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OILSEED RADISH - VALUABLE CROP OF A WIDE RANGE USE

The article highlights the national economic significance of the oilseed
radish culture (Raphanus sativum d. Var. Oleifera Metrg.) in various industries:
animal husbandry, plant growing, beekeeping, medicine, cosmetics, food and
technical industry. The biological characteristics of a culture rich in vitamins,
macro- and microelements are described. 100 kg of green mass of oil radish contains
12-16 feed units, 12-14 % dry matter, 26—-29 % crude protein, mineral compounds
(sulfur, phosphorus, calcium, carotene). Post-harvest crops form up to 30 t/ha of
high-protein mass, which is fed to all types of animals and poultry in mixtures with
cereals — oats, corn, Sudanese grass. It is an excellent green manure for improving
physical properties of the soil, reducing disease damage, which has a positive effect
on the productivity of subsequent crops.

The oil radish is a well-known cruciferous plant. It is a valuable organic
fertilizer with unique properties. Helps prevent soil depletion after crops that extract
useful components in their development. Natural fertilizers from green manure —
annual crops sown to improve the soil — are becoming more widespread. And not
only among gardeners and owners of small and medium-sized farms, but also in
agricultural holdings, that is, in those who position their products as
"environmentally friendly". At least for the reason that chemically synthesized
nitrogen fertilizers are not used in the cultivation of products, preferring to obtain
them from green manure. A worthy and unpretentious representative of which, olive
radish, occupies a significant place among green manure crops.

The introduction of ecologically compliant, high-yielding varieties
contributes to an increase in the areas of oil radish sowing. Recommended new
varieties are included in the State Register of Plant Varieties Suitable for
Distribution in Ukraine in 2021.

The main problems in the technology of growing oil radish with the aim of
increasing seed and fodder productivity have been identified. It is indicated that

© Hereshko H. S., Voloshchuk I. S.,
Voloshchuk O. P., Hlyva V. V.,
Bilonizhka Kh. V., 2021
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oilseed radish does not require special costs and complex cultivation technology.
The best predecessors for it are: winter wheat, winter barley, corn, cereal-legume
mixtures for grain, vegetables and intermediate cultures. You cannot sow it after
cabbage crops. Depending on the use, this crop can be sown early and late at
different seeding rates and a system of basic and additional fertilization. Modern
methods of harvesting provide full mechanization of all processes and in a short
time allow you to harvest with minimal losses while maintaining high quality seeds.

Key words: oil radish, variety, feed productivity, nutritional value, cultivation
technology.

Iepemiko I'. C., Boaxomyxk I. C., Boromyx O. II., I'nuBa B. B,
Binonixka X. B.

IacTuTyT cinmbepkoro rocrnonapersa Kaprnarcekoro periony HAAH

Peabka odifina — HiHHA KYJBTYpPa IIMPOKOI0 CIIEKTPY BUKOPUCTAHHS

Bucsitieno HapogHOrocmomapchke 3HAU€HHS KyJIbTYpH PEObKH OJIiHOT
(Raphanus sativum d. var. oleifera Metrg.) y pi3HHX ramy3six BHKOPHUCTaHHS:
TBApUHHHITBI, POCIMHHUITBI, O KUIFHULITBI, MEAWIMHI, KOCMETHUII, XapyoBili Ta
TeXHI4HiH mpomucioBocTi. OmucaHo 0i0aoriyHI 0cOOMUBOCTI KyIbTYpH, IO Oarara
BiTaMiHAMH, Makpo- Ta MikpoenemMeHTaMu. Y 100 Kr 3e1eHoi MacH penpKu OJiifHOT
Mmictutbes 12-16 k. 0., 12-14 % cyxoi pedoBuHu, 26-29 % cuporo mHpoTeiny,
MiHepalIbHI CTONyku (cipka, docdop, kambuiil, kapotun). [licasKHUBHI TOCIBH
¢dopmytoTh 10 30 T/ra BUCOKOOLIKOBOT MacH, SIKY 3TOZOBYIOTh BCIM BHJIaM TBapHH i
NTHILI B CYMIIIKaX i3 3JAKOBUMH — BIBCOM, KyKYpYyI3010, CyJaHChKOIO TpaBorw. BoHa
€ YyJOBUM CHJEpaToM JUIs MOJIMIIeHHS (Ii3UYHUX BIACTUBOCTEH IPYHTY,
3MEHIIEHHs ypaKeHHs XBOpoOaMu, IO TTO3WTHBHO BIUIMBA€ HAa IPOTYKTHUBHICTH
HACTYITHUX KYJIBTYP.

Penpka omiliHa — Bimoma pocirHa ciMeiictBa XpecToupitux. BoHa € miHHIM
OpraHiYHUM [IOOPWBOM 3 YHIKaJbHUMH BIACTUBOCTSAMH. Jlomomarae 3amolirtu
BUCH@KCHHIO IPYHTY IICIS KYJIBTYp, SIKI BHHOCSATH KOPHUCHI KOMIIOHEHTH IIpH
CBOEMY pO3BUTKY. [IpupomHi moOpuBa 3 cuAepaTiB — OIHOPIYHMX KYJBTYp, IO
BHUCIBAIOTHCS IS TOJIMIIEHHS IPYHTY, OTPHUMYIOTh Bce Oinblie moummpeHHs. | He
TINIBKY B CaJiBHUKIB, TOPOJHUKIB Ta BJIACHUKIB HEBEJHMKHUX 1 cepeHiX GpepMepchKuX
TOCHOJAPCTB, ale 1 B arpoXOJOHHTax, TOOTO B THX, XTO IIO3HIIOHYE CBOIO
MPOIYKIIIO K €KOJIOTIYHO YHCTy. X04a 0 3 Ti€l MpU9IHHY, O10 HEe 3aCTOCOBYIOTH MiJI
BUPOILYBaHHA MPOAYKIi XiMIiYHO CHHTE30BaHi a30THI J0OpHBa, BBAXAIOUH 3a
Kpalle OTpUMYBaTH iX 3 CHJeparTiB, TITHUH 1 HEBHOATTIHMBUH NPEACTABHUK SKHX —
penbka olniiiHa — 3aliMae B psly CHACPATEHHUX KYJIBTYP BaroMe Micle.

BripoBa/pkeHHs €KOJIOTIYHO TUIACTHYHUX, BUCOKOBPOXKAHHUX COPTIB CIIpHUsie
301BIICHHIO TUTOI TTOCIBIB peAbKH OJiiiHOI. PeKOMEHI0BaHO HOBI COPTH, BHECEHI
10 JlepkaBHOTO PEECTPY COPTIB POCIMH, NPUIATHHUX ISl MOLIMPEHHS B YKpaiHi y
2021 p.

BusnavueHo 0CHOBHI Mpo0IeMH B TEXHOJIOTIT BUPOIYBaHHS PEABKH OJIHHOL
JUISL TIiBUINEHHS HACiHHEBOI 1 KOPMOBOi HPORYKTHBHOCTI. Bkaszano, mo penpka
oniifHa HE BHMarae OCOONMBHX 3aTpaT 1 CKJIAJHOI TEXHOJOTil BHPOIIYBAaHHSI.
Kpauimu nonepeqHukaMu JUtst Hei €: MIISHUIS 03UMa, TYMiHb 03UMUI, KyKypya3a,
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371aKOBO-0000B1 CyMIIIKM Ha 3€pHO, OBOYEBI i MPOMDKHI KyibTypu. He moxHa ii
CISTH MICIA KaIyCTAHUX KYJIbTYp. 3aJIEKHO BiJl BAKOPUCTAHHS LIO KYJIBTYPY MOXKHA
CISITH B paHHI 1 Mi3HI CTPOKH 3a PI3HUX HOPM BHCIBY HACIHHS Ta CHCTEMH OCHOBHOTO
i momatkoBoro ymoOpenHs. CydacHI MeToqu 30MpaHHS BpOXAK0 3a0e3NedyroTh
MOBHY MEXaHi3aIlilo YCiX IpoIeciB Ta B KOPOTKHH TEpPMIiH JalOTh MOXKIHBICTH
3i0paTn BpoXkaif 3 MiHIMAaIFHUMH BTpaTaMy, 30epiralouy BUCOKY SIKICTh HaCiHHS.

KmiouoBi cioBa: pexpka omiifHa, cOpT, KOpMOBa IIPOJYKTHBHICTb,
MOXXHBHICTh, TEXHOJIOT1S] BUPOIIYBAHHS.

Oil radish (Raphanus sativum d. var. oleifera Metrg.) has long been
considered a rare crop. However, from the mid-70's it began to be used as a
valuable spring crop, which provides the production of green and
concentrated feed, technical oils, meal and cake. At present, the area under
oil radish in the world reaches more than 200 thousand hectares. [1, 14].

Its green mass contains many vitamins, macro- and microelements,
100 kg of green mass contains 12-16 feed units, 12—14% of dry matter, 26—
29% crude protein, rich in mineral compounds (sulfur, phosphorus, calcium,
carotene). Even in post-harvest crops it forms up to 30 t/ha of high-protein
mass, which is fed to all species of animals and poultry in mixtures with
cereals — oats, corn, Sudanese grass [9].

Oil radish is a well-known plant of the cruciferous family. It is not
suitable for food, however, vegetable growers consider oil radish a valuable
fertilizer. In addition to being a green manure with unique properties, it
serves as a forage crop and honey plant. It is grown on private premises and
farms. Helps prevent soil depletion after vegetable crops, which carry out
useful components from the soil.

Fans of culture are supporters of organic farming, which does not
involve the use of chemicals in the areas.

Natural fertilizers from green manures — annual crops sown to
improve the soil — are becoming more common. And not only for gardeners
and owners of small and medium-sized farms, but in agricultural holdings,
ie those who position their products as "environmentally friendly". At least
for the reason that chemically synthesized nitrogen fertilizers are not used
for growing products, preferring to get them from greens. A worthy and
unpretentious representative of which, radish oil, occupies an important
place in a number of green manure crops.

This crop is an excellent green manure to improve the physical
properties of the soil and reduce disease spread, which has a positive effect
on the productivity of subsequent crops. The positive features include its
precocity, high reproduction rate, mechanization of all cultivation
processes. It can give high yields at different sowing dates — from early

10
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spring to the second half of August. Radish seed productivity is high — 2.0-
2.5 t/ha [15, 23].

The oil content in the seeds is 40-50, in the cake — 10%. The protein
content in the seeds is up to 37% and it is balanced by all essential amino
acids. The oil content in the seeds and its quality depends on the type,
characteristics of the variety, fertilizer, water regime, soil and other
conditions. Crucial in increasing the oil content in the seeds is the
introduction of high-oil varieties and hybrids and the use of a perfect seed
system [13, 21].

In addition to agronomy, oil radish is in demand in cooking as a
product for vitamin dishes, the leaves of which soaked in water are
excellent basis for salads. Green shoots can be added to borshch, they
contain ascorbic acid, which saturates dishes with vitamin C. The radish
seeds contain unique essential oils that allow you to get enriched vegetable
oil from the culture, but the process is too time consuming. In terms of taste
and nutritional characteristics, radish oil is similar to cedar and consists of
99% fat. It is considered a low-calorie and dietary product, goes well with
vegetables and greens. It can be used for season porridge and cold salads.
Radish leaves should not be over-consumed, they contain glucosides that
can cause poisoning [19].

Essences derived from radish are the basis for the production of
medicines. They are mainly used for the manufacture of vitamins. Herbal
preparations are prepared from the green mass, which has a calming effect.
Leaf-based drinks relieve stress and headaches [16].

In cosmetics, essential mixtures derived from radish oil are added to
massage oils, and emulsions have a relaxing and lightly warming effect [12,
32].

In order to ensure Ukraine's energy strategy towards the
development of non-traditional energy sources, radish oil can be considered
as a promising raw material for biofuel production with a yield of 0.5 t/ha at
sowing rates of 1.5 and 2.0 million seeds/ha and application of mineral
fertilizers — NgoPsoKeo. Anti-corrosion emulsion is made from oilseed radish
[17, 26].

Oil radish is a recognized honey crop. Its main advantages are long
flowering (up to 30 days) and the release of nectar in cool weather. Honey
harvest is carried out in early spring and mid-summer, when other honey
crops have bloomed. The nectar content of sucrose, fructose and glucose is
20%. Honey has a strong aroma and high medicinal properties [30].

In ecological terms, it easily adapts to different climatic conditions.
It grows quickly, develops a large root system and leaf mass, which makes
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it possible to reduce the dose of organic and nitrogen fertilizers. Able to
grow on heavy, clay soils increasing their fertility. If not mowed before
winter, it can hold back snow and prevent the soil from freezing. Due to the
characteristic odor of essential oil, prevents the reproduction of pests in the
soil — nematodes, wireworms, increases the number of earthworms and
useful microorganisms [29, 34]. Resistant to cold, drought and high
humidity. Tight closure of crops reduces weed growth. Continues
vegetation at +5 ... + 6 °C, is not afraid of frosts to minus 4 °C. Well-
developed plants are able to tolerate temperatures down to minus 7 °C [10].

During spring sowing the vegetation period averages 60 days, during
summer sowing — 15 to 20 days shorter. To achieve forage maturity, the
sum of positive temperatures is 600-700 °C, and for seed maturation — about
1200 °C. Radish oil is a culture demanding of moisture, because its root
system is located in the surface layers of the soil. Temporary droughts
reduce the yield of green mass due to poor branching of plants, remain short
and poorly leafy. Excessive soil moisture also negatively affects the
productivity and quality of products grown [5].

Among the main factors influencing the demands of producers to
increase the area under crops is the introduction of environmentally
friendly, plastic, high-yielding varieties. The varietal assortment of oil
radish in the State Register of Plant Varieties Suitable for Distribution in
Ukraine in 2021 is represented by the following varieties: Rainbow (oil),
Lybid (fodder), Kyianochka (green manure, fodder) (originator — National
Botanical Garden named after M. M. Gryshka of the National Academy of
Sciences of Ukraine) and Zhuravka (oil, fodder) — originator is
Precarpathian State Breeding and Research Station of the Institute of
Agriculture of Carpathian region of NAAS [18].

From a technological point of view, oilseed radish does not require
special costs and complex cultivation technology. The best precursors for it
are winter wheat, winter barley, corn, cereals and legumes for grain,
vegetables and intermediate crops. It cannot be sown after cabbage crops
[31].

In the early stages of sowing and depending on the predecessor,
tillage includes: plowing to a depth of 22-28 cm, leveling the surface,
cultivation to a depth of seed wrapping and rolling. In late tillage in autumn
or early spring, plowing is replaced by surface tillage with heavy disc
harrows in 2-3 tracks to a depth of 8-10 cm, then level the field surface and
roll [8, 25].

The method of oilseed radish sowing for green fodder is the usual
row sowing with a row spacing of 15 or 30 cm. The sowing rate in pure
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sowing is 2-3 million seeds/ha (16-20 kg), in mixtures — 4.1 million oat
seeds/ha (120-140 kg) + radish 1-2 million seeds/ha (8-16 kg). Oilseed
radish is sown at an earlier date. The method of sowing is the same as when
growing it for green fodder. Seed wrapping depth is 2—4 cm. In order to
accelerate seed propagation in seed nurseries, it is sown by a wide-row
sowing method (45-70 cm) with a sowing rate of 4-5 kg/ha. Wide-row
sowing has a number of advantages, because in wide rows the plants do not
lie down, more beans are formed, seed yield increases; it is possible to carry
out 1-2 interrow cultivations with simultaneous hilling at the last
processing. The system of basic and additional application of fertilizers can
affect crop productivity and product quality. Depending on the fertility of
the soil, the rate of organic and mineral fertilizers application under the
main tillage is 40-60 t/ha and Neo-120P40-60Ka0-60. ONn the background of
organics, the rate of mineral fertilizers is reduced by half [3, 4, 6, 7, 11, 20,
22,27, 28, 33]. Crop care consists of pest and disease control, which is used
in winter rapeseed crops. Radish oil is damaged by cruciferous fleas and
rapeseed cauliflower, treatment of which is carried out in case of
appearance: fleas — by the plant germination, against the cauliflower —
during budding. If in the pre-emergence period a soil crust is formed, it is
destroyed by harrowing with rotary hoes. On wide-row crops, 2-3 loosening
of interrows is carried out [2].

The final and most responsible technological moment of growing
plant products is harvesting. Harvesting of radish for green mass begins in
the budding phase — the beginning of flowering, for silage — when tying the
pods. For intensive regrowth of plants in crops, the height of the cut for
multi-use is not less than 6-8 cm. The timing of harvesting the seeds
depends on the timing of 70% drying of the pods. Collection is carried out
both by direct combining and separate at yellowing of pods in the middle
part of the central and lateral stalks. Modern methods of harvesting provide
complete mechanization of all processes and in a short time make it possible
to harvest with minimal losses, while maintaining high seed quality. The
two-phase method is more suitable for harvesting seeds, when the radish is
cut into rolls and the seeds in the pods should be light brown. Pods do not
crack, so you can not hurry with the harvest and choose dry sunny weather
[24].

Conclusions. In the soil and climatic conditions of the Western
Forest-Steppe with sufficient rainfall, low natural soil fertility, oilseed
radish is a valuable fodder and green manure crop. By introducing new
varieties into agricultural production and producing a sufficient number of
basic seeds, it is possible to expand the area under crops in the region,
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which will improve the physical properties of the soil for future crops,
increase green manure and feed production.
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INFLUENCE OF SOIL TREATMENT

AND FERTILIZATION SYSTEMS

ON THE NUTRITIONAL REGIME OF GRAY FOREST SOIL
AND PRODUCTIVITY OF SHORT-ROTATION CULTIVATION

The influence of the systems of basic tillage and fertilizer on the formation
of the nutrient regime of gray forest soil in the conditions of four-field grain-row
crop rotation is investigated.

It was found that the use of N120PgoKgo on the background of plowing at 20-
22 ¢cm under wheat in the intensive fertilizer system promotes the accumulation of
the content of light hydrolysis nitrogen 16.1 mg/100 g of soil, 14.3 and 11.7 mg/100
g of mobile forms of phosphorus and potassium, and the combined application of
half doses of mineral fertilizers (NsoPsoKoo), by-products — the straw of precursor in
the alternative provides these values at the level of 14.6, 13.2 and 11.4 mg/100 g

Application of an intensive fertilizer system for maize with N120PgoKoo + 40 t
of manure on plowing backgrounds at 25-27 cm promotes accumulation in 0-20 cm
layer of alkaline hydrolysis nitrogen at the level of 16.6 mg/100 g of soil, mobile
forms of phosphorus and potassium, respectively 15.2 and 14.1 mg/100 g, and the
use of an alternative system with a combination of NsoP40K4o + 40 tons of manure +
post-harvest products + green manure provides 14.8, 13.9 and 12.6 mg/100 g of
available nutrients. During chiselling, the studied indicators acquire values: 17.9,
16.5, 14.0 mg/100 g of soil, respectively, according to the values of alkaline
hydrolysis nitrogen, mobile forms of phosphorus and potassium with an intensive
fertilizer system and 16.4, 14.9, 13.1 mg/100 g of soil with an alternative system.

It is investigated that content of mobile forms of nitrogen, phosphorus and
potassium in fodder bean crops in 0-20 cm layer was formed at the highest
concentration level during plowing by 14-16 cm when applying to the crop both

© Kachmar O. Y., Vavrynovych O. V.,

Shcherba M. M., Saveryn 1. V.,
Taravska O. V., Vovk A. L., Kotyk Z. O., 2021
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N3oP70K70 and P3oKso + straw of stubble precursor and oilseed radish grown after
crops of oats. With a combination of such agrotechnical factors, the content of
alkaline hydrolysis nitrogen was 15.1, available to plants forms of phosphorus 13.6
and potassium 13.0 mg/100 g of soil.

Disking on 10-12 cm under oat crops provides formation of indicators of
alkaline hydrolysis nitrogen at the level of 15.22 at intensive and 13.8 mg/100 g of
soil at alternative system of fertilizer, mobile phosphorus of 12.6 and 11.9 mg/100 g
of soil, respectively, mobile potassium: 12.7 and 11.8 mg/100 g of soil.

Application per hectare of arable land of crop rotation area Ng3P7sK7s + 10
t/ha of manure (intensive fertilizer system) forms higher values of crop rotation
productivity with grain yield at the level of 3.36, fodder units 23.41 t/ha, digestible
protein 1.66 tons.

Key words: tillage, fertilizers, nutrient regime, crop rotation productivity.

Kaumap O. WM., Bappunosuu O. B., Illep6a M. M., Cagepun 1. B.,
Tapascbka O. B.

IacTuTyT cimbepkoro rocrnonaperBa Kaprnarcekoro periony HAAH

Bosk A. 1., Kotuk 3. O.

Harmionansauit yHiBepcureT «JIpBiBCbKA MOMITEXHIKAY

Bnaue cucreM o0podiTKy IPpyHTY ii y100peHHSI HA MOKUBHHIl PeXMM
ciporo J1icoBoro rpyHTy i IpoAyKTHBHICTH KOPOTKOPOTALiifHOT cCiBO3MiHM

JlocIikeHO BIUIMB CHCTEM OCHOBHOTO OOpOOITKY I'PYHTY Ta yAOOpEHHS Ha
(hopMyBaHHS ITOKHUBHOTO PEXHUMY CIPOTO JIICOBOTO IPYHTY B YMOBaX YOTHPHILIEHOT
3epHO-TIPOCAINTHOT CIBO3MIHH.

BcranoBneHo, 1o 3actocyBaHHs Ha (oHax opaHku Ha 20-22 cM Tin
mireHuIro N120PooKeo B IHTEHCHBHIN cHCTeMi ymOOpEHHs CIpHs€ HAKOTUYCHHIO
16,1 mr/100 r rpyHTY BMICTy JETKOTiApOmi3HOro a3oty, 14,3 ta 11,7 mr/100 r
pyxomux ¢opm ¢ocdopy i Kadiro, a CyMiCHE BHECEHHs IOJIOBHHHUX JI03 MiHEpab-
HIX 106puB (NsoPooKgo), mobiuHOT MpoayKmii — colOMH HOMEpeaHNKa B albTepHa-
TUBHIH 3a0e31euye BeIMUMHY IUX 3Ha4eHb Ha piBHi 14,6; 13,21 11,4 mr/100 r.

3acTocyBaHHsl MiJ KyKypyA3y IHTGHCHBHOI CHUCTEeMH YIOOpEeHHS 3
BHeceHHSIM  N120PooKgo + 40 T rHolo Ha ¢doHax opaHku Ha 25-27 cMm crpuse
Hakonn4eHH!o y mapi 0-20 cM myxHOriaponizHoro a3oty Ha piBHi 16,6 mr/100 r
IPYHTY, pyXoMux ¢opMm ¢ocdopy i kamiro — Bigmosigro 15,2 Ta 14,1 mr/100 1, a
BHUKOPHCTAHHS aJbTePHATHBHOI cHcTeMu 3 koMOiHyBaHHIM NsoP10Kao + 40 T raoro
+ MmiCIsHKHWBHA MPOAYKIiA + cuaepar 3abesneuye 14,8; 13,9 # 12,6 wmr/100 r
JOCTYIHHX €JIEMEHTIB JKUBICHHSA. 3a MPOBEACHHS YH3CTIOBAHHS JOCIIKYBaHi
MOKa3HUKN HaOyBaroTh 3HavyeHb: 17,9; 16,5; 14,0 mr/100 r rpyHTY BiAMOBigHO 3a
BEJIMYMHAMH JTY)KHOTIIPOJII3HOTO a30Ty, pyxoMux dopMm ¢ocdopy i kamito mpu
iHTEeHCUBHIN cucremi ymobpenns i 16,4; 14,9; 13,1 wmr/100 r rpyHty npu
aNbTePHATHBHIH cCHCTEM.

HocnimxeHo, 1o BMicT pyxomux ¢GopM a3oty, Gocdopy i kaiito B mociBax
0006iB kopmoBHX y twracTi 0—20 cM (opMmyBaBcs Ha BHIIOMY KOHICHTpaIlifHOMY
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piBHi 3a opaHku Ha 14—16 cM npu BHeceHHi mig KyabTypy sk N3oP70K7o, Tak i P3oKso
+ coloMa CTEpHHOBOTO TIONEpEeTHHKAa Ta peIpKd ONIHHOi, BUPOIIYBAaHOI B
MICISHKHUBHUX MOCiBax BiBca. 3a KOMOiHAIi TaKUX arpoTeXHIYHUX (aKTOPiB BMICT
JY>KHOT1IPOJTI3HOTO a30Ty CTaHOBUB 15,1, moctymHux pociuHaM (opm dochopy —
13,6 1 kamiro — 13,0 mr/100 r rpyHTY.

JuckyBanus Ha 10-12 cMm mig mociBu BiBca crpusie (HOpPMyBaHHIO
MOKA3HMKIB JIY)KHOTIJPONI3HOTO a30Ty Ha piBHI 1522 mpum iHTeHCUBHIN I
13,8 mr/100 r rpyHTY IipH aJbTepHATHBHIH cucTeMi ynobpenHs, pyxomoro dochopy
Bianosiano 12,6 i 11,9 mr/100 r rpyury, pyxomoro kamiro: 12,7 # 11,8 mr/100
IPYHTY.

3acTtocyBaHHs B pO3paxyHKy Ha rekrap pimti ciBo3Minnoi o NasP7sKzs +
10 T/ra THOIO (iHTEHCHBHa cHcTeMa ynoOpeHHs) GoOpMye BHINI 3HAYCHHS
HNPOAYKTHBHOCTI CIBO3MIHH 3 BHXOJOM 3€PHOBUX OJMHHIL Ha piBHI 3,36, KOPMOBUX
onuHUIB — 23,41 T/ra, mepeTpaBHOrO NpoTeiny — 1,66 T.

KmrouoBi cioBa: 00poOiTOK IpyHTY, yIOOpEHHS, IIOKHBHUH pPEXHM,
MPOJTYKTUBHICTH CIBO3MIHH.

Introduction. Substantiation of highly efficient competitive in
modern conditions systems of basic tillage, focused on domestic complexes
of tillage tools, which provide high yields of crops on farms of various
organizational and legal forms, contribute to maintaining soil fertility and
stabilizing the ecological balance in agricultural landscapes is an important
and urgent task of agricultural science [4, 7, 9].

Tillage in crop rotation remains one of the determining factors of
impact on the soil environment, a radical way to regulate its physical
properties, water regime, a restraining factor in the development of weed
resistance to herbicides, a mean of managing microbiological and
agrochemical processes, soil protection measures [3, 5-7 11-13, 15, 19, 31].

Studies conducted by both Ukrainian [2, 4, 6, 10] and foreign
scientists [14, 16-18, 20-31] show that in the development of tillage systems
remains a range of issues, in particular on methods, depth, periodicity of
carrying out technological operations, the level of wrapping of organic
fertilizers and by-products of crop production, the choice of ways to achieve
a soil protection effect, creating conditions for maximum sequestration of
atmospheric carbon dioxide in soil organic matter.

Of particular relevance is the task of rational combination in crop
rotation of different depths of plowing and surface and shallow shelfless
operations. Studies have shown that intensive mechanical tillage activates
mineralization processes, accelerates the decomposition of organic matter,
deteriorating agrophysical properties, which leads to the development of
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erosion processes and deterioration of the ecological situation [1, 8]. On the
other hand, unreasonable replacement of plowing by dumping methods,
reduction of its depth, or transition to no-till technology is not always
justified both in view of the level of crop productivity and ecological
balance in the soil. To a large extent, this applies to soil and climatic
conditions of the Carpathian region, in particular a range of soils of heavy
particle size distribution, wetlands, as well as low-humus, with shallow
arable horizon [2, 3].

In modern conditions, research on the impact of tillage technologies
on its nutrient regime and crop yields is gaining great importance. Many
scientists have found that in unstable weather conditions in periods with low
rainfall and low soil moisture, surfacial or shallow tillage reduces the
effectiveness of organic and mineral fertilizers. Under such conditions, a
layer of soil with higher moisture reserves and greater return of fertilizer
complexes is formed during plowing [3, 13, 29, 32].

