the highest oleic acid content (88.5%) and the
maximum oil yield (2.05 t/ha) is provided by the
cultivation of the ES Romantic hybrid with the

introduction of N, P K ..+S, .
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A.B. lOHUK

KaHanaaT CiibCbKOroCnoAapCbKMX HayK, AOLEHT

HauioHanbHWIM yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, syn. lrepois O6opoH#u, 15, m. Kunis, YkpaiHa

EdeKkTuBHICTb A,O6GPUB Npu BUpOLLyBaHHI BUCOKOOJI€iIHOBOIro
COHSILUHMKY Ha YOpPHO3eMaX TUMNOBUX MaJIOryMyCHMX

AHoOTauUif. BupoulyBaHHS BUCOKOOJIEIHOBUX TiOPUIIB COHALIHUKY € IOyKe IEePCIEeKTUBHUM,
OCKIiJIbKM COHSIIHUK € BUCOKOKOHKYPEHTHUM Ha MDKHApOIHOMY PUHKY Ta Ma€ 3pOCTAOYUN
TIOTIMT Ha OJIi0 AK OCHOBHUM IIPOAYKT MO0 IepepobKu. He3Baykarouy Ha BasKJIUBICTh COHAIIHUKY
K OJHIi€l 3 TpaAuLINMHUX KyAbTYp B VYKpaiHi, TeXHOJOTiA MOTr0 BUPOIIyBAaHHSA BCe Ile Mae
faraTo HeBUpilIeHWX NUTaHb. Cepel, €JeMEeHTIB TexXHOJOril BUPOIIyBaHHS, CIIPAMOBaHUX
Ha MiOBUINEHHS BPOXKAWHOCTI KYJIBTYpH, OCOBJIMBOTO 3HAueHHS HabyBalOTh MOCIIIKEHHS 3
BMCOKOOJIETHOBMMHU TibpuAaMy, OCKIJIBKM BOHU ITOTPe6YIOTh BHMBYEHHSA PiBHA MiHepaJIbHOTO
JKUBJIEHHSA Ta IOTpebU y BHECEHH] CipKU 3 ypaxXyBaHHAM iX BIUIMBY Ha BMICT 0J1eiHOBOI KMCJIOTH.
MeTa HAOCTiIKeHHA - BU3HAUUTKU BIUIUB CIpKM B pi3HUX HOpMax MiHepaJIbHUX HO6pPUB Ha
bopMyBaHHA NTPOAYKTHUBHOCTI POCIIMH BUCOKOOJIEIHOBOI'O COHSMIHUKY Ha YOpPHO3eMaX TUIIOBUX
MasiorymycHux I[IpaBo6epeskHoro JlicocTemy Vkpainu. ITporpaMa [OOCHTiIXKeHb IMepeznbdadasia
3aKJIalaHHA IT0JIBOBOTO NOCHiAY BIPOAOBXK 2015-2017 poxiB. [JoCnimReHHS IpoBogunu y dopmi
IBOGaKTOPHOTO IOJILOBOTO AOCimy. [TporpaMoio Hociify repenbadyeHO BUBYEHHS HACTYITHUX
dakTopiB: GpakTOp A — HOpPMM BHECEHHS MiHepayJbHUX H06puB, GpakTOop B — BHECEHHS CipKU.
JocriReHHS IPOBOAUIN 3 BUKOPHUCTAaHHAM 3araJIbHOIIPUMHATHIX METOiB HAyKOBUX AOCIiAKeHb
Yy POCIWHHUUTBI. JOCTIiAKeHHIMU BCTAHOBJIEHO, LII0 MaKCHMMaJIbHa KiJIBKICTh CyXOl peYOBHUHU
HaKoImMYyBasacsa y BapiaHTax i3 BHeceHHaMm N, R K .+S.0 Ta N, R K. +S . BHeCceHHA CipRU
36ibIIIye BUXif, CyX0l peYoBUHU 3 5,69% 10 9,27%. HaliBUIa BpOKAaMHICTh HACIHHA COHSAIIHUKY
dopmyeTbea mpu BHeceHHi N R, K. +S,  -4]12 1/ra. [lojanbie 36inblIeHHs HOPMU BHECEHHS
MiHepaJIbHIX JOOPUB He NIPU3BOAUTD A0 CYTTEBOTO IJBUIIEHHA BPOKAMHOCTI. BHeceHHS S, ¥
roeaHaHHi 3 Ny R K .. I03BOJNAE MiABUIIUTY BPOKANHICTh HACIHHA COHAIIHUKY Ha 0,35 T/ra abo
9,28%. KopendilillHO-perpeciHuil aHali3 OTPUMaHUX pe3yJbTaTiB IOCHIiJKeHb CBIIUUTH IIPO
TiCHUHM KOpEeNSILiMHUM 3B'S30K MK HAKOIIMYEHHSIM Macu cyxol pedoBuHHU y YC 55-57 i UC 65-67
Ta piBHEM ypoKarHOCTi (BiAmoBigHo r=0,917 i r=0,972). HallBUIIMIT BMICT JXUpPY B HACiHHi (49,7%)
3 HaM6UIBIIUM BMICTOM 0s1eiHOBOI KUCJIOTH (88,5%) Ta MaKCUMaJIbHUM BUX0AOM ojii (2,05 T/ra)
3abe3neuyeThbcs 32 BUPOIyBaHHA ri6puzia EC POMaHTHK 3 BHECEHHAM Ny R, K. tS,,

Kno4yoBi cnoBa: OJifiHI KynbTypH, Tribpugu, MiHepasbHe J>XUBJIEHHS, HOPMHU BHECEHHS
MiHepalbHUX JO6PHUB, Cyxa peUoBHHA, YPOIKANHICTb

Plant and Soil Science (12)1 @









Economic efficiency of balanced fertilisation systems...

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

The key to growing profits from potato farm-
ing is high yields of high quality at reduced
costs. At the same time, according to R.O. My-
alkovsky (2017), Al Fateev and M.A. Zakharo-
va (2005). At the same time, according to R.
Rozhnyatovsky (2019), the main criterion for
managing yield and product quality is an opti-
misation of plant nutrition, which is based on
the principle of nutritional comfort, i.e., the cre-
ation of conditions that eliminate stress caused
by lack of nutrients, ensure positional availabili-
ty of their root system, etc. Therefore, according
to scientists (Koval & Ilchuk, 2019; Hamayunova
et al.,, 2018), the high share of mineral fertilisers
in the structure of potato production costs (19-
21%) requires a constant search for new ways
to reduce the cost of production. This question
was studied by the following scientists: A.V. By-
kin § 1.P. Bordyuzha (2018), VM. Hamayunova et
al. (2018), Fr.V. Ostapenko et al. (2020), R.O. My-
alkovsky (2017) and others. Among the possible
solutions to this issue, they consider local fertil-
isation, foliar fertilisation with microelements,
irrigation, etc. However, the issue of selecting
the optimal physical form of fertiliser, as well as
the possibility of balancing fertilisation systems
with meso-elements, remains unaddressed,
which is what this study aimed to investigate.

The purpose of the study is to establish the
economic efficiency of balanced nutrition plans
for table potatoes with macro- and meso-ele-
ments on dark grey podzolic soil in the condi-
tions of the Left-Bank Forest-Steppe of Ukraine
using liquid phosphorus fertilisers.

MATERIALS AND METHODS
The research was conducted in the field exper-
iment of the O.I Dushechkin Department of
Agrochemistry and Quality of Crop Production
of the National University of Life Sciences of

2)

Ukraine at Biotech LTD (Boryspil district, Kyiv
oblast) during 2015-2017.

The area of the registered plot was 40 m?,
the repetition rate of the experiment is 3 times.
The placement of variants is systematic. The
medium-late variety Mozart (originator HZPC
Holland, the Netherlands) was chosen for the
research.

The soil of the experimental plot is dark grey
podzolic coarse-dusted light loamy on loess. It
was characterised by a slightly acidic reaction
of the soil solution (5.20), low mineral nitrogen
content (13.4 mg/kg), a high degree of provision
of mobile phosphorus (168 mg/kg) and potassi-
um (174 mg/kg) and an average — exchangeable
calcium (742 mg equivalent/100 g of soil) and
magnesium (1.64 mg equivalent/100 g of soil).

The experimental design included the fol-
lowing fertilisation schemes:

1. No fertilisers (control);

2.N,_ P.K__ (Rlcf;

120™ 3577180
3.N_ P _K__ (Rlcf);
(Rlcf);

120~ 70 "180

4' N120P105K180

5.N,,,Rlcf K, Ca, Mg B . (p.Ca, Mg);

6. N, Rlcf, K . Ca, Mg B, . (p.Ca, Mg);

7. N120RICf105Klsoca21MglsB1.5 (p.Ca, Mg);

The following fertilisers were used in the ex-
periment: ammonium nitrate (DSTU 7370:2013),
LCF 11-37 (TU - 2186-627-00209438-01), potas-
sium sulfate (GOST 4145-74), magnesium sul-
phate, Bospholyar Boron (B-21%). The cost-ef-
fectiveness was determined at the prices of
2015-2017.

RESULTS AND DISCUSSION

Applying liquid forms of phosphorous fertilisers
is a cost-effective measure. This study revealed
that the use of liquid phosphate fertilisers at the
rate of P,, had a positive impact on economic
efficiency (Figures 1 and 2). Operating profit at
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this rate of phosphorus reached 18.2 thousand
UAH/ha with a profitability level of 20.2%. As
the rate of phosphorus fertilisers increased,
production costs also increased (Fig. 3), but
the effectiveness of these fertilisers result-
ed in higher yields of table potatoes, which in
turn contributed to high profits. With the use of
LCF 11-37 in the rate of P, the conditional net
income amounted to 301 thousand UAH/ha

Operating profit, UAH/ha

30719 18227

13788

1757

54438

(33.0% profitability). The highest performance
indicators were shown by the variant with the
application of LCF 11-37 in the rate of P, in
combination with N, K, ., where the operating
profit was 54.4 thousand UAH/ha and the prof-
itability level is 59%. In the control, the cost of
cultivating potatoes exceeded the value of the
harvest by 19.7 thousand UAH (Fig. 3), so there

was no profit in this variant.

m NipoP3sKigo (Plcf)
B NipoP70Kigo (Plcf)

m NipoPiosKigo (Plcf)

30107

B NypoPlcf 35KigoCan MgisBis (p.Ca,Mg)
B NioPlef70Ki50Ca2 MgisBis (p.Ca,Mg)

B NipoPlef 105Ki80Caz Mgi1sBis (vaa,Mg)

Figure 1. Operating profit generated by cultivating table potatoes of the Mozart variety
using macro- and meso-elements in fertilisation systems, 2015-2017

Profitability level, %
20.2

32.7

14.8

19

m NipoP3sKigo (Plcf)

m Ni2oP70Kigo (Plcf)

33

= NipoP1osKiso (Plcf)
m NipoPlcf55Ki50Cay MgisBis (P~Ca,M8)

m NioPlcf 70K 50Caz MgisBi s (p.Ca,Mg)

m NipoPlcf 105Kig0Ca MgisBy s (p.Ca,Mg)

Figure 2. The level of profitability of the cultivation of the Mozart variety table potato
using macro- and meso-elements in its fertilisation systems, 2015-2017
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@ Fertilizer costs and application, UAH/ha
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Figure 3. Production costs related to the cultivation of table potatoes
of the Mozart variety using macro- and meso-elements in its fertilisation systems, 2015-2017

The introduction of fertilisers with calcium,
magnesium and boron into the fertiliser system
resulted in an increase in production costs by an
average of 16,025 UAH/ha (Fig. 3) and an increase
in profitability as compared to the control. At the
rate of P, with Ca, Mg B, ., this economic indi-
cator was 1.9%, at the rate of P, and P, - 14.8%
and 32.7%, respectively. However, due to lower
yields (Fig. 4), which were caused by a decrease
in the amount of available phosphorus in the
soil, as phosphorus and calcium were applied

in one layer, along with higher production costs,
these options were less profitable than those
using only NPK. Thus, when using N, Rlcf, K-
150Ca,,Mg.B, . (p.Ca, Mg) yield decreased by 2.9 t/
ha (fig. 4) compared to the same variant without
meso-elements with an increase in production
costs by 1,770 UAH/ha (fig. 3), when N, Rlcf, K-
150Ca,,Mg,.B, . (p.Ca, Mg) was applied: -4.8 t/ha of
potato tubers and +1675 UAH/ha of costs, N, RI-
cf ..K,;,Ca,,Mg, B, . (p.Ca, Mg): -7.3 t/ha of tubers

1057180

and +1550 UAH/ha of expenses.
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Figure 4. The yield of table potatoes of the Mozart variety when cultivated on dark grey podzolic soil,
2015-20107

CONCLUSIONS

The application of liquid phosphorus fertilisers
in the rate of P, in combination with N, K, .
showed high economic efficiency in the culti-
vation of table potatoes and allowed to obtain
an operating profit of 54.4 thousand UAH/ha
and a profitability level of 59%. The introduc-
tion of the starter fertiliser Ca,Mg, B, . into the
scheme provoked a rise in economic indicators

relative to the control, but a decrease compared

Plant and Soil Science (12)1

to similar variants without these elements. The
reason for this is the introduction of phosphorus
and calcium into one layer of dark grey podzol-
ic soil, which triggered their interaction and the
formation of tri-substituted phosphates, which,
in turn, led to a decrease in the yield of potato
tubers. The multi-depth application of nutrients
in the technologies of growing table potatoes is a
promising area for further study.
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A.B. BUKin

[LOKTOp CiNlbCbKOroCnoAapCbKMX HayK, Mpodecop, YNeH-KopecrnoHAeHT
HaujioHanbHOT akagemii arpapHuX Hayk YKpaiHu

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

.M. bopAatoxa

KaHanAaT CiibCbKOrocnoLapCcbKmMx HaykK
HauioHanbHWIM yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lrepois ObopoH#u, 15, m. Kunis, YkpaiHa

H.MN. bopatoxka

KaHaWAaT CilbCbKOroCnoAapCbKMX HayK, AOUEHT
HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHu
03041, syn. lrepois O6opoH#n, 15, m. Kinis, YkpaiHa

H.M. BukiHa

KaHamAaaT CinbCbKOrocnoaapCbKnx Hayk, AOLEHT
HauioHanbHMI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHK
03041, Byn. lrepois ObopoH#u, 15, m. Kunis, YkpaiHa

EKOHOMiYHa epeKTUBHICTb 36a1aHCOBaHUX CUCTEM YAOGPEeHHA

KapToni CTONOBOiI MaKpo- i MesoeneMeHTaMm
Ha TeMHO-CipoMy onif30/1eHOMY FPYHTI
3 BUKOPUCTaHHSAM piakux ¢ochopHux no6pms

AHoTauisa. CyyacHi pHKOBi yMOBY BUMAralOTh Bil BUpOOHMKIB MiHiMi3alil BUTpaT Ha TEXHOJIOTIUHI
MPOLIECH BUPOIIYBAaHHA CUTBCHKOTOCIONAPCBRUX KYIBTYp [Ji OTPUMAHHA MaKCHUMAJIBHOTO
pubyTKy. OOHIEI0 3 BaXKJIMBHUX YMOB BUOOPY Ta 3aCTOCYBAaHHS THX UM IHIIMX arpoOTeXHIYHUX
3aXOJIiB Y TEXHOJIOTIl BUPOIIyBaHHS KapTOIUIi € OTPMMAaHHS BHCOKHX BPOJKalB, MaKCHUMAaJIbHOTO
YUCTOTO NPUOYTKY Ta BUCOKOTO pIiBHA peHTabenbHOCTL. Cepell TEXHOJIOTIYHMX ITPUMOMIB

BUPOILIYBAaHHSA CTOJIOBOI KapTOIUIi 3aCTOCYBaHHA JOGPUB € OJHIEI0 3 HAMAOPOKYUX CTaTel. ToMy
3aCTOCYBaHHA pimKux pochopHUX JOO6PUB Ta baIaHCyBaHHA CUCTEM YI06pEeHHS Me30eIeMeHTaM1
€ OIHUM i3 HaWMepCHeKTUBHIIINX 3aXO0/iB y I[bOMY IUIaHi. MeToio HOCiIKeHb 6yJI0 BU3HAYEHHS
€KOHOMIUHOI epeKTUBHOCTI cuCTeM 36aJIaHCOBAHOIO JKUBJIEHHSA KapTOILUI CTOJIOBOI MaKpo- Ta
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Me30eJiIeMeHTaMU Ha TEMHO-CipOMy OITiI30/IeHOMy IPyHTI B yMoBax JIiBobepeskHoro JlicocTerry
VKpaiHu 3 BUKOPUCTaHHAM pigkux docdopHUX Ho6pUB. JOCTiIKEHHA IPOBOAIN B IIOJIEOBOMY
Jocnipi kagempu arpoximil Ta AKOCTI TpoAyKLii pociuHHMLTEA iM. O.1. [IyureuriHa HallioHaIbHOTO
yHiBepcuTeTy 6i0pecypciB i MprpomoKOpUCTyBaHHA YRpaiHu Ha 6a3i TOB «BioTex» (BOpUCIIIbCHRU
parioH, KuiBcbka o06sactb) mpotarom 2015-2017 pokis. ITtomra 06,1iKoBoi AiISHKY cCTaHOBIIIA 40 M2,
TIOBTOPHICTB AOCIAY — 3-KpaTHa. Po3MillleHHs BapiaHTiB — cucTeMaTU4He. [IoCITiI)KeHHA [I0Ka3ay,
II0 3aCTOCyBaHHA Difikux ¢ocdopHUX nobpus y HopMi P, Ha ¢oni N, K, IIOKa3ajo BHCOKY
€KOHOMIUHY epeKTUBHICTE IIpY BUPOIIyBaHHI KApTOIUIi CTOJIOBOI Ta JO3BOJIMJIO OTPUMATH YMOBHUM
YUCTUM TIPUBYTOK 54,4 TUC. IpH/Ta Ta piBeHb peHTabembHOCTI 59%. BHECEHHS B CXeMY CTapTOBOTO
nobpusa Ca,Mg B . CIPUYMHWIO 3POCTAaHHS EKOHOMIUHMX MOKA3HUKIB BIHOCHO KOHTDOIIO,
asie 3HMWKEHHA OPIBHAHO 3 aHAJIOTTYHMMU BapiaHTaMu 6e3 IuX eJIeMeHTiB. [[pUYMHOI0 LHOTO €
BHeceHHS pochopy Ta KaJbLiio B OLUH IIap TEMHO-CIpOro OIIiZi30JIEHOT0 IPYHTY, LII0 CIIPOBOKYBAJIO
ix B3aeMoZiio Ta yTBOpeHHs Tpu3aMimnieHux ¢ocdaris, IKi, B CBOIO Uepry, IpHU3BeIU A0 3HKEHHS
BPOJKAMHOCTI. [IepCIIeKTUBHUM HAaIIPIMOM IIOHAJIBUINX AOCIIIKEHD € Pi3HOIMU6UHHE BHECEHHS
TIO’KMBHUX PEYOBUH Y TEXHOJIOTISIX BUPOIIyBaHHS KapTOILIi CTOJIOBOL

KniouoBi cnoBa: mob6pusa, LCF 11-37, KaJbliif, MarHii, 60p, OIepaliiHui IpUGYTOK,
peHTabebHICTD, BUTPATH Ha JO6PUBA, YPOXKANHICTb, CTApTOBE MO6PUBO, TPHU6YTOK
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Improvement of biological productivity...

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 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.
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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
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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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Microbiological Evaluation of Meadow Chernozem Carbonate Soil under Various Fertiliser Systems

Aside from tillage, crop rotation, predeces-
sors, tillage, fertiliser application, etc. have a sig-
nificant impact on the biological activity of the
soil. As the intensity of biochemical processes
increases, crop productivity rises, organic mat-
ter accumulates in the soil, and its physical and
chemical properties and fertility improve (Tonha
et al., 2017, Malynovska et al., 2014).

The study of soil biological activity is im-
portant in researching the processes of organic
matter transformation and evaluating pea fer-
tilisation systems. Each element of mineral nu-
trition has a specific value (Ushkarenko, 2008).
Studies have shown that the yield of peas (Pisum
sativum L.) does not depend on the levels of ap-
plication of nitrogen, phosphorus, and potash
fertilisers, but only on the on the amount of wa-
ter in the soil. The minimum values of nutrients
in soils - 73 mg/kg of mineral nitrogen, 10 phos-
phorus (by Olsen) and 60 mg/kg of exchangeable
potassium - did not affect pea yields. The au-
thors concluded that the current high fertiliser
application rates for peas need to be reconsid-
ered, as they may be unnecessary and unprofit-
able (Kakar et al., 2002; Amjad et al.., 2004).

Peas have the ability to symbiosis with nod-
ule bacteria and maintain a positive nitrogen
balance in agriculture. Currently, the question
of the impact of different fertiliser rates on the
number of microorganisms involved in the
transformation of nitrogen and carbon remains
unresolved.

The purpose of this study was to assess the
number of different physiological groups of micro-
organisms on meadow chernozem carbonate soil
under different fertilization systems.

MATERIALS AND METHODS

The research was conducted within the station-
ary experiment of the Agronomic Research Sta-
tion of the National University of Life Sciences

»)

of Ukraine in a six-crop rotation with the fol-
lowing crops: peas - winter wheat - corn - soy-
beans - spring barley - corn for grain. The soil
of the experimental site is meadow chernozem
carbonate low-humus coarse-pulverulent-me-
dium loamy on loess-like loam. The total humus
content in the soil of the experimental plots was
409-4.50%. The experiment studied fertilisa-
tion variants: 1) no fertilisers (control); 2) resid-
ual effect of manure +N, P K ; 3) residual effect
of manure +N_ P. K_: 4) residual effect of ma-

307 307730’
nure +N, P, K,; 5) N, P, K. . The pea variety is

30 307 730"
Tsarevych. The soil cultivation system is surface
tillage. Soil sampling was performed in the 0-20
and 20-40 cm soil layers in May.

The selection and preparation of soil sam-
ples for the study of aerobic microbiota in the
laboratory was carried out in accordance with
DSTU ISO 10381-6-2001. The number of differ-
ent groups of soil microorganisms was estimat-
ed according to the method of D.H. Zvyagintsev
by sowing soil suspension on solid culture me-
dia. The total number of microorganisms that
decompose organic compounds containing
nitrogen was studied on meat-peptone agar
(MPA). Microorganisms that assimilate mineral
forms of nitrogen were studied on a starch-am-
monia medium (SAM). The number of microor-
ganisms that synthesize melanins on Chapek’s
medium at pH=5.0, decompose humates on so-
dium humate medium, pedotrophs on soil agar.
Statistical data processing was performed using
the Statistica software package.

RESULTS AND DISCUSSION
Different intensity of soil use has led to changes
in the number of microorganisms engaged in
the nitrogen cycle. In the meadow chernozem
carbonate soil, the number of ammonifiers de-
pended on the fertiliser system and soil layer
(Table 1).
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Table 1. Number of ammonifying and amylolytic microorganisms
in meadow chernozem carbonate soil under different fertilisation methods, million. CFU/g of soil

Fertiliser variant Soil layer, cm Ammonifying Amylolytic
0-20 5.75+1.26 0.36+0.06
No fertilisers (control)
20-40 26.11+2.48 0.50+0.02
0-20 12.57+0.10 0.41+0.02
N30P30K30

20-40 3.01+£0.10 0.51+0.02
0-20 7.00+0.79 0.43+0.00

Organic residual effect+ N, P_ K.
20-40 20.52+1.00 1.03+1.41
0-20 8.45+0.45 0.45+0.12

Organic residual effect+ NP, K,
20-40 29.58+2.01 0.67+0.01
0-20 27.66+1.03 0.91+0.02

Organic residual effect+ N P K .
20-40 30.65+4.60 0.98+ 0.09

Alarger number of microorganisms that de-
compose organic and synthesize mineral forms
of nitrogen was obtained in a layer of 20-40 cm,
with the exception of variant N, P, K. . The dif-
ference compared to the 0-20 cm layer was
10-80%. The highest number of ammonifying
microorganisms in the layer of 20-40 cm was
observed with the application of N, .P K. in com-
bination with the residual effect of organic mat-
ter, and the lowest with the application of only
mineral fertiliser system N, P, K. . This leads us
to the conclusion that mineral fertilisers alone

have a negative impact on soil organic matter.

In terms of the number of amylolytic mi-
croorganisms, the difference between some
variants of the systems did not exceed 5%.
Evaluating the degree of enrichment by the
number of ammonifiers according to the
method of D.G. Zvyagintsev, it is necessary to
note that all fertiliser variants were charac-
terized as poor.

AccordingtoH.O.Iutynska, 2006, pedotroph-
ic microorganisms are involved in the decompo-
sition of peripheral chains of humus molecules,
and deep destruction is carried out by hu-
mate-decomposing microorganisms (Table 2).

Table 2. The number of pedotrophic, humate-decomposing microorganisms and micromycetes
in meadow chernozem carbonate soil under different fertilisation variants, million CFU*/g soil

- . . . . Micromycetes, thousand
Fertiliser variant Soil layer, cm Pedotrophic Humate-decomposing CFU/g of soil.
No fertilisers 0-20 11.22+0.83 4.45+0.61 6.19+0.01
(control) 20-40 17.73£2.93 18.33+0.89 10.32+1.49
0-20 10.35+1.15 3.99+0.10 22.96+0.99
N30P30K30
20-40 4.77+1.13 2.04+0.59 13.23+0.00
Organic residual 0-20 8.56+0.07 1.63+0.05 9.05+0.49
effect+ N, P, K, 20-40 14.65+0.51 6.59+0.10 18.93+2.49
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Table 2, Continued

- . . . . Micromycetes, thousand

Fertiliser variant Soil layer, cm Pedotrophic Humate-decomposing CFU/g of soil.

0-20 6.80+£0.21 5.53+0.15 35.85+0.50
Organic residual
effects NoP,Kys 20-40 23.79+0.01 14.43£2.16 47.46£5.54

0-20 18.74+1.15 8.99+1.28 69.79+1.54
Organic residual
effect+ NP K .

20-40 16.93+0.55 13.20+0.87 38.15+2.55

Note: * - thousand. CFU/g of soil

The highest number of the above microor-
ganisms was observed under the residual effect
of organic matter with full mineral fertilization
in the norms of NP, K,. and N..P K, and also
in the control. Thus, when organic fertilisers are
applied, organic matter is restored, and without
fertilisers, humus decomposes. The application
of N, P, K, mineral fertiliser alone resulted
in the lowest number of pedotrophic microor-

ganisms in the 20-40 cm layer. The difference

between the variant with the highest values was
4.6 times. The highest number of micromycetes
was observed in the organic-mineral fertiliser
system with NP K, in the layer 0-20 cm and
amounted to 69.79 +1.54 thousand. CFU/g, which
is 10 times less compared to the control.
Anin-depth analysis of the structure of the mi-
crobial community under different fertiliser var-
iants made it possible to determine the direction

of microbiological processes in the soil (Table 3).

Table 3. Indicators of the direction of microbiological processes in meadow chernozem carbonate
soil under different fertilisation variants, million CFU*/g of soil

- . . - Organic matter
Fertiliser variant Soil layer, cm Pedotrophy coefficient accumulation coefficient
0-20 2.0 0.40
No fertilisers (control)
20-40 0.7 0.32
0-20 0.8 1.60
N, P. K
0 20-40 16 1.94
0-20 1.2 0.89
Organic residual effect+ N, P_ K.
20-40 0.7 0.89
0-20 0.8 291
Organic residual effect+ N, P, K,
20-40 0.8 1.12
0-20 0.7 2.52
Organic residual effect+ N P K .
20-40 0.6 1.19

Note: * - thousand. CFU/g of soil

)
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The pedotrophicity coefficient reflects the
functionality of the soil microcenosis structure
and points to the degree of organic matter as-
similation. The highest rates were observed in
the upper layer of the control, in the lower lay-
er of the N, P, K. variant and in the upper layer
of the variant with the residual effect of organic
matter +N,P, K., (K ,=20,16 and 12, respec-
tively), all other rates are in the same range (lim-
its from 0.6 to 0.8). Analysis of the data shows
that in variants with higher values, the inten-
sity of decomposition of soil organic matter, in
particular humus compounds, increases, which
promotes the development of autochthonous
microbiota and increases mineralisation pro-
cesses from the general fund.

The coefficient of organic matter accumu-
lation characterises the intensity of the accu-
mulation of organic compounds in the soil. The
highest accumulation rates were observed in
the upper layers of the “residual effect of or-
ganic matter+N,.P, K, and .residual effect of

organic matter +N P K .” (K _=291and 2.52, re-

157 157715
spectively), slightly lower rates were observed in
variant N, P, K. in both layers and in the lower
layers of the variants “residual effect of organic
matter+N, P, K, " and “residual effect of organ-

ic matter+N P K ."(K =160, 1.94, 112, and 119,
respectively). The lowest rates were observed in
the tilth layer unfertilised (K, =040 and 0.32).
Thus, when growing peas on meadow cher-
nozem carbonate soil, the best results in humus
accumulation are observed with a combination

of organic and mineral fertilizers.

The highest yield of peas of the Tsarevych
variety was obtained on the variant “residual ef-
fect of organic matter +N,.P, K,.” and amounted
to 2.94 t/ha, which is 35% more than the control.
Organo-mineral fertiliser variants with N P-
sKand N, P, K. formed a higher yield than
the variant without fertilisers and the indicators

were 2.45 and 2.63 t/ha, respectively.

CONCLUSIONS AND PROSPECTS

The study demonstrated changes in the micro-
biological parameters of meadow chernozem
carbonate soil under different fertilisation sys-
tems in the Right-Bank Forest-Steppe. Specific
features affecting the processes of humus for-
mation under different fertilisation systems
used on pea crops were determined.

It was found that the low agrochemical pro-
file of the variant without fertilisers adversely
affects the humification processes in the soil
and causes the rapid development of microor-
ganisms engaged in the destruction of the pe-
ripheral and nuclear parts of humus substances.
The study revealed a high number of pedotroph-
ic and humate-decomposing microorganisms
and the lowest coefficient of organic matter ac-
cumulation (K, =040 and 0.32). Applying only
mineral fertilisers during pea cultivation formed
a high rate of humus accumulation at the level
K _=16-19. The most favourable conditions for
the accumulation of organic matter in the mead-
ow chernozem soil and the highest pea yields of
the Tsarevych variety are obtained with the re-

sidual effect of organic fertilisers and NP, K,..
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I.B. MoTtpyk

AcnipaHT* 2 pik HaBYaHHS

HauioHanbHMI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHK
03041, Byn. lrepois O6opoH#n, 15, m. Kunis, YkpaiHa

O.J1. ToHxa

LOKTOP CinbCbKOrocnoAapcbKMx Hayk, Nnpodecop, AeKkaH

HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lepois ObopoHu, 15, m. Knis, YkpaiHa

0O.B. NpuweHKo

KaHAmMAaT CinbCbKOrocnoaapcbKknx Hayk, OLEHT

HauioHanbHMI yHiBEpcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHM
03041, syn. lrepois O6opoH#u, 15, m. Kunis, YkpaiHa

O.B. MMikoBcbKa

K.T.H., LOUEHT

HauioHanbHWI yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lepois ObopoHu, 15, m. Knis, YkpaiHa

A.0. /lnkap

KaHamaaT CinbCbKOrocnoaapcbKkix Hayk, 3aBiayBay kKadenpun eHToMmonorii
HauioHanbHWI yHiBEpCUTET Biopecypcis i NPUPOAOKOPUCTYBAHHA YKpaiHu
03041, syn. lrepois O6opoH#n, 15, m. Kunis, YkpaiHa

Mikpo6ionoriuHa ouUiHKa Ny4YHO-YOPHO3€MHOIro Kap6oHaTHOro
I'PYHTY 3a Pi3HUX CUCTEM YyAO6GpPEHHSNA

AHoTauia. MikpoopraHi3MU BiIirpatoTh BaXKJIMBY POJIbY GOPMYBaHHI pOJIOYOCTI I'PYHTY, ITiATPUMIT
MO0 IPOIYKTUBHOCTI K 610iHepTHOI peYOBUHY Ta € iHIUKATOPOM AKICHUX 3MiH y I'pyHTi. BHaCJIiIOK
AQHTPOIIOTEHHOIO BIUIMBY Ha I'PYHT YMCEJNIbHICTh Ta BUAOBUM CKJIaZ, MiKpo6iOTH 3MEHIIyeThCS.
MeTol0 JOCTiIKeHHS 6yJa OLiHKa YMCENbHOCTI pisHux ¢isionoriuHmx rpyn MikpoopraHiaMie Ha
JIYYHO-YOPHO3E€MHOMY KapbOHATHOMY I'PYHTI 3a Pi3HUX CHCTeM YIO6PeHHS ropoxy. YUCeNbHICTh
Ppi3sHUX TPyl IPYHTOBUX MIKpOOpraHi3MiB BU3Hayanu 3a MeTogoM /[I. I 3BAriHiieBa MUIAXOM BUCIBY
IPYHTOBOI CycCIleH3il Ha TBepZi >KMBUJIBHI CepeloOBHUINA. BCTAHOBJIEHO, II0 HAWCIPUSTIWBIIII
TIOKAa3HUKKU MIKpOb6iOIleHO3y Ta HAWBUIIY BPOKAWMHICTH Topoxy copTy LlapeBud ¢opMyBaiu
BapiaHTH i3 3a/JIMIIKOBOIO Ji€o opraHiuHux Ao6puB Ta N,.P, K, BapiaHT 6e3 mo6puB iHmyKye
PO3BUTOK IIpolieciB MiHepasti3aliii opraHiyHoOI peYoBUHU B JIyYHO-YOPHO3EMHOMY Kapb60HATHOMY
IPYHTI 3a paxyHOK BMiCTy nefoTpodHUX i TyMaTpO3KIaZaounX OpraHi3MiB i dopMye HAMHIIKYY
BPOXKaMHICTh TOPOXy. BHECEHHS JIMIe MiHEpPATIBHUX ZO6PUB ifl TOpoX GOpMYyBaIO BUCOKI TEMITU
TyMyCOHAKONUYeHHd Ha piBHI K, =1,6-19

KnouoBi cnoBa: MiKpo6ioiorivHa aKTUBHICTh IPYHTY, IYYHO-YOPHO3EMHUM KapboHATHUM I'PYHT,
MiKpOOpraHi3Mu, TOpox, CUCTEMU Y06 pEHHs, OpraHiuHa peuoBHUHA
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nitrogen status under the influence of different
fertilisation and tillage systems contributes to a
more complete fulfilment of the genetic poten-
tial of plant productivity, obtaining consistently
high yields of crops (Kolos M.0., 2017).

The study and optimisation of the nutrient
nitrogen status of the soil as one of the lead-
ing factors in the formation of organic matter
of plants will make it possible to increase the
efficiency of growing key crops. Therefore, in
this context, it is important to conduct research
aimed at establishing the impact of fertilisation
and tillage systems on the dynamics of mo-
bile nitrogen compounds in the tilth layer of
soil (Centilo L.V, Tsyuk A.A., 2019; China Yushu
Zhang, et al., 2018).

Purpose of the study. The main goal of the
study was to evaluate different fertilisation sys-
tems and the long-term effects of chemical ame-
lioration on the nitrogen regime of forest soils,
which is the basis for crop formation and quality,
and therefore to find the best combinations of
integrated application of these fertilisers for en-
hanced nitrogen reproduction in the soil.

MATERIALS AND METHODS

The object of the study was grey forest coarse-
dusty light loamy soil of the long-term field ex-
periment “Study of technological methods of
reproduction and regulation of grey forest soil
fertility” of the Department of Agrosoil Science
and Soil Microbiology of the National Research
Centre “Institute of Agriculture of the Nation-
al Academy of Sciences of Ukraine”, which was
launched in 1992 on 3 fields of seven-field grain
crop rotation. The chemical reclamation was
carried out in 2006, lime was applied with a full
dose of 1.0 pH (defecate 4.5-6.0 t gha CaCO,), and
in the reporting year, after-effects studies were
conducted for the 12" to 14" year.

The fertilisation system for crop rotation
and the calculation of doses of biogenic and
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alkaline earth elements were based on the utility
model patent. No.133924. According to the calcu-
lations, the application of biogenic and alkaline
earth elements for crops according to their SSGR
is as follows: winter wheat N-514%; P-16.7%;
K-221%; Ca-57%; Mg-41%; soybean N-57.6%;
P-12.2%; K-14.5% Ca-14.3%, Mg-2.5%; spring bar-
ley N-38.8%;P-19.7%; K-29.0%; Ca-8.2%; Mg-4.8%;
whitelupineN-47.0%;P-13.4%;K-23.2%;Ca-10.0%;
Mg-6.4%. Accordingly, a one-dose active ingre-
dient for winter wheat is N, R, K, and N P, K
Ca, Mg, soy - N, R, K,. and N, P K .Ca Mg, bar-
ley - N R, K,. and N, P K. Ca Mg, and lupin
N, P, K, and N, P K, Ca Mg,  Besides the
efficiency of introducing different doses of bi-
ogenic and alkaline soil elements, their combi-
nation, the experiment studied the effectiveness
of seed inoculation, which was carried out with
a microbial preparation: winter wheat, spring
barley - “Phosphoagrobacterin” which is a com-
posite of several poly-strains Agrobacterium ra-
diobacter + poly-strain Bacillus subtilis, for soy
“Phosphonitragin’ (Bradyrhizobium japonicum
634b + poly-strain Bacillu subtilis). In 2019, fertil-
isers Omya Calciprill (CaO 52% +MgO 0.5%) and
Omya Magprill (CaO 36% + MgO - 15%) produced
by Omya were applied.

For a more objective assessment of these ef-
fects on the soil nitrogen status, the variant re-
sults were compared not only with the absolute
control but also with the initial status. A full-pro-
file soil transect was dug on a fallow land (the
age of fallow land is 28 years), which is located
next to the experimental field, in which soil sam-
ples were taken across the entire surface profile.
The thoroughly mixed samples were analysed
simultaneously with the stationary samples ac-
cording to the scheme. Agrochemical sampling
and analysis of soils were carried out according
to generally accepted methods: total humus con-
tent according to DSTU 4289:2004, total nitrogen
according to DSTU ISO 11261: 2001, the content of
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highly hydrolysable nitrogen according to Korn-
field; ammonium nitrogen content - by the pho-
tocolorimetric method with Nessler's reagent
(DSTU 4729: 2007); nitrous nitrogen - by the in-
ometric method (DSTU 4729:2007), nitrification
capacity according to DSTU 4362:2004. The an-
alytical work was carried out at the Laboratory
of Ecological Safety of Land, Product Quality and
Environment of the Soil Protection Institute of
Ukraine. Abbreviations used in the article: SAC -
soil-absorbing complex, SSGR species-specific
genotype ratio.

RESULTS AND DISCUSSION

Humus content and its total reserves are an in-
tegral index of soil formation. The agronomic
properties of arableland and the dynamics of soil
fertility are closely related to the transformation
of humus through agricultural use (Lykov A.M,,
Eskov AlI, Novykov M.N., 2004; Sypko A.O.,

Goruk G.S., 2014; Chebotarev NT, Yudin A.A.,
Bubnova VIN., 2014). It is worth noting that grey
forest soils are characterised by a distinct profile
differentiation by eluvial-illuvial type and a spe-
cific accumulation of humus in it. According to
the data, out of the generalised 124.0 t/ha of the
soil under study in long-term fallow, 44.1 t/ha is
contained in the 0-20 cm layer, which is 35.5%.
Thus, the vast majority of humus reserves are
concentrated mainly in the upper humus lay-
er (Table 1). A variant comparison of the humus
content without considering its initial content
shows that all fertilisation systems contribute
to its increase in one way or another. However, if
the results are compared with the original data,
the conclusions differ significantly. The data ob-
tained show that the use of soils in agriculture
without fertilisation leads to the predominance
of humus decomposition over synthesis, which
gradually reduces its content.

Table 1. Nitrogen status of grey forest soil depending on liming and fertilisation

Experimental variants Humus content T::ar:t:::(:ﬁ;n hyd?:)gl:;?;ble N-T“%-TN' nitriii?::_tion
nitrogen 4 capacity
% t/ha % t/ha | mg/kg | kg / ha mg/kg
No fertilisers (control) 1.40 42.1 0.082 2.46 81.2 243.6 36.5 6.4
CaCo, (1.0Hr) 142 | 426 | 0086 | 258 | 81.8 | 2454 37.0 7.4
NPK 145 | 435 | 0087 | 261 | 80.0 | 240.0 37.1 6.8
NPK + CaCO, (1.0Hr) 150 | 451 | 0.089 | 2.67 | 838 | 251.4 37.9 8.9
2NPK + CaCO, (1.0Hr) 130 | 391 | 0078 | 234 | 750 | 225.0 35.9 5.5
NPK by SSGR 152 | 456 | 0090 | 2.70 | 812 | 243.6 37.6 7.0
NPK by SSGR + CaCO, (1.0Hr) | 1.60 | 48.1 | 0.095 | 2.85 | 814 | 2442 38.8 7.5
Green Manure + CaCO, (1.0Hr) | 1.62 48.6 0.098 2.94 84.0 252.0 42.4 9.5
S;‘Z‘;Z?a”“re +BP+NPK 165 | 495 | 0099 | 297 | 868 | 260.4 443 11.2
g‘z‘é" ('Tl'i)”H”rr)e +BP NP+ 163 | 489 | 0.098 | 294 | 103.6 | 310.8 50.1 13.5
E;eKe: gacrg:(el;ﬁ':; 15 168 | 504 | 0101 | 3.03 | 102.8 | 308.4 53.0 13.8

»)
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Table 1, Continued

Experimental variants Humus content T(::’anltr;i::czﬁ;n hyd?l)glcgble N-'I\'\l(l)-i;N- nitri:i?:!'t-ion
nitrogen capacity
% t/ha % t/ha | mg/kg | kg/ha mg/kg
Output sample 1.47 44.1 0.086 2.58 82.4 247.2 37.0 6.8
Average 1.5 45.6 0.1 2.7 85.3 256.0 40.6 8.7
Sx= 0.03 1.01 0.002 0.06 2.54 7.62 1.65 0.80
V%= 7.7 7.7 8.1 8.1 10.3 10 14.0 31.9
S= 0.12 3.50 0.01 0.22 8.80 | 26.39 5.70 2.78
LSDO5= 0.11 3.14 0.01 0.20 7.90 23.70 5.12 2.49

Note: Sx - standard error; X - mean; S - standard deviation (an indicator characterising the variation of the sample).
Main deviation of a statistical series from the arithmetic mean; V, % - coefficient of variation

In this experiment, by 4.5% to the initial lev-
el, or by 2.0 t/ha. Liming on an unfertilised base
by hydrolytic acidity practically did not affect
the total humus content compared to the con-
trol variant. Thus, in the control, its content was
421t/ha, and in the limed variant at the full rate
of hydrolytic acidity 42.6 t/ha.

Cultivation of crops with one mineral system,
despite a significant increase in yield, and thus a
larger vegetative mass of root and post-harvest
residues entering the soil, resulted in humus re-
serves in this variant increasing by only 14 t/ha
compared to the control, but were 0.6 t/ha less
than in the original sample. This indicates that,
although humus losses have decreased, a posi-
tive balance has not been achieved in this vari-
ant. Extended humus reproduction is possible if
mineral fertilisers are used on limed soil.

Thus, when they were applied in moderate
doses against the background of lime by hydro-
lytic acidity in this experiment, humus reserves
increased by 3.0 t/ha relative to the control and
by 1.0 t/ha to the baseline. The humus content
of the soil decreases by 5.0 t/ha when double
rates of mineral fertilisers are applied with lime
compared to virgin soil. In this case, there is not
enough lime to neutralise excessive acidity.

Plant and Soil Science (12)1

Organo-mineral fertilisation systems with
moderate doses of mineral fertilisers, using
green manure and plant by-products, contrib-
ute to a deficit-free humus balance with a clear
positive trend, especially on limed soils. In this
case, the expanded reproduction of humus to
the original level in different variants ranged
from 8.8 to 14.3%. It should be noted that in the
variant with SSGR (species-specific genotype
ratio), in which moderate and balanced rates of
mineral fertilisers were applied, considering the
needs of plants for nutrients and thus high yields
of the main crops, and thus an increased mass of
by-products and root residues, the positive hu-
mus balance increased by 34%, and on limed
soil - by 8.8% to the initial level.

As for the content of total nitrogen in the
HE horizon, it reflects the humus content in
this horizon. Its absolute values for all variants
presented in the table show that there is a high
correlation between them (r=0.91, D=982). Thus,
the gross nitrogen content depends almost en-
tirely on the content and reserves of humus and
varies depending on the humus content of the
latter (Aleksandrova L.N.,1980; Vozbutskaya A.E.,
1986; Gamzikov G.P, Emelyanova V.N.,1985; Kon-
onova M.M,, 1963; Mukha VD., Kartamyshev N.L,

G
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Mukha D.V, 2003; Litvinov D.V, et al.,, 2019). It is
mainly represented by biologically stable organ-
ic compounds, as well as small amounts of labile
compounds.

Changes in the humus status of grey forest
soil that occur as a result of chemical ameliora-
tion and the use of organic and mineral fertil-
isers determine the dynamics of changes in total
nitrogen. The results of research by Shklyar V.M.
(Shklyar V. indicate that soil that has not been
fertilised for a long time loses organic matter of
light fractions, which is accompanied by loss-
es of organic nitrogen and, most importantly,
soluble compounds of the latter. A steady trend
toward this is observable in the present study.
During the operation of the experiment on the
control variant, the content of total nitrogen de-
creased by 012 t/ha compared to the initial level.
The study of the impact of liming at the full rate,
as well as the use of a mineral fertiliser system
alone, shows that they had almost no effect on
the dynamics of increasing total nitrogen in the
soil. When they are used together, the increase of
this indicator is observed (an increase of 0.21t/ha
relative to the control). The application of double
doses of mineral fertilisers even on limed soil at
the full dose reduces the reserves of total nitro-
gen (by 012 t/ha compared to the control). The
latter can be attributed to a certain extent to the
high acidity of the soil in this variant (pH sol. 4.4,
hydrolytic acidity 3.48 mg/eq per 100 g of soil).
The results show that only the use of organic
fertilisers in the form of green manure and plant
by-products in the tilth layer of soil showed a sig-
nificant increase in total nitrogen compared to
the baseline. On these variants, the growth was
0.36-0.45 t/ha. This is caused by the presence of
an additional quantity of this element applied
with these fertilisers. Only after mineralisation
does the nitrogen of organic compounds be-
come available to plants. It is important to ana-
lyse the direction of changes under the influence
of different fertilisation systems and chemical

2)

amelioration of nitrogen forms formed from ni-
trogenous organic compounds (amides, amino
acids, etc.) that decompose rapidly and turn into
mineral nitrogen, and they become the closest
reserve of mineral nitrogen, and in agricultur-
al use can be both accumulated and consumed.
This form of nitrogen is a fairly reliable indica-
tor of plant nutrition. In the original sample, this
form of nitrogen according to Kornfield reach-
es 82.4 mg/kg. Based on this classification, soils
with such a content of mobile nitrogen forms are
considered to be very low in nitrogen supply. The
results of this form of nitrogen also indicate the
overall low humus content of virgin soil. How-
ever, the level of hydrolysis of organic matter in
it is high, and for all variants is 9.6-0.2%. For ex-
ample, in a typical medium loamy chernozem, it
accounts for 2-4%.

The amount of alkaline-hydrolysed nitro-
gen in the soil varied depending on the fertilis-
ation system and chemical reclamation, similar
to the change in total nitrogen content. Thus, in
the control variants with lime and only miner-
al fertiliser system, the content of alkaline-hy-
drogenated nitrogen was low and amounted to
240.0-243.6 kg/ha. There is a significant upward
trend in its content compared to the control (by
3.2%) when applying single doses of mineral fer-
tilisers on limed soil, and the application of dou-
ble doses reduces its content by 7.7%. Nitrogen
reserves remained virtually unchanged when
using mineral fertilisers based on the SSGR
principle. They increased significantly under
the organic-mineral fertiliser system. The com-
bined use of green manure, plant by-products,
and single doses of mineral fertilisers on limed
soil resulted in the highest growth of this form
of nitrogen (27.5% over the control). A further
increase in mineral fertiliser doses did not have
a positive impact on the content and reserves of
alkaline hydrolysed nitrogen.

Among the mineral nitrogen compounds,
nitrate and ammonium nitrogen are important
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in plant nutrition, although the amount of mo-
bile mineral nitrogen compounds is very small.
These compounds are easily dissolvable, mobile,
and dynamic in time. The content of these forms
of nitrogen fluctuates significantly during the
growing season, and soil moisture and temper-
ature are of great importance, with which the
activity of microorganisms is closely related. The
experiment did not reveal a clear dependence of
ammonium and nitrate nitrogen content on lim-
ing, the use of mineral fertilisers applied sepa-
rately or in combination or by the SSGR princi-
ple. Their content increases significantly when
using an organic-mineral fertiliser system. The
maximum growth was achieved with the com-
bined use of green manure, plant by-products
and one and a half doses of mineral fertilisers
on limed soil (an increase of 16.5 mg/kg or 45.2%
compared to the control).

An important indicator of the soil’s nitrogen
regime is its nitrification capacity, which is the
ability of the soil to accumulate nitrate-nitrogen
under favourable conditions, allowing to draw
conclusions about potential nitrogen reserves
and its impact on crop formation. Nitrification
can accumulate 100-300 kg/ha of nitrogen in
the soil. The variant analysis shows that the
soil under study has a low nitrification capac-
ity according to Kravkov (5.1-8.0 mg/kg) in the
vast majority of variants. The use of organic and

organo-mineral fertilisation systems contrib-
utes to its transfer to the group of soils with an
average nitrification capacity of 8.1-15 mg/kg.

CONCLUSIONS

The studied grey forest soils fall into the group of
soils with a low humus content (1.47%) and total
humus reserves (124.0 t/ha), which are inherit-
ed from the original pedogenesis and modern
soil formation processes. The humus type (hu-
mate-fulvate) does not change over time under
the influence of a set of agrotechnical practices,
which indicates the unchanging direction of soil
formation processes.

Gross nitrogen reserves (2.58 t/ha) depend
almost entirely on the content and stock of hu-
mus and vary depending on the humus content
of the latter. There is a high correlation between
these indicators for all variants of the exper-
iment (r=0,991, D =98,2). Grey forest soils are
characterised by a high degree of hydrolysis of
organic matter. The highly hydrolysable fraction
of nitrogen in the 0-20 cm layer of the initial soil
is 81.2 mg/kg of soil, which corresponds to 9.6%
of the gross content. This form of nitrogen is
a fairly reliable indicator of nitrogen supply to
plants. The integrated use of fertilisers in combi-
nation with chemical amelioration will optimise
the nitrogen status of grey forest soil, allowing
for higher crop productivity.
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AcnipaHT
HauioHanbHWUIA HayKoBWIA LLEHTP «IHCTUTYT 3emnepobcTa HalioHaibHOT akaaemii arpapHux Hayk YKpaiHm»
08163, Byn. MawunHobyaisHMKiB, 26, m. YabaHu, YkpaiHa

3MiHM a30THOrO PEeXXMMY Ciporo JlicoBOro KpynHonuayBsaToro
NerKoCyrfvHKOBOrO FPYHTY 3a Pi3HMUX CUCTEM YAO6GPEHHS
Ta xiMivyHOiI Meniopauii

AHoTauif. V cTarTi HaBe#eHO pe3yabTaTd HOCTIIKEeHD y CTallioHApHOMY LOCIIiAi, 3aKIaeHOMY
B 1992 p. Ha cipoMy J1iCOBOMY KpYIIHOIIWIYBaTO-JIEFKOCYIJIMHKOBOMY I'PYHTI 3 METOI0 BUBYEHHA
BIUIMBY TPUBAJIOI XiMiuHOI Mestiopallii Ta pisHux cucreM ymo6peHHs (MiHepaJIbHOI, OpraHiuyHoOi,
OpraHo-MiHEpaJIbHOI) Ha a30THUIM PEKUM IPYHTY. A30T € Ha3BUYAMHO BayKIVBUM €JIEMEHTOM Y
CiTbCHROMY TOCITOZAPCTBi, OCKUIBKY Bif HBOTO 3aJI€XKaTh yCi pOCTOBI mpoliecH, GOTOCUHTES, 06MiH
DEYOBUH, & TAKOXK 06'€M Ta AKICTB BpoyKaio. B VRpaiHi yacTKa I'pyHTiB JIiCOBOTO CKJIay B 3aTaJIBHOMY
I'PYHTOBOMY [IOKPUBI ITepeBHUILy€ 33%, TOZ] AK YaCTKa CLIbCBKOTOCIIOAapChKUX YTiflb CTAHOBUTD 25 %.
OCKiZIBKY BMICT T'YMyCy Ta MOT0 3arajIbHi 3aracy € iHTerpajJbHUM ITOKa3HUKOM I'PYHTOYTBOPEHHS
Ta KJIIOYOBOIO XapaKTepUCTUKOIO, 1[0 BU3HAYa€E 3arajibHe cepefloBUIle iCHYBaHHA I'PYHTY, Y CTaTTi
MIpOaHaJIi30BaHO 3MiHM BMICTy TyMyCy SIK peaxllilo Ha BHIIe3asHaueHi aKTOpH. BCcTaHOBIEHO,
110 BaJIOBUI BMICT a30Ty Bimobpaskae BMICT TyMYyCY, TIOBHICTIO 3aJIEXKUTh BiJl HHOTO i 3MiHIOETBCS
pasoM i3 BMicTOM rymycy. MK IIUMHM IIOKa3HUKAMU CIIOCTEPIra€TbCS BUCOKUM KOPEIALiMHUN
3B'A30K Ha BCix BapiaHTax gociiay (r=0,991). OTpuMaHi AaHi CBiIYaTh, 110 JIKIIe [IPY BUKOPUCTAHHI
cupepaTiB i Mo6iYHOI ITPOAYKIIii TorepeAHUKA Ta TOMIpHUX 03 MiHepalIbHUX JOOPUB Y ITO€THAHHI
3 BallHyBaHHAM CIIOCTepiraeThcd MOMIpHEe 3pOCTaHHA 3arajlbHOro a30Ty ITOPIBHAHO 3 BUXIAHUM
piBHeM. [TpupicT ctaHoBUB 0,36-0,45 T/ra i B IIbOMY BUITAIKY MOJKHA CIIOCTEPIraTy Moro posmupeHe
BiATBOpeHHS. JIvllle IIicia MiHepastisalil a30T OpraHiYHUX CIIOJIYK CTa€ AOCTYIIHUM [JISl POC/IMH.
JlerrorizmponizoBaHa ¢popMa a30Ty € ZOCUTD HailTHUM IIOKA3HUKOM 3a6e3MeUeHOCT] POCIIUH UM
eleMeHTOM. 3a Knacudikralieo, JOCTiMKyBaHUN IPYHT 3 BMICTOM PyXOMUX CHONYK 81,2-103 mr/
Kr BiTHOCUTBCS JO TPYNM IPYHTIB 3 Iy’)Ke HU3BKUM CTYIEeHEeM 3a6e3[eYeHOCTi OKUBHUMU
pPEYOBMHAMY, ajie CTYIIHb [igpoJIi3y OpraHiyHOl PeYOBHMHU B HBOMY BHCOKRUM (9,6-10,2%). IIpu
CyMICHOMYy 3aCTOCYBaHHI CHIepaTiB, HETOBAapHO! IIPOIYKIil POCIMHHULTBA Ta OZHOPa30BOIO
BHECEHHS MiHepaJIbHUX JO6PUB Pa3oM 3 BaIlHOM lig ¢opMa a30Ty 3pociia Ha 27,5% MOpiBHAHO 3
KOHTpOJIEM. 3a BKa3aHOT0 KOMILIeKCY 106puB Bifbynocsa 36inbmenHa Ha 16,5 Mr/kr cymu N-NO,-+N-
NH,+ IOpiBHAHO 3 KOHTPOJIeM, a TAaKOXX Ha 7,4 MI/KT HiTpUiKalliHOi 31aTHOCTi IPYyHTY

KnouoBi cnoBa: 3arajbHUM a30T, aMiak i HiTpaTty, HiTpudikaLifiHa 3[aTHICTB, TYMYC, IPYHT,
Ipu6aBKa BpOyKaio

Plant and Soil Science (12)1 @5









Changes in anti-deflation resistance of chernozem typical...

Conservation tillage is commonly used in
regions affected by water and wind erosion.
Research scientists found the positive impact
of reducing the intensity of tillage on fertility
rates (Tan, Cao, Yuan et al., 2015; Berezhniak, M.,
& Berezhniak, E., 2019; Pikovska, 2011; Tykhen-
ko 0.V, 2016). Soil erosion estimates in the study
area under conservation tillage with stubble re-
tention was significantly lower than that under
conventional tillage during the monitoring pe-
riod. (Gao, Dang, Yu, Li, Liu, and Wang, 2016).

The size distribution and stability of soil
aggregates have a major influence on the wind
erodibility or soils (Tatarko, 2001). Geometric
mean diameter, erodible fraction, and dry ag-
gregate stability are soil parameters deduced by
dry sieving that are used to identify soil suscep-
tibility to wind erosion (Graciela Hevia, Mariano
Mendez, Daniel Buschiazzo, 2007).

MATERIALS AND METHODS

The research was conducted on a stationary
experiment of the M.K. Shikula Department of
Soil Science and Soil Conservation in Separat-
ed subdivision of NULeS of Ukraine “Oleksandr
Muzychenko Velykosnytinske Educational and
Research Farm” of Fastiv district of Kyiv region.
The soil of the experimental site is chernozem
typical. The soil of the experimental site was
characterized by the following indicators. The
content of physical clay in the upper horizon
was 34.5%, in the middle 22% of silt and 28% of
sand, the content of coarse dust - 46.3, middle —
6.8, fine — 3.4%. The humus content in the sub-
soil is 3.6%, in the subsoil - 3.5%. The reaction
of the soil medium is neutral, the number of ab-
sorbed cations is 35.4 mg-eq /100 g of soil, and
the degree of saturation of the bases is 93.4%.

The experiment includes three variants of
tillage:

a) plowing at 25-27 cm;

b) deep plowless cultivation;

c) reduced tillage on deep 10-12 sm.

»)

3 fertilization systems with the introduction
of 1ha of crop rotation area were researched:

1. Control (without fertilizers)

2.Straw12t/ha+N,+N, P K .

3.Straw 1.2 t/ha + N, + sideats + N, P K ..

Indicators of the structural state were deter-
mined by N. L. Savvinov, the humus content - by
the method of 1L.V. Tyurin in the modification of
VN. Simakov. The norm of soil structure forma-
tion (aggregation) was the number of structural
units (agronomically valuable structure ranging
in size from 10 to 0.25 mm), which accounts for
1% of the total humus (Medvedev, V. V,, 2010).

Indicators of soil macrostructure, in
particular the content of aggregates more than
1 mm in dry sieving by the method of Savvinov,
are used as an indirect but universal indicator of
anti-deflation resistance of soil (Chornyy, S.H,,
Vydynivs'ka, O.V, Voloshenyuk, AV, 2012,
Chornyy, S.G, Pysmennyj, 0.V, 2011).

The aim of the research was to establish the
impact of various farming practices on structur-
al indicators aggregate composition.

RESULTS

Tillage systems significantly affected the struc-
tural and aggregate composition of chernozem
typical of Right-Bank Forest-Steppe of Ukraine.
The highest content of dust particles in all vari-
ants was observed in the upper layer of 0-10 cm,
while cloddy - in the layer of 20-30 cm for plow-
ing 28.20-32.4%. The content of units with a size
of 0.25-0.5 mm is higher under plowing on all
fertilizer variants.

To assess the resistance of soils to blowing
on the content of particles larger than 1 mm, the
most informative is their number in the upper
0-10 cm layer. In the present studies, their con-
tent varied significantly according to the options
in the above layer and was 52-77.5%. The low-
est values were found in the control of plowing,
while on deep non-plowing tillage - 56.8%. Min-
imization of tillage of chernozem typical helped

Plant and Soil Science (12)1



Pikovska

to create conditions for the formation of a defla-
tion-resistant soil surface even without fertiliz-
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Straw 1,2 t/ha + Npp + N7gPgsKes

10-20
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er, where the percentage of particles over 1 mm
was 677 (Fig. 2).

10-20  20-30
Minimum tillage

2030 0-10

m Straw 1,2 t/ha + Ny, + Green manure+ N;gPsgKegg

Figure 2. The content of aggregates sizes larger 1 mm in chernozem typical

In the layer of 10-20 cm, similarly to the
upper 0-10 cm layer, higher values of parti-
cles larger than 1 mm were observed: for deep
non-plowing tillage 66.2-78.3 and for the re-
duced tillage - 757-79.5%. However, in the
deepest researched layer of 20-30 cm, the ad-
vantages were for deep non-plowing tillage
(74.7-81.2%) against 75.1-77.7% for the reduced
tillage and 66.5-74.2 on plowing.

The use of organo-mineral fertilizers in-
creased the deflation stability of the surface of
chernozem typical. In the variant with the com-
bined use of straw and mineral fertilizers, the
particle content of more than 1 mm was high-
er compared to the control without fertilizer
for plowing by 2.6-6.8%, for deep non-plowing
tillage - by 3.9-12.1%, while under the reduced
tillage increase in the percentage of particles
was only 0.6-1.8. Reduced tillage provided the
best conditions for soil structuring under the

Plant and Soil Science (12)1

influence of green manure. In the variant with
the application of straw, green manure and
mineral fertilizer, the content of particles larger
than 1 mm was 75.1-77.5%.

Studies on chernozem ordinary Northern
Steppe of Ukraine established that the use of
reduced and zero tillage ensured the preserva-
tion of their fertility. The content of aggregates
larger than 1 mm in the 0-10 cm layer of ordi-
nary chernozem at reduced tillage was 60%, at
No-till - 62%, while during plowing the particle
content was only 49%. (Pikovska, 2020)

Medvedev V.V. (2010) on the basis of
research established a relationship between
the content of agronomically valuable struc-
tural aggregates (10-0.25 mm) and the con-
tent of humus in the soil. He recommends
the use of aggregation standards for soils
of Ukraine: the content of macroaggregates
of 10-0.25 mm, which is 1% of humus, in the

(>
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Forest-Steppe for medium loamy soils should
be 20%. This level of structuring of arable
soils, which is provided by the relevant ag-
gregation factors, should be maintained and
their deterioration should not be allowed. The
consequence will be the reduction of aggre-
gation agrophysical degradation, leading to
deterioration of soil resistance to the action
of water and wind erosion.

25
20

15

10

10-20 20-30 0-10
Plowing
Control (without fertilazer)

Straw 1,2 t/ha + Ny, + N7gPegKes

0-10

10-20
Deep non-plowing tillage

These VV. Medvedev's (2010) standards
were used to identify potential realization of
aggregation, comparing the ratio of the actu-
al value of the index options aggregation ex-
periment. If the actual value is less than the
standards, then there are conditions in the soil
that inhibit the process of aggregation. The re-
sults of calculations of indicators for different
options are shown in Figure 3.

0-10 10-20 20-30
Minimum tillage

20-30

® Straw 1,2 t/ha + Ny, + Green manure+ NygPesKes

Figure 3. Content of agronomically valuable aggregates 10-0.25 mm
per 1% of humus in chernozem typical

It was found that the aggregation rate for
the content of agronomically valuable aggre-
gates for all fertilizer variants compared to
plowing increased. In the case of reduced till-
age, this content was the highest - 20.1-237,
while in deep non-plowing tillage it was in the
range of 18.5-22.8; for plowing the values were
the lowest - 16.7-21.6%.

The lowest values of indicators for different
tillage systems were found in the layer of 0-10
sm. During plowing in almost all layers and var-
iants of fertilizers the values were lower than

»)

the normative 20%, which indicates the pres-
ence of factors that slow down the process of
aggregation in the arable layer.

Deep non-plowing tillage increased the
aggregation capacity of the soil on all variants
of fertilizer in a layer of 0-30 cm compared to
plowing. It should be noted that fertilizer op-
tions helped to improve soil aggregation con-
ditions. The best conditions for aggregation in
all layers of the studied soil (22.1-22.8%) were
created on the variant “Straw fertilizer 1.2 t/ha

+ N, + green manure + N, .P_K_. And for this
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variant of cultivation there was the smallest dif-
ferentiation of soil layer 0-30 cm. In the variant
of minimal tillage, some changes were noted
in the variants of fertilizer compared to deep
non-plowing tillage.

The highest content of aggregates with a size
0f10-0.25 mm, per 1% of humus, was observed in
the variant of joint application of straw and min-
eral fertilizers (22.1-23.7%). Slightly lower values
of this indicator were in the case of straw, green
manure and mineral fertilizers (21.8-23.1%). We
explain this phenomenon by the fact that with
shallow cultivation there is a worse earning of
green mass of green manure in the soil.

Thus, the application of reduced tillage in
conjunction with the fertilizer option «Straw
12t/ha+N12 + N, P _K_  « creates the best con-
ditions for aggregation in 0-30 cm layer of typ-
ical chernozem. However, with deep tillage to
create favorable conditions for aggregation,
we can recommend the option «Straw 1.2 t/ha +
green manure N, + N P K. « Systematic ap-

78 68”768
plication of plowing will worsen the structural

condition of soils, especially without the use of
fertilizers, which can reduce the resistance of
soils to deflation.

CONCLUSIONS
Irrational agricultural use of soils leads to the
development of degradation processes, includ-
ing wind erosion. Based on the research, it is
established that tillage systems have a signifi-
cant impact on the development of deflationary
processes. To assess the anti-deflation stabili-
ty of chernozem typical use parameters of the
structural and aggregate composition of the soil.
It was found that the reducing of tillage together
with the organo-mineral fertilizer system pro-
vides the formation of deflation-resistant sur-
face of chernozem typicalin the conditions of the
Right Bank Forest-Steppe of Ukraine compared
to plowing, where the content of particles larger
than 1 mm was less than 60%. Further research-
es on establishment of moisture-preserving
effect of various systems of tillage in the condi-
tions of aridization of climate are perspective.
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KaHamAaaT cinbCbKOrocnoaapcbKknx Hayk, AOLEHT

HauioHanbHMI yHiBEpCcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHK
03041, syn. lrepois O6opoH#u, 15, m. Kunis, YkpaiHa

3MiHM aHTMAedNAUINHOI CTIMKOCTI YOPHO3eMy TUMNOBOIro
3a pi3HOro o6po6iTKy 'pyHTY Ta YAOGpPEHHSNA

AHoTauia. Macitabu BiTpoBoi epo3sii B VRpaiHi 3pocTaioTh ¥ 3B'A3KY 3 ITOCYILIMBUM KJIIMaToM Ta
iHTeHCUBHUM CLIBCBKOTOCIIOAPChKMM BUKOPHCTAaHHAM 3eMenb. Jednsallisa 3aBfae 3HaYHOI MKOOU
He TiNBKU I'PYHTOBOMY ITOKPHMBY, a M HABKOJIMIIHBOMY CepelOBUIY. [IOCIi)KeHHS ITOKa3ay,
L0 CTIMKICTb I'PYHTIB A0 Hedidllil 3a/JeXXUTh BiZl iXHBOTO CTPYKTYPHOrO CTaHy. MeTOI ZaHOIO
IOCITiIReHHS 6yJI0 BCTAHOBUTH BIUIKB Pi3HUX CHCTeM 06pO6ITKY I'pYHTY Ta o6p