received data shows the ambiguous influence of the HTC indicator on the
accumulation of ascorbic acid in black currant fruits. A comprehensive and
comprehensive study of the most complex details of the metabolism of substances
showed that ascorbic acid plays one of the crucial roles in the entire cycle of
intrauterine development of plants from emergence to disappearance — the role of a
direct participant in the process of respiration, photosynthesis, regulation of the
activity of enzymes and coenzymes, general metabolism and transport of substances,
protecting cells from oxidative stress caused by abiotic factors.

Thus, the high C-vitality of black currant fruit depends to a large extent on the
variety, and only then on weather conditions during the formation of the harvest.

Key words: black currant, variety, quality, chemical composition, ascorbic acid
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Hageoeno pesynomamu oocniodcenv, ujo00 eKoHOMiuHOi ma OioeHepeemudHol
OYIHKU BUPOWYBAHHS DIZHUX B6UOI8 ecnapyemy 3aNeHCHO 8i0 YOOOpPeHHs, GUucomu
CKOWLYBAHHS — MPABOCMOI,  IHOKYAAYIl  HACIHHA mMa  pPOKI6  GUKOPUCIMAHHA.
Bcmanoeneno, wo Hatsuwuii  yMOBHO uucmuil  NpuOYmMOK mMa  HAUHUMICYY
cobigapmicmeb KOPMOBOI OOUHUYI mMaA CUPO2O HNPOMeEIHy Malu 3a SUPOUYEBAHHSL
ecnapyemy  NOCIBHO20, — €KOHOMIYHI ~ NOKA3HUKU  GUPOWYBAHHA  ecnapyemy
3aKaKazbKo20 ma NiWaHo20 6udie 3HAYHO nocmynanucs nepuiomy. Haiieuwuil
Koeiyicum eHepeemuyHoi epexmusHocmi ma HauMeHwi 3ampamu eHepeii Ha
BUpoOWy8aHHua 1 MOHHU KOpMOBUX OOUHUYL OMPUMANU HA NOCI6AX ecnapyemy
nocigHo2o copmy Amemucm J{oHeyvKuu.

Kniwowuosi cnosa: ecnapyem nocignuil, 3aKaékazvbkKuil, niwavuil, y00OOpeHHs,
8UCOMA CKOULYBAHHS, eKOHOMIKA, OioeHepeemudta OYiHKda.

Analysis of recent researches and publications. The highest condition for the
accelerated development of livestock production in the country is the creation of a
strong fodder base. This directly affects the ability to increase livestock amount and
its productivity. The reform of agriculture led to a sharp reduction in sown areas
under perennial legumes, which in turn affected the flow of organic matter into the
soil. Insufficient application of organic and mineral fertilizers significantly worsens

of soil fertility, which negatively affects the level of agricultural crops productivity.
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The sowing areas under perennial legumes in farms of some regions of Ukraine
decreased by 3—4 times in recent years and were not more than 5 % in the structure of
sowing areas [1, 2].

Perennial legumes are of particular importance in circumstances when crop
yields are most dependent on climatic conditions. Alfalfa and sainfoin plants
compared to the plants of other crops are less affected by air drought and lack of
moisture in the upper soil layer due to the strong root system that penetrates deep into
the soil [3-5].

Perennial legumes are required growing together with other agricultural crops
because of economic instability in the country, as they have significant advantages
over cereals and contribute to the restoration of degraded arable land, increasing of
soil fertility and reducing of energy consumption [6-8].

Sainfoin is one of the most productive legumes with a high protein content, the
green mass of which exceeds both cereals and some perennial legumes by the protein
content. Sainfoin is an excellent honey plant, which is easily pollinated by bees and
forms a stable seed yield, it does not cause tympany when fed by animals. Hay and
green mass of this culture is rich in mineral salts and vitamins, 1 kg of green mass
contains 65 mg of carotene, up to 60 g/kg of sugar, up to 228 mg/kg of vitamin C,
106 g of digestible protein. The supply of one fodder unit of digestible protein is
196 g.

From 63.4 to 84.6 kg/ha of nitrogen and 19.7 and 26.1 kg/ha of phosphorus
remain in the soil after two years of sainfoin sowing. The total amount of nitrogen
accumulated by sainfoin in the soil after three years of use can reach 140-200 kg/ha.
Therefore, it serves as a good precursor for all crops.

However, despite the significant advantages of sainfoin, the areas under this
crop remain insignificant, especially in the Forest-Steppe zone. One of the reasons for
this state is the undeveloped zonal technology of growing of different varieties of
sainfoin with their economic and energy evaluation. Currently, many scientists have
performed a large number of researches on study the impact of technological
measures, including fertilizer levels, on the formation of productivity and quality of
obtained fodder by sainfoin and on conducting of economic and energy evaluation.
However, there is no consensus on the effect of mineral nitrogen and the height of
grass mowing on the growth and development of different types of sainfoin, and
therefore this question remains open and needs further study. The above determined
the purpose of the research — to study the peculiarities of the formation of yields of
different species of sainfoin depending on the elements of the technology of their
growing in the Northern part of the Right-Bank Forest-Steppe.

Research methodology. Experimental studies were conducted during 2016—
2018 at the research site of the SS of NULES of Ukraine “Agronomic Research
Station” located in Pshenychne village of Vasylkiv district of Kyiv region.

Scheme of the experiment:

Factor A. Varieties of sainfoin

1. Common (Ametyst Donetsky variety);

2. Transcaucasian (Adam variety);
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3. Hungarian (Smaragd variety).

Factor B. Fertilizers, inoculation

1. Without fertilizers and inoculation;

2. N4sPeoKgg + seeds inoculation with rhizotorphine;

3. PgoKgg + seeds inoculation with rhizotorphine.

Factor C. The height of grass mowing

1.5¢cm;

2.10cm;

3.15cm.

Method of sowing — by row, spring coverless. Rhizotorphine was used for
inoculation. Repetition — four times, the area of the sown plot — 80 m? the
accounting area — 50 m’,

The soil of the experimental field is typical low-humus chernozem, in terms of
granulometric composition — coarse-pulverous—and-medium-loamy. The content of
humus (according to Tiurin) in the arable layer is 4.4 %, pH of salt extract — 6.8-7.3,
light hydrolyzed nitrogen (according to Cornfield) — 106-114 mg/kg, mobile
phosphorus (according to Machyhin) — 62-65 mg/kg and metabolic potassium
(according to Chyrikov) — 89-106 mg/kg, absorption capacity — 30.7-32.5 mg-eq
(100 g of soil); soil density in a balanced state — 1.16-1.25 g/cm®; humidity of
steady withering — 10.8 %. These data suggest that field research was conducted in
typical soil-and-climatic conditions for the Northern part of the Right-Bank Forest-
Steppe.

Weather conditions in the years of research, in general, were satisfactory for the
growth and development of sainfoin, but differed from the average long-term
indicators in terms of precipitation and average daily temperatures, according to the
weather station iMetos, located on the territory of SS of NULES of Ukraine
"Agronomic research station" (Fig. 1, 2).
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In all years of the study, the vegetation of sainfoin plants, especially in the
period of formation of cutting ripeness, occurred against the background of
increasing average daily temperatures, often against the background of insufficient
supply of sowings with precipitation.

Insufficient moisture supply against the background of high air temperatures
created difficult conditions for the growth and development of plants and their yield
formation. A significant excess of the average long-term precipitation was observed
only in May 2016 (2.8 times) and in March and June 2018, respectively 2.1 and 1.6
times.

Research results. Several methods which differ in the system of indicators and
methods of their calculation are used for economic evaluation of fodder crops [7-9].
Some of them allow determining the efficiency of production of certain types of
fodders, others — the efficiency of their consumption by animals. The choice of
fodder crops should be based on an assessment of their production.

The main indicators for evaluating of the elements of growing technology of
fodder crops are: yield, production outlet in fodder units and digestible protein,
fodder protein units, dry matter, energy substances from 1 hectare of crops sowing,
direct labour costs, production costs per unit of nutrients, value of gross and net
income per 1 hectare of sowing. The unit cost of nutrients of fodder crop for
determining the value of gross and net income is equalized to the market price of 1 kg
of oats. The indicator of net income allows determining the profitability of cultivation
of fodder crop for the purposes of sale on the market.

Evaluation of economic efficiency of the technology measures offered to the
manufacture demands the complex accounting of agronomic, zootechnical and
economic indicators. The combination of yielding capacity of green mass of sainfoin
and its protein-enriched with high nutrition is of particular importance.

Economic efficiency significantly depends on the application of mineral
fertilizers. It is known that fertilization of fodder crops is a highly effective

agrotechnical measure to increase their fodder and protein productivity. However,
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recently the use of mineral fertilizers has decreased sharply, especially in the sowings
of fodder crops. This is due to the high energy intensity and cost of mineral fertilizers
production, environmental problems connected with their production and use. This
problem is exacerbated by the inability to pay of farms of various forms of
ownership. Therefore, there is a need to optimize the cost of traditional mineral
fertilizers and to use biological nitrogen.

Economic evaluation of the results of field experiments and production
inspections was carried out in accordance with generally accepted methods developed
by the Institute of Grain Management, the Institute of Fodders, the Institute of
Agrarian Economics of UAAS and other research institutions [6, 10, 11].
Conditional-and-net profit, the level of profitability and payback of material costs as
the main criteria of efficiency in the calculations were taken. Profit of 1 ha was
defined as the difference between the cost of obtained products and production
expenses. Production expenses and products costs were calculated according to the
norms and prices used in the Forest-Steppe zone [6, 9].

The calculations of monetary-and-material expenses were performed taking into
account the full mechanization of works according to the economic evaluation. The
expenses for them were calculated according to the technological charts developed in
the process of research. The cost of seeds, fertilizers and fuel was taken at wholesale
prices as of January 1, 2019, 1 ton of fodder units of meadow grass was equated to
the cost of 1 ton of forage grain.

The results of conducted economic research indicate the same expenses when
setting up an experiment with different types and varieties of sainfoin, both with and
without mineral fertilizers application (Table 1). However, economic indicators
differed significantly at the end of the growing season after harvest, because the
productivity of different types of sainfoin changed significantly not only due to the
biological characteristics of the species and variety of sainfoin, but also by their
different reactions to applied mineral fertilizers.

The application of mineral fertilizers had a significant impact on economic
indicators. The highest profitability of sainfoin growing was obtained at common
sainfoin without fertilizers (179 %), which was higher in absolute terms by 47 % than
the application of PgKgy and 3.9 % — under the application of NysPgoKgo. Such
dependence was observed in the prime cost of grown products. The lowest prime cost
of 1 ton of fodder units — 1431 UAH and 1 ton of crude protein — 7291 UAH was
observed at the sowings of common sainfoin in unfertilized areas. A similar
dependence on the application of mineral fertilizers was observed at the sowings of
Transcaucasian and Hungarian species and varieties.

Energy evaluation of formation of sown grass stands of different types of
sainfoin showed that increasing the amount of fodders production and livestock
products is possible under the widespread introduction of energy and resource-saving
technologies in agricultural production, using non-traditional and constantly
renewable energy sources, which reduce its costs for the production of certain
products due to the limited use of traditional non-renewable energy sources in
modern conditions.
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The energy consumption for any crop growing should be several times less than
its content in the yield. However, it may be that the energy consumption for the
technology exceeds the energy collection from 1 ha in the grown products. This is
due to the low crop yields or irrational use of available material resources.

Fodders in the structure of expenses for the production of livestock products
depending on its type are from 50 to 80 %. Any type of fodder is a source of energy
obtained through both photosynthesis and total energy expenses for its production.
The effect of changing of the latter type of energy into the energy of livestock
products serves as a criterion for the evaluation of the energy saving balance.
Therefore, it is no coincidence that a criterion of the evaluation of energy balance
should be along with the criterion of economic evaluation of any technological
process in agricultural production [9, 10].

The most important criterion for the evaluation of the efficiency level of
technological measures of the formation and use of grass stands on hayfields is not
the amount of consumed energy, but the energy capacity of the products caused by its
expenses for 1 ton of fodder units, as well as energy coefficient (EC) and coefficient
of energy efficiency (CEE). The energy coefficient was determined by dividing the
gross energy by the total expenses and the coefficient of energy efficiency — by
dividing the exchange energy by the total energy expenses [9]. Calculations in energy
analysis are performed in a single international unit — joules [10].

According to the performed calculations, the above indicators of energy
efficiency depended on the species composition of sainfoin, fertilizer application and
seeds inoculation (Table 2). As it was established, the output of gross energy, energy
coefficient and coefficient of energy efficiency at the same energy consumption of
10.7 GJ/ha on the sowings without fertilizers were the highest at common sainfoin
and reached 117, 10.9 and 6.3, respectively. The indicators were also the highest
under the introduction of PgoKgg, but with higher values — 141, 10.4 and 5.6 than the
energy indicators on the sowings of Transcaucasian and Hungarian sainfoin.

The application of phosphorus-and-potassium fertilizers and against their
background the application of mineral nitrogen fertilizers serves an important
measure in the technology of sainfoin growing. The application of phosphorus-and-
potassium fertilizers at a dose of PgKgy provides an improvement in all energy
indicators according to the performed analysis of the obtained data. Application of
fertilizers provided the increase in gross energy by 21 %, the output of exchange
energy by 20.9% at the sowings of Common sainfoin compared to the unfertilized
sowings; the same dependence in the Transcaucasian and Hungarian species was
observed with the following indicators, respectively — 25 and 24 % and in
Hungarian — 27 and 27 % compared to the sowings without fertilizers. The
application of additional nitrogen fertilizers significantly worsened the energy
indicators, although the application had a positive effect on the obtaining of a
conditionally net profit. The most important criterion for evaluation of the efficiency
level of technological measures for the formation and use of hayfields is not the
amount of energy consumed, but the energy capacity of products, as well as the
coefficient of energy efficiency.
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The highest indicators of CEE (4.6-6.3) and the least energy-intensive (0.21)
were found in the fodder obtained at the sowings of Common sainfoin under the
application of only phosphorus-and-potassium fertilizers and without mineral
fertilizers at all.

Conclusions. 1. The highest conditionally net profit (13.35 thousand UAH from
1 ha, the level of profitability (129-176%) and the lowest prime cost of fodder unit
(1431-1627 UAH for 1 ton) and crude protein (8.4-7.3 thousand UAH/t) was
obtained at Common sainfoin (Ametyst Donetsky variety); economic indicators of
sainfoin growing of Transcaucasian and Hungarian species were much lower than the
first.

2. The highest energy coefficient of energy efficiency, as well as the lowest
energy consumption for the production of 1 ton of fodder units was determined at the
sowings of Common sainfoin of Ametyst Donetsky variety.
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Annomayusn

Hemuoacs I'. L, /Tuxowmepcm E. C., [lonmopeyvka H. M.
Exonomiuna ma enepcemuuna OUiHKA e€1€MEHMI6 MEXHO102Ii GUPOULYBAHHA
piznux eudis ecnapuyemy ¢ Ilpasobepescnomy Jlicocmeny

Ilpusedenvr  pesynemamel  uccie0o8aHuu,  NO  IKOHOMUYECKOU U
OUOIHepeemu4ecKol OyeHKe BblpaujuBanusl pazIudHbIX U008 Jcnapyema 6
3aeucumocmu om y0oOpeHuUs, blCOMbl CKAWUBAHUS MPABOCMOS, UHOKVIAYUU CEMSH
u gem ucnoavzoganus. OOHOU U3 CAMUX pPACNPACMPAHHEHHBIX 00008bIX KYIbMYp,
0061a0aWuUx BbICOKUM COOEPHCAHUeM NPOMeUHd, AGIAemcs dcnapyem, 3el1eHas
macca KOmopoz2o npesvluiaem no COO0EPHCAHUI0 0Oelka KAk 31aKoevle maKk u
Hekomopvle MHo2oemHue 60606vie mpagvl. OOHAKO, HECMOMPs HA 3HAYUMENbHbIE
npeumywecmea 3cnapyema noo e20 nocesamu OCMaromcs euje He3HauumeabHblMU
ocobenno 6 3one Jlecocmenu. OOHOU U3 NPUYUH D020 ABAAEMC HeOMPadOMAHHAS
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30HANLHAS  MEXHONIO2U  GbIPAWUBAHUS PASTUYHBIX 6UO08 Icnapyema C Ux
9KOHOMUYECKOU U  dHepeemuyeckou  oyenkou. Memoouka  ucciedosaHuil.
OKcnepumenmanvhble UCCIe008anusi npogoounu 6 meyenue 2016-2018 ee. Ha
onvimuom yuyacmxe OIl HYBbull Yxkpaunvl «Aeponomuueckas onvlmuas CMaHyusy,
komopas pacnonodxcena 6 c. lhuenuunas, Bacunvkoeckoeo pationa Kuesckotu
oonracmu. Cxema onvima: Paxmop A. Buowvl scnapyema (Ilocesnoti (copm Amemucm
Loneyxuii) 3axaexazckuii (copm Aoam) Ilecuanwvii (copm H3zympyo). @axkmop b.
Yooopenus, unoxynayus (6e3 yooopenuii u unoxyaayuu, N45P60K90 + unoxynayus
ceman puzomopgunom;, P60K90 + unoxynayus ceman puzomopghurom). @axmop B.
Buvicoma ckawuseanus mpasocmos (5, 10, 15 cm). Cnocob cesa — cmpounbiii,
8eceHHUll 0e3nOKPOBHbIX. J[sl UHOKYIAYUU UCNONb308anu pusomopdun. Bvreoowt.
Yemanoeneno, umo evicokuu ycnogno uucmas npubbiiv U HU3KYIO ce6ecmoumMocmy
KOpMOBOU eOUuHUuybl U Cblpo20 NPOMEUHa UMenU Bblpauju8aHus dCnapyema
NnOCe6H020, IKOHOMUYECKUe NOKa3amenu 8blpauueanus 3Cnapyema 3aKkaska3ckoeo u
necuano2o 8udoe 3HayumenbHo ycmynaiu nepgomy. Camwlii 8blCOKUU KOIDDUyueHm
SHepeemuyeckou  dgexmueHocmu U MajleHbKue  3ampamel  dHepeuu  Ha
gvipawusanue [ MOHHbL KOPMOBbIX €eOUHUY NOAYYUIU HA NOCedax iscnapyema
nocegnozo copma Amemucm J{oneyxuii.

Knwuosi cnosea: ecnapyem nocienutl, 3aKasKkazvbKull, Niwjavuil, y0oOpeHHs,
8UCOMA CKOULYBAHHS, eKOHOMIKA, DioeHepeemuiHa OYiHKa.

Annotation

Demydas H. 1., Lykhosherst E. S., Poltoretska N. M.
Economic and energy evaluation of the elements of growing technology of different
species of sainfoin in the Right-bank Forest-steppe

The results of the research on economic and bioenergetic evaluation of different
types of sainfoin growing depending on fertilizer, grass mowing height, seed
inoculation and years of use were presented. Sainfoin is one of the most productive
legumes with a high protein content, the green mass of which exceeds both cereals
and some perennial legumes by the protein content. However, despite the significant
advantages of sainfoin, the areas under this crop remain insignificant, especially in
the Forest-Steppe zone. One of the reasons for this state is the undeveloped zonal
technology of growing of different varieties of sainfoin with their economic and
energy evaluation. Research methodology. Experimental studies were conducted
during 2016-2018 at the research site of the SS of NULES of Ukraine “Agronomic
Research Station” located in Pshenychne village of Vasylkiv district of Kyiv region.
Scheme of the experiment: Factor A. Varieties of sainfoin (Common (Ametyst
Donetsky variety); Transcaucasian (Adam variety); Hungarian (Smaragd variety).
Factor B. Fertilizers, inoculation (without fertilizers and inoculation; NgsPeKgo +
seeds inoculation with rhizotorphine; PgKg + Seeds inoculation with rhizotorphine).
Factor C. The height of grass mowing (5, 10, 15 cm). Method of sowing — by row,
spring coverless. Rhizotorphine was used for inoculation. Conclusions. It was found
that the highest conditionally net profit and the lowest prime cost of fodder unit and
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crude protein were obtained under common sainfoin growing, economic indicators of
growing of Transcaucasian sainfoin and Hungarian sainfoin were much lower than
the aforementioned. The highest energy efficiency coefficient and the lowest energy
costs for growing of 1 ton of fodder units were obtained on the sowings of common
sainfoin of Ametyst Donetsky variety.

Keywords: common sainfoin, Transcaucasian, Hungarian, fertilizer, mowing
height, economy, bioenergy evaluation.
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ICTOPUYHI ACIIEKTHU, MOP®OJIOI'O-BIOJIOTTYHI TA
AT'POTEXHOJIOT'TYHI OCOBJIMBOCTI BUPOIIYBAHHS COPTIB
TIOJBITAHIB (TULIPA L.) 3 METOIO NIOJAJIBIIOI'O BUKOPUCTAHHSA
B O3EJIEHEHHI

B. B. IOJIII YK, ooxmop cinbcorococnooapcokux Hayk
JI. B. KAJIKOKHA, cmyoenmxa
YMaHCbKHM HAIIOHAJILHUN YHIBEPCUTET CaliBHUI[TBA

3oiticneno oyintosanns 50 inmpooykosanux ecenomunis mionvnana ( TULIPA L.)
6 ymoeax Ilpasobepescnozo Jlicocmeny Yxpainu, a came: rageoporw caooso-
napxogoeo e2ocnooapcmea Ymaucoxoco HYC 3a epynamu, xnacamu, oOe
npeocmaesieHo pi3Hi COpmuU, 8 OCHOBHOMY IHO3EMHOI celeKkyii, 3a 0eKopamueHUMU
B1ACMUBOCMAMU ~ MA  OCHOBHUMU  20CNOO0APCHKO-0I0NI02IYHUMU — O3HAKAMU — MdA
3epynosano 'y konexyito. Ilpogedeno ma y3acaibHeHO NOKA3HUKU CHIOCOBHO
Genonociunux Gaz pozeumxy iHMpPOOYKOBAHUX POCIUH V PO3PI3i OKpeMux copmie
MIOILNAHI8 MA 8 CepeOHbOM) 34 pPOoKamu 0ocaiodxcens. Hasedeno Kopomky
azpobionociuny ma 0eKopamueHy XapaxKmepucmuxy KOAEeKYIUHUX COPMO3pa3Kié 8
ymosax Ilpasobepescnoeo Jlicocmeny Vkpainu, ki 6KioueHo 6 nNOOAnbULL
00CNIONCEHHS WO0O0 BUPOWYBAHHS MA DPO3ZMHONCEHHS NEPCHeKMUBHUX COPMIE.
IIposedeno nonvosi cnocmepedicents HA CMIUKICMb PIZHUX COPMIE MIOIbNAHY 00
cipoi enuni 6 ymosax Jlicocmeny YKpainu 1 6UOKpDEMIEHO, WO VPAICEHICMb
00CTIOIAHCYBAHUX 2eHOMUNIE 0YIA HA HUZLKOMY 1 0Yce HU3bKOMY DIGHI, He 38adiCaioyu
HA KOHMPACMHI YMOBU DI3HUX POKIB O0CHIONCEHHS.

Knrouoei cnosa:mionvnanu, 2eHomun, 0eKOpamusHi 61aCmuoCmi, 00CIi0HCEeHHS,
IHMPOOYKYIs, X60pOOU.

IMocranoBka npoo6Jemu. Tronbman (Tulipa L.) — mae 6imu3bko 140 BumiB, ski
BUpoOIIyBaluch y naBHi dacu y Cepenniit Asii. Ileprii BiZOMOCTI MpO THOJIBITAHU
syctpivarotees B Ilepcii. Ciin 3a3HauuTH, 10 Y TAPKUKIB, MOBA SIKUX HAJIEKUTDH 0
1paHCBHKO1 TPYIH MOB, ICHYE IOPIYHE CBATO TIONbMaHiB — Caiipu nona. HuHi Bakko
JOCIITUTH, SIKI CaMe BUIM CTAJU MPEIKaMu NEPIINX OKYJIbTYPEHHX POCIWH, OJTHAK,

102