Materials and methods. Experimental studies were carried out in
the conditions of long-term stationary field two-factor experiment of the
Institute of Agriculture of the Carpathian region of NAAS, laid on gray
forest surface gleyed coarse-grained light loamy soil by the method of split
areas. Variants of the first order — tillage systems, the second order —
fertilizers. The placement of options is sequential, repeated three times.

Four-crop rotation: fodder beans — winter wheat — corn for silage —
oats. The mastering of crop rotation was carried out successively in three
fields. Crops of the following varieties were grown in the crop rotation:
winter wheat — Benefis, oats — Ant, corn — Transcarpathian dentate, fodder
beans — Pikulovytski. The scheme of the experiment is presented in Table 1.

Plowing was carried out with a plow PN-4-40, chisel cultivation —
with chisel PCh-2.5, disking — using disk tools BDT-3, pre-sowing tillage —
with unit "Europack”, pre-sowing rolling — rollers 3 KK-6. Chemical
treatment was carried out by applying the herbicide Roundup. To protect
crops from weeds used: for winter wheat — tank mixture Grodil Maxi +
Zenkor in autumn in the tillering phase, for fodder beans — pre-emergence
drug Dual Gold, for oats — Granstar in tillering phase, for corn — MaisTer
Power in phase of 5-7 leaves.
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Phenological observations on plant growth and development were
conducted according to the methodology of the State Commission for
Variety Testing. Determination of light hydrolysis nitrogen was performed
by the method of Cornfield according to DSTU 7863:2015; mobile forms of
phosphorus and potassium — according to Kirsanov using to DSTU 4405:
2005.

Crop vyields were analyzed at the state of technical maturity by the
method of continuous collection of accounting plots in terms of standard
humidity and purity of each variant, the calculation of crop rotation
productivity in grain and fodder units was performed on the yield of basic
products per 1 ha of arable land.

Research  methods:  field, laboratory, comparative-rated,
mathematical and statistical.

Results and discussion. An important factor in increasing the
production process of crops and an environmental indicator of soil fertility
is the nutrient regime, which largely depends on farming systems, organic
matter content, direction of biological processes [10, 20, 31].

Therefore, research aimed at establishing the impact of tillage
technologies and fertilization systems on the dynamics of mobile
compounds of nitrogen, phosphorus and potassium as the main nutrients of
plants is important.

Studies conducted in a stationary experiment under winter wheat
found that the highest values of mobile forms of basic nutrients, according
to four-year average data for the period 2016-2017 and 2019-2020, were
formed on the options of intensive fertilizer system when applied directly to
wheat Ni20P90Kgo (Table 2). Thus, when plowing at 20-22 c¢m, the content
of light hydrolysis nitrogen was at the level of 16.1 mg/100 g of soil, mobile
forms of phosphorus and potassium, respectively 14.3 and 11.7 mg/100 g in
the arable soil layer. The use of an alternative fertilizer system with the
application of half doses of mineral fertilizers (NsoPgoKgo) on the
background of by-products — the straw of predecessor provided lower
nutrient levels. In terms of nutrients, they were 14.6, 13.2 and 11.4 mg/100
g, respectively, of mobile forms of nitrogen, phosphorus and potassium. The
same patterns were observed on other backgrounds of basic tillage.
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2. Nutrient regime of soil under winter wheat, mg/100 g of soil, average
for 2016-2017, 2019-2020

No | Variants of the experiment Soil N | POs | K0
var. treatment fertilizer Iag/nir, mg/100 g of soil

0-20 16,1 143 11,7

! plowing NizoPooKeo ™56720 | 129 11,3 9,3

5 20-22 cm NsoPgoKao 0-20 14,6 13,2 114

+ bp 2040 11,6 9,6 8,3

0-20 16,7 14,7 12,3

3 disking NizoPooKeo 5020 | 12.7 11,2 9,0

4 10-12 cm NsoPgoKao 0-20 15,2 13,6 11,8

+ bp 20-40 11,1 9,3 8,0

0-20 16,8 14,8 12,1

> chemical NizoPooKeo 2040 | 122 11,2 8,9

6 treatment NsoPgoKao 0-20 14,9 12,7 11,5

+ bp 20-40 10,9 9,1 8,0

The analysis of the impact of tillage technologies on the nutrient
regime showed the advantages of disking by 10-12 cm and herbicide
backgrounds in comparison with plowing by 20-22 cm in arable (0-20 cm)
and the opposite effect in subsoil (20-40 cm) horizons on both fertilizer
systems. Thus, in the variants of disking in the 0—20 cm layer, the content of
mobile forms of nutrients depending on the fertilizer was 16.7-15.2, 14.7—
13.6 and 12.3-11.8 mg/100 g, in 20-40 cm layer — 12.7-11.1, 11.2-9.3 and
9.0-8.0 mg/100 g of soil; during chemical treatment — 16.8-14.9, 14.8-12.7
and 12.1-11.5 mg/100 g (0-20 cm), 12.2-10.9, 11.2— 9.1 and 8.9-8.0 (20-
40 cm) mg/100 g of soil. This is due to the higher level of accumulation of
organic matter in the upper horizons during dump-free operations and its
subsequent mineralization with the release of mobile forms of nutrients.

Comparison of the influence of shelfless and shelf technologies of
basic tillage, carried out at the same depth — 25-27 c¢cm, on the growth of
nutrient regime under corn, showed the predominance of chiseling
compared to plowing in the upper (arable) layers and the inverse
dependence in the subsoil (Table 3).
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3. Influence of fertilizer levels and methods of cultivation on the
nutrient regime of the soil under corn for silage, average for 2016-2018,
2020

No Variants of the experiment Soil N | P.0Os | K0
var. | treatment fertilizer Iiynir’ mg/100 g of soil

1 N120Po0Koo + 40 t of 0-20 16,6 15,2 14,1
plowing |manure 20-40 15,2 13,3 11,2
25-27  |NsoP4oKao + 40 t of 0-20 14,8 139 12,6

2 cm manure +
bp + siderate 2040 13,2 13,1 10,6
3 N120P90Kgo + 40 t of 0-20 17,9 16,5 14,0
chise-ling manure 20-40 | 146 13,6 10,1
25-27  |NsoP4oKao+ 40 t of 0-20 16,4 14,9 13,1

4 cm manure +
bp + siderate 2040 | 125 12,4 9,9

The application of an intensive fertilizer system with direct
application of N120PgoKgo + 40 t of manure on the background of plowing by
25-27 cm contributed to the accumulation of alkaline hydrolysis nitrogen in
the 0-20 cm layer at the level of 16.6 mg/100 g of soil, mobile forms of
phosphorus and potassium, respectively. 15.2 and 14.1 mg/100 g, and the
introduction of an alternative system with a combination of NsoP4oKao + 40
tons of manure + post-harvest products + green manure provided 14.8, 13.9
and 12.6 mg/100 g of available nutrients.

During chiselling, the studied indicators acquired values: 17.9, 16.5,
14.0 mg/100 g of soil, respectively, according to the values of alkaline
hydrolysis nitrogen, mobile forms of phosphorus and potassium with an
intensive fertilizer system and 16.4, 14.9, 13.1 mg/100 g of soil with an
alternative system.

The study of the nutrient regime under fodder beans showed the
advantages of minimizing shelf tillage for the mobilization of plant nutrients
in the arable soil layer (Table 4).
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4. Influence of fertilizer levels and methods of cultivation on the
nutrient regime of the soil under fodder beans, mg/100 g of soil, average
for 2016, 2018-2020

No Variants of the experiment Soil N [ P0Os | K0
var. treatment fertilizer IaCy nir’ mg/100 g of soil

0-20 14,7 13,1 12,4

L1 plowing 20— | NeoProK7 2040 | 126 10,7 113

2 22 cm P30Kaz0 + 0-20 13,8 12,2 114

bp + siderate 20-40 11,7 9,9 10,6

0-20 15,1 13,6 13,0

L | plowing 14— | NeoProKro 2040 | 121 10,2 10,9

2 16 cm P3oKaz0 + 0-20 14,2 12,7 11,9

bp + siderate 20-40 114 9,6 10,3

It was found that the content of mobile forms of nitrogen,
phosphorus and potassium in 0-20 cm layer was formed at a higher
concentration level for plowing by 14-16 cm when applying to the culture
N3oP70K70 and P3oKso + straw of stubble precursor and oilseed radish grown
in post-harvest oats. With a combination of such agrotechnical factors, the
content of alkaline hydrolysis nitrogen was 15.1, available to plants forms
of phosphorus 13.6 and potassium 13.0 mg/100 g of soil. Increasing the
plowing depth to 20-22 cm on the same fertilizer backgrounds led to the
formation of lower values of nutrient values, respectively 14.7, 13.1 and
12.4 mg/100 g of soil by nutrients.

There was another dependence in the subsoil — reducing the depth of
shelf operations reduced the fund of available for plants forms of nitrogen,
phosphorus and potassium to the level of 12.1, 10.2, 10.9 mg/100 g of soil
at 12.6, 10.7 and 11.3 mg/100 g of soil on plowing 20-22 cm.

Analysis of nutrient parameters under oat crops showed the
advantages of shelf-free operations in the accumulation of mobile forms of
basic plant nutrients in the upper layers (Table 5).

According to the fertilizer variants, disking by 10-12 cm provided
the formation of alkaline hydrolysis nitrogen at the level of 15.22 by
intensive and 13.8 mg/100 g of soil with an alternative fertilizer system,
mobile phosphorus, respectively, 12.6 and 11.9 mg/100 g of soil, mobile
potassium: 12.7 and 11.8 mg/100 g of soil.
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5. Nutrient regime of soil in oat crops, mg/100 g of soil, average for
2017-2019

No | Variants of the experiment Soil N [ POs | K0
var. treatment fertilizer IaCy nir’ mg/100 g of soil

0-20 14,0 114 11,6

! plowing NsoPeokeo 2040 | 121 10,2 10,5

2 20-22 cm N3oP30K30 0-20 12,3 10,8 10,7

+ bp 2040 10,8 9,4 8,0

0-20 14,9 12,0 12,2

3 disking NeoPeoKso 2040 [ 114 10,1 10,8

4 14-16 cm N30P30K30 0-20 8,8 11,5 11,4

+bp 2040 | 10,0 9,0 7.7

0-20 15,2 12,6 12,7

S disking | NoPeoKeo 7500 [ 111 | 95 | 100

6 10-12 cm N30P30K30 0-20 13,8 11,9 11,8

+ bp 2040 9,8 8,8 9,5

The increase in the depth of shelfless operations has led to a decrease
in the concentration of mobile forms of nutrients in the arable layer.
Plowing options were characterized by the lowest nutrient levels. When
NeoPsoKso Was applied against these backgrounds in the intensive
fertilization system, the amount of alkaline hydrolysis nitrogen was 14.0,
mobile forms of phosphorus and potassium were 11.4 and 11.6 mg/100 g of
soil, respectively.

In the subsoil layers, an inverse relationship was observed between
the depth of tillage and the accumulation of plant nutrients. The highest
values of available plant nutrients were when plowing 20-22 cm and
depending on the fertilizer system were 12.1-10.8-8.0 mg/100 g of alkaline
hydrolysis nitrogen soil, 10.2-9.4 mg mobile phosphorus and 10.5-8.0
mg/100 g of mobile potassium soil.

By the end of the growing season in the studied soil horizons under
all crops, fertilizer and tillage options, the content of nutrients decreased,
which is explained by their use by plants for their growth, development and
bioproduction.

The priority indicator of ecologically safe functioning of soil systems
and regimes, stability of their functioning is the balance of plant nutrients.

The calculation of the balance of basic nutrients showed (Table 6)
that in the four-field crop rotation its highest values were formed in a
minimized system of basic tillage both intensive (application per hectare of
crop rotation area NgiP7sKzs + 10 t/ha of manure) and alternative (
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combination N33P3sKss + 10 t/ha of manure + by-products + green manure)
fertilizer and amounted +107.3 — +193.6 kg/ha (for alkaline hydrolysis
nitrogen), +215.3 — + 306.1 kg/ha (mobile phosphorus) and +148.9 - +234.4
kg/ha (mobile potassium).

6. Balance of basic nutrients in the systems of basic tillage, kg/ha

Tillage Fertilizer system * Balance for rotation
system N P K
intensive, +53,7 | +196,8 | +176,1
5 8 Ns3P7sKzs + 10 t/ha of manure +13,42 | +49,2 | +44,02
e alternative, NasP3sKas + 10 t/ha of +1339 | +167,8 | +208,6
manure + bp + siderate +33,47 | +41,95 | +52,15
intensive, +71,8 | +203.8 | +120.4
I E Ns3P7sKzs + 10 t/ha of manure +17,95 | +50,95 | +30,1
835 alternative, N33PssKss + 10 t/ha of +149,2 | +1950 | +212,2
manure + bp + siderate +37,3 +48,7 | +53,05
& intensive, +107,3 | +2153 | +148.38
ET NasP7sKzs + 10 t/ha of manure +26,82 | +538 | +37,2
£ alternative, N33PssKss + 10 t/ha of +193.6 | +306,1 | +2344
E manure + bp + siderate +48,4 | +76,52 | +58,6

Note. *Balance for crop rotation — in the numerator for crop rotation in general, in the
denominator — per 1 hectare of arable land.

The lowest rates were by the traditional system with different depths
of plowing and, depending on the fertilizer: +53.7 — + 133.9, +196.8 —
+167.8, +176.1 — +208.6 kg/ha, respectively, for nutrients. The balance of
nutrients acquired intermediate values in the combined model of basic
tillage: +71.8 — +149.2, +203.8 — +195.0, +120.4 — +212.2 kg/ha. Similar
patterns were observed when recalculating these indicators per hectare of
crop rotation area.

The analysis of balance indicators by crops showed that positive
values for all elements were formed during the cultivation of corn for silage
with a range of values for fertilizer in the range of +184.5 — 238.8 kg/ha for
nitrogen, +124.9 - +139.2 kg/ha for phosphorus and +171.2 — +219.6 kg/ha
for potassium. These figures were slightly lower for the cultivation of
fodder beans, but in all cases acquired positive marks. When growing
cereals, nitrogen indicators were negative for all variants and acquired
values for winter wheat, depending on the analyzed options for cultivation
and fertilization at the level of -31.5 — -80.5 kg/ha, oats -58.6 — -85 .0 kg/ha.
Phosphorus balance became negative only when growing oats in the
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traditional system of basic cultivation with an alternative fertilizer system,
at the level of -17.3 kg/ha.

Potassium balance of cereals was negative in all systems of basic
tillage against the background of intensive fertilization. When applied
directly to winter wheat N120Pg0Kgo, their variability was in the range of 11.0
—-22.0 kg/ha. When applied under oats NeoPsoKeo and half doses of mineral
fertilizers on the background of by-products (N3oP30Kso + bp), all values of
potassium in all systems of basic tillage were negative in the range of -38.2
—-50.0 kg/ha. The exception was the system of traditional cultivation on the
background of intensive fertilizer with application directly to the crop
NesoPsoKso, the values of the potassium balance in which were at the level of
+10.7 kg/ha.

Crop rotation productivity is an indicator of the efficiency of
agricultural production, soil fertility, and its level is determined by a
complex combination of soil, biological and weather factors, agronomic
factors, including systems of basic tillage, crop fertilization, set and rotation
scheme. Our research has shown (Table 7) that the highest productivity of
four-field grain-fodder crop rotation: fodder beans — winter wheat — corn for
silage, green fodder — oats is formed by the traditional system of basic
tillage. When applied per hectare of arable land crop rotation area Ng3P7sKrs
+ 10 t/ha of manure (intensive fertilization system), the yield of grain units
was 3.36, feed units 23.41 t/ha, digestible protein 1.66 tons. Under the same
system of basic cultivation when applying to the crop rotation area
N33P35Kss + 10 t/ha of manure + by-products on the background of green
manure - oil radish (alternative fertilizer system), these figures were 3.06
t/ha, 21.41 t/ha and 1.52 tons.

Lower productivity indicators were with the combined system of
basic tillage. The application of the intensive fertilizer system provided crop
rotation productivity indicators at the level of 3.25 t/ha of grain, 23.26 t/ha
of fodder and 1.65 t of digestible protein during the technological operations
of the combined system. Under the alternative system, they were: 2.95,
21.27 t/ha and 1.51 tons.

The lowest rates for both fertilizer systems were formed against the
background of the minimum system of basic tillage. These variants yielded
3.04-2.76 t/ha of grain, 22.27-20.00 t of feed units and 1.57-1.41 t of
digestible protein.
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Conclusions

1. Higher values of indicators of nutrient regime of gray forest
surface gleyed soil in four-field grain-row crop rotation are formed by
applying an intensive fertilizer system, which provides application per
hectare of crop rotation area Ng3P7sKzg + 10 t/ha of manure, compared to the
alternative composition — 10 t/ha of manure, half doses of mineral
fertilizers, all plant by-products and once per rotation plowing of green
mass of oilseed radish grown in post-harvest crops.

2. Replacement in the main tillage systems of shelf technological
operations with non-shelf and reduction of the depth of passage of tillage
tools provides a higher level of accumulation of mobile forms of basic plant
nutrients in arable (0-20 cm) and lower in subsoil (20-40 cm) layers of soil.

3. Higher values of the balance of basic nutrients in the four-field
field crop rotation are formed in the conditions of the minimized system of
the main tillage both at intensive (introduction on hectare of the crop
rotation area NgP7sKss + 10 t/hectare of manure), and alternative
(combination N33P3sKss + 10 t/hectare of manure + by-products + green
manure) fertilizers and are +107.3 — +193.6 kg/ha (for alkaline hydrolysis
nitrogen), +215.3 — + 306.1 kg/ha (mobile phosphorus) and +148.9 —
+234.4 kg/ha (mobile potassium).

4. Application per hectare of arable land of crop rotation area
NssP7sKzs + 10 t/ha of manure (intensive fertilization system) provides
higher values of crop rotation productivity with grain yield at the level of
3.36, fodder units 23.41 t/ha, digestible protein 1.66 tons.
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FORMATION OF SOWED MIXTURES OF MEADOW GRASSES
UNDER THE INFLUENCE OF MINERAL FERTILIZER

The aim of the research was to identify the features of growth, development
and formation of elements of productivity of perennial grasses in grass mixtures of
hay morphotype depending on the level of mineral fertilizer.

The experiment started in 2016 by the spring uncovered method of sowing
on sod-podzolic surface-gleyed medium-acid loamy soils. Were sown perennial
grasses: perennial fenugreek — variety Drohobytskyi 16, timothy grass — Pidhirianka,
meadow fescue — Liulinetska 3, meadow clover — Peredkarpatska 33 and bird's-foot
trefoil — Aiaks.

The grass-stand was fertilized with nitrogen, phosphorus and potassium
fertilizers in the form of ammonium nitrate, granular superphosphate and potassium
salt. A complex of microelements in chelated form Mikrofol Kombi was used for
foliar feeding.

The research results show that the highest dry matter yield of 9.08 t/ha is
formed by sowing meadow clover, bird's-foot trefoil and a mixture of cereal grasses
(timothy grass, orchard grass, perennial fenugreek) when applying mineral fertilizers
at a dose of NeoPeoKeo. When sowing timothy grass with meadow clover on a similar
agricultural background, the yield of dry mass was 8.56 t/ha.

The grass mixture with the original 100% composition of cereal grasses
provided the lowest feed output. On average the yield of dry matter from 1 ha was
2.15-5.92 tons, green mass 9.85-22.58, respectively.

In the clover-timothy grass mixture, the share of meadow clover in the
harvest, on average over the years of grass use, remained at the level of 28.5; 28.6;
23.2; 22.7 and 17.0 % in the green mass. In a five-component mix (timothy grass,
orchard grass, perennial fenugreek, meadow clover, bird's-foot trefoil) fraction of
meadow clover in grass-stand made only 13.8-15.4 %. The content of bird's-foot
trefoil on average for four years of use was 11.3-22,8 % of the green mass.

It is established that the mixture of timothy grass with meadow clover
provides the highest yield of feed units — 7.07 t/ha and digestible protein of 1.08 t/ha
with the use of complete mineral fertilizer. The supply of one feed unit with
digestible protein reaches 140 g.

© Martsinko T. L, Dziubailo A. H., Karasevych N. V., 2021
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Mapuiunko T. L., /I3100aiin0 A. I'., Kapacesuu H. B.

[HcTHTYT cinmbebkoro rocnonapersa Kapmarcekoro periony HAAH

®opmMyBaHHA CigHMX cyMmilmleii Jy4yHUX TpaB Hig BIUIMBOM
MiHepaJILHOI0 Yy100peHHs

Mertot0 J0CTiKeHb OylI0 BHUSBUTH OCOOMMBOCTI (hOpPMYBaHHs €JIEMEHTIB
MIPOAYKTUBHOCTI OaraTOpidHMX TPaB y TPABOCYMIIIKaX CIHOKICHOTO THITy 3aJI€KHO
BiJ piBHS MIHEpaJIbHOTO YZOOPEHHS.

Hocnig O6yno 3akmaneHo B 2016 p. BecHSHHM O€3MOKPHBHHUM CHOCOOOM
ciBOM Ha JEpPHOBO-NIJ30JMCTUX IIOBEPXHEBO  OIVICEHHX  CEPEAHBOKHCINX
CYIJIMHKOBHUX IPYyHTaX. 3 0araTopiyHUX TpaB BHCIBAJIH: ITKUTHUILIO OaraTopidyHy —
copt [poroduupkuii 16, tTumodiiBky syany — IligripsHka, KOCTPHILO JIy4HY —
Jlroninenpka 3, xoHrommHy nydHy — [lepenkapmaTtceka 33 i nsiBeHeb poraTtuii —
Asikc.

TpaBocriit ynoOproBanu a30THUMH, HOocHOPHIMH Ta KaTIHHUMH JOOPUBAMHU
y ¢opmi amiauHOi CeNiTpH, TIpaHyJIbOoBaHOTO cymepdocdaTy i KamiiHOI coi.
BukopucToByBaJin KOMILIEKC MIKPOGJIEMEHTIB y XenatHiil ¢popmi Mikpodon komOi
JUIS TIO3aKOPEHEBOTO (JIMCTKOBOTO) TiHKUBICHHS TPaBOCTOIO.

JloCHmiDKeHHSIMA ~ BCTAaHOBJIGHO, IO HAMOLIbIIa BpPOXKAHHICTE  CyXOl
peuoBuru (9,08 t/ha) popMyeThes 3a ciBOM KOHIONIMHY JIyYHOT, JIABEHIIO POraToOro
1 CyMIIKK 371aKOBUX TpaB (TUModiiBka JydHa, rpscTHns 30ipHA, Ma>KUTHHIT
OaraTopiyHa) MpU BHECEHHI MiHepalbHUX H0OpUB y 1031 NeoPsoKeo. 3a ciBOu
TAMOGDIiBKM Jy4HOI 3 KOHIOIMIMHOIO JIYYHOI Ha AaHAJIOTIYHOMY arpoQoHi
YpOKaiHICTh CyX0i MacH cTaHoBmia 8,56 t/ha.

TpaBocymimr 3 BuxigauM 100-BiACOTKOBHM CKIaIOM 3JIaKOBHX TpaB
3abe3neuniia HaiiMeHIIHi 30ip KopMy. 3a ycepelHeHHX NaHWX, Buxim 3 1 ra cyxoi
pedoBHHU cTaHoBHB 2,15-5,92 T, 3eneHoi Macu — BiamoBigHo 9,85-22,58.

V' KOHIOMHMHO-TUMODIIBKOBIH TPaBOCYMIIIN YacTKa KOHIOIIMHHU JIy9HOI B
ypoxai B CEpeHhOMY 32 POKH BHUKOPHCTAHHS TPABOCTOIO 30epirajiacs Ha PiBHI
28,5; 28,6; 23,2; 22,7 1 17,0 % B 3eneHiit maci. Y I ITHKOMIIOHEHTHIN CyMiIili
(Tumo(iiBka ydHa, TPACTUI 30ipHA, TAKUTHHUI OaraTopiuHa, KOHIOMIMHA JIydHa,
NSABEHENb pPOTaTHil) YacTka KOHIOMIMHK Jy4HOi y (opMyBaHHI TpPaBOCTOIO
craHoBmna smme 13,8-15,4 %. BMicT JSIBEHIIO pOraToro B CepeqHBOMY 32
YOTHPH POKH BUKOPUCTAHHS cTaHOBUB 11,3-22,8 % B 3eneHiit Maci.

BcraHoBneHo, 1o cymimka THMO(IiBKM JTy4HOT 3 KOHIOIIMHOIO JIyYHOIO
3abe3nedyye HaWBUIMH BHXig KopMmoBux omuuuub (7,07 t/ha) 1 meperpaBHOro
nporeiny (1,08 t/ha) 3a BuKOpUCTaHHS TIOBHOTO MiHEpaabHOrO J00OpHUBA.
3abe3neyeHiCTh OIHIET KOPMOBOT OJTMHHMII MIEPETPABHIM TPOTEiHOM qocsrae 140 r.

KnawuoBi cioBa: TpaBocyMimkd, ymoOpeHHs, OoTaHIYHMK CKJaf,
MPOAYKTUBHICTB, CyXa Maca, KOPMOBI OJIHHUIII.
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Introduction. The basics of the formation of highly productive sown
grass-stands provide a sound approach to the development and practical
application of effective methods of their creation and rational use.

Sown grasslands, like natural ones, are a holistic system in which all
the components are closely linked by metabolic processes. Therefore, a very
important issue is the selection of the optimal number of herbs types that are
part of the grass mixture. For a long time it was considered expedient to
sow complex grass mixtures, which include 8—10 and even 15 species [1, 5,
7, 11, 25]. Later it was experimentally proved that grass mixtures of
simplified type of 4-5 species, and on a high agro-background — with a
smaller number of species in terms of productivity are not inferior to
complex, while significantly reducing seed costs, improving care, more
appropriate use of grass with biological characteristics of the main
components of herbal mixture.

It should be noted that the grass mixture is a planned mixture of
populations, species, varieties of grasses that live and develop according to
different patterns than in single-species crops. Each population included in
the grass mixture consists of genotypically and phenotypically diverse
individuals, has its own optimum, maximum and minimum conditions for
the accumulation of organic matter. At the same time, each population in a
mixed crop serves as a living condition for others. A change in the number
and biomass of one leads to changes in the other components. For each
population it is necessary to create such conditions which would provide the
greatest yield of all mix during all period of use. Therefore, it is important
to know how relationships are formed in the process of their mutual sphere
formation, types of behavior of different species in mixtures and changes
that occur in the composition of grass mixtures over time [3,4, 7, 14, 15, 21,
24, 29].

To save energy, it is important to continue the use of legumes in
grasslands up to 5-6 years [3, 10, 18]. This can be achieved by including in
the grass mixture stable, long-lived types of legumes, the correct mode of
use. According to M.F. Davydyuk and others, one of such ways may be to
reduce the seeding rate. On average, in three years the highest yield was
provided by legume-cereal grass mixture with half the sowing rate of
cereals and the generally accepted sowing rate of legume components on
the background of phosphorus-potassium fertilizers [7]. Reducing the
sowing rates of cereal components at a constant sowing rate of legumes
increases the productivity of grasslands by 1.3 times. The highest protein
content and collection of feed units is observed in the same variant. This
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technology helps to increase the fixation of biological nitrogen by 2.1 times
[1, 10-14, 17, 19].

It is established that after 3—5 years of grass use with more legume
component, soil enrichment by 210-250 kg/ha of nitrogen is achieved due
to root mass and formation of 7-12 t/ha of humus [15, 17]. 8 years after
sowing of perennial grasses, the stock of humus in the upper (80 cm) layer
increased by 25 t/ha [16]. Perennial legumes increase soil fertility much
more than cereals. After all, with their crop-root residues, in the soil
remains about 50% of nitrogen fixed from the air, which significantly
increases the yield of subsequent crops for 2-3 years. Perennial legumes are
able to form 500-700 kg/ha of humus annually, which is equivalent to the
application of 20-30 t/ha of manure [10, 23, 26-28]. Also, when growing
legumes, a certain part of the phosphorus accumulated by plants remains in
the soil and is contained in organic matter (root system), which is easily
decomposed by microorganisms.

Clover, depending on the conditions of cultivation and development,
during the year can absorb from the air about 140 kg/ha of nitrogen, in the
soil remains 60-80 kg/ha. The cost of 1 quintal of feed from clover
compared to other forage crops is quite low and it has only 170 g of
digestible protein per 1 feed unit [10, 20]. When meadow clover and
trifolium repens is included in the mixture in the quantity of 5 and 3 kg/ha
respectively — productivity of grasslands increases by 1.5-2 times, which is
equivalent to the introduction of 61-95 kg/ha of mineral nitrogen on cereals
[8, 16, 20, 22, 30].

However, in modern meadow grasses growing it is impossible to
completely abandon the application of nitrogen fertilizers, even on legumes,
as a result, there will be a sharp decline in yield, and in a few years — the
degeneration of grass. Experiments conducted by V.A. Tiuldiukov [19]
showed that without the use of fertilizers the yield of grass was at the level
of 1.7-2.4 t/ha of dry matter, at the average norms (Ni2o and Nigo) — 3.9-6.0
t/ha.

Therefore, it is very important for obtaining high productivity of
perennial grasses to ensure the correct selection of their species and
fertilizer rates, taking into account the soil and climatic zones of cultivation.

Materials and methods. Experimental work was carried out during
2017-2020 at the Institute of Agriculture of the Carpathian Region of
NAAS (Lishnia village, Drohobych district, Lviv region). The experiment
was based on sod-podzolic surface-gleyed medium-acid loamy soils.

In early spring, the formed grass-stand was fertilized with nitrogen,
phosphorus and potassium fertilizers in the form of ammonium nitrate,
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granular superphosphate and potassium salt. We used a complex of
microelements in the chelated form of microfol combi for foliar feeding
with grass.

Agricultural techniques in the experimental plots were generally
accepted, except for the elements that were studied in the experiment. From
perennial grasses were sown: perennial fenugreek — variety Drohobytskyi
16, timothy grass — Pidhirianka, meadow fescue — Liulinetska 3, meadow
clover — Peredkarpatska 33 and bird's-foot trefoil — Aiaks.

The selection of grass mixtures and their ratios were determined in
accordance with the recommendations for the area.

Harvest accounting was performed according to the method of the
Institute of Feeds NAAS by the division—weight method. The content of
absolutely dry matter was determined by drying plant samples in a
thermostat at a temperature of 100-105 °C (DSTU ISO 6497:2005).
Determination of species, botanical composition, yield structure and grass
density was performed by sampling the green mass from the plots of each
variant of 0.25 m? from the first and third repetitions, which were divided
into botanical-economic groups: cereals, legumes, grasses (DSTU
6017:2008). The total nutritional value of feed was calculated in feed units,
based on data from their own chemical analyzes and taking into account the
coefficients of their digestibility according to the A.P. Dmitrochenko (1972)
method. Processing and generalization of research results was performed
using the variance method of mathematical statistics (Dospekhov B.A.,
1985) using Microsoft Excel software [2, 9].

Results and discussion. The dry matter yield of the mixtures varied
depending on the level of fertilizer and the species composition of the grass-
stand. The collection of dry mass of sown grasses over the years of the
study varied depending on the level of fertilizer in the range from 1.53 to
12.82 t/ha, and on average over four years — from 2.15 to 9.08 t/ha. This
indicator was the lowest in areas fertilized only with phosphorus-potassium
fertilizers at the rate of PsoKso. Additional application of 30 kg of nitrogen
per 1 ha in the spring increased the dry matter harvest from 0.68 to 1.48
t/ha, depending on the variant of the grass mixture (Table 1).

Increasing the nitrogen dose to 60 kg/ha in the variant with timothy
meadow and meadow clover increased this figure to 8.56 t/ha, or 1.79 t/ha
compared to the control, which is 26.4%. Further increase of the nitrogen
dose to 90 kg/ha reduced the dry matter collection to 7.58 t/ha. This is due
to a decrease in the share of meadow clover from 28.5% in areas fertilized
with phosphorus-potassium fertilizers PgoKeo, to 17.0% in areas fertilized
with complete mineral fertilizers at the rate of NgoPsoKso.
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Feeding the grass by applying over the vegetative mass of the drug
microfol combi on the background of complete mineral fertilizers N3oPsoKgo
contributed to some increase in dry matter yield: 1.03-2.10 t/ha more
compared to phosphorus-potassium fertilizer and 0.35-1.00 t/ha more in
comparison with NsoPsoKeofertilizer.

Over the years of research, a significant difference in the yield of dry
mass per area unit was observed. So, if in the first year of use of grass, from
1 hectare was collected depending on the level of fertilizer 2.49—-12.82 t/ha
of dry weight, on the second — 2.86-11.3 t/ha, on the third and fourth —
accordingly only 1.73-6.88 and 1.53-6.91 t/ha.

1. Dry mass yield of sown grassland depending on fertilizer and

composition of grass mixtures, t/ha

Grass mixtures Ave-
(types of grasses and Fertilizers | 2017 | 2018 | 2019 | 2020 rage
seeding rates) g
PeoKeo —
background (B) [11,93| 8,15 | 4,42 | 2,58 | 6,77
Timothy-grass B + Nao 12,36 9,46 | 5,04 | 2,94 | 7,45
(6 kg/ha), meadow | B + N3+
clover (16 kg/ha) treatment MK* |12,82]10,33| 5,13 | 2,93 | 7,80
B + Neo 11,45/10,62| 6,63 | 5,54 | 8,56
B + Ngo 11,50|10,33| 4,34 | 4,16 | 7,58
. PeoKeo —
Timothy-grass background (B)| 2,49 | 2,86 | 1,73 | 1,53 | 2,15
(4 kg/ha), orchard =g, "\ 4,84 | 4.80 | 2,19 | 2.48 | 3,58
grass (6 kg/ha), B+ N+
E’grlfg/?]'g fenugreek | ireatment MK* | 5,01 | 6,68 | 2,61 | 2,70 | 4.25
fescue (6’kg/ha) B + Neo 5,08 | 5,87 | 3,45 | 4,54 | 4,73
B + Ngo 6,64 | 8,34 | 420 | 4,50 | 5,92
Timothy-grass PeoKeo —
(4 kg/ha), orchard background (B) | 9,58 | 7,62 | 5,25 | 3,74 | 6,55
grass (6 kg/ha), B + N3 11511991 | 491 | 388|755
perennial fenugreek | B + N3o +
(6 kg/ha), meadow | treatment MK* |10,90(11,30| 5,83 | 4,98 | 8,25
clover (3 kg/ha), B + Neo 11,41(11,12| 6,88 | 6,91 | 9,08
bird's-foot trefoil
(3 kg/ha) B + Ngo 10,38| 7,77 | 5,87 | 4,27 | 7,07
LSDgs, t/ha Factor A 020 027 0,08 0,09
Factor B 025 033 011 0,20
Interaction AB 0,44 0,57 0,22 0,25

*MK — microfol combi.
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And first of all it concerns sites fertilized only by phosphorus-
potassium fertilizers. This is due to the loss of yielding grass-stands of
legumes and cereals.

Thus, the highest yield of dry mass (9.08 t/ha) was provided by
sowing of meadow clover, bird's-foot trefoil and a mixture of cereal grasses
(timothy-grass, orchard grass, perennial fenugreek) when applying mineral
fertilizers at a dose of NeoPsoKso. When sowing timothy-grass with meadow
clover on a similar agricultural background, the dry matter yield was
8.56 t/ha.

According to the averaged data during 2017-2020, the quantity of
meadow clover in the experiment was 17.0-28.6% and the quantity of
bird's-foot trefoil was 11.3-22.8%. The content of legumes in the variants
with the introduction of starting doses of nitrogen (N3p) was 29.0-28.6%,
while in the background variant — 28.5-37.2% in the green mass. And
further increase in doses of nitrogen fertilizers significantly reduced the
amount of legumes in the grass. In the variant with sowing only cereal
grasses, their content in the herbage was 72.7-86.0%, self-seeding grasses —
13.9-27.3% in the green mass (Table 2).

2. Botanical and economic composition of grass-stands depending on
fertilizer and composition of grass mixtures, average for 2017-2020,%
of the total yield

Grass mixtures Bird's- :
(types of grasses and| Fertilizers Meadow foot | Cereals Different
clover - herbs
seeding rates) trefoil
1 2 3 4 5 6
PsoKeo — )
Timoth background (B) 28,5 58,3 13,3
(g'ﬂglh;’)'gmss B + Nag 28,6 - 574 | 140
meadow clover B + Nao + «| 232 - 61,1 15,5
(16 kg/ha) treatment MK
g B + Neo 22,7 - 651 | 122
B + Ngo 17,0 - 70,8 12,2
. PeoKso —
- - - 72,7 27,3
-anzoltr?y grasi d background (B)
(4 kg/ha), orchard - |g75 N - _ _ 805 | 194
grass (6 kg/ha), B+ N+
perennial fenugreek %0 < - - 760 | 238
(6 kg/ha), meadow treatment MK
fescue (G’kg/ha) B + Neo - - 80,6 19,3
B + Ngo - - 86,0 13,9
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1 2 3 4 5 6
Timothy-grass PeoKeo —
(4 kg/ha), orchard  |packground (B) 144 228 517 11,0
grass (6 kg/ha), B + Nsg 15,0 14,0 57,0 14,2

perennial fenugreek B + N3o+

(6 kg/ha), meadow  |treatment MK* 13,0 11,3 59,6 17,3

El_o(\j/erf(S kg/hfa),I B + Ngo 15,4 11,9 63,0 9,62
ird's-foot trefoi
(3 kg/ha) B + Ngo 13,8 13,3 62,3 10,6

There is no clear dependence of the change in the content of the
legume component in the green mass on the foliar feeding of grasses with
the drug microfol combi.

Increasing the rate of application of nitrogen fertilizers in the
experiment to Ngo significantly reduced the percentage of sown legumes in
the grass-stand and, as a consequence, led to a decrease in yield. Thus, if in
the areas fertilized only with phosphorus-potassium fertilizers PgoKeo,
legumes in the grassland averaged 28.5-37.2% over the years of research,
then in the areas fertilized with N3oPsoKeo— 21.0-29.0%.

A further increase the nitrogen dose to Neo slightly reduced the
content of the legume component in both grass mixtures: up to 22.7% on
timothy-clover and in the mixture, which included meadow clover (3 kg/ha)
and bird's-foot trefoil (3 kg/ha), to 27.3%. Application of Ngo reduced the
content of legumes in the grassland to 17.0% in the first and to 27.1% in the
third grass mixture.

The purpose of growing legumes and cereals is to increase the
production of digestible protein and fully provide with it a feed unit. In our
case, 1 kg of dry mass of legume-cereal grass mixtures contains 0.60—0.92
feed units, and digestible protein in the feed unit — 102—-143 g, which is fully
consistent with the established zootechnical standards for feeding animals
(Table 3).

Low saturation of the fodder unit with digestible protein was
observed in the variants with sown cereal grasses — only 53.9-103 g.
However, the feed of cereal grasses when applying nitrogen fertilizers was
characterized by a sufficient content of feed units — 65-73 g in 1 kg of dry
weight. As the nitrogen dose increased from 30 to 60 kg/ha, the yield of
feed units increased.
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Conclusions. The highest yield with a dry matter of 9.08 t/ha is
formed by sowing meadow clover, bird's-foot trefoil and a mixture of cereal
grasses (timothy-grass, orchard grass, perennial fenugreek) when applying
mineral fertilizers at a dose of NeoPsoKeo. During the sowing of timothy-
grass with meadow clover on a similar agricultural background, the dry
matter yield was 8.56 t/ha.

The use of microelements in the form of the drug microfol combi
contributed to some increase in yield indicators, namely: on the grass
mixture of timothy-grass (6 kg/ha) and hybrid clover (16 kg/ha) by 0.35
t/ha; cereal grassland — 0.67 t/ha; on grassland of timothy-grass (4 kg/ha),
perennial fenugreek (6 kg/ha), perennial fenugreek (6 kg/ha), meadow
clover (3 kg/ha) and bird's-foot trefoil (3 kg/ha) — 0.70 t/ha of dry mass.

Increasing the rate of application of nitrogen fertilizers in the
experiment to Ngo significantly reduced the percentage of sown legumes in
the grass and, as a consequence, led to a decrease in yield.

It was found that the mixture of timothy-grass with meadow clover
provides the highest yield of feed units (7.07 t/ha) and digestible protein
(1.08 t/ha) with the use of complete mineral fertilizer. The supply of one
feed unit with digestible protein reaches 140 g.
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CURRENT STATE OF WHITE MUSTARD PRODUCTION
AND ITS NATIONAL VALUE

The article substantiates the prospects for growing white mustard as an
important financial source of agricultural enterprise. The sowing areas in the world,
in Ukraine and markets for the products are given. A comprehensive analysis of
economically valuable properties of the culture and its application as a food and
technical culture has been made. Mustard is a valuable crop precursor: liberates the
field early; a powerful root system drains the soil well, enriches it with organic
matter; root and crop residues have a depressing effect on the development of
diseases. The root system is able to assimilate nutrients from poorly soluble forms of
potassium and phosphorus, therefore it can grow on low-fertile soils with a slightly
acidic reaction. Mustard is an ecologically plastic crop. The formation of 1 ton of
seeds requires 55-60 kg of nitrogen, 25-30 kg phosphorus and 25-35 kg potassium.
The agro-ecological advantages of growing mustard in Ukraine, its medico-
biological properties, high profitability of production (more than 110 %) contribute
to the further development of the sales market, its processing and increase the
profitability of the crop.

Mustard is a cheap and effective fertilizer, green manure. Seeds (almost
100% of use) can be used in many areas of production. A by-product is mustard
meal, which, after degreasing and grinding, turns into mustard powder — a product
that is appreciated in the domestic and foreign markets. Mustard oil is used in food,
confectionery, canning, margarine, soap-making, perfumery, paint and varnish
industries. Natural antiseptic properties, due to the specific chemical composition
and the presence of essential oil, make it possible to use it in medicine. Mustard oil
is distinguished by a high content of biologically active substances necessary for our
body (vitamins (A, D, E, K), fatty acids, phytosterols, chlorophyll, phytoncides etc.).
Linoleic and linolenic essential fatty acids in mustard oil improve functioning of the
cardiovascular system, normalize fat metabolism, maintain optimal hormonal
balance, help strengthen immune system, and neutralize harmful effects of toxins.

© Sluchak O. M., Voloshchuk O. P., Voloshchuk 1. S.,
Hlyva V. V., Voloshchuk M. Yu., 2021
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It was determined that a number of scientific institutions of the National
Academy of Agrarian Sciences of Ukraine system are working on the development,
testing and transfer to production of new varieties of mustard.

The main reasons for the insufficient popularity of the culture are given, they
do not contribute to its spread into production — absence of new ecologically plastic
varieties and imperfect cultivation technologies related to other oilseeds.

Key words: white mustard, variety, sowing areas, sales markets, meaning.

Cayuyaxk O. M., Bosomyk O. II., Boaomyk I. C., I'nuBa B. B,
Boaomyxk M. 1O.

IncTuTyT cinbebkoro rocnogapersa Kapnarcekoro periony HAAH

CyyacHuii cTaH BUPpOOHUITBA ripuunui 6i10i Ta il HapoaHOrocnoaapcbKe
3HAYEHHS

OOIpyHTOBAaHO IEPCIEKTHBU BHPOIIYBaHHS TipyHIli OiOi SIK Ba)KIMBOTO
(hiHaHCOBOTO JpKepena ClIbCHKOrOCIIONapChKOro ImianprueMcTBa. HaBemeHo o
TIOCIBIB y CBITi i YKpaiHi Ta piuHKH 30yTy npoaykuii. 3po6iaeHo BcebidHmMiA aHami3 i
rOCIIOJaPCHKO LIHHMX BIACTUBOCTEH il 3aCTOCYBAHHS SIK MPOJOBOIBYOT 1 TEXHIYHOT
KynbTypu. [ipuuisi — IIHHMH TOMEPEIHUK JUIS KYJbTYp: PaHO 3BUIBHSE IIOJIC;
MOTY)KHa KOpPEHeBa CHCTeMa J00pe ApeHaxye TIPYHT, 30arauye OpraHidyHUMH
peYOBHHAMH;, KOPEHEBI Ta IMOXKHHUBHI PEIITKH THITIOYE BIUIMBAIOTH HA PO3BHTOK
xBopo0. KopeHeBa cucrema Mae 3[aTHICTH 3aCBOIOBATH IIOKMBHI PEYOBHHHU 3
B)XKOPO3YMHHUX (HopM Kaiito Ta Gocdopy, TOMy MOKE POCTH Ha HU3BKOPOAIOUNX
IPyHTaX i3 caboKuCio peakuiero. [ipyunsd € eKOJOTiYHO IUIACTHYHOIO
KynbTypoto. Ha ¢opmyBanns 1T HaciHHsa motpebye 55-60 xr asoty, 25-30 —
tdocthopy Ta 25-35 kr — Kanio. ArpoeKOJIOTIUHI MepeBaru BUPOIIYBaHHS TipYHIl B
VYkpaiHi, 71 MeIUKO-0i0JOTiYHI BIACTUBOCTI, BUCOKAa PCHTAOENBHICTh BUPOOHUIITBA
npoxyknii (moraxm 110 %) cnpusioTh NMOAANBIIOMY PO3BUTKY PHHKY 30yTy, il
nepepoOKH Ta MiIBUILICHHS TPUOYTKOBOCTI KyJIbTYPH.

lNpunng € pemeBUM 1 eQeKTUBHHM 3aco00M YIOOpEHHS TIPYHTY SK
cungepanbHa KymbTypa. Hacimas (maibke 100 % BHKOpHCTaHHA) MOJXKHA
3aCTOCOBYBATH B 0araThOX raiy3sx BUpOOHUITBA. [100IUHMIT TPOAYKT — TipUYMYHUIA
LIPOT, SIKUH MICIsl 3HEKUPEHHS Ta MOAPIOHEHHS MEepPEeTBOPIOETHCS Ha TipYMYHHUN
MOPOIIOK — MPOJIYKT, IIO I[HUTBCS Ha BITYU3HSIHOMY Ta 30BHILIIHBOMY PHHKaXx.
Omnito  Tipuulli BUKOPUCTOBYIOTH Y Xap4oBii, KOHAWUTEPCHKii, KOHCEPBHIl,
MaprapyHOBIH, MWIOBapHii, mnappymepHidi Ta makodapOOBii IPOMHUCIOBOCTI.
[IpupoaHi aHTHCENITUYHI BIACTHBOCTI, 3yMOBIICHI CIIEIH(DIYHIM XIMIYHAM CKIaJJOM
Ta HasBHICTIO epipHOT OJIii, TO3BOJIIOTH 3aCTOCOBYBATH ii 1 B MequIuHI. ['ipunuHy
OJIIF0 BHPI3HAE BUCOKUI BMICT O10JIOTIYHO aKTHBHUX PEYOBHH, MOTPIOHUX HAIIOMY
oprani3moBi (Bitaminu (A, D, E, K), xwupHni kucnoru, ditocreponn, xmopodii,
¢iTonImay Tomio). JIiHOMEBa Ta JIIHOJICHOBA HE3aMiHHI KUPHI KUCIIOTH, 10 MICTUTh
OJIisl TIpYMIl, MOJIMIIYIOTh POOOTY CEpLEeBO-CYJUHHOI CHCTEMH, HOPMAi3yIOTh
KUPOBHH OOMiH, MiATPUMYIOTh ONTHMAJIbHUH TOPMOHAIBHHI OanaHC, CIPHUSIOTH
3MIIHEHHIO IMYHITETY, HEUTPaTi3yIOTh IIKIUTMBUI BIUTHB TOKCHHIB.
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BusHaueHo, 1m0 HayKoBi YCTaHOBHM cucCTeMdu HarioHanbHOI akamemil
arpapHux HaykK YKpaiHd BeAyTh poOOTY i3 po3poOKH, BUIPOOYBaHHS Ta Nepeaadi B
BUPOOHHUIITBO HOBUX COPTIB TipyMIIi.

HaBezneHO OCHOBHI IPHYHMHY HEAOCTATHHOI IOIMYJIIPHOCTI KYJIBTYpPH, IO HE
CIPHAIOTH I MOMIMPEHHIO B BHPOOHWITBI, a II€ BiJCYTHICTh HOBHX EKOJOTIYHO
IUTACTHYHHAX COPTIB Ta HEIOCKOHANI TEXHOJOTil BHUPOIIYBaHHS, CIIOPiTHEHI 3
IHIMMMY OTIHHUMH KyJIbTYPaMH.

KimouoBi cjoBa: ripumns Oina, copt, IUIOIII IOCIBiB, PUHKH 30YyTY,
3HAYCHHSL.

A feature of modern world agribusiness is the progressive growth of
energy crops production, especially oilseeds. According to analysts, in the
coming years the demand for these crops will only increase, as they are a
reliable financial source, the main market for products is Western Europe
and New World [29].

World sown areas under mustard in recent years range from 0.7 to
1.1 million hectares. The main player in the world market of food mustard
is Canada — up to 70% of export-import operations. EU countries import up
to 100,000 tons of mustard seeds annually and European purchase prices are
much higher than in Ukraine, which in the long run should be taken into
account by Ukrainian farmers. Mustard of the highest quality that meets the
developed standards is classified as food, and unfit for human consumption
— to technical. Accordingly, Canada and the United States produce high-
quality mustard, the Black Sea countries (Ukraine, Russia) — ordinary
industrial. And the countries of the Indian continent (India, Nepal) are
engaged in the cultivation of both conventional for food and technical [25,
29].

In Ukraine, sunflower is mostly produced among oilseeds, and white
mustard could be an alternative crop, which makes it possible to increase
the production of vegetable oils without deteriorating the condition of the
soil. In search of high-yielding essential oil crops, scientists and businesses
are increasingly paying attention to mustard, in addition, the dynamics of
the market for this crop shows an increase in demand for it in recent years.
In terms of crop area, this crop is among the top ten world leaders, and in
Ukraine its area is second only to sunflower, rapeseed, soybean and flax
oilseeds. Agri-environmental benefits of mustard cultivation in Ukraine, its
medical and biological properties, high profitability of production (over
110%) contribute to the further development of the market for mustard, its
processing and increase the profitability of the crop. Its total area as a "niche
culture" is in the range of 49.5-59.0 thousand hectares. It is a reliable
financial source that successfully competes with sunflower and soybeans,
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while up to 90% of all seeds grown in Ukraine are exported (about 40
thousand tons) [26].

Mustard seed production in Ukraine is a chaotic phenomenon rather
than purposeful. The reasons for such fluctuations in the popularity of
culture should be considered in two contexts: first, in agrobiological (lack of
production of varieties with a sufficient level of adaptive traits to the
complex of abiotic and biotic adverse environmental factors); secondly — in
agro-technological (the vast majority of agricultural producers use outdated
cultivation technologies at best, at worst — use some technological methods
of zonal technologies for growing related crops, especially rapeseed).
According to analysts, for the first time in the last few seasons there is a
slight increase in the gross harvest of mustard seeds, which contributed to
the expansion of sown areas. Thus, in 2018 the area under mustard
increased by 17.4 thousand hectares compared to the previous one and
amounted 57.9 thousand hectares. Most mustard is grown in the southern
regions of Ukraine, about 26% of its crops are, in particular, in the Kherson
region (15 thousand hectares). Also, a significant part of mustard sown
areas is concentrated in Zaporizhia (8.7 thousand hectares) and Luhansk (8
thousand hectares) regions. The average yield of mustard is much higher
than in the rest of the world: blue mustard (Sarepta) from 1.0 to 1.2 t/ha,
white — from 1.5 to 2.5 t/ha of seeds and up to 30 t/ha — green mass [9, 17].

The rapid dynamics of climate change in the direction of warming
also contributes to the expansion of white mustard crops, which
significantly changes the usual ideas about the diversity of biological set
and technological capabilities of long-known crops [5, 13].

Mustard is an ecologically plastic crop among oil cultures [14, 28]. It
is undemanding to environmental conditions, grows on almost all types of
soil but requires the presence of nutrients in the soil. It consumes 55-60 kg
of nitrogen, 25-30 kg of phosphorus and 25-35 kg of potassium to form 1
ton of seeds. It is recommended to apply phosphorus-potassium fertilizers
under the main tillage. The optimal is early sowing period, simultaneously
with the early cereals. Sow in a continuous row method. And early sowing
has the following benefits:

a) low positive temperatures and moist topsoil contribute to the
formation of a strong root system and leaf rosette, which increases the
competitiveness of the crop against weeds;

b) mustard is a long-day plant, so in the case of late sowing, it is
faster to go through all phases of growth and development, which
negatively affects yields;

c) early sowing helps to reduce the harmfulness of cruciferous fleas.
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Productive consumption of soil moisture makes the crop more
drought resistant. White mustard gives high yields of green mass, which is
well eaten by animals, so it has long been used for green fodder. It is also a
honey crop [2, 23].

White mustard is undemanding to environmental conditions, grows
on almost all types of soils, except light sandy (undesirable). The root
system is able to absorb nutrients from sparingly soluble forms of potassium
and phosphorus, so it can grow on low-fertile soils with a weak acid
reaction. The culture is cold-resistant, the seeds germinate at a temperature
of +1 ... + 3 °C, seedlings in the rosette phase can withstand short-term
spring frosts to -7... -9 °C. Optimal moisture supply — 350-450 mm during
the growing season. Due to the early sowing of mustard, it makes the most
efficient use of autumn-winter moisture reserves [18, 24].

An excellent green manure that can improve the condition of the soil,
its fertility is an invaluable reserve for the use of white mustard on green
manure. 90% of its root system penetrates deeper into the arable layer and
well drains the soil layers, increases its permeability, aeration, suppresses
diseases and pathogens which are contained in the soil. Mustard root
secretions contain organic acids that, when interacting with the soil, are able
to convert a number of mineral nutrients into accessible forms for the next
crop. It is believed that the result after sowing mustard on green manure is
similar to the introduction of humus. This culture structures the soil,
enriches it with both organic and mineral nutrients due to the ability of the
root system to dissolve and absorb nutrients inaccessible to other plants.
Mustard reduces the population of pests and fungal infections in the soil. As
a green manure — a good way to increase soil fertility and quality, which
saves on fertilizers and plant protection products. It is a plant-
phytomeliorant, because its root and crop residues inhibit the development
of many diseases, the causative agents of which live in the soil. The use of
mustard greens makes it possible to compensate significant proportion of
biological forms and mineral phosphorus-potassium fertilizers [4, 15].

According to A. Gusarova, mustard leaves about 10 t/ha of crop
residues in the air-dry mass, which, if properly involved in the soil-
absorbing complex, can improve the presence of organic matter in the soil
[6, 10, 16]. During decomposition, mustard fills the soil with all the
necessary elements, in particular: 11-12 g of nitrogen compounds, 12-15 g
of potassium and up to 1.9 g of phosphorus per square meter. All elements
are in a form easily accessible to plants.

Mustard is a promising crop (it can yield almost as good as spring
rape), because plant biology allows it to be used not only as a good
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precursor that can improve agrophysical and phytosanitary properties of the
soil, but also a cheap and effective means of fertilizing the soil as green
manure crops, among which mustard is one of the most effective. Seeds can
be used in many industries, and the processing of crop residues is also a
great benefit, which allows to obtain fuel briquettes and pellets [20]. It is
inexpedient to consider the culture of mustard as a raw material for oil
production, because today there are technologies of almost 100% use not
only of seeds, products of its primary processing, but also non-grain part of
the crop. By-product — mustard meal, which after degreasing and grinding
turns into mustard powder — a product that is valued in domestic and foreign
markets on a par with oil. It is a major component of table mustard and
mayonnaise, a variety of sauces and condiments, marinades and canning
mixes. Mustard oil is used in the food, confectionery, canning, margarine,
soap, perfume and paint industries. Natural antiseptic properties, due to the
specific chemical composition and the presence of essential oil, allow it to
be used in medicine [7, 8].

Mustard oil is characterized by a high content of biologically active
substances needed by our body (vitamins (A, D, E, K), fatty acids,
phytosterols, chlorophyll, volatile acids etc.). Linoleic and linolenic
essential fatty acids in oil mustard, improves the cardiovascular system,
normalizes fat metabolism, maintains optimal hormonal balance,
strengthens the immune system, neutralizes the harmful effects of toxins.
Antioxidant vitamin A normalizes metabolism, improves vision, protects
skin and mucous membranes from healing, increased level of fat-soluble
vitamin E in mustard oil is necessary for proper absorption of vitamins of
other groups, normalization of metabolic processes, maintenance of energy
balance, it prevents premature aging and destruction of body cells.

This powerful antioxidant has immune-stimulating, anti-
inflammatory, wound healing and rejuvenating properties; helps lower
cholesterol, prevents blood clots, strengthens the walls of blood vessels and
capillaries. When applied topically, mustard oil is recommended in the
treatment of arthritis, polyarthritis, rheumatism, radiculitis. It well relieves
tension in muscles and ligaments after strenuous exercise. In folk medicine
it is used for faster healing of cuts and injuries [3, 19].

It is also necessary to mention the constant demand for mustard
seeds from the food and confectionery industries. In particular, its seeds are
used to make high-grade bread (mustard bread), and the addition of mustard
oil to the dough allows you to double the shelf life of bread before
hardening, compared to traditional recipes. In the canning industry, mustard
is used to make the best varieties of canned fish and meat, successfully
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replacing Provencal oil — it is believed that the "brand" secret of the popular
"Riga sprats" is in the use of mustard oil. Mustard oil is used in the food,
confectionery, canning, margarine, soap, perfume and paint industries.
Natural antiseptic properties, due to the specific chemical composition and
the presence of essential oil, allow it to be used in medicine [1, 12].

Mustard seed production in Ukraine is a chaotic phenomenon rather
than purposeful. The reasons for such fluctuations in the popularity of
culture should be considered in two contexts: first — in agrobiological (lack
of production of varieties with a sufficient level of adaptive traits to the
complex of abiotic and biotic adverse environmental factors); secondly — in
agro-technological (the vast majority of agricultural producers use outdated
cultivation technologies, at worst — use some technological methods of
zonal technologies for growing related crops, especially rapeseed) [11, 21,
22,27, 30-32].

Today, a number of scientific institutions of the National Academy
of Agrarian Sciences of Ukraine are working on the development, testing
and production of new mustard varieties. In particular: Institute of Oilseeds
NAAS (Zaporizhia region), Prykarpattia State Agricultural Research Station
of the Institute of Agriculture of the Carpathian region NAAS, Prykarpattia
National University n-d after Vasyl Stefanyk (lvano-Frankivsk region),
National Botanical Garden n-d after M. M. Hryshko of the National
Academy of Sciences of Ukraine (Kyiv), Khmelnytsky State Agricultural
Research Station of the Institute of Feed and Agriculture of Podillya NAAS,
LLC "NDVAP "Ukrainian Mustard" (Khmelnytsky region), National
Research Center "Institute of Agriculture NAAS" (Chabany), Institute of
Agriculture of Western Polissia of NAAS (Rivne region) and others. For
sowing it is necessary to use varieties adapted to the growing conditions in
the relevant soil and climatic zones, which have passed the State variety
test.

According to analysts, for the first time in the last few seasons there
is a slight increase in the gross harvest of mustard seeds, which contributed
to the expansion of sown areas. Thus, in 2018 the area under mustard in
Ukraine increased by 17.4 thousand hectares compared to the previous one
and amounted to 57.9 thousand hectares. Most mustard is grown in the
southern regions of Ukraine, about 26% of its crops are, in particular,
Kherson region (15 thousand hectares), Zaporizhzhia (8.7 thousand
hectares) and Lugansk (8 thousand hectares) region [5].

Conclusions. The conditions of the Western Forest-Steppe zone
meet the biological requirements of the culture in terms of natural soil
fertility, the sum of effective temperatures and the amount of precipitation.
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The reasons for the limited spread of white mustard in production are
the insufficient number of new ecological and plastic varieties, limited
production of pre-seasonal seeds and imperfect technology of its cultivation.
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EFFICIENCY OF THE PROTECTION SYSTEM
AND TREATMENT OF THE SOIL

AGAINST HARMFUL ORGANISMS

IN THE MAIZE CROPS FOR GRAIN

In recent years, there has been an annual deterioration in the phytosanitary
condition of crops. One of the main factors of this phenomenon was the
destabilization of the land use system and the disturbance or absence of crop
rotations, which led to a high potential soil contamination by weeds and the
accumulation of pests and diseases.

The article presents the results of research to determine the impact of
different tillages and protection systems on the species composition of weeds,
diseases and pests in maize crops, which were held in 2019 - 2020 on the territory of
the Institute of Agriculture of Western Polissia of NAAS in 4-field crop rotation.

Studies are conducted on the general background of fertilizer in the norms
recommended for crop rotation in the region.

The use of shelf tillage contributed to a faster passage of the phases of
development of maize plants by 3-4 days, compared to non-shelf tillage.

It is established that tillage has a significant impact on the accumulation of
pests, in particular, it is clearly traced by the number of weeds. The largest number
of weeds was observed in the variants without herbicide spraying by surfacial soil
cultivation and amounted to 545.6 pc./m?, which is 2 times higher than by the shelf
tillage (277.1 pc./m?). That is, after moldboard tillage and spraying with herbicides,
the number of weeds was 96,8% lower compared to the control. A slightly smaller
difference in the influence of soil cultivation was monitored on the development and
spread of diseases and pests. Against them, the main deterrent was still chemical
protection. In the variants without insecticide, the population of maize hairy aphids
was 85%. The use of Belt (0.15 I/ha) made it possible to reduce the plant pest
population by 3.5 times.

Technical efficiency of fungicide Retengo (0.5 I/ha) against fusarium was at
the level of 87.1-90.0%, gray rot — 78.3-80.1% and helminthosporiosis 79.4-81.4%,
depending on the tillage.

The 20-22 cm shelf- and 10-12 cm surfacial processing systems ensured
corn yields of 6.90 and 6.28 t/ha of grain, respectively, compared to the 6-8 cm non-
dump system (5.36 t/ha). However, the combination of treatment with an intensive
protection system allowed to increase the yield to 11.83 and 10.63 t/ha.

© Snizhok O. V., 2021
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Chuizxok O. B.

IHcTuTyT cinbepkoro rocnonapersa 3axiguoro [omices HAAH

EdexTuBHicTh cuHCTeMH 3aXHCTY Ta OOpoOOITKY IPyHTY HpOTH
LIKIVINBUX OPraHi3MiB y nociBax KyKypy/a3u Ha 3epHO

OcranHiMI poxaMu CIIOCTEepITaeThes HIopiuHe HOTipIIeHHS
¢iTocaHiTapHOTO CTaHy HOCIBIB CLIBCHKOTOCHOAAPCHKUX KynbTyp. OmHuM i3
TOJIOBHMX  YMHHHKIB  Takoro sBHIIA CcTana  Jecrabimisamis  cHCTeMH
3eMJIGKOPUCTYBAaHHS ¥ HOpyIIeHHA abo BiACYTHICTh CiBO3MiH, IO TPHU3BEIO 0
BHCOKOT IMOTEHIITHOT 3aCMiU€HOCTI IPyHTY Oyp’ sSTHAMH Ta HAKOTIMYEHHS IIKiTHUKIB 1
XBOPOO.

IIpencrarieHo pe3ysiabTaTH JOCTIIKCHb MIOJ0 BU3HAUCHHS BIUTUBY PI3HUX
00pOoOITKIB IPYHTY Ta CHCTEMH 3aXHCTy Ha BHAOBHIl ckiaj Oyp'sHIB, XBOpoO Ta
IIKIJHUKIB Yy TOCiBaxX KyKypyn3H, siki mposeneHo y 2019-2020 pp. Ha Tepurtopii
Inctutyty cinbebkoro rocmomapcerBa 3axignoro Ilomiccs HAAH y 4-minbHii
CiBO3MIiHI.

JocnimKkeHHs TpOBOAWIM Ha 3arajbHUX (OHAaX YHZOOpeHHS B HOpMax,
PEKOMEHIOBaHUX LIS KyJIbTYp CIBO3MIiHH B yMOBaxX 001acTi.

BukopucranHs HOIMIEBOTO 00pOOITKY IPYHTY CHPHSUIO OUBII IIBHAKOMY
MIPOXO/KEHHIO (a3 PO3BUTKY POCIMH KyKypya3u Ha 3—4 1no0u HOpIiBHSHO 3
0e3MoINIEeBUMH 00pOOITKAMHL.

BcraHoBneHo, 1110 00po0iTOK IPYHTY Ma€ 3HaUHHH BIIMB HAa HAKOIHMYEHHS
LIKIUTMBUX OPTaHi3MiB, 30KpeMa Iie 4iTKO IPOCTEKYETHCS 00 KITbKOCTI Oyp'sHiB.
Haii6inbiry KinbkicTh Oyp'sHIB crocTepiramy Ha BapiaHTax 0Oe3 OONpPHCKYBaHHS
rep6iluIaMy 3a HOBEPXHEBOTO 0OPOOITKY IPYHTY, AKa CTAHOBMIA 545,6 mT./M2, 110
B 2 pasu Oinbme Hix 3a momuuesoro (277,1 mr./mM?). To6To 3a IONHMIEBOrO
00po0iTKY TpyHTY Ta OONpPHCKYBaHHS repOiliIamMyu YrucenbHicTs Oyp'sHiB Oyia Ha
96,8 % HWKYOI0 TOPIBHAHO 3 KOHTpoieM. Jlemo MeHme  pi3HHNS BIUIUBY
00poOiTKy TIPYHTY MpOCTeXyBajacs Ha PO3BHTOK Ta IOIIMPEHHS XBOPOO i
IIKIJHUKIB. [IpOTH HUX TOJOBHMM CTPUMYIOYMM YMHHHUKOM BCE K TaKH € XiMiYHHN
3axuct. Ha BapianTax 0e3 iHCEKTHIMIY 3aceJeHICTh IONENULEI0 KyKypYyA3sHOIO
BoJIOXaTor0 ctaHoBmia 85 %. 3acrtocyBanus 6enty (0,15 n/ra) mo3soauio B 3,5 pazy
3HU3UTH 3aCEIEHICTh POCIHH MIKiTHUKOM.

Texuiuna edexruBHicTs (yHTimHAY pererro (0,5 n/ra) mpotu Qys3apiozy
Oyma Ha piBHI 87,1-90,0 %, cipoi rammi — 78,3-80,1 % Ta rempMiHTOCHOpiO3y —
79,4-81,4% 3anexxHo BiJ 00pOOITKY IPYHTY.

[Tonuuesa Ha 20-22 cm i Minka Ha 1012 cM cucremu oOpPOOITKY IPYHTY
3abe3neyniy BpOXKalHICTh 3epHa KyKypy/a3H BiamosigHo 6,90 i 6,28 T/ra nopiBHIHO
3 MOBepXHEeBOIO cucteMolo Ha 6-8 cm (5,36 1/ra). Ilpore moenHaHHsS OOPOOITKY
IDYHTY 3 3aCTOCYBAaHHSAM CHCTEMH 3aXHCTy KYJIbTYpH 3yMOBHWJIO 30UIbLICHHS
BpoxaiHocTi 1o 11,83 1 10,63 1/ra.
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Introduction. Changing the priorities of modern agriculture on the
background of further soil degradation necessitates improving the system of
tillage for crop rotation in the direction of minimization, taking into account
the type of crop rotation, quantity and quality of post-harvest residues,
fertilizer level, phytosanitary condition of crops, technical capabilities of
farms [1, 9, 11 13, 21].

Tillage is the basis and an important component of any technology
for growing field crops. It aims to increase soil fertility and ensure stable
yields of high quality with the lowest cost of material and energy resources.
In the existing zonal integrated protection systems, agrotechnical measures
operate for a long period and have a favorable effect on the general
phytosanitary condition of the agrobiocenosis [2, 4, 5, 11, 20, 14, 21, 25,
27]

Destabilization of the land use system and disturbance or absence of
crop rotations has led to high potential soil contamination with seeds and
vegetative germs of weeds, accumulation of pests and infections [8, 10, 12,
17,18, 22].

In their works, most scientists and practitioners believe that now in
crop rotations of different soil-climatic regions of Ukraine it is necessary to
carry out different-depth tillage taking into account the agrophysical
properties of soil and biological characteristics of crops, using tools of both
shelf and non-shelf type [13, 21, 29]. Therefore, the main task in modern
agriculture in the absence of sufficient material resources for the use of
energy-intensive technologies is to differentiate in depth and methods of
tillage [11, 21, 28, 29, 31].

Numerous experiments have shown that in crop rotations the number
of weed seeds in the soil per rotation decreases three to four times, and the
number and weight of weeds in crops, respectively, by 62-64 and 36-74%
[12, 17, 18 , 22, 23]. Moreover, the most effective measure to control the
level of weeds in different agrophytocenoses of crop rotation is the main
tillage. Its share in total weed control is about 60% [11, 14, 21].

It is believed that when applying the soil protection system of tillage
there is a sharp increase in weediness of the fields and a change in the
species composition of weeds in the direction of increasing the proportion
of difficult to root and most harmful species [12, 19, 25]. At the same time,
other researchers believe that when the soil is shelfless tilled, weed seeds
are preserved in the deep layers of the soil and lose their viability, creating
conditions for clearing the soil of weed seeds [32, 33]. However, according

62



ISSN 0130-8521. I[TepearipHe Ta ripchke 3emiiepoOcTBO i TBapuHHULTBO. 2021. Bum. 70 (2)

to the literature, it is noted that the combination of peeling and tillage
provides a reduction of weeds in annual weeds by 2.2 times, and perennial
root crops — 10.5 times [2, 9, 14, 31].

Due to the fact that maize plants grow very slowly at the beginning
of the growing season, they cannot compete with weeds that are adapted to
cool spring days, quickly forming a strong aboveground part and root
system, suppressing crops. Weed infestation reduces crop productivity by
35-50% [4, 5, 7, 10, 17, 19, 26, 28, 30].

With this level of potential clogging, pest growth and disease
development, large-scale use of chemical pesticides is required to preserve
the crop, which is part of a comprehensive integrated system of protection
of cultivated plants from pests [10, 14, 22, 25, 29].

The purpose of the work is to study the impact of the system of
protection and different tillage on the species composition of weeds,
diseases and pests of corn for grain in the conditions of Western Polissia.

Materials and methods. The experiments were conducted on the
territory of the Institute of Agriculture of Western Polissia of NAAS during
2019-2020.

The soil of the experimental plot is dark gray podzolic. Studies are
carried out on the general backgrounds of fertilizer in the norms
recommended for crops in the region (N12 Peo Ki20). The accounting area —
50 m?, three repetitions. Culture — corn hybrid DKS 3972.

Shelf tillage included stubble peeling with BDT-3 discs, plowing
with PLN-5-35 plow to a depth of 20-22 cm, cultivation with AG-2.4 unit
and pre-sowing tillage with RVK-3.6 unit.

Shallow tillage included stubble peeling with BDT-3 discs,
cultivation with AG-2.4 unit to a depth of 10-12 cm and pre-sowing tillage
with RVK-3,6 unit.

Surface tillage included only cultivation with the AG-2.4 unit to a
depth of 6-8 cm.

Spraying of corn with soil herbicide Frontier Optima (1.2 1/ha) was
carried out immediately after sowing, with insurance herbicide Milagro 240
SC (0.6 I/ha) — In the phase of 6 leaves. Retengo fungicide (0.5 I/ha) was
applied in the 8-leaf phase, Belt insecticide (0.15 I/ha) in the 10-leaf phase.

Weeds were counted before herbicide spraying, as well as 7 and 14
days after spraying. The species composition of weeds and the number per 1
m? were determined.

Records of diseases and pests were performed according to the
method of V. P. Omeliuta [16]. To determine the disease, 10 plants were
taken at 10 sites and the development and spread of the disease were
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determined according to the actually occupied by mycelium or spots in the
area of leaves and stems according to the E. E. Geshel scale.

The technical efficiency of the drugs, as well as their economic
efficiency was determined by the method of S. O. Trybel, D. D. Sigariov,
M. P. Sekun [15]. During the harvesting period, the structural analysis of
corn and crop accounting were determined, mathematical data processing
was performed [6].

Results and discussion. As a result of the conducted researches it
is noted that on variants where shelf and shallow tillage of a corn were
carried out, sprouts of maize for grain appeared 3-5 days earlier than on a
variant where surface cultivation was carried out (on shallow on 10-12 cm
and superficial on 6-8 cm of tillage there is an increase in the density of the
arable layer, compared with the 20-22 cm shelf tillage). The weather
conditions also made their adjustments. Thus, during the years of research
at the time of sowing corn (Il decade of April), the average daily air
temperature was within the climatic norm. However, the amount of
precipitation in 2020 was only 3.6 mm, less than the long-term average of
37.4 mm, which slightly reduced the rate of grain germination. In the study
area, May is characterized by high humidity. Because in two years more
than 130 mm of precipitation fell while climatic norm is 76.0 mm.

The weather conditions of the summer months were optimal for the
vegetation of corn. During the growing season of corn, the sum of effective
temperatures (> 10 °C) in 2019 was 1199.1 °C, in 2020 - 1121.8 °C.

It is noted that the use of shelf tillage contributed to a faster
passage of the phases of development of corn plants for 3-4 days, compared
with non-shelf tillage.

During the study period, the species composition of weeds was
represented mainly by: Apera spica venti L. (27.0-114.0 pcs/m?), Viola
arvensis Murr. (22.5-303.6 pcs/m?), Tripleurospermum inodorum L. (1.0-
8.0 pcs/m?), Stellaria media L. (2.0-14.5 pcs/m?), Thlaspi arvense L. (1.2-
5.2 pcs/m?), Polygonum convolvulus L. (2.5-34.0 pcs/m?), Brassica napus L.
(1.0-9.0 pcs/m?), Chenopodium album L. (2.5-16.5 pcs/m?) and others.

The largest number of weeds was observed in the variants without
herbicide spraying after surface tillage and was 545.6 pcs/m?, which is 2
times higher than by the shelf-tillage (277.1 pcs/m?) and 10.2 times higher
than on variant with herbicides (Fig.).
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Fig. Influence of tillage and protection system on the number of weeds
on maize crops (2019-2020)

According to the results of research under the intensive protection
system, a similar trend was observed, ie, the minimum number of weeds for
both the period of germination and the period of ripening of corn was
observed during shelf tillage.

The first signs of herbicide action were observed on day 6 after
spraying. Yellowing and deformation of the tops was observed on such
weeds as bitter birch, white quince, knotweed, rake, rapeseed.

Studies have shown that the highest technical efficiency of
herbicides was observed on day 14 after spraying and shelf tillage (96.8%),
as on day 30 a new wave of weeds began, in particular, Viola arvensis
Murr. and horsetail (Table 1).

During the years of research at the time of harvest, the weight of
weeds in the variants without herbicides was 330.1-578.3 g/m? depending
on the tillage, while in the variants where herbicides were used 44.6-111.4
g/m? respectively (Table 1).
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1. The effectiveness of herbicides in maize crops (IAWP NAAS, 2019-
2020)

Variant Technical Weight of weeds,
efficiency, % g/m?
Without pesticides
Shelf by 20- (control) 0 330,1
22 cm Integrated
protection system 96.8 44.6
Without pesticides
Shallow by (control) 0 462.5
10-12 cm Integrated
protection system 93.5 88.3
Without pesticides
Surfacial by (control) 0 578.3
6-8 cm Integrated
protection system 90.9 1114

It should be noted that in the study area on maize crops no
significant pest damage was observed. In variants without insecticide,
especially from the edges of the field was observed hairy corn aphids. The
use of Belt insecticide allowed to reduce the population of aphids by 3.5
times, while its number in the colony was much smaller.

In 2019-2020, the most common and harmful diseases on corn cobs
were fusarium wilt, gray rot and helminthosporiosis. On variants not treated
with fungicides, the development of fusarium wilt ranged from 7.9 to
10.1%, gray rot - 5.8-7.2% and helminthosporiosis — 13.8-15.2%, depending
on the tillage.

When spraying crops with the fungicide Retengo disease
development was at the level of 1.0-3.3%

According to studies, the technical efficiency of the fungicide
Retengo on the 14th day after spraying against fusarium wilt was at the
level of 87.1-90.0%, gray rot — 78.3-80.1% and helminthosporiosis 79.4-
81.4%, depending on tillage (Table 2).
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2. The effectiveness of fungicides in maize crops (IAWP NAAS, 2019-

2020)
Technical efficiency, %
Variant . helminto-
fusariosis gray rot L
sporiosis
Without pesticides
Shelf by 20-22 (control) 0 0 0
cm Integrated
protection system 87,3 82,7 79,7
Without pesticides
Shallow by 10-|——{control) 0 0 0
12 cm Intggrated
protection system 87,1 83,8 78,3
Without pesticides
Surfacial by 6- (control) 0 0 0
8cm Integrated
protection system 90,0 84,7 80,1

On average over the years, research has shown that spraying corn
crops with herbicides and fungicides promoted plant development and
significantly affected grain yield and quality. Thus, in the variants without
herbicides, the height of the plants was 1.7-2.1 m, while by the use of
herbicides it was 0.8-0.9 m higher, the length of the cob 3.8-4.1 cm larger
(17.7-19.8 cm). The highest weight of 1000 grains was observed by shelf
tillage both on the variant without pesticides (262.25 g) and by intensive
protection (364.77 g) in comparison with shallow (340.56 g) and surface
(321.63 g) treatments.

The highest yield (11.83 t/ha) was observed by shelf tillage and
intensive protection system (Table 3). The lack of a protection system
reduced this figure by 38.0-41.7%.
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3. Yield of maize depending on tillage and plant protection (IAWP
NAAS, 2019-2020)

| . Repetition + to control
Variant 1 11 111 Mean Factor AlFactor B
Without
pesticides
Shez'gkgnzo' (control) | 6,87 | 6,95 | 6,88 | 6,90 | - !
Integrated
protection system| 12,13|11,74(11,62|11,83 - +4,93
Without
pesticides
ng‘”l‘;"‘éray (control) | 6,43 | 6,11 | 6,30 | 6,28 | 0,62 | -
Integrated
protection system| 10,52 (10,63 |10,74]10,63| -1,20 | +4,35
Without
. pesticides
S“g_asc'c"r‘:]by (control) | 540536 |531|536| -1,54 | -
Integrated
protection system| 8,77 | 852 | 8,56 | 8,62 | -3,21 | +3,26
LSDgs treatments factor A 0,28
LSD ¢s protection system factor B 0,22
LSD g5 interaction 0,39

Conclusions. Studies have shown that non-shelf tillage shows an
increase in weed infestation due to the accumulation of the bulk of weed
seeds in the topsoil. Thus, during surface tillage the number of weeds was
545.6 pcs/m?, which is 2 times higher than on the shelf (277.1 pcs/m?).
During shelf tillage and herbicide spraying, the number of weeds was
96.8% lower compared to the control. Somewhat less difference in the
impact of tillage was observed on the development and spread of diseases
and pests. Against them, the main deterrent is still chemical protection.
Tillage allowed to obtain a yield increase of 0.62-1.54 t/ha. The
combination of tillage with an intensive protection system led to an increase
in yields in the range of 3.26-4.93 t/ha in accordance with the control (5.36-
6.90 t/ha)
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PROSPECTS OF SUNFLOWER GROWING
AND THE INFLUENCE OF PLANT DENSITY ON PRODUCTIVITY

Prospects for sunflower cultivation in different regions of the country are
described. Based on the studied literature, it is concluded that among all crops, the
sown area of sunflower in Ukraine is one of the largest and ranks second after
wheat. Over the past five years, sunflower cultivation has expanded by a quarter,
with record production expected. In recent years, the crop is perhaps the most
profitable in the field of crop production.

In economic terms, sunflower is not inferior to crops such as wheat, corn,
soybeans and is one of the most popular oilseeds not only in Ukraine. Simple
cultivation technology and high profitability, growing demand for seeds and
sunflower oil, oilcake, both in domestic and world markets, leads to increase of
sown areas and crop yields.

It is established that stable yields of sunflower can be obtained by
introducing highly efficient varieties and hybrids and intensive cultivation
technology, which would maximize the realization of its potential productivity. In
terms of seed yield, sunflower hybrids are 20-30%, and in terms of oil content — 15-
20% more effective than best zoned varieties. It is possible to increase the
production of commercial sunflower seeds in Ukraine without expanding the sown
area by creating and implementing more productive hybrids with certain
economically valuable features that combine high yield stability with product
quality, and by adapting new hybrids and parent forms to the relevant weather
conditions, which will increase yields above 4 t/ha. Currently, there is a wide
selection of varieties and hybrids of sunflower for growers. Over the past few years,
the Register of plant varieties suitable for distribution in Ukraine includes more than
200 hybrids of domestic and foreign selection. This contributes to the expansion of
the area of sunflower cultivation in all soil and climatic zones of Ukraine, thus
creating an efficient hybrid conveyor.

There has been a rapid increase in the area under sunflower in the western
part of the country, where soil and climatic conditions contribute to its unimpeded
cultivation.

The results of research conducted in different regions of the country on the
effectiveness of the elements of cultivation technology on the productivity of
sunflower hybrids are presented.
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[HCTHTYT cinbebkoro rocnonapersa Kapnarcekoro periony HAAH

IlepciekTHBY BHPOIIYBAHHSI COHSIIIHUKY Ta BINIMB T'YCTOTH CTOSTHHS
POCJIMH Ha iX NPOAYKTUBHICTH

OxapaKkTepH30BaHO IIEPCIIEKTHBH BHPOIIYBAaHHS COHSMIHUKY B pPIi3HHX
perionax kpainu. Ha ocHOBI ompanpoBaHOi JiTepaTypu 3po0Je€HO BHCHOBOK, IIO
cepes YCixX CUIBCHKOTOCIIOAAPCHKUX KYJIBTYp IMOCIBHA IUIOIIA COHSIIHUKY B YKpaiHi
€ OJHI€I0 3 HaHOUIBIMX 1 3afiMae Jpyre Micle, MOCTYNAIYHUCh JIMIIE MIICHHIIL.
[IpoTaroM ocTaHHIX I’ATH POKIB IUIOIII BHUPOIIYBAaHHS COHAIIHUKY Ha YBEpPTh
PO3MINPIITHCS, TIepea0adacThCs peKOPAHE HOTro BUPOOHUITBO. YIIPOJOBX OCTaHHIX
POKIB KyJIbTypa € 41 He HalpeHTa0eNbHILIO0 y Taly3i POCIHHHHUIITBA.

3a TOCHONAPCHKUM 3HAYCHHSM COHSIIHMK HE IOCTYNAEThCS IIIICHHMIT,
KyKypyZ3i, cOi Ta € OIHi€I0 3 HAWMOMYNISPHIIINX OJIIHUX KYJIbTYp HE TUIBKH B
Vkpaini. HeckiamgHa TexXHOJIOTiS BHpPOLIYBaHHS Ta BHCOKAa pPEHTAOEIBHICTS,
3pOCTAaHHS TIONMUTY HA HACIHHA Ta COHAIIHUKOBY ONil0, MakKyXy SK Ha
BHYTPIIIHBOMY, TaK i CBITOBUX PHHKAX 3yMOBIIOE€ 3POCTaHHS IMOCIBHUX IUIOLI Ta
i ABUIIEHHS BPOXKAWHOCTI KYJIBTYPH.

BcranoBneHo, mo cram BpoXkai COHSIIHUKY MOXHA OJEPXKYBaTH,
BIPOBA/KYIOYM BUCOKOE(EKTHBHI COPTH i TiOpHAM Ta IHTEHCHUBHY TEXHOJOTIIO
BUPOLIYBaHHs, sKa 0O MaKCHMaJbHO CIpHsUIa peamizalii Horo mHOTEHiHHOT
MIPOJYKTHBHOCTI. 3a BpOXANHHICTIO HAaCiHHS TiOpuau coHsmHuKy Ha 20-30 %, a 3a
omiifHicTIo — Ha 15-20 % mnepeBaxaroTh Kpalli paifoHOBaHI COpTH. 30iIBLINTH
o0csTi BUPOOHWITBA TOBAapHOTO HACIHHS OJIHHOTO COHSIIHUKY B YKpaiHi 0e3
pPO3MIMPEHHSI TOCIBHUX IUION[ MOXJIMBO 3a CTBOPEHHS Ta BIIPOBAIKCHHS
MPOAYKTUBHIIIKX TiOpHUIIB 3 TEBHUMH T'OCHOAAPCHKO I[IHHUMH O3HAaKaMH, SKi
MOEIHYIOTH CTaOUTBHICTD BHCOKOI BPOXKAWHOCTI 3 SIKICTIO MPOAYKIIii, Ta 32 paXyHOK
aJIanTOBAHOCTI HOBUX TiOpHIIB 1 6aThKiBChKUX (GOPM 10 BIiMMOBIAHUX MOTOIHO-
KJIIMaTUYHUX YMOB BHPOILYBaHHS, IO 3a0€3M€UYNTh 3POCTAHHS BPOXKANHHOCTI MOHAL
4 1/ra. Ha cphoroiHi icHye IIMPOKWH BHOIp COPTIB Ta TiOPUIIB COHSIIHUKY JUIS
BUPOOHUKIB. 3a OCTaHHI JEKibka POKiB y PeecTp COpTiB pOCINH, MPUAATHUX IS
MOIMMpPEeHHST B YKpaiHi, BKItodeHo moHan 200 riOpuaiB BiTYM3HSHOI Ta iHO3EMHOI
ceneknii. Came me cnpusie TOMMPEHHIO apeany BHPOIIYBaHHS COHSALIHUKY B yCiX
IPYHTOBO-KJIIMAaTHYHUX 30HaX YKpaiHW, CTBOPIOIOYHM IIMM CaMHM €(EeKTHBHO
MPAIIOI0YNH TiOPUIHUN KOHBEEP.

BinzHaueHo cTpimMKe 301IbIICHHS TTOCIBHHUX IO COHSIIHUKY Ha TEPUTOPIi
3aXifHOl YacTWHM KpaiHW, Je TIPYHTOBO-KJIIMAaTUYHI YMOBH CIpHUSIOTH HOro
0e3MepenIKoAHOMY BUPOIIYBaHHIO.

HaBeneHo pe3ynbraTd JOCIIKEHb, MPOBEACHNX Y Pi3HUX PErioHax KpaiHu,
moao e(QeKTUBHOCTI  BIUIMBY  €JEMEHTIB  TEXHOJNOTii  BUpPOIMYBaHHS Ha
MPOAYKTUBHICTB TiOPUIIB COHSIIHUKY.

KiawuoBi cioBa: COHAIMIHHK, TYCTOTAa CTOSIHHS, COPTH, TiOpHIy,
MIPOAYKTUBHICTB.
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Sunflower is one of the most important oilseeds in the world, as
well as the main oilseed crop in Ukraine. The rapid increase in sunflower
sown areas is characteristic not only for the Southern regions of Ukraine,
but also more and more often we see an increase in their volumes in the
Western part of the country, where weather conditions contribute to
unimpeded cultivation. In recent years, the crop is perhaps the most
profitable in the field of crop production.

Sunflower oil accounts for 98% of total oil production in Ukraine.
Compared to other oilseeds, sunflower provides one of the highest oil yield
per unit area (average 750 kg/ha in the country) [8, 18, 30]. Ukraine is a
recognized world leader in both oil production and exporter. In 2020,
exports reached a record high of 6.9 million tons. In the same year, 6.4
million hectares were sown with sunflower.

At present, the special attention of world consumers is focused on
the production of oil with a high content of oleic acid, which will be able to
compete with olive oil in terms of quality. The latter in turn is characterized
by high resistance to oxidation, longer consumption time, versatility of
industrial use.

Over the past three years in Ukraine there has been a tendency to
increase the share of high oleic hybrids in the total sown area under
sunflower. During this period, it increased by 1.4%, and in physical terms
the growth amounted to about 110 thousand hectares and occupies 260
thousand hectares [28].

Demand today is formed mainly by EU countries, and in the near
future is expected to increase due to the introduction of mandatory labeling
of products indicating the source of oil. For sunflower producers in Ukraine,
this is a unique opportunity to get additional income from each hectare
without additional investments, as well as to insure against fluctuations in
product prices [6].

Sunflower oil due to the presence of the most valuable components
that are part of it, is widely used for human nutrition. Based on studies of its
biochemical composition, it has been proven that it contains such
polyunsaturated fatty acids as omega-6 and omega-9. These components
have a powerful health effect, protect the human body from atherosclerosis,
improve the activity of many vital organs — liver, kidneys, gallbladder. The
composition of vitamin F in sunflower oil is characterized by an
anticholesterol effect, promotes the dissolution of atherosclerotic plaques,
improves metabolism and accelerates metabolic processes [22]. As a food
product, sunflower oil is widely used in cooking, baking, for the
manufacture of various confectionery and canned food. It is a major
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component in the production of margarine. The nutritional value that has a
positive effect on human health is due to the high content of
polyunsaturated fatty linoleic acid (55-60%), which has significant
biological activity and accelerates the metabolism of cholesterol esters in
the body. The composition of sunflower oil includes such very valuable
components for the human body as phosphatides, sterols, vitamins (A, D, E,
K). This oil is widely used in the paint industry, as well as in the
manufacture of linoleum, electrical fittings, oilcloth, waterproof fabrics, etc.
[22, 25].

The analysis of the researched issues covered in the scientific
literature states that among all agricultural crops the sunflower sowing area
in Ukraine is one of the largest and takes the second place, second only to
wheat.

Among all oilseeds, sunflower ranks first in both area and oil
production. It is well known that the southern part of Ukraine is the largest
producer of sunflower seeds. Such popularity as the main oil crop here is
justified by the fact that it is a typical plant of the steppe zone, but the
success of its cultivation is largely determined by environmental conditions,
ie weather and climate. Therefore, the prospects of growing sunflowers in
climate change have become a topical issue recently [11].

According to biological features, the genus of sunflower
Helianthus L. includes more than 110 species, of which 100 are perennial
and 10 are annual. One of the annual species in the culture is H. annuus L.
According to the modern classification developed at the Russian Research
Institute of Plant Breeding by F. S. Ventslavovich it is divided into two
independent species: cultivated sunflower (H. cultus Wenz.) and wild (H.
ruderalis Wenz.) [13, 17].

Sunflower — a short-day plant, very demanding of intense sunlight.
At shading growth of plants weakens, small baskets are formed, the stalk is
extended, productivity decreases. As it spreads to the north, its growing
season lengthens. The duration of vegetation of sunflower varieties and
hybrids from sowing to seed ripening in Ukraine is from 80 to 130 days.
The best conditions for the development of sunflower in Ukraine are
observed on chernozems and chestnut soils of the steppe zone with a neutral
or slightly alkaline reaction of the soil solution. In forest-steppe regions, this
culture is placed on gray and dark gray soils. Heavy, unstructured soils, as
well as light sandy and very acidic soils are unsuitable for it [29].

Currently, there is a wide selection of varieties and hybrids of
sunflower for growers. Over the past few years, the Register of Plant
Varieties Suitable for Distribution in Ukraine includes more than 200
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hybrids of domestic and foreign selection. This is what contributes to the
expansion of the sunflower growing area in all soil and climatic zones of
Ukraine, thus creating an efficient hybrid conveyor. The share of precocious
hybrids in the Register is increased to 22%, every third hybrid represents an
early-ripening group. During the growing season, 16% of hybrids are
classified as medium-early, in the group of medium-ripe hybrids — 14%.
This stabilizes the level of yield and minimizes the risks associated with
growing this crop [4]. Modern varieties and hybrids of sunflower are
created on a large selection material, often with the involvement of
interspecific hybridization. The result is a pronounced difference in the
requirements for growing conditions, which can not be realized by dividing
into groups for specific growing areas according to the duration of the
growing season. Application of standard, generally accepted for a zone,
technologies of cultivation of culture allows to receive mediocre results
with sharp fluctuations of productivity in different years. Therefore,
obtaining a high yield depends not only on compliance with the technology
of cultivation, but also on the level of conformity of the variety or hybrid to
the weather conditions of the year [19, 27].

Thus, the main direction of increasing the production of sunflower
seeds is the introduction into production of new high-yielding hybrids and
intensive technologies for their cultivation. In terms of seed yield, sunflower
hybrids by 20-30%, and in terms of oil content by 15-20% predominate the
best zoned varieties. It is possible to increase the production of commercial
sunflower seeds in Ukraine without expanding the sown area by creating
and implementing more productive hybrids with certain economically
valuable features that combine high yield stability with product quality, and
by adapting new hybrids and parent forms to the appropriate weather and
climatic conditions of cultivation, which will increase yields above 4 t/ha.

In order to consolidate a stable share in the production and export
of oil on the world market, we also need to take care of the support of
Ukrainian originators of varieties and hybrids of sunflower. Among
domestic applicants the most productive in this direction is the Institute of
Plant Breeding named after V. Yuriev, where a number of high-oleic and
palmetin hybrids have been created thanks to cooperation with both
Ukrainian and foreign originators. Domestic sunflower hybrids of the
Institute of Plant Breeding are characterized by precocity, high yield and fat
content of not less than 49-53%, resistance to major diseases [5, 12]. The
introduction of new high-yielding varieties, the use of adaptive cultivation
technology significantly affect the economic efficiency and competitiveness
of seed production. In order for the Ukrainian economy to rise and our
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country to gain a stable position on the international market, it is necessary
that the domestic oil industry not only reaches a level that meets
international standards, but is also able to exceed it [20].

For farms of different sizes and specialization in a market
economy, increasing the yield of sunflower seeds is possible by creating and
introducing into production new varieties and hybrids with high
agroecological adaptability, precocity, genetic resistance and tolerance to
powdery mildew, different races of wolfberry, phomopsis, white and gray
rot. In recent years, the world market of sunflower seeds, along with
varieties, more and more attention is paid to the selection of new hybrids
with high productivity potential, their inclusion in the State Register of
Plant Varieties suitable for distribution in Ukraine and recommended for
widespread use in production [10].

In terms of economic importance, sunflower is not inferior to such
crops as wheat, corn, soybeans and is one of the most popular oilseeds not
only in Ukraine. Simple cultivation technology and high profitability,
increasing demand for seeds and sunflower oil, oilcake, both in domestic
and world markets, leads to increased sown areas and increased crop yields.
However, according to scientific research and experience of producers at
the production level, the genetic potential of sunflower is not realized by
50-70% [2, 21].

In the complex of agrotechnical measures of sunflower cultivation,
on which the harvest and its quality depend, the density of standing of
plants occupies an important place. A significant harvest can be obtained
due to high individual productivity and the maximum allowable density of
stems in a particular area of cultivation [15, 26].

Optimal standing density is one of the most important prerequisites
for high and high-quality sunflower seed yields. To achieve it, the correct
choice of seeding rate is of paramount importance. The higher the standing
density, the smaller the size of the baskets and vice versa. With an uneven
density of standing plants lie down, there is an uneven maturation of large
and small baskets, which is the cause of losses and difficult harvesting, and
as a result, energy costs increase significantly. At low crop density, the
diameter of the baskets is larger and the seeds are larger, which to some
extent can compensate the shortage of a sparse number of plants in the area.
However, large baskets ripen more slowly, and large seeds are damaged
during threshing and easily cleaned from the wrapper [9, 23]. This increases
the proportion of volatile acids in the oil and reduces its quality. Crop
density may need to provide high yields per unit area in specific soil and
climatic conditions, as too dense crops consume large amounts of water and
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nutrients to form the vegetative mass of plants. With a shortage of water and
nutrients, this causes a sharp shortage of sunflower seeds [7, 24].

However, too low density of plants in the crop does not ensure the
efficient use of moisture and nutrients to form a seed crop, and the
likelihood of weed infestation increases. Therefore, the standing density
may be different depending on soil and climatic conditions, and the more
favorable these conditions are (especially with respect to moisture), the
higher the standing density may be and vice versa [16, 23].

In the initial stages of growth and development, when the
sunflower forms the root system and leaf surface, the plants do not respond
to thickening. However, with the gradual development comes the moment
when the growth of some plants begins to complicate the ontogenetic
processes of others, which leads to increased competition in the
agrocenosis, reduced viability and productivity of plants [14].

Scientific research has shown that the level of crop vyields,
including sunflower, largely depends on the density of plants, which can
vary in specific soil and climatic conditions in a very wide range. Optimal is
the density of standing, which ensures not only the normal development of
each plant, but it is possible to obtain the highest level of yield per unit area.
The optimal degree of thickening of sunflower crops may also vary
depending on the genetic properties of varieties or hybrids and their
response to certain climatic factors, weather conditions, and above all,
relative to the wet supply of plants [14].

According to research by the Poltava State Agrarian Academy, the
stocking density of Jason sunflower hybrids in the range from 30 to 80
thousand/ha (with fluctuations — 10 thousand/ha) had almost no effect on
the development phases and duration of the growing season. There is a
tendency to a slight increase in the duration of the growing season by 1-5
days with an increase in the density of standing to 70-80 thousand/ha. At
higher standing densities, the leaf surface area of one plant decreased, but
the total leaf area per 1 hectare, on the contrary, increased. Thickening of
crops to 80 thousand/hectare caused a decrease in the mass of 1000 seeds by
9%. The lowest yield of sunflower seeds — 26.3 kg/ha was observed at a
standing density of 30 thousand/ha. The increase in plant density in crops
affected the increase in yield, and the maximum seed yield (33.5 kg/ha) was
obtained at a plant density of 60 thousand/ha, a further increase in plant
density to 80 thousand/ha was accompanied by a decrease in yield to 29.4
quintal/ha [31].

The Institute of Oilseeds of UAAS recommends for different areas
of Ukraine to adjust the density of sunflower plants depending on local
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natural and economic conditions [32]. Many studies by domestic scientists
[3, 9] have shown that the density of standing can be different depending on
soil and climatic conditions, the more favorable these conditions, the higher
the density of standing. Plant density is one of the main factors that
determines the efficiency of soil fertility, temperature and water regimes,
solar energy and other components of agrocenosis [29]. At the same time,
there is no consensus on the optimal density of standing plants. This
indicator depends on both climatic conditions and the genotype of the
hybrid and in the steppe of Ukraine ranges from 40 to 70 thousand plants/ha

[1].

Conclusions. Among all oilseeds, sunflower ranks first in both
area and oil production. The largest producer of sunflower seeds is the
southern part of Ukraine, but it is becoming more common in the western
region.

The main direction of increasing the production of sunflower seeds
is the introduction of new high-yielding hybrids and intensive technologies
for their cultivation, which will contribute to the realization of the genetic
potential of sunflower, which is realized at the production level by only 50-
60%.
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DYNAMICS OF BIOMETRIC INDICATORS
OF ENERGY WILLOW PLANTS
DEPENDING ON PLANTING DENSITY
AND FEEDING BACKGROUND

Development of world civilization is closely linked to energy resources,
which significantly affect the country's independency policy.

In the structure of renewable energy sources in the world more than 50% is
energy received from biomass of vegetable origin and 15% of the total energy used.

Ukraine belongs to energydeficient countries, which is unable to provide the
energy sector with fossil fuels, therefore task of alternative energy development for
our country is urgent.

In Ukraine, in the last decade, much attention has been paid to improving the
efficiency of biofuels and bioenergy, which reduces the dependence of national
economy on energy imports, reduce its energy intensity and ensure economic
development.

A promising renewable fuel source is the biomass of grass and tree crops.
Among wood energy crops, the largest plantations are of willow.

To date, the impact of basic environmental conditions and cultivation
technologies on crop productivity has been disclosed in many scientific publications
and literary sources. However, currently the issue of the impact of cultivation
technology, soil and climatic factors on the growth and development of energy
willow plants in the Pre-Carpathians is little studied and insufficiently covered in
scientific publications, which causes the relevance of this issue.

The research results showed that the highest shoots (6.8—7.0 m on the fifth
year of energy willow vegetation) was recorded in the variant with a planting density
of 18 thousand pieces/ha. The diameter of the central shoot in this variant was in the
range 36-42 mm. Number of shoots 2.1-2.9 pcs. per 1 plant and 37.8—52.2 thousand
pieces per 1 hectare. The largest diameter of the central shoot was recorded in the
variant with a planting density of 12 thousand pcs/ha, where it was in the range 41-
44 mm. Number of shoots 4.2—4.8 pcs. per 1 plant and 50.4—57.6 thousand pieces
per 1 hectare.

After analyzing the dynamics of vegetative mass growth of energy willow, it should
be noted that the average increase in one growing year of the five—year cycle ranged
from 1.32 to 1.40 m. The annual increase in the diameter of the central shoot was

© Tkachuk N. L., 2021
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7.2—9.2 mm.
Key words: energy willow, vegetative mass, mineral nutrition.

Tkauyk H. JI.

[IpukaprnaTcbka JepaBHa CUIBCHKOTOCIIOJApChbKa JOCTIAHA  CTaHLIS
[HCTHTYTY clbcbkoro rocnomapersa Kapnarcekoro periony HAAH

JuHamika OioMeTPHYHHUX NOKA3HHMKIiB POCIHH BepOdM eHepreTH4HoOl
32J1€2KHO BijJJ IYCTOTH HAcal:KeHHs i GOHY KUBJICHHS

Po3BuTOK CBiITOBOI NHWBLMI3AIl TICHO TOB'3aHMHA 3 CHEPrETUYHUMHU
pecypcamuy, II0 CYTTEBO BIUIMBAIOTh HA HE3aIEXKHY MOMITHUKY KpaiHu.

VY cTpyKTYpi BiTHOBIIOBAHUX JDKEpeN eHeprii y cBiTi Oinbire 50 % 3aitmae
€Heprist, oTpuMaHa 3 0i0MacH POCIMHHOTO MOXOMKeHHd, Ta 15 % Bciel cykymHol
€Heprii, sSika BUKOPHUCTOBYETHCS.

VkpaiHa HaJdexuTh 10 eHeproiediIMTHUX KpaiH, sKa HEe B 3MO3i
3a0e3MeYnTH EHEepreTHYHY rajdy3b BHKOITHMMH BHJAMHU I1ajHBa, TOMY JUIs HaIIoi
JIep’KaBU € aKTyaJIbHUM 3aBJIaHHS PO3BUTKY aJIbTEpPHATHBHOI CHEPTETUKHL.

B Vkpaini B ocTaHHE AeCSATUPIUYS 3HAYHY YBary NPUIUISIOTEH IiJABUIICHHIO
e(eKTHBHOCTI BHKOPUCTAaHHA OiomanmBa Ta OioeHEprii, o J03BOJSE 3MEHIIUTH
3aJIOKHICTh HALlIOHANBHOI EKOHOMIKH Bif IMIOOPTY €HEproHOCIiB, 3HH3HTH il
E€HEePTOEMHICTE 1 3a0€3MeYNTH eKOHOMIYHHNA PO3BUTOK.

[lepcnekTUBHIM  TOHOBIIOBAHMM  JDKEpEJIOM ManuBa €  OioMmaca
TPaB'SIHUCTUX 1 JepeBHUX KynbTyp. Cepen AEpeBHHX EHEPreTUYHHX KYIBTYD
BUPOLIYIOTh HAWO1IBIII TTAHTALIT BEpOH.

Ha cporomHi BIUIMB OCHOBHHX YMOB CEpelOBHMINAa Ta TEXHOJOTIi
BUPOLIYBaHHS Ha IMPOIYKTHBHICTH CUIBCHKOTOCIIOJAPCHKUX KYIBTYpP PO3KPUTO B
0araTboX HayKOBHX BHJIQHHSX 1 JIiTepaTypHUX jkepenax. [IpoTe Ha TenepiniHiii yac
IMUTaHHS OO0 BIUIMBY TEXHOJOTII BHUPOIIYBAaHHS Ta IPYHTOBO-KIIMAaTHIHMX
YUHHUKIB Ha PICT 1 PO3BUTOK PpOCIHH EHEPreTHYHOi BepOM B yMOBax
[epenxapmaTTs Mano BUBUCHO 1 HEJOCTATHHO BHUCBITICHO B HAYKOBUX IMyOIIKAIIisX,
10 OOYMOBITIOE aKTyaJIbHICTh [BOTO TTUTAHHS.

PesynpTatamu qOCHTIIKEHh BCTAHOBJICHO, 1110 HAHOIIBITY BUCOTY MAaroHiB 3a
I’SITHR pik BereTarii BepOM €HEpreTHYHOI 3adiKCOBAHO y BapiaHTI 3 T'YCTOTOIO
caminas 18 twmc. mr./ra (6,8—7,0 m). [liaMeTp IEHTpalbHOrO MaroHa 3a IHOTO
BapianTa OyB y Mexax Bia 36 g0 42 MM, KinbkicTh maroHiB — 2,1-2,9 mr. Ha
1 pocnuni Ta 37,8—52,2 Tre. T. HA 1 rekrapi. HallOinpmmit niaMeTp meHTpaabHOTO
marosa 3a(ikcoBaHO 3a BapiaHTa 3 TYCTOTOO camiHHs 12 Tuc. mrT. /ra, ne BiH OyB y
Mexax Big 41 mo 44 mm, KinbKicTh maroHiB — 4,2—4,8 wr. Ha 1 pocnuni Ta 50,4—
57,6 tuc. wrt. Ha 1 rexrapi.

[IpoananizyBaBIIM JUHAMIKY HApOCTaHHsS BEreTaTUBHOI MacH BepOu
E€HEePreTHYHOI, CITiA BiI3HAYUTH, [0 CEPEAHIN MPUPICT 32 OJWH BETeTAIliHUN ik
I’ ATUPIYHOTO MKy cTaHOBUB Bif 1,32 mo 1,40 M, piuHuii mpupiCT 3a AiaMeTpoM
UEHTPAJILHOTO naroHa — 7,2—9,2 mwm.

KnrouoBi ciaoBa: BepOa eHepreTHdHa, BEreTaTHBHA Maca, MiHepanbHe
KHBJICHHSI.
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Introduction. Since the beginning of the new century, humanity is
actively seeking to replace traditional energy sources with renewable energy
sources. This need is largely due to the depletion of world hydrocarbon
reserves, disruption of the natural balance of ecosystems, global
environmental ~ problems, including increasing greenhouse  gas
concentrations in the atmosphere, leading to frequent natural disasters and
drastic changes in the earth's surface. Therefore, the development of such a
new branch of science as bioenergy is becoming increasingly important,
which can become an important element in reducing the deficit of fossil
hydrocarbons and the basis for sustainable provision of the state with
bioresources and energy security.

In Ukraine, in the last decade, much attention has been paid to
improving the efficiency of biofuels and bioenergy, which reduces the
dependence of the national economy on energy imports, reduce its energy
intensity and ensure economic development [5, 7, 11, 12].

One of the main factors of balanced ecological and economic
development of Ukraine is the efficient use of natural resources, in
particular, renewable energy sources in the balance of the country's agro-
industrial and forestry complex. It is known that European countries have
achieved 10% of their energy needs through renewable energy [9, 30]. In
Ukraine, this figure is only 4%, but Ukraine's energy strategy for the period
up to 2030 obliges to increase the share of renewable energy sources to 10%
[29-30]. Our state is forced to import about 65% of energy. The vast
majority of imports are natural gas (79%) and petroleum products (66%),
the price of which is constantly rising.

At the same time, Ukraine's potential in terms of renewable energy
production is quite large. First of all, this is due to the fact that Ukraine has
a scarce resource in the world — land. We have a large number of arable
lands, which, for one reason or another, are not used in agricultural
production and which would be quite suitable for growing bioenergy crops.
Thus, there are all the prerequisites for the creation of a national bioenergy
complex. Moreover, the global growth in demand for energy crops
contributes to rising prices for bioenergy raw materials, which, in turn,
generates growth in supply. Therefore, agriculture in Ukraine has every
chance to become an industry that can provide not only food but also, to
some extent, energy security of the country [15].

However, in the energy balance of Ukraine the share of renewable
energy sources remains insignificant 2.7%, of which 1.9% is hydropower
and only 0.8% biofuels, wind and solar energy. Thus, a large reserve for
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increasing the percentage of biofuels in the energy balance of Ukraine may
be biofuels derived from the cultivation of energy crops.

The dependence of Ukraine's economy on energy imports
necessitates the search for alternative sources to obtain them. The solution
to this problem in the near future is extremely important. Especially given
that in 7-10 years the world's proven oil reserves will be depleted by 60-
65%, natural gas reserves will be enough only for 50-60 years, oil — for
25-30, coal — for 500—600 years. Constantly rising tariffs for gas and
utilities further stimulate the search for, introduction and use of alternative,
non-traditional energy sources.

Increasing energy consumption, while increasing the price of energy
resources and increasing harmful emissions into the atmosphere, makes the
development of bioenergy extremely important.

Much attention is paid to the use of biomass as a source for biofuel
production in Germany, Poland, Sweden and Denmark.

Among the promising crops for green energy are such major energy
crops as energy willow [22, 23], poplar [24, 25], miscanthus, candlegrass,
perennial sedge. These crops are undemanding to soil and climatic
conditions, due to many years of continuous cultivation improve soil
structure, and fallen leaves and root residues that remain in the soil can
somewhat improve its fertility.

Energy willow is the main energy crop for solid fuel production in
the world. This is a plant with a very high weight gain (14 times larger than
a naturally growing forest). The average annual increase in yield per hectare
is 15-30 tons of wood. Harvesting is carried out every 2-3 years [10].

Energy willow is a species of willow (Salix) that grows quickly and
is suitable for use as biomass. It is used by direct combustion of shredded
biomass or for the production of fuel pellets and reduces the loss of
traditional energy sources. Among all energy plants in the world, willow is
today used as the main energy crop for the production of solid fuels [13, 20,
22]. The largest willow plantations today in Sweden, which are about 18-20
thousand hectares, in neighboring Poland more than 6,000 hectares. In
Ukraine, despite the large number of unused non-agricultural lands,
industrial plantations of energy crops are still insufficient. The average
weight gain of energy willow is 1.5 meters per year. Harvesting takes place
every 2-3 years, the harvest period is November — February, when the
leaves fall. The number of harvest cycles from one planting is 7-8 times,
after which it is possible to recultivate the land for planting other crops or
establish a new willow plantation. Today willow is effectively used in anti-
erosion measures to strengthen soils; enriches soils with minerals and trace

87



ISSN 0130-8521. I[TepearipHe Ta ripchke 3emiiepoOcTBO i TBapuHHULTBO. 2021. Bum. 70 (2)

elements, nutrients of natural origin; energy willow plantations are natural
filters for the removal of agricultural waste, used as buffer zones in places
of accumulation of biological waste from farms; energy willow is a natural
filter for cleaning soils from pesticides [27]. Willows can withstand periodic
water cover, but are not a water crop. Thus, willow survives in meadows
and areas with periodic flooding, where the cultivation of conventional
crops is for some reason risky [28]. Another advantage of growing this crop
is that compared to traditional crops, energy willow plantations require 3-5
times less nutrients and replenish organic matter in the soil due to leaf fall.
They cover much deeper soil horizons than, for example, cereals, receiving
additional nutrients and moisture from them. Created energy plantations
significantly improve the aesthetic and ecological condition of agricultural
and urban landscapes, increase the diversity of flora and fauna [8, 26].
Willow plantations are widely used to secure river banks and ravines, and
due to their high transpiration capacity (intensive evaporation of moisture
from the leaf blade surface) are used to drain soils [4, 16, 17]. A number of
studies have been conducted and the positive aspects of the use of energy
crops have been proven [1, 2, 4, 17, 18]. However, there are many reasons
that motivate scientists to look for new, alternative energy sources, and one
of them is ecology. Most "energy” plants form a powerful vegetative mass
that intensively photosynthesizes, reducing excess carbon dioxide in the
atmosphere and the effects of the "greenhouse effect” of anthropogenic
origin. The root system, with long-term cultivation in one place, enriches
the organic matter content in the soil thereby increasing its fertility [14, 18,
20, 24].

Materials and methods. Research was carried out in the research
fields of the Carpathian State Agricultural Research Station of the Institute
of Agriculture of the Carpathian region of NAAS and in the laboratory [3].

The soil of the experimental field is sod podzolic. The thickness of
the humus horizon is 40 cm. The granulometric composition of the soil is
coarse-medium-loamy. The structure of the arable layer is sprayed (lumpy-
dusty). Therefore, after the rains, these soils can float and form a crust.
Agrochemical characteristics: pHsair (potentiometric) — 4.6, the amount of
absorbed bases (Ca+Mg) — 11.4 mg-eq/100 g (according to Kappen), humus
content (according to Turin) — 2.54%, alkaline hydrolyzed nitrogen
(according to Cornfield) — 79.0, mobile phosphorus (according to Kirsanov)
— 48.0, mobile potassium (according to Kirsanov) — 82.0 mg/kg of soil;
mobile forms of microelements: boron (according to Berger and Truog) —
1.0, molybdenum (according to Grieg) — 0.20, manganese (according to
Peive and Rinkis) — 48.0 mg/kg of soil.
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The research involves the study of the influence of a number of
factors (planting density, mineral nutrition) on the growth, development and
productivity of crops.

1.  The scheme of the experiment

Culture Planting density Mineral nutrition

1 18 thousand Without fertilizers

2 pcs/ha N40P300K300 + Nao

Energy willow 3 15 thousand Without fertilizers
4 pcs/ha N40P300K300 + Nao

5 12 thousand Without fertilizers

6 pcs/ha N40P300K300 + Nao

The experiment is based on four repetitions. The sown area is 150
m?, the accounting area is 125 m2 The total area of the plots in the
experiment is 0.36 ha.

According to the planting scheme, the crops are planted in paired
rows with a distance of 0.70 m and row spacing of 2 m.

Results and discussion. Soil preparation consisted of the
following technological operations: stubble peeling, plowing and pre-
planting tillage. In order to prune rhizomes, destroy wheatgrass and other
root-sprouting weeds, peeling was carried out to a depth of 16 cm with a
BDT-3 disc harrow in a unit with a T-150 K tractor. The next technological
operation was plowing the soil to a depth of 22 cm.

Two weeks after plowing, the soil was loosened and leveled to a
depth of 12 cm with a cultivator KPSP-4 with toothed harrows. This
allowed to destroy the sprouted weeds and level the surface of the field.
Prior to this operation, according to the scheme of the experiment, fertilizers
were applied to the planned areas in the norm of NagP300K300. The following
mineral fertilizers were used for research: nitrogen — in the form of
ammonium nitrate (34.4% d. r.); potassium — potassium chloride (60% d.
r.); phosphorus — granular superphosphate (18.7% d. r.). Fertilizers were
applied to the plots in the spring by manual cultivation. Cuttings 22—-25 cm
long and 0.8-1.00 cm in diameter were used for planting. 5-12 buds on
each cutting. During planting, the buds were dormant and swollen. The
distance between the buds was from 2 cm to 5 cm.

Before planting, the cuttings were soaked in water for 24 hours. 12
days after planting, the soil was loosened and weeds were destroyed in
between rows of willows by a cultivator.

As of 12.05, the height of willow shoots ranged from 6.2 m to 6.5
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m. The diameter of the central shoot for this period ranged from 30 to 41
mm. Number of shoots 2.1-4.8 pcs. The largest increase in vegetative mass
according to the conducted phenological studies was obtained for the period
from June to August. The last biometric measurements were carried out on
08.10. The height of plants in this period was in the range of 6.5-7.0 m. The
diameter of the central shoot was in the range of 36 to 44 mm. The number
of shoots did not change (Table 2).

2. Biometric indicators of energy willow plants depending on planting
density and feeding background

Date of accounting Average increase for
.. | 26.05.2016 08.10.2020 one growing year
= &% ;| Diameter, mm Diameter, mm
s wE 23y us on [onk | & = on on Y
= EZ 6 €= ©F RN 2
S |35 2£ S5 2£| ocm |height| 8 S 0cm | height
Ool g o v o ‘o
= 35 = 35 =
T T
1 025|101 |68 | 21 36 25 |1,36 7,2 50
2 028 20 | 70 | 29 42 29 |1,40 8,4 58
3 03418 | 66 | 24 38 26 |1,32 7,6 52
4 03| 27 | 70 | 36 46 32 1,40 9,2 6,4
5 056 | 26 | 65 | 42 41 27 11,30 8,2 54
6 055] 30 | 68 | 48 44 35 |1,36 8,8 7,0

The highest shoots in the fifth year of vegetation was recorded in
the variant with a planting density of 18 thousand pieces/ha — 6.8-7.0 m.
The diameter of the central shoot in this variant ranged from 36 to 42 mm.
Number of shoots 2.1-2.9 pcs. per 1 plant and 37.8—52.2 thousand pieces
per 1 hectare. The largest diameter of the central shoot was recorded in the
variant with a planting density of 12 thousand pieces/ha, where it was in the
range from 41 to 44 mm. Number of shoots 4.2—4.8 pcs. per 1 plant and
50.4-57.6 thousand pieces per 1 hectare.

The application of mineral fertilizers (NgoPsooKsoo) provided the
plants with more available nutrients and helped to increase the thickness of
the shoots from 3 to 8 mm. The height of the plants was 0.2-0.4 m higher
than in the variant without fertilizers.

Analyzing the increase in biometric indicators of energy willow in
the fifth year of the growing season, it should be noted that they were
significantly lower than in the third and fourth growing seasons. Thus, in
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the third year of vegetation the height of plants increased by an average of
1.8 m, in the fourth year of vegetation the increase was on average 0.8 m,
and in the fifth vegetation year only 0.5 m. This also applies to the diameter
of shoots, where in the third year of the growing season the diameter of the
central shoot increased by an average of 14 mm, in the fourth year of the
growing season the increase was on average 3 mm, and in the fifth growing
year only 2 mm.

Analyzing the dynamics of growth of vegetative mass of energy
willow, it should be noted that the average increase in one vegetative year
of the five-year cycle ranged from 1.32 to 1.40 m. The annual increase in
diameter of the central shoot was 7.2-9.2 mm.

After the first three-year cycle of vegetation, part of the shoots of
energy willow was cut. During the phenological observation of the growing
shoots of the second year, the following biometric indicators were obtained:
plant height 302.2—401.0 cm, diameter of the central shoot 9—16 mm. The
number of shoots increased significantly compared to the first cycle of
vegetation and was 9-12 pieces on the plant (Table 3).

3. Biometric indicators of two-year energy willow plantations after
cutting the first three-year cycle

Date of accounting Increment
10.05.2020 p. 08.10.2020 p.

4 o € o £ €
= el & | 85| | & | 8% | BE
s | 22| 2, 88| 2| 2,| 58| zo| 88
< Ry £ o L o < £ o <5 % < <5} ﬁ
S | 28| 22| 52| 28| 2| 52| 28| 53
& 3 &5 8 8

1 1,28 8 4 3,02 9 9 1,74 5

2 1,54 11 7 3,23 11 12 1,69 5

3 1,34 9 6 3,30 9 11 1,96 5

4 1,56 8 7 3,49 9 12 1,93 5

5 1,63 8 9 3,65 10 14 2,02 5

6 1,80 12 11 4,01 12 16 2,21 5

Conclusions. The results of research have shown that increasing the
area of nutrition and application of mineral fertilizers promotes better
growth and development of energy willow. The application of mineral
fertilizers (NgoPsooKsoo) provided the plants with more available nutrients
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and helped to increase the height of the plants and the thickness of the

shoots during the growing season.
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TEOPETHYHI OCHOBH
MIHEPAJIBHOI'O ’KMBJIEHHS 'PEYKU*

[IpoBeneHo anami3 JiTepaTypHHUX [DKEPEN BITYM3HAHUX Ta 3apyODKHUX
aBTOpiB. BUCBITICHO BaXJIMBICTP TPEYKH SK KpPYI'SHOI KYJIBTYpH, LIO
XapaKTEepPU3YEThCSI BUCOKAM BMICTOM Oillka, Kpoxmamo (BigmosimHo mo 11,5 ta
85 %) Ta KOMILJIEKCOM BiTaMiHiB i MIKpOEJIEMEHTIB.

I'peuxa — xopommii MeJOHOC, MEANPOIYKTHBHICTD 32 CIIPHATINBAX YMOB
nocsrae 70-90 xr/ra i Gurbme. BaxxiBe 3Ha4eHHs 11 moJisirac B TOMYy, IO BOHA €
CTPaxoOBOIO KYJIBTYPOIO JUIS TIEPECiBaHHs 3arNOINX 03UMUX. 3a PaXyHOK LIBHIKOTO
pOCTy Ta 3HAYHOI BEreTaTUBHOI MAacH Ipedka 3MEHIIye 3a0yp’sHEHICTh IMOJIB Ta
cnpusie (GOPMyBaHHIO ONTHMAIBHUX (PI3SHYHUX BIACTHBOCTEH IPYHTY.

JocnimkeHo mpami BYCHHX MIOAO BIUIMBY MaKpO- Ta MIKPOCJIEMEHTIB Ha
MPOAYKTUBHICTh Tpedku. [lepeBakHa OUIBIIICTE HAYKOBLIB CTBEPMKYIOTH IIPO
000B’SI3KOBICTh 3aCTOCYBAaHHS MiHEpaJbHHX JOOPUB, BOXHOYAC AWUCKYCIHHHM €
MIUTaHHS 010 HOPM BHeceHHs. L[5 muckycis akTyalbHa He TilbKU B YKpaiHi, ane i
y CBITI.

BwmicT asoty B 3epHi ctanoButh 1,72 % y 3epHi ta 0,78 % y comomi. Ha
PI3HMX eTarax po3BUTKY I'peyKa CIIOKHBAE Pi3HY KUTBKICTh I[bOTO EJIEMEHTY.

BwmicT docdopy y 3epHi Ta comomi rpedkr CTaHOBUTH BigmosigHo 0,67 Ta
0,73 %. IlponuxuenHs ¢ochopy 3a ¢Qazamm pO3BUTKY TpeUKH HEOTHAKOBE:
MaKCHMaJbHUI BMICT (GocGOpHOi KHCIOTH Bi3HadeHO y ¢a3i OyToHizamii Ta Ha
MOYaTKy LBITIHHA.

Bwmicr kamito y 3epHi (0,32 %) 3HauHO MeHmmit HiX y conomi (2,88 %).
Hait6inbIn iHTEHCHBHO Kallili IPOHUKAE y POCIMHU Tpeukd y (asi OyToHizarii ta
LBITIHHS 1 JIOKATI3YETHCS B TOUKAX POCTY Y GOpMi 10HIB.

BucsitiieHo }i3ionoriyHy poyib MiKpOEJIEMEHTIB JKHBJIEHHS IS POCTy Ta
PO3BHTKY pociuH rpedku. [IpoBeneHo KOpOTKUiA peTPOCTIEKTHBHUH OTJISIT €BOIOLIT
3acTOCyBaHHS MikpoJ0o6puB Bix 70—80 pp. MHHYJIOTO CTOJITTS IO CHOTOJCHHS Ta
3po0JIeHO0  akKIEeHT Ha  HoTpedy  TNpOBENEHHS  JIMCTKOBUX  ITi/UKHBJICHB
MikpogoOpuBamMu y xenatHiii Gpopmi. Takoxk y KOpOTKii (opMi OMUCAHO MEXaHi3M
Iii XenaTHUX JOOPHB, sIKi € PEabHOIO0 ANbTEPHATHBOIO BHECEHHIO MIKPOCIEMEHTIB Y
IPYHT pa3oM i3 MiHepanbHUMH A00puBaMH. Big3HaueHO MiHIMaNbHUI BIIMB
CyYacHHUX XeJIaTHUX MiKpOJZOOpUB Ha JOBKIJLIS.

*HaykoBuil KepiBHUK — JOKTOP CLIBCHKOTOCHOAAPCHKUX HayK, wieH-KopecnmoHaeHT HAAH
B. B. JIuxouBop.
© HMukwuii O. M., 2021
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[IpoBimHI BuUeHI PEKOMEHAYIOTH TaKi XelaTH30BaHI MikpomoOpusa:
KPHUCTAJIOHHU, BYKCAJIH, PEaKOM, HyTpiBaH Ta iH.

BpaxoByroun mMoniOHICTP yMOB BHPOILYBAaHHS TIpEUKd Ta reorpadiuHy
OIIM3BKICTh, 0COONMBY yBary MpUBEPTAIOTH Nparli BueHuX 3 Pecmy0mixn [Tonpoia.

KorodoBi cioBa: rpedxa, MiKpoeJIeMeHTH, JIMCTKOBE ITiUKUBICHHS, HOPMHI
no6puB, xenatu, 3axigauii JlicocTer.

Oleksandr Dykyi

Lviv National Agrarian University

Theoretical fundamentals of buckwheat's mineral nutrition

The analysis of literary sources of domestic and foreign authors is carried
out. The importance of buckwheat as a cereal crop, characterized by a high content
of protein, starch (respectively 11.5 and 85 %) and a complex of vitamins and trace
elements.

Buckwheat is a qualitative nectariferous herb. Under favorable conditions
honey efficiency may reach 70-90 kg/ha and more. Buckwheat’s great importance
lies in its being an insurance crop for resowing lost winter plants. Buckwheat is able
to cutback tall weeds of fields due to its rapid growth and considerable vegetative
mass. It also facilitates optimal physical properties of soil.

The article reviews other researchers’ works concerning macro- and
microelements' impact on the buckwheat yielding capacity. Most researchers agree
on the compulsory application of mineral fertilizers. They are, nevertheless, of
different opinions concerning the rates of application. The given problem is
discussion both in Ukraine and abroad.

The nitrogen content in buckwheat amounts 1.72 % (in grain) and 0.78 % (in
straw). On its different stages of development buckwheat consumes different
amounts of nitrogen.

Phosphorus content in buckwheat grain amounts 0.67 % and 0.73 % in
straw. Phosphorus penetration into buckwheat is different on different stages of this
crop development. Maximal content of phosphoric acid is observed on the budding
stage and at the beginning of blooming.

The potassium content in grain (0.32 %) is to a great extent less in
comparison with straw (2.88 %). The most intensive potassium penetration into
buckwheat herbs is observed on the stages of budding and blooming. On the growth
points it is localized in the forms of ions.

The article highlights physiological role of fertilization microelements in the
growth and development of buckwheat herbs. It presents brief retrospective review
of evolution of applying fertilizers with microelements beginning from 1970-1980-s
till today and arrives on the recommendation of compulsory additional leaf
fertilization by microfertilizers in helat form. In addition, mechanism of helat
fertilizers action is described which are the real alternative of applying
microelements combined with mineral fertilizers in soil. The minimal impact of
modern chelated microfertilizers on the environment is noted.

Leading scientists recommend the following chelated microfertilizers:
crystalons, vuxals, reacom, nutrivan and others.
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A particular attention is paid to the recommendations of researchers from
Poland taking into consideration the fact of relative identity of Ukrainian and Polish
conditions of buckwheat growing as well as geographical nearness of this country.

Key words: buckwheat, microelements, leaf fertilization, fertilizers rates,
helats, Western Forest-Steppe.

Beryn. I'peuka — kpym’siHa KynbTypa, BUPOOHHMLTBO SIKOI Mae
Ba)XXJIMBE 3HAYCHHS JUI1 arpolpoMHCIOBOIO KOMIUIEKCY Ykpainu. B
OCHOBHOMY ii BHPOLIYIOTH M OTpUMaHHS rpedaHoi kpynu. [loOidmy
MPOAYKIIIO Ta BiAXOOHM Bix mepepoOKH 3epHAa BHKOPHUCTOBYIOTH Ha KOPM
xyno0i [14-16].

XiMiUHMHA CKJIall 3€pHAa TPEUYKH 3aleXHTh BiJ COPTy, YMOB
BUPOIIYBaHHS Ta XapaKTePHU3Ye€ThCSI TAKUMH MTOKa3HUKAaMH: BMICT Oinka —
10,8-11,5 %, xupy — 2,1-2,8 %, xmitkopuau — 10,0-16,1 %. Y HaciHHi
IPEYKH MICTHTBCS 3ali30, 00p, 01, HiKesb, KOOAIbT, OPTraHiuHI KUCIOTU
(IiMoOHHa,  mIaBieBa, MaieiHOBa), Bitaminu (TiamiH, puboQaBiH,
HIKOTHHOBA, (oJTieBa KuciIoTa, pyTHH) [13].

BaxnuBoro BIacTUBICTIO OUIKIB TIpeuku € ao0pa pPO3UYMHHICTD
(ampOyMiHM — BOMOPO3UYMHHI OUIKHM — CTAaHOBIATH 55 % BiA 3aranbHOT
KUTBKOCTI OiNKiB) Ta MiHHICTH aMIHOKHCIIOT, SIKi IPHUPIBHIOIOTHECS MO
MIPOIYKTiB TBAPUHHOTO TOXOKECHHSL.

ByrneBogHuii KOMIUIEKC TPEUKH TMPEICTaBICHUH KpOXMaJeM,
KIIITKOBHHOIO, IEKCTPUHAMH, IIyKpaMH, TeMilleJf0I03010. BMicT kpoxmairo
B 3€pHi rpedku jpocsrae 85 %.

KinpkicTh xHpy He3HauHa 1 KonmBaeTbcs B Mexax 1,84-3,90 % 3
TEHJICHLIIEIO JI0 CIIa/ly B Mipy JIOCTHIaHHs 3epHa [4].

I'peuka — miHHa MEJIOHOCHA pOCJIMHA, 3a CIPHUATIMBUX YMOB
Men030ip csirae 70-90 kr/ra. 3aBAsSKH HIBUAKOMY POCTY BEr€TaTUBHOT MacH
POCIIMHM I'PEUKH IIBUJKO 3aTiHSIOTh MOBEPXHIO IPYHTY 1 IPUTHIYYIOTh PicT
Oyp’siHiB. Ha mousix micist rpedky BepXHiil miap IpyHTY HE YIIUIBHIOETHCS
Ta JIETKO MiIAEThCSI 0OPOOITKY.

Y pociuH Tpeykd KOPOTKHH TepioJ Bereramii, a ToMmy ii
BUKOPHCTOBYIOTh SIK IMICISDKHUBHY Ta CTPaxoBY KyJbTypY HpH HeEpeciBi y
BUIAJKy 3aru0esi 03MMHX Ta paHHIX SpHUX.

Bucoka BUMOTIMBICTh TPEUYKH JI0 €IEMEHTIB XMBJICHHS OB s3aHa 3
IHTEHCHBHMM HapOCTaHHSIM BETETATHBHOI MacH, IIBUJIKUM BXOJDKEHHSAM Yy
TeHEpaTUBHUM TepioJ,, YTBOPEHHSAM BEIMKOI KIJTBKOCTI KBITOK Ta
JOBTOTPHUBAJIMM HEPioIOM I[BITIHHA.

PesyabTaTn Ta oOropopennsi. 3a manumu Jlmxousopa B. B.,
[etpuaenka B. @. [5], s hopmyBanns | 1 3epHa i BiAMOBITHOT KiTBKOCTI
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BEreTaTMBHOI MacH Tpedka BukopuctoBye 3,0-3,4 «kxr asory, 1,5—
2,0 kr pocopy Ta 4,0-5,0 kr xairo.

A30T — OCHOBHHH €JIeMEHT, MOTPIOHWI AJsI pOCIMH Trpeuku. BiH
BXOJUTh JO CKJany MPOCTHX 1 CKJIaMHUX OLIKIB, HYKICTHOBUX KHCIIOT,
xjopodiny, ankanoifiB, ¢epMeHTiB. [IpOHUKHYBIIM B pPOCIHHY Y
MiHepaJdbHUX (opmax, BIH NPOXOMUTH CKJIAJHUH IHKI NEPETBOPEHb 1 B
KIiHIIEBOMY MiZICYyMKY BXOAUTH JIO CKJIaly MOJIEKYJ OUIKIB [6].

BwMicT a30Ty y HaciHHI Ta COIOMI TpedKH CTaHOBHUTH 1,72 % y 3epHi
ta 0,78 % y comomi. 3a pi3HMX (a3 pPO3BUTKY TpedKa CIIOKHBAE
HEOJHAKOBY KiNBKICTH a30Ty. B pocimHy BiH iHTEHCHMBHO HAIXOIWTH Ha
MOYATKy BereTalii, ie OB’ A3aHO 3 THM, 110 MOJIOZI POCIUHU MOTPEOYIOTH Y
BEJMKIM KiTbKOCTI OiNKiB Ha TOOYZOBY BEreTaTUBHHUX 1 T€HEPaTHBHHX
opradiB [17], mo uBitiHHs rpedka croxusae 60 % azoty [5].

I'peuka kpaine pearye Ha HiTpaTHI (opMH a30Ty HDXK Ha aMiadHi,
X04a amiak Ta HiTpaTH € PIBHOLIHHUMHU JUKEpEIaMH a30Ty 3a ONTHMAJIbHUX
yMOB pocTy. Ha moriauHaHHS HITpaTiB TPEYKOID HETaTUBHO BIUIMBAE
HasIBHICTb XJIOPY, OCOOJIMBO 1€ TIPOSIBISETBCS HA IPYHTaxX JIErKOro
TPaHyJIOMETPUYHOTO CKIamy [4].

dochop BXOAUTH [0 CKIaAy HYKIETHOBHX KHCIOT, (QITUHY,
JMENUTHHY, HyKi1eonporeinis. OqHa 3 HAWBAXKIMBIIINX PEakIiil y KIITHHAX
MIPOXOAUTH 32 ydacTi pocdopy — mporec raikomizy ATD i AJID [17].

VuikaneHOWO ¢yHKIIE (ochopy € ydacTts y ¢ochopuinoBaHHI
KIITHHHUX O1JIKiB 32 JOMOMOTOI0 (PEPMEHTIB, IO PETYIIOIOTH TaKi MPOIIECH,
SIK CUHTE3 O171Ka Ta IO KIITHH [6].

BwmicT ¢dochopy B 3epHi Ta COJIOMI TPEUKH CTaHOBHUTH BiJINOBIIHO
0,67 ta 0,73 %. Haii0inpumii BmMicT GpocdopHOi KUCIOTH BizHAYeHO Y (asi
OyToHi3aIil — IBITIHHA (B JUCTKAX Ta cTeOsax), a mij 4ac 300py BpOKaro —
B 3epHi. ®ochop MoTpiOHMIT y BEMUKUX KUIBKOCTAX y nepios (hopMyBaHHs
HA/I36MHHUX OpPraHiB, OJHAK HOTr0 3aCBOEHHS TPHUBAE 1 ITijl Yac HAJIKMBY 3EpHA.
Kpamomy 3acBoeHHO (ochopy cCropuse BHECEHHS I00pUB 3 BMICTOM
marHiro [17].

Kaniif mornmHaeThCs POCIMHAMH TPEYKH y BUTJLANI KaTiOHIB, i B
Takiii popMi BiH 3aNMIIa€ThCS B KIITHHI. BiH Oepe yuacTs y ByrieBoJHOMY
1 OiIKOBOMY OOMiHaX, CTUMYIIIO€ TIpoliec (POTOCHHTEY, CIIPHSIE YTBOPEHHIO
LIEITIOJIO3H Ta MEKTHMHOBUX PEYOBHH, IO 3yMOBIIIOE MiJIBUIIEHHS CTIHKOCTI
pocimH o BwisiraHHA. Kaiiii € KodakropoMm JecaTkiB (epMeHTIB Ta
cuHeprictoM (GiToropmoHiB [6].

Bwicr xamiro y 3epHi rpedxu csrae 0,32 %, mo y 9 pasiB MeHIIe Hix
y comomi (2,88 %). MakcuManabHa KOHIIGHTpAIiS I[bOTO EJIEMEHTY
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¢ikcyerses y (azi OyToHizamii Ta IBITIHHA, 1 KOHIIGHTPYETHCS BiH y TOUKaX
pocty B ioHHI# ¢opmi [17].

Binpuricte BYEHUX CTBEPIKYIOTH PO 00OB’SI3KOBICTH 3aCTOCYBAaHHS
MiHepaJbHUX JOOPHB IiJl TPEUKY, ANUCKYCisl OOMEXKY€EThCS MUTAHHIM HOPM
BHeceHHs [3].

OOrpyHTOBYIOYM CHCTEMY YAOOpEHHs, CIiJi BpaxoBYBaTH TIiIpo-
TEpMi4HI YMOBH, sKi BIUIMBAalOTh Ha e(QEKTUBHICTH IOOPUB, COPTOBI
0COOJMBOCTI, EKOHOMIYHY CIIPOMOYKHICTB TOCIIOIaPCTBA Ta iH.

Jluxouop B. B. Ta Ilerpumuenko B. @. [5] mpomoHyrooTh Taky
cucteMy yHOoOpeHHs: micims noOpe ymoOpeHHX TIOTepeIHHKIB BHOCHTHU
N20P30-40K30-40, MiCHSA TipmIMX MOTEpeTHAUKIB Ta Ha OITHUX IPyHTaX HOPMY
moTpiOHO 30imbmHTH 110 N30.60P45.60K45.60. BOHM Takok BKa3ylOTh Ha
MIO3UTHBHY Jif0 PO3APIOHOTO METOIy BHECEHHS a30Ty, KWl MIATPUMYIOTH
Crpaxomnic I. i Kabaneup B. [19].

[epe mijpKUBICHHS T'PeYKH NMPOBOAATH 3a (azu Oyronizauii (VII
eTall OpraHoreHesy) HopMow 10 25 % Big 3aranbHOl MHOTpeOH i
31e0UIBIIOr0 HA MIMPOKOPSTHUX II0CIBaX, MOEAHYIOYM 3 MDKPSITHUMHU
po3myiryBanHsaMu; apyre — y IX erami opraHorenesy 3a ¢a3u MacoBOroO
UBITIHHS B HOpMi 15—20 Kr/ra, BOAHOYAC HAJBHUIIKA YPOXKAKD CTAHOBUTH 10
0,3 1/ra Ta hopMyeThCS KPYIHIIIE 36pPHO 3 BHCOKUM BHXOJIOM S/Ipa.

Mamenko 1O. B. [7-10] mpoBomuB IOCTIIKCHHS IOJO HOPM
BHECCHHS MiHepaJlbHUX 100puB BriponoBxk 2002-2004 pp. y pepMepchkoMy
rocrogapctei “Jlan” 3Ham’siHCBKOTO paiioHy KipoBorpamcekoi obmacri.
[pyHT MOCHIOHUX MUISHOK — YOPHO3eM 3BUYAHHI CepeNHbO3MUTHUI
JIETKOCYTJIMHKOBHH 3 HU3bKMM BMICTOM rymycy. BHocuim 100puBa y HOpMi
NsgoP115K120 3a pi3HHX CTpOKIiB ciBOU. JIOCHITHUK MIHIIOB BHCHOBKY, IO
3aCTOCYBaHHS ~ MiHEpalbHUX JIOODUB y TEXHOJIOTIYHOMY mpoleci
BUPOILIYBaHHS IPEUYKH IPUBOAMIO 10 301bLIeHHs Bpoxkato Ha 31,6—-60,0 %.

AHaJIOr4H1 JOCHIIKEHHS 3 ILOr0 IMUTAHHS 3TaJaHii BUILE BUCHUMN
MPOBO/IMB Ha eKcnepuMeHTalbHiil 6a3i KipoBorpancekoro incrutyty AIIB
y ICATUNUIBHIA ciBo3MiHi. IpyHT JOCHiZHHMX JIISHOK —  Y4OPHO3EM
3BHYAIHHUN MaJIOTYMYyCHUH CepeIHbO3MHUTHH JETKOCYTITUHKOBHN. Y TOCIIil
BuciBanu copt €neHa. BHeceHHs MiHepanbHUX 100puB y HOpMi N2oP2oKzo
IIPUBEJIO 10 3pOCTaHHs BpoxkaitHocti Ha 0,18 1/ra (23,4 %).

B ymoBax 3axigaoro Jlicoctenmy YkpaiHu MPOBOAMB JOCIKCHHS
I10/10 BUBUEHHS cHCTeMH ynoOpeHHs rpeuku Ilapxyns b. [12]. Ha TemHO-
cipoMy JETKOCYTIMHKOBOMY IPYHTI BHUBYAJIM TaKi BapiaHTH yIOOpeHHS:
KOHTposb — 0e3 100puB; NzoP30Kso; NasPasKas; NeoPasKas;, NasPeoKas;
NisPasKeo. Minimanbpamii piBeHb ypoxaitHocti (0,97 T1/ra) oTpumano y
KOHTPOJBHOMY BapiaHTi — ©0e3 BHeCeHHS J0oOpWB. 3acTOCYBaHHSA
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MiHepanbHUX J00puB y HOpMi NzoP3oKszo Ta NasPasKss mpuseno no
30UTBIICHHS BpPOXKAaWHOCTI Tpeukw BiamomimHo Ha 0,42, ta 1,50 T/ra.
MakcumanbHuil ypoxail opepkanu y BapiaHTi 3a HOpMH NeoPasKas —
1,87 1/ra. BHecennss y HopMax NasPeoKas Ta NisPasKeo mpusseno no
3HIKCHHS BPOJKalo BiAMOBIAHO 10 1,76 1 1,62 T/Ta.

Txamiu 1., Tkamiu 1O. [21] BuBUaNM BIUIMB HOpPM JMOOpUB Ha
BpPOXKaiHICTh Tpedykn y QepMepcbkoMy rocnoaapctBi  «Bikropis»
(MarnmanuHiBChKHH paiioH, JHinpomeTpoBchKa 001acTh). Y cepeaHbOMY 3a
POKH JOCTiKeHb HaiBuIly BpokaitHicTs (1,20-1,25 T/ra) omepxamm 3a
BHeceHHsT NgoPeo, o Ha 0,35-0,37 T/ra OGirple MOPIBHAHO 3 BapiaHTaMu
6e3 ymoOpeHHs. Alle BpaxOBYIOUH MOKa3HUKH €KOHOMIYHOI1 e(eKTHBHOCTI,
ontuMansHUMH € HOpMHU NgoP3o i NeoPso. Y mux Bapiantax oTpumanu
HalijemeBnle 1 HalMEHII eHeproeMHe 3epHO. IIOpiBHSAHO 3 KOHTpOJIEM
co0iBapTicTh 3HM3MWIACS Ha 9,8—12,6 %, a eHeproeMuicts — 3 3,5 10 7,3 %.

Tumunme O. ©. [20] B ymoBax 3axigHoro JlicocTerny, BUBYAIOUU
BIUIMB MIHEPaJbHOTO Ta OIOJOTIYHOrO YNOOpPEHHS Ha MNPOIYKTUBHICTDH
rpeuky, 3poOwia BHCHOBOK NP0 T€, IO KOMIUIEKCHE 3aCTOCYBaHHS
MiHepanbHuX 100puB y HopMi NeoPeoKeo Ta mpemnapatiB azor¢ikcyBaibHOT
T1a (dochopMoOiLNi3iBHOT il chpuse 30UIBIICHHIO IUIONII JHCTKOBOI
noBepxHi Ha 71 %, umcToi mpomykTHBHOCTI (horocmHTesy — Ha 20 %,
3poCTaHHIO BpoxaifHocti — Ha 118 % (mo 2,59 T/ra) mopiBHSAHO 3
KOHTposieM. YacTka 4YHMHHHKa «ymoOpeHHs» y (opMyBaHHI BpOXKaro
cra”oBmia 88 %.

[MuranHs ynoOpeHHs TpedKH TpHBEPTa€ yBary 3aKOpAOHHHUX
JIOCITiIHUKIB, 30kpeMa Xiaomei Fang [30], BuBYaroum cucremy yJqoOpeHHs
azotoM copty Youqiao2 B ymoBax KHP, niliimoB BHCHOBKY, IO
MaKkCHMallbHy TOBLIMHY cTeOja, Kinbkicth Ta Macy 1000 3epew,
YpOKaifHICTh OTPHMaHO 3a HOPMH YyHOOpeHHS Nzo. 3poCTaHHSI HOPMHU
BHECEHHS 110 Ngo IIPU3BEJIO 10 3HIKEHHS YPOXKAIO.

Bjorkman T. [22] npononye audepeHLiOBaTH PiBHI yI0OpEHHS
rpeuku 3anexHo Bix pH rpynry, a came: npu pH > 6 BHOcuTH n00pHBa y
HOpMI Ni5.30 P25.35 K2o.25 @ mpr pH < 6 — N20-35P 30-40K 20-35.

Wang Yan [28] 3BepTac yBary Ha 3aJeXHICTh CTYIICHS BHIISITAQHHS
POCIIMH TpPEedYKH Ta HOPM a30THUX J00puB B yMmoBax Smnonii y copty
Ninggiao 01. Bin nifimoB BHCHOBKY, IO TIOKa3HWK BHJISITAHHS
301IBIIYBaBCS 31 3pOCTAHHSIM HOPM a30THHUX JI00pUB.

Sobhani M. R. [26] mpoBoauB IOCITiX 3 BUBYCHHs BIUTMBY HOPM
a30Ty Ha IPOTYKTHBHICTH rpeuku Brpojosxk 2010-2011 pp. B IHcTuTyTI
cibCchKOTOCTIONAapChKUX HociikeHp Apaka (Ipan). Jlocmia BKIIO9aB Taxi
BapiaaTi: No (xoHTposB), Nsg, Nigo, Nisop. BuCHOBOK BYeHOTO Takwii: 3a
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ONTUMAIIFHUX TEPMiHIB CiBOM MaKcHMallbHa BpPOXKaWHICTh CTaHOBWIA 2,4
T/ra, a BMicT Oinka — 15,24 % 3a HopMu BHeceHHs a30Ty 100 kr/ra.

Podolska G. [25] npoBomwina AOCTKEHHS Ha  MOJAX
excriepumenTanbHol craHuii [UNG-PIB B Ocunax Boponosx 2004—
2006 pp., y TppOX IIOBTOPEHHSX BHUCiBanu copT rpeuku Kora. Bapiantn
BHeceHHs a3oty — 0; 30; 60 kr/ra Ha GoHi P2eKso. HaykoBenp aiiina Takux
BHCHOBKIB: TIIpOTEPMiUHI YMOBU Maji OUIBIINI BIJIMB HA BPOXKAHHICTH Ta
€IEMEHTH CTPYKTYpH BpOXAal0 HDK HOPMH BHECEHHS a30Ty, Ipeuka He
motpedye it popMyBaHHS BHCOKHX YpO’KaiB 3aCTOCYBaHHS a30Ty B HOpMi
6impmme 30 kr/ra, a30THI AOOpHBAa CTHMYIIOIOTH PICT POCIHUH Yy BHCOTY,
30UTPIITYIOTH KUTBKICTh TUIOK MEPIIOTO Ta APYrOro MOPSAKY, CYIBITH Ha
TOJIOBHOMY ITaroHi.

Liszewski M., Chorbinski P., Kozlowska K., Wojcik A. [29]
MPOBOIMIIM JOCHIKEeHHS BIpoaosx 2011-2012 pp. y paiioni Bpoiyiasa
(51°34'N, 17°12' E), BuciBanu copt Kopa, a3oT BHocumu B Hopmi 20 ta 40
kr/ra. [lo3akopeHeBe MiKUBJICHHS POCIUH MIiKPOEJIEMEHTaMHU TPOBOIMIH
y ¢a3i OyroHizamii rpeuku. A30THI JOOpHBa MOBHICTIO BHOCWIN TIEpel
ciBooro y Burisini 34 % amiauHoi cenmiTpu. 3HauHe 301NBIICHHS BPOXKaro
IPEYKH BUSBICHO 32 HOPMHU Nao (0€3 miKUBICHHS MIKpOEIEMEHTaMH ), L0
Ha 9,6 % Oinmbime, HDK y KOHTPOJIBHOMY BapiaHTi. HaiBumimi yposxait
rpeukd (3,67 T/ra) OTpUMAHO y TO€THAHHI 3 TI03aKOPEHEBUM ITiIPKUBICHHS
POCIHH MIJIITIO.

ArpoximidHa Ta (i3ioNoridHa POJbh MIKPOEIEMEHTIB OaraTorpaHHa,
TaK, HaIpHKJan, Oop MOTPIOHMI I PO3BUTKY MEpPHCTEM, 3aBISKH HOMY
ONTHMI3YETbCS CHHTE3 Ta TPAHCIOPT BYIJeBonmiB. Bin Oepe ydwacth y
npoliecax Moy KIiTHH Ta CUHTe31 OlIKiB [2].

BHeceHHst OOpBMICHUX [IOOpUB Yy JIMCTKOBE MiJKUBJICHHS CIIPUSIE
IIBUILIEHHIO MENPOAYKTUBHOCTI IPEUKH.

Maprateup chopusie cuHTe3y Bitaminy C, OUIKIB, BYIJIEBOJIIB,
(ITOrOpMOHIB, 3MEHIIYE BHUTPAaTH BOJIM POCIMHAMHU Ta IMiIBUILYE iX
MTOCYXOCTIHKICTB [6].

Pomp Mmimi B oOMiHHHX Tpomecax Ayxe crenudiuna. Bona Oepe
y4JacThb y CHHTE31 OiJIKa, MPUIIBHUINIYE OKUCHO-BITHOBHI peaKuii, MiIBUIyE
AKTUBHICTh TIEPOKCHIA3U Ta MPOIECIB AMXaHHA. MiJp MiIBUIIYE CTIHKICTH
POCIINH 10 TPUOKOBHX Ta OaKTepiaIbHUX XBOPOO.

3HaueHHS IMHKY TICHO IIOB’Si3aHE 3 HOro y4acTio B a30THOMY
00MiHi, BiH CHpusi€e MiIBUINEHHIO CHHTE3y caxapo3H, kpoxmamo. [{uHk
BXOJHUTh IO CKJIAAYy Takux (EepMeHTiB, sIK TpHo3zodocdartaeriaporenasmy,
MepoKCUIa3yu, Karanasu, okcuaasu. Hecrada IbOTO €IEMEHTY CIPHYHHSE
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3aTPUMKY POCTY Ta PO3BUTKY POCIHH, 3MEHIIEHHS KUTBKOCTI XJI0podity y
JICTKaX.

Mapranens 6epe yyacts y mporeci pOTOCHHTE3y, CHHTE31 BiTaMiHy
C, OKHMCHO-BIIHOBHHX peaKlisiX, yTBOpeHHI npoTeiniB. Hecraua mapranio
CHpUYMHSAE X10po3 [1].

3ai1i30 — MIKpPOEJIEMEHT, SIKMH POCIMHH CHOXKHUBAIOTh y KiJIBKOCTI BiJ
0,6-9,0 «kr/ra, BXoAMTH JO CKJIQNy Karajasd, IEPOKCHIA3N,
pubonykiIeoTHapenykrasu. llelr ememeHT Oepe ydacTh y Tporecax
OUXaHHA, MeTa0oNi3Mi a30Ty Ta CipKd, KPUTHYHO BAKIMBHHA U CHHTE3Y
xmopogimy.

MomibaeH BiTHOBIIOE HITPATH IO HITPHUTIB, aKTHBI3y€e MPOXOKCHHS
BYTJICBOIHEBOTO, a30THOTO OOMiHY, € KO(akTopoM s OiIbIIOCTI
(depmenTiB. O3HaKM HeCTadl TOTOXKHI A30THOMY TOJIOTyBaHHIO [6].

MomnibnieH € CKIaJoBOI YaCTHHOIO HITpaTpeayKTa3H, Oepe y4acTsb y
CUHTE31 aMiHOKHUCIIOT Ta OLJIKOBUX PEYOBHH, YTBOPEHHI MEKTHHY, MiJBHIILYE
CTIHKICTB 710 ypaskeHHs XBopobamu [1].

KoGaneT cTumyitoe 301IbLICHHS TOBIIMHM JIHMCTKIB Ta iX 00’eMmy,
BIUIMBA€ HA CHUHTE3 XJIOpOQily, CHOpHs€e MiIBUIICHHIO KapOCTIHKOCTI
POCIIHH, TIOJOBXKYE iX BereTalliiHui mepio.

TutaH TPHUCKOPIOE PICT Ta PO3BUTOK POCIHH, 30UIBIIYE BMiCT
xmopoisy, CHpuse 3amMICHHIO, 3aIUTIHCHHIO IUIOAIB Ta IMiIBHUIIYE
XOJIOAOCTIHKICTh pOCITHH [6].

3acTtocyBaHHS MIKpPOJZOOPHB MPOHIILIO MIEBHUH €BONIOMINHUNA MIIAX.
Y Pansacekomy Corozi 'y 70-80 pp. MikpoeneMeHTamMH 30aradyBaid
cynepdocdar, HITPoaMOPOCKy, BUKOPUCTOBYBAJIH BiIXOAU IPOMHKCIOBOCTI,
1HO/II 3aCTOCOBYBAJIM I103aKOPEHEBI IT/DKUBJICHHS, HANPHUKIAA, OOPHOIO
kuciotoro (0,1 % KoHIeHTpalli€ro 3a BUTpaT pododoro pozuuny 500 yi/ra).

[MommpenrMu Oyny LMHKOBI BiXOJM HPOMHUCIOBOCTI (BMICT IIUHKY
2-7 %), mapraHuesi nuiamu (BMicT Maprasio 9—11 %), cipyaHokucia Mijb
(BmicT Mizi 25,4 %). Ix, ik npaBuI0, BHOCKIIHN Tiepe CiBOOKO y IPYHT.

Hesixki  aBTOpW  BiJ3HAYaJNM HETaTUBHUH  BIUIMB  BHECCHHS
MIKpOEeJIeMEeHTiB, 30KpeMa MifHi 100pHBa 3HU3WIN BpoXai rpedku Ha 6 %,
a MarHito — mnigsunpum Ha 46 %. Bbop mim rpeduky BHOCWIM |y
nepennociBHUN 00po06iToK y HOopMi 50-60 kr/ra y dopmi Gopaty MarHito
a00 mo3akopeHeBUM OONPHCKYBaHHSIM Oyporo (koHueHTpauiero 500 mr/a 3
BUTpaToro podoyoro pozunny 500 si/ra) [1].

Crip 3a3Ha4MTH, IO €PEKTUBHICTH TT03aKOPEHEBUX ITiKUBJICHD TOJI
Oyna HU3BKOIO, 3HAYHA YACTHHA MIKPOEJIEMEHTIB 37yBanacs BiTpoM ado
3MHUBaJIACs BOJIOIO, HE BCTUI'HYBILY IPOHUKHYTH B POCJIHMHY 1 BKIIIOUHUTHCS B
0OMIiHHI ITpoIIeCH.
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BupimenasiMm  mpoOieMH  JECTKOBOTO  INUKUBICHHS  CTaJo
BUKOPHCTAaHHS CyMilleldl MIKpOENEeMEHTIB, SIKi € BaXXJIMBHUMH JJIS TEBHHUX
KyIpTyp 4M 1X Tpyn, y XenarHii ¢opmi 3 TIeBHMM BMICTOM Ta
CIIBBITHOIICHHSIM MeTaliB [2].

Xematn — CKJIQAHI CIOJIyKH, JIETKOPO3YMHHI Yy BOJI, SIKi
MaJIOTOKCHYHI Ta Mali)ke TOBHICTIO 3aCBOIOIOTHCS POCIMHAMH (KOe(illieHT
3acBoeHHsT 90 %). MexaHi3Mm aii XenaTiB ayke IPOCTHH: BiH 32 paXyHOK
XIMIYHHUX 3B’S3KiB MIITHO YTPUMY€E i0H MeTaIly, IPH MONalaHHI Ha POCIHHY
BiH DO3KIANAETHCA 1 BUBUIBHAE HOTO, TEPEBOASYN B JIETKOJOCTYIHY
6iomoriuny Gopmy.

[os;Ba HOBUX opM MIKPOZOOPHB CHPUYMHWIA IEBHUH OyM
HAyKOBHX TIIpalb, TEMAaTHKOIO SKHX CTajJ0 BHBYEHHS I03aKOPEHEBHX
Ii/DKUBIIEHb OCHOBHUX CUIBCHKOTOCHOAAPCHKUX KYyJIbTyp. Byio mposeneHo
HAYKOBI JOCII/UKEHHS 100 BUBYCHHS [103aKOPEHEBUX IiJHKUBIICHD
MiKpoeleMeHTaMH TpedkH, a came: Moiicienko B., Hazapuyk O. [11]
BrponoBx 2018-2019 pp. Ha 6asi rocnomapctBa TOB «KCAHT-2» (c.
Ycruniska JXKuromupcbkoi 00nacti MajgMHCHKOTO paioHYy) Ha JIEPHOBO-
MI30JIMCTUX CYMIL[AHUX IPYHTaX BHBYAIM BIUIMB BHECEHHS OOpPHOTO
Jn00puBa opakysi 1 OTpUMald Taki pe3yjabTaTH: HAaWBHILY BPOXKANHHICTH
rpeuknn (2,0 T/ra) 3adikcoBaHO 3a  KOMOIHOBAaHOTO  BHECEHHS
MI03aKOPEHEBOTO Ii/KUBIICHHS CTUMYJIATOPOM POCTY BHMIIET 2 3 OOpHHM
MIKpOJIOOpUBOM Opakynl KoJodepMuH OOp, BOAHOYAC TTOKA3HUKHU SIKOCTI
3epHa rPeYKy OyJIM HaWBUIUMH.

[lo3uTHBHUIT BIUIMB BHECCHHS MIKPOJOOpPWB Ha Tpedlll Big3HA4Yae y
cBoix mpansx Jluxousop B. [5], skuil pexoMeHIye BHOCHUTH KPHUCTAJIOHH,
ByKCaJl, peakoM, HyTpiBaHT y (a3i 6—8 JIHCTKIB Ta NOBTOpHE BHECEHHS
4yepes JecsATh A10 TUM Ke NpernapaTom.

[IIupoke BHBYEHHS MO3aKOPEHEBUX MiIXKUBICHb MIKPOEIEMEHTAMHU
IPEUYKH BiJ3HAYEHO y CBITOBil arpoHOMiuHil HayIi, Tak 30kpema Jiang
Ying [23] BuBYaB BILIHMB CEJEHY Ha PICT Ta PO3BUTOK IPEUKH, TOCIIKECHHS
mpoBomm y 2012-2013 pp. Ha momsx YideHcrkoi akajgemii Hayk —
BUSIBJICHO ITO3UTHUBHMI BIUIMB HA BPOXKaHHICTh IPEUKH.

Knapowski T., Majcherczak E. [24] y nomboBOMY eKciepUMEHTI
BrponoBx 2012-2014 pp. BUBY&JIM BIUIMB BHECEHHS B IPYHT CIpKH
(20 kr/ra) i marHiro (4 kr/ra) y popmi nodpusa Vigor, sixkuii mictus 90 % S,
a TakoX O0OpoOKkM m0OpHBOM MIKPO IUIIOC — PIAKOI CYMILIIIIO
mikpoesnementie (B — 0,3 %, Cu — 0,15 %, Fe — 2,4 %, Mn — 1,0 %, Mo —
0,06 %, Zn — 0,4 %). ITo3akopeHeBi MiHKUBICHHS 301IBIININA BPOKAWHICT
rpeuku Ha 3,3 % Ta Buxinm Oinka Ha 2,3 % MOpPIBHSIHO 3 KOHTPOJEM, Iie
J0OpYB HE BHOCHIIH.
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Tobiasz-Salach R., Krochmal-Marczak B. [27], BuciBatoun copt
Kopa ma Tepuropii mpuBatHOoro rocmomapctea (50°00° N, 23°12" E,
wysoko$¢ 200 m n.p.m.), Bnponosx 2014-2016 pp. BHocunu Herbagreen y
HopMi 2 kr/ra y pi3Hi ¢a3u Beretanii: 33 BBCH, 59 BBCH, 67 BBCH.

[To3akopeHeBe MiPKUBICHHS POCIMH IPHUBEIO 1O 3HAYHOTO
301IBIICHHS BPOXAK0 HACIHHS rpeyky, a Takoxk Macu 1000 HaciHUMH, OTHAK
HE BIUIMHYJIO Ha BHUCOTY Ta TYCTOTYy CTOSIHHS POCIWH. MaKCUManbHUit
piBeHBb ypoO’kaio Bi3HadeHO 3a BHeceHHs mpemapary y ¢asi BBCH 67 —
2,26-3,02 t/rampu 1,67-2,14 T/Ta y KOHTPOIHHOMY BapiaHTI.

BucnoBku. [lpoBiBmm aHami3 HAyKOBHX Tpamb, MOXHA
CTBEpUKYBATH, IO TIEpeBaKHa OUIBOIICTh K BITYM3HAHUX, TaK 1
3aKOpAOHHUX BUYEHHMX MIATBEPIKYIOTh Te3y IMpO MOTpedy 3acTOCyBaHHS
MiHEpaTbHUX MOOpWB MiJ TpeduKy. JUCKyCIHHUMH MUTaHHAMH € HOPMH
BHECEHHsS Ta CIHIBBIJHOIICHHS MDK MakpoenemMeHTamMu. Crig  Takox
BIZI3HAYMTH, MO JUIi OTPHMaHHS BHCOKHMX YPOXXaiB TI'pEYKH MOTPiOHO
3aCTOCOBYBATH MIKPOEIEMEHTH y (OpPMi XeNaTHUX MIKPOJIOOPHB.
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JTAHAMIKA ®I3UKO-XIMIYHUX BJIACTUBOCTEN
TA BMICT MIKPOEJIEMEHTIB

Y IPYHTI I MNIIEHALEIO O3UMOIO

3A EKOJIOTT30BAHUX CUCTEM YAOBPEHHS

JlociipkeHo 3akoOHOMIpHOCTI (hopMyBaHHs (Di3MKO-XIMIYHHMX BIIaCTHBOCTEi
KHCJIOTHO-OCHOBHOTO ~Oaymancy (0OMiHHA, TigpONITHYHA KHCJIOTHICT, CyMa
yBiGpaHnx ocHOB — Binosinao pPHkci, Hr, S), 3mian BmicTy o6Minamx Ca?*, Mg?*,
pyxomux ¢opm Cu, Zn, Mn, Fe y cipomy JicoBOMy IpYHTI MiJl MIIEHULIEIO 03UMOIO
(BBCH23, BBCH31-33, BBCH&9), ypoxaifHOCTi 3a3Ha4eHOi KyJIbTYpH 32 yYMOB
exornorizoBanux cucreM ynobpens (ECY). BcraHoBIEHO — AOLINBHICTH
3actocyBanHs cosomu ropoxy (CI') + NsoP4sKas + 6ioctumynsatop (BC) a6o CI' +
NazoP4sKas + rymycne nobpuso (I'Zl) (BimmoBimnHo Bap. 3, 4) i IiUTY)KHEHHS
rpyHTOoBOTO po3unHy Ha 0,11-0,24 omununi, 3HWKeHHS Hr Ta ckepoByBaHHS 3MiH S
y HampsMmi 3pocTaHHs Imomo KoHTposto (Bap. 1). lle cympoBomkyBangocs
30inbIeHHaM BMicTy pyxoMux ¢opm Ca?*, Mg?*, 3MeHIICHHAM CHiBBiIHOIIEHHS
Ca?*/Mg** nopisusHO 3 Bap. 1 10 CyOONTUManbHMX piBHIB 6,5-6,6 (Bap. 4;
KYILEHHS, TIOBHA CTUTJIICTB).

3a ymoB NeoPooKeo + BC (Bap. 5) mano micue 3menmensst PHkel, S ra 0,03—

0,08 oauuumi Ta Ha 0,16—0,29 Mr-exs/100 T rpyHTYy, 0qHOYACHE 30imbiicHHs Hr Ha
0,08-0,12 wmr-exs/100 r rpyHTy HOpiBHSHO 3 KoHTpoieM (Bap. 1). VY pasi
3actocyBanHs NeoPooKoo + BC + '/l (Bap. 6) Bim3HaueHo 3poctanus PHkei Ha 0,05—
0,08 i HeomHO3HAYHI 3a (hazamu OHTOTeHe3y 3MiHu S, Hr moso Bap. 1. BogHouac Ha
Bap. 5, 6 pHkci, S 3ammmamncst menmmmu, Hr — Gursimoro, mopiBHSAHO 3 Bap. 3, 4.
Takox Ha Bap. 5, 6 BinOyBanocs 36inbmenns pyxomux Ca?*, Mg?* Ha 0,08-0,68 mr-
exs/100 T rpynTy, 3pocranns Ca>*/Mg?* no 8,7-9,3.
ECY na ocnosi NeoP9oKgeo 3ymoBmoBamu 6inpmi npupoctu Cu, Mn, Fe (0,23-2,17
MI/KT TPYHTY; Bap. 5, 6; KylleHHs, TIOBHAa CTHIIICTh) nopiBHsHO 3 ECY Ha ocHOBI
CT + N3oP4sKass (0,11-1,70 mr/kr rpynTy; Bap. 3, 4) momo Bap. 1. HaBmaku, npupict
BMicTy Zn, g0 Bap. 1 OyB Ginbmmm Ha Bap. 3, 4 (0,12-0,27 mr/kr) vs. Bap. 5, 6
(0,06-0,12 mr/kr). Sk 3a ymoB pony CI' + N3oP4sKas, Tak i 32 NeoPeoKoo mprpocTu
BMicTy Mn, Fe momno Bap. 1, Oynm Oinpmmmu, HiX BiamoBigai mpupoctu Cu, Zn
(Bimnosigno 0,52-2,17 vs. 0,06-0,29 mr/xr).

© Jy6unekuii O. JI., Kaumap O. ., Jy6unpka A. O.,
Bappunosuu O. B., lllep6a M. M., 2021
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Ha Bap. 3, 4 npupoct BpokaifHOCTI mineHuni 10 Bap. 1 craHoBuwin 1,46—
1,72 t/ra, Toni sik Ha Bap. 5, 6 Bouu Oyau Oinpimmu — 2,67-2,75 T/ra.

KirouoBi cjoBa: exonorizoBaHi cHCTeMU yOOOpPEHHS, COJIOMa TOPOXY,
TIICHUIS 03UMa, (Bi3UKO-XIMIYHI BIACTHBOCTI IPYHTY, MiKpOEJIEMEHTH, BPOXKai.

Olexandr Dubytskyi, Oksana Kachmar, Anhelina Dubytska, Oksana
Vavrynovych, Mariia Shcherba

Institute of Agriculture of the Carpathian Region NAAS

Dynamics of physicochemical properties and content of trace elements
in the soil under winter wheat by ecologized fertilization systems

The regularities of the physicochemical properties' formation of acid-base
balance (exchangable and hydrolytic acidity, the sum of absorbed bases — pHkci, Hr,
S), changes of the exchangeable Ca%* and Mg?* content, mobile forms of Cu, Zn,
Mn, Fe in the gray forest soil under winter wheat (BBCH23, BBCH31-33,
BBCHB89), the yield of this crop under conditions of ecologized fertilization systems
(EFS) have been investigated. The expediencies of pea straw use (PS) + N3oPsKas +
biostimulator (BS) or PS + NazoPssKas + humus fertilizer (HF) (var. 3, 4,
respectively) in order to alkalize soil solution by 0.11-0.24 units, decrease Hr and
increase S relative to control (var. 1) have been established. This was accompanied
by the increase in content of Ca?* and Mg?* mobile forms, decrease of Ca?*/Mg**
ratio compared with var. 1, until suboptimal levels of 6.5-6.6 was reached (var. 4;
tillering, full ripeness).

Under the conditions of NeoPooKeo + BS (var. 5) took place the decrease of
pHkci and S by 0.03-0.08 units and by 0.16-0.29 mg-eq/100 g of soil. The
simultaneous increase of Hr by 0.08-0.12 mg-eq/100 g of soil compared to control
(var. 1). In the case of NeoPgoKoo + BS + HF application (var. 6), there was noted the
increase of pHkci by 0.05-0.08 and changes of S and Hr compared to var. 1. At the
same time on var. 5 and 6 the values of pHkci and S remained lower, Hr — higher
relative to var. 3 and 4. Also on the var. 5 and 6 there was an increase of the contents
of mobile Ca?*, Mg?* by 0.08-0.68 mg-eq/100 g of soil, as well as Ca?*/Mg?* to 8.7—
9.3.

EFS based on NeoPgoKgo caused the large increments of Cu, Mn, Fe (0.23—
2.17 mg/kg of soil; var. 5, 6), compared with EFS based on PS + N3oP4sKass (0.11—
1.70 mg/kg of soil; var. 3, 4) relative to var. 1. On the contrary, the gain of the Zn
content relative to var. 1 was greater on var. 3, 4 (0.12-0.27 mg/kg) vs. var. 5, 6
(0.06-0.12 mg/kg). Both, under the conditions of the PS + N3oP4sKas and NeoPgoKoo
background the increases of Mn, Fe content relative to var. 1 were greater than
corresponding increases of Cu, Zn (0.52-2.17 mg/kg vs. 0.06-0.29 mg/kg
respectively).

On var. 3, 4 increments of the wheat yield relative to var. 1 were 1.46-1.72
t/ha while on var. 5, 6 they were higher — 2.67-2.75 t/ha.

Key words: ecologized fertilizing systems, pea straw, winter wheat,
physicochemical properties of soil, trace elements, harvest.
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Beryn. Ha cydacHOMy eTami po3BHTKY 3eMiiepoOCTBa OCOOJHBY
yBary BUEHHX IPHBEPTA€ palliOHaJbHE BUKOPHUCTAHHS MOOIYHOI NPOIYKIIT
CLIBCHKOTOCTIONNAPCHKUX KYJIBTYP, OCKUIBKH 1€ €KOHOMIYHO BHIIPABIAHO.
Bigmanae notpeba y ii ckupTyBaHHI 1 TPaHCIIOPTYBaHHI, IO ITO3UTHUBHO
MO3HAYAETHCS HA 3aTPATHIH YaCTHHI TEXHOJIOTIH BUPOLIYBaHHS KYJIBTYp, a
TAKOX  CIpUSE€  OTPUMAHHIO  ICTOTHOTO  TPUPOCTY  BPOXKalo
CUIBCHKOTOCTIONAPCHKUX KYJIBTYP Ta IMOJIMIIEHHIO MapamMeTpiB IPYHTOBOT
pomtouocti [1, 7, 18, 19]. Kpim mporo, ciii BiA3HAYWTH, IO OCTaHHI
JecATUPIYYs XIMIUHy Meniopamito B YKpaiHi IpakTUYHO HE MMPOBOIMIH, a
JI03W BHECEHHS MiHEpaJbHHUX NOOPHWB € HE3HAYHWMH i CTaHOBIATH 25-30
KI/Ta, a OpraHiyHuX — Jume 3 T/ra. 3a Takux 0OCTaBHH HE BiITBOPIOETHCS
POMIOYICTE, 3HIKYETHCS BMICT 1 3aIIacu ryMycy, MOTipIIYEThCS KUCIOTHUH
CTaH, sIK HAaClliIOK, IPYHTH IPOTPECHBHO aerpaayrooth. CIix Takox
3a3HAYUTH, W10 Yy 3B’S3Ky 3 30UIBIICHHSAM 3EPHOBOTO KIMHY Ta
BUCOKOJIKBIIHUX TEXHIYHHMX KYJBTYp IOCTa€ NpodiieMa palioHAIBHOTO
BUKOPHCTAaHHS HETOBApHOI YacTHHU Bpoxkato. Ha chorozHi crocrepiraemo
3MEHIICHHS COJIOMH B pamioHi Benukoi poraroi XynaoOu, SKy B
MOJIPIOHEHOMY CTaHi JIOIIJIbHO BUKOPUCTOBYBATH JJIs 30araueHHs! IPYHTIB
OpPraHiyHOI0 PEYOBMHOIO, a TAaKOX 3 METOI HOpMali3alil KHCIOTHO-
Jy>KHOTO OaJlaHCy IPYHTY.

Psan Buenmx [9, 15, 17, 25, 31] Bka3ye Ha MO3UTHUBHHUN BILUIUB
3arOPTAHHS COJOMH 3EPHOBUX KyJIBTYyp: L€ MONINIIEHHS KOPEHEBOrO
JKUBJICHHS 1 TOBITPSHOTO DPEXHMY, CTPYKTYPH IPYHTY. 3a pO3KJIaJaHHS
COJIOMH JI0 IPYHTY HaJIXOJATh HE TUIBKHM MiHEPaJIbHI CIIOIYKH, ajie if 3HaYHa
KUJIBKICTh BYIJIEKMCIIOIO Ta3y, [0 BHKOPHUCTOBYEThCS POCIMHAMH IS
(OTOCHHTE3Y, a TaKOXX YTBOPIOETbCS BYriIbHA KHUCIOTA, SKa CIpPUSE
MEPEBECHHIO Y PO3YHHHY (HOPMY MEBHOI KiJIbKOCTI MTOKUBHUX €JIEMEHTIB.

XiMiyHHI CKJIaJ COJIOMH 3MIHIOETHCS 3ajJ€XHO BiJ O10J0TIYHHX,
I'PYHTOBHUX 1 MOTOJJHUX YMOB. Y cepelHboMY | T COJIOMHU 3€PHOBUX MiCTHTh!
0,5 % azorty, 0,25 % docdopuoro auriapuay, 0,8 % oxcuay kamito, 35—
40% Byrnemto y GopMi pi3sHHX opraHiuHuX croiyk. KpiMm toro, y comomi
MICTSThCSA KalbI[ii Ta MarHiii, sKi 3JaTHI MOCIA0JIOBATH KHUCIOTHICTH
IpyHTY, Ta psin Mikpoenemenris (B, Cu, Mn, Mo, Zn, Co).

OpnHak BiJIOMO, 1110 B MPOIIEC] PO3KJIaJIaHHS COJIOMH MIKpOOPTaHi3MH
IHTEHCHBHO CIIO’KMBAIOTh MIHEpAIbHUH a30T IPYHTY, TOMY JOAaBaHHS
MiHEpaITbHUX NOOPUB, OCOOIHMBO a30THHUX, € 000B’I3KOBHM JUISl OTITUMI3aIlil
LOT'O MPOILIECY.

Jlo HeraTMBHHX BIIACTUBOCTEH COJIOMH 3€PHOBHX CIIiJi BiJIHECTH
YaCTKOBO JICTIPECHBHY /il0 Ha HACTYIHY CLIBCHKOTOCIIONAPCHKY KYJIBTYPY,
mig SKy ¥ 3a0oproroTh. [HTiIOITOPHA Al MPOAYKTIB PO3KIATAaHHS COJIOMH
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IOB’s3aHAa 3 HASABHICTIO B HHUX CaJlIIJIOBOI, JIETiIPOCTEapHHOBOI,
0eH301{HOT, KyMapoBOi KUCIOT i BiHUTIHY. DITOTOKCHYHHI eeKT MPOaYKTiB
PO3KIIany MpOSBISETHCS B 3aTPUMII POCTY KOpPIiHHS, MOPYIICHHI OOMiHY
PEUYOBHUH, XJIOPO31 JIHUCTSL.

Cnin BiI3HAYWTH, IO BIUIMB COJIOMH 000OBHX KYJBTYp Ha picT i
PO3BHUTOK 3€PHOBHX BHBYEHO HEJIOCTaTHBO. BinoMo, 1o BMicT BiAMOBIIHUX
Makpo- Ta MIKPOEJIEMEHTIB y COJIOMi TOpPOXY, JIIOIHHY Yi 000iB KOPMOBHX
3HAYHO BiJIPi3HAETHCS BiJl COJIOMH 3€pHOBHX KyJibTyp. Tak, BmicT N ta K €
BHIIIMM y cojioMi 0000oBuX, piBers Ca — B 6,1 pasis, a Mg — B 2 pasu. €
TaKO’X TIEBHI BiIMIHHOCTI i1 110710 ii MikpoereMenTHoro ckiany [24, 27, 30].

Bopgrouac BInB coiomu 6000BHX MOTMIEPEIHHUKIB HA PICT 1 PO3BUTOK
MIIICHUII 03UMOi Ta 0c00IMBOCTI (POPMYBaHHS POIIOYOCTI IPYHTY i HEIO
moTpeOyIOTh ORI TOBHOTO BUBYCHHSI.

Cnmig TakoX 3a3HAYMTH, LI0 HAa CYYaCHOMY eTamli pO3BHUTKY
3eMJIepoOCTBa 3aCTOCYBaHHS 3aXxOJiB Oioyiorizamii crmpsMOBaHE Ha
ONTHMI3allil0 Ta EKOJIOTi3alil0 CHCTeM YAOOpEHHs ISl TOJIIIICHHS
POIIOYOCTI IPYHTY, 30E€pPEKCHHS JOBKULIA Ta OTPUMAHHS POCIMHHHUIBKOT
npoJyKIii HanexHoi sikocTi [4, 10, 12, 29].

Cepen HOBITHIX aJbTEPHATHBHUX OPTraHIYHUX JOOPUB, 3AATHHUX
aKTUBI3yBaTH aOOpUTEHHY MIKpOQIIOpy 1 TO3WTHBHO BIUIMBATH Ha
IPYHTOBO-010JIOTiYHI TIPOIIECH, OTITUMi3yBaTH KOPEHEBE KUBIICHHS POCIIHH,
CTHMYJIFOBATH PICT i PO3BUTOK POCIHH, € TYMYCHI JI0OpuBa, Taki sik humin
plus, rymicou Ta 6arato inmux moaioHuX npemnaparis [2, 5, 13, 22].

I'yMiHOBI mpenapaTd MO3MTHBHO BIUIMBAIOTH HAa PICT Ta PO3BUTOK
POCIIMH, TOJIMUIYIOTh HAJAXO/PKEHHS BOJIU Il EJEeMEHTIB > KUBIICHHS.
Oco0nuBO BaX/IMBAa pOJIb TYMIHOBUX pEYOBHMH Yy mociabieHHi mil
HECIIPUATIMBHUX 30BHIIHIX (DaKTOpiB Ha pOCIMHU. ['yMycOBi KHCIOTH
HIBEJIIOIOTh HEraTHBHUK BIUIMB BHCOKMX /03 MIiHEpalbHUX J00puB,
/IBUILYIOTH CTIHKICTh POCJIMH A0 TOKCHYHOTO BIUIMBY Ba)XKKHUX MeTaliB. B
OCHOBI OTPUMaHHS T'yMiHOBHUX IIpENapariB JIe)KaTh BIACTUBOCTI TYMYCOBHX
KHCJIOT KaycTOOOIITIB YTBOPIOBATH BOJOPO3YMHHI COMi 3 OJHOBAJIICHTHUMH
KaTiOHAMU HATPIiI0, Kaito, aMoHio [6].

CoJi OHOBAJIEHTHUX JIY)KHUX METAJTIB Ta aMOHII0 I00pe pO3UMHHI 1
JIETKOJOCTYIHI s pocivH. Ha BigMiHY BiJ T'YMIHOBHX KHCIOT X COJI
aKTUBHINIC Ji0Th Ha (i3IONOTIYHI TPOIECH PO3BUTKY pOCIHH. Y
POCIMHHUITBI 1[I COJi MOXHa Oe3nocepeslHb0 BHOCHUTH B IPYHT,
BHKOPHCTOBYBATH TS [T03aKOPEHEBOTO MiKUBICHHS [14].

VY 3B’A3Ky 3 IHMM BHUKOPUCTAHHS TYMYCHHX TOOpHUB CyMICHO 3
MiHEepaJbHUMH € JOPEYHUM 1 aKTyaJIbHUM, IPOTE HEJOCTATHHO BUBYCHHUM.

ATpoeKkoyioTiYHa  OmiHKa IpPYHTIB 0a3yeTbcs Ha  KOMIUIEKCI
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MMOKAa3HUKIB, cepell SKUX BaXKIMBE MiICIe BiIBEIEHO peakilii IPyHTOBOTO
posunny (pHkci, rizponiTiyHa KuciaoTHICTH HF, cyma yBiOpaHuUX OCHOB —
S). Lli xapakTepuCTUYHI BENWYHMHH BIUIMBAIOTh HA PICT 1 PO3BUTOK POCIIHH,
JISUIBHICT TPYHTOBHX OPraHi3MiB i CTYHIHb PO3YMHHOCTI BaXKKOJOCTYITHHX
(bopM eneMeHTIB KHUBJICHHS, e(peKTHBHICTh ynoopeHHs [3, 21, 26].

[MpuunHM GopMyBaHHS KHCIIOTO IPYHTOBOTO CEpEJOBHINA Taki:
MOTO/IHI YMOBH (IIPOMMBHHMH BOJHHUHA PEXHM), BIaCTHBOCTI MaTEPHHCHKOT
mopomu (KWcia dYM KapOOHaTHA) Ta aHTpomnoreHHi 4YWHHUKH. Cepen
OCTaHHIX: 3aCTOCYBaHHA B 3Ha4HHX o0Ocsrax  ¢iziosorivno  -i
XiMiYHOKHCIMX NOOpWB, BHNANAaHHA KHCIOTHHX OMNaAiB. 3HAYHOI
MAKUCITIOBANBHOI il 3a3Ha€ TPYHT BHACHIJNOK NCKAIBIUHALII — BHHOCY
KaJIBINIO 3 YPOXKAEM Ta iH(UIBTPAIIii 3 TATUMHU BOJAMH.

Crnix Bim3HaunTH TpobieMy 3a0e3MeueHOCTi POCIMH KalbIIEM Ta
marniem [11, 16]. 3 pi3HUX TpUYKH BiAOYBaEThCS MOCTYMOBE 30iJHCHHS Ha
Ll eJEMEHTH OPHOI0 LIapy IPYHTIB. JJOUUIBHICTE peryioBaHHs KiJIbKOCTI
KalbLil0 Ta MarHil0 pO3MJIAJal0Th HE TUIBKK sK 3acid He#rpamizamii
I'PYHTOBOI KHCJIOTHOCTi, a $K ICTOTHHM YHMHHHMK ONTHMIi3alii cTaHy
rpyaroBoro BoupHoro komiuiekcy (IBK), mpouecis cuuresy i mectpykiiii
OpraHiuYHUX PEYOBHH.

HaykoBuii Ta mpakTHYHMH IHTEpeC CTAaHOBUTh IHTCHCHBHICTD
MIEPETBOPCHHASA POCIMHHHUX PEINTOK Y IPYHTI i, SK HACTINOK, IIBUAKICTH
BHBIJIbHEHHSI MIKPOCJIEMEHTIB Ta JOCTYIHICTh IX HACTYIHIH KYJIBTYypi, IIO
MoOke OyTH KpuTepieM e(eKTHBHOCTI E€KOJIOTI30BaHHX CHCTEM yIOOpEHHS
[8, 20, 23, 28, 31].

MeTta poOOTH — JOCHIIUTH BIUIUB CKOJIOTI30BAHHUX CHCTEM
ynoOpeHHst Ha (OpMyBaHHs B JMHAMILll MMapaMeTpiB KHCIOTHOCTI IPYHTY,
HAKOMMYEHHS Me30- Ta MIKPOEJIEMEHTIB Ta MpPOMYKTUBHICTh MIIEHUI
03UMO.

Martepianu i meromu. Jlocmimkenns npooauwin y 2018-2020 pp. y
nmoJIi mireHuii o3umoi Triticum aestivum L. copty Benedic, BucisiHOI micis
TOpOXy Ha 3€pPHO B yMOBax CTalllOHAPHOTO JIOCHIAY 3 BHBUCHHS HAyKOBHX
OCHOB VIPaBIiHHSA MPOAYKTHBHICTIO KOPOTKOPOTAIIfHUX CiBO3MIH B
ymoBax Kaprarcekoro periony. Cxema nociiny BKIodae 6 BapiaHTiB:

1) koHTpOIB (0€3 TOOpUB);

2) cosoMa ropoxy;

3) comoma ropoxy + N3zoP4sKas + BC;

4) conoma ropoxy + N3oPssKas + BC + T'/T;

5) NeoPgoKgo + BC;

6) NgoPgoKgo + BC + F)I.
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Bapianti, CKOMIIOHOBaHI Ha OCHOBI COJOMH TOPOXY, YMOBHO
nmo3Haumu 0ok I, a Ha i NeoPgoKgo — 0110k II. I'ymyche moopuso (I'J1)
BHOCHJIM 3 OCEHI B TIepioJ; 3aoproBaHHS coinomu B j03i 3,0 un/ra.
BioctumyisiTop 3acTOCOBYBad M JIBidi 3a BereTaliro (BeCHsSHE KYIICHHS Ta
BUXiz y TpyOKy) — 0,5 n/ra.

I'ymycue poopuBo (I'Zl) eko-iMmynsc mpencrasise  co0Or0
KOHLICHTPOBAaHUI1 BOJAHUI PO3YHMH COJIEH T'YMIHOBUX KHCIIOT, CKJIQJ: MacoBa
JacTKa opraHiyHux pedoBuH — 43,5 %, 30m — 56,5 %; 6ioctumymstop (BC)
Teppa-copd, ckmax mpemapaty: 25 % — 3aragbHa KUIBKICTH OpraHiYHHX
pedoBuH, 20 % — aMmiHOKHCIOTH, 5,5 — BMicT azoty, B — 1,5, Fe — 1,0, Mg —
0,8,ZniMnmo 0,1 Ta Mo — 0,001 %.

IpyHT mOCTiAHOI MINAHKH — CipHii JTiCOBHM NMOBEPXHEBO OIJICCHHUIM
JIETKOCYTJIMHKOBUI 3 BiJMIOBIHOIO arpoXiMiuHOK XapakTepuctukor: pH
compoBe — 4,85, BMicT azoty (3a Kopubinmom) — 9,8, moctynHoro dochopy
ta kaniro (3a Kipcanosum) (2u HCI) — 10,8 ta 8,7 mr/100 r rpyHTy, piBeHb
3arajgpHOrO rymycy — 2,1 %.

AwHaniTiuHi poOOTH 37iHiCHIOBaIM 31 3pa3KaMu IPYHTY, BiiOpaHUMU
B mepion Bererarii mmeHuili o3umoi. Busnauanu pH conboBe (0OMiHHA
KHUCJIOTHICT, — moTeHIioMeTpuuauM merogom, JACTY ISO 10390-2001;
TiIPOMITHYHY KHUCIOTHICTP — THUTPOMETPUYHHM MerogoM KanmeHna B
momupikamii [IHAO, T'OCT 26212-91); cymy yBiOpaHHX OCHOB —
tutpomerpudHEM MetogoM Kammena (I'OCT 27821-88). KonmeHtpartito
pyxomux MikpoenemeHTiB Cu, Zn, Fe, Mn (micis BUITydeHHS aneTaTHO-
amoHiHMM Oydepuum pozumHom, PH 4,8) — wmeromoMm aromHo-
abcopo6miiHoi crekTpodoTometpii Ha mpuiaami C-115 M. Bwmict pyxomux
(hOpM KaJIbIIi10 Ta MarHiro BU3HAYAIH TPUIOHOMETPHYHUM METOIOM.

Pe3yabTaTn Ta 00roBopeHHsl. Pe3ynbTaTH HalMX AOCHIKEHb
3aCBIIYYIOTh, L0 3aCTOCYBAaHHS COJIOMH TOPOXY CIPHSUIO IiJUTy)KHEHHIO
I'PYHTOBOTO po34nHy y (a3i BecHsHOro kyieHHs Ha 0,20, 3a0e3neunBiun
0OMIHHY KHCJIOTHICTh Ha piBHi 5,04 nporu 4,84 oxuHMi Ha KOHTpOmi. Y
¢a3i xonmociHHA e 3HIKeHHs Oyno Ha piBHI 0,23, a B KiHOI BereTamii
moka3HuK pHkcl cTaHOBUB BiamoBigHO 5,02 oxuHumi (Tadu. 1).

3a mepioj BereTamii 0OMiHHA KUCJIOTHICTh BUSBUIIACS HANHIKIOO Y
(a3i KylleHHs, B HACTYITHI ITEPiOJ BOHA JISIIO ITiIBUIIMIACS 1 3aTHIIHIIACS
Ha IBOMY piBHI J0 KiHIA Bererauii. Taky 3aKOHOMIpPHICTb CIIOCTEpiraau
NPaKTHYHO B YCIX BapiaHTax JocCiaidy. BupomyBaHHs mmeHuni o3uMoi
micas coomu Topoxy + NazoPssKss + BC (Bap. 3) crnpusuio miaBHINEHHEO
3HaueHHs pHkcr rpyHTYy Ha 0,11-0,12 oquHMIb m040 KOHTpO0. OgHaK 3a
HasBHOCTI OPTaHiYHOI CKJIIAJ0BO1 y CUCTeMi y00peHHs (TyMycHe TOOPHBO)
(Bap. 4) Big3HaueHo Bumui piBers Bemmauau pH — 5,05 omuanmi (tadi. 1).
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3acTrocyBaHHS MiHEPaJIbHOI CHCTEMH YIOOPEHHS MPHU3BEIIO 0 MiIKUCICHHS
IPYHTOBOrO po34MHYy, piBeHb pH cranoButh — 4,76 (Bap 5) (Tadm. 1).
AHajoriyai 3aKOHOMIPHOCTI 3MiH KHUCJIOTHOCTI BIICTEXKHJIM iHIII aBTOpH [3,
11]. Cymicue BHecenHs: NeoPgoKeo + BC + T'JI (Bap. 6) cripusisio 4acTKOBiit
HOpMati3alii KUCIOTHO-OOMIHHMX IIPOLIECIB Y I'pYHTI, piBeHs pH coibpoBoro
3pic Ha 0,12—0,19 onuHMIb m0A0 BapianTa 5 (Tadm. 1).

1. BniauB eKoJIOTi30BaHHUX cHCTeM YyHAoOpeHHS Ha d¢i3zuko-ximMiuni
BJacTuBocTi ciporo JicoBoro rpyury (0-30 cm; cepenne 3a 2018-2020
p.)
Ne OOMmiHHA lppomitndaa CyMma yBiOpaHuX
I.B. | KHCIOTHICTB, pHkcl KHCJIOTHICTE, HI OCHOB, S
Mmr-ekB/100 T IrpyHTY
I 11 11 1 11 11 I 11 I
484 | 481 | 482 | 2,50 | 252 | 250 | 5,54 | 5,60 | 5,62
504 | 504 | 502 | 2,38 | 2,38 | 2,40 | 5,72 | 5,72 | 5,70
496 | 493 | 493 | 242 | 245 | 2,45 | 5,62 | 559 | 5,60
5,08 | 503 | 505 | 2,34 | 240 | 2,38 | 5,78 | 5,66 | 5,74
476 | 4,74 | 479 | 2,58 | 2,62 | 2,62 | 5,38 | 536 | 533
491 | 486 | 490 | 2,48 | 252 | 2,50 | 5,58 | 5556 | 5,68
Ipumitka. I, II, III — ¢asu oHTOreHe3y BecHsHE KYIIEHHS, KOJIOCIHHS, MOBHA

CTHINICTh. 3MicT BapiaHTiB 1-6 muB. po3min “Marepiamu i Meromu”, A. B. — JOCIHiTHHI
BapiaHT.

OB WIN|F-

3HMmKeHHS OOMIHHOi KHMCIOTHOCTI 3a YMOB HPHOPIOBAHHS COJIOMH
TOPOXY CYNpPOBOIKYBAJIOCS 3MEHIICHHSIM TiIPOJITHYHOI KHCIOTHOCTI 10
piBas 2,38-2,40 mr-exB/100 r rpyHTY (Bap. 2) mpotu 2,50-2,52 y KOHTpOIII
(Bap. 1). AHanoriyHi 3aKOHOMIPHOCTI BiJ3HAYMWIA B YMOBAaX CIPHX JIICOBUX
rpyHTiB iHmn BYeHi [18, 19]. Baecenns NzoPssKas Ha GoHI comomu ropoxy
3a0e3MeYmI0 HIDKIHA PiBEHD TiIPONITHIHOI KUCIIOTHOCTI, HIXK Ha KOHTPOITI
Ha 4,5-5,0 %, oaHak 1010 BapiaHTa 2 Bi3HAYEHO MiABMIIEHHS Y IPYHTI
KOHILIEHTpALIIT i0HIB BOJIHIO.

Buecenns minepansHuX 100puB (NeoPgoKeo) migsummumo pisers Hr
o BenuduHu 2,58-2,62 wmr-exke/100 r rpynty. Cnig 3a3HauuTH, IO
MiABMINEHHS TigPOJITHYHOI KHCIOTHOCTI Ha MiHepalbHOMY  (OHI
(N6oPooKgo) Ginmbin BupaskeHe, HiXK BIUIMB Ha BEIMYMHY KOHIIEHTpAIlii
KaTiOHIB, 1110 BU3HAa4YaroTh OOMiHHUIA 11 piBeHb. 'yMycHe 100puBO, BHECEHE
Ha ¢oHi NeoPooKgo, 10 meBHOI Mipy HOpMaii3yBalo KHCIOTHO-OOMIHHI
IpoIecH B IPYHTI. ['iAponiTHYHA KUCIOTHICTh CTAaHOBMIIA BilmoBiHO 2,48—
2,52 mr-exs/100 r rpyHTY.
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BaxnuBMM MNOKa3HHUKOM arpoxXiMidHOTO CKJIaay IPYHTY € cyMma
yBiOpaHux ocHoB (S), mo BimoOpaxkae 3arajlbHy KUIBKICTh YyBIOpaHHX
KaTIOHIB, SIKI BIAIIPaOTh BAXIIUBY POJIb SK JDKEPEJO MOKMBHUX PEUOBUH
JUISL POCIIUH.

Cyma yBiOpaHUX OCHOB 3a3Hajia MEBHUX 3MiH 3a CKOJIOTI30BaHHX
cucteM ynoOpeHHs. Pi3HUIS BeNWYMHM LBOTO MOKAa3HWKA MIXK BapiaHTaMH
Oysla HE3Ha4YHOIO, OJHAK CIIOCTEpIrany TEHJCHLI 10 i MiABHUIIECHHA Y
BapiaHTi 3 BUKOPUCTAaHHAM coJoMH Topoxy + NzoPssKss Ta 3 momaBammsM
ryMycHOro noOpuBa. BuKkopucTaHHS MiHEpaJbHOTO JO0OpHBa B 031
NsoPo0Kgo memo 3ByxxyBamo I'BK, i cyma yBiOpaHHX OCHOB 3MEHIITyBajacs.
JomoBHeHHs MiHepansHOTO yaoOpernHs (61ok 1) opraHiuHOIO CKIIaJ0BOIO
(CQ) 3abe3meurio MiABHINICHHS BMICTY CyMH BBIOpaHMX OCHOB JI0 PiBHSI
5,56-5,68 mr-exs/100 r rpyaTy. OUeBHAHO, IO TaKa KOMIIO3UIIiS YI0OpeHb
Jla€ MO>KJIMBICTh MOJIIMIIUTH LEeH MOKa3HUK, IO ONTUMI3Ye (i3UKO-XiMIdHI
BJIACTUBOCTI IPYHTY.

Ha npoMy Tl € MOXIHBICTh BIJICTC)KHTH BIUTUB €KOJIOTi30BaHHX
cucTeM ynoOpeHHsT Ha 3a0e3Me4eHICTh IPYHTY pyXoMuMmH (opMamu
KaJIbLIiI0 Ta MarHio.

3acToCyBaHHS COJIOMH TOpPOXY, YV CKJai sSKOI Kajbllifo B 6 pasiB
OiTbIIe, HIXK y COJIOMI MIIEHUII 03UMOi, 3yMOBHIIO 3pOCTaHHS BMICTy IIHOTO
€IIEMEHTY IMIOA0 KOHTpOdro Ha 6—11, a marHito — Ha 25-33 %. BHeceHnHs
BTOPMHHOT POCIMHHUIBKOI MpoayKHii ropoxy cymicHO 3 NzoPssKas
00yMOBWIJIO HE3HAYHE 3HIDKCHHS BMICTY KaJbI[I0 Ta MarHilo MIOAO 0
BapiaHTy 3a0pIOBaHHS JIMIIE COJIOMU. BcraHoBieHo, mo monasanHs '] y
xomno3uiii ynoopeHHs (NzoPssKss + BC + I'J) 3MeHIINIO BUMHBAHHA
JIY)KHO3EMEJIbHUX €JIEMEHTIB, BMICT SKHUX CTa0imi3yBaBcs Ha piBHI 4,66—
4,88 ta 0,70-0,75 mr-exs/100 r rpyntry. JOoCTiXKSHHS 3aCBiIYmIn, 110 i3
MiJBUINEHHAM piBHA BHeceHHX MiHepaabHux 100puB  (NsoPgoKoo)
CHOCTEepirajyu 3HWKEHHs BMICTY OOMIHHUX KaTIOHIB KaJIbI[FO Ta MarHiro 0
piBHs 4,46 Ta 0,48 mr-exks/100 r rpyHTYy. BHeceHHs: ryMycHOro 100pHBa Ha
MiHepaTbHOMY (POHI CIPHUSATIO MOMIMIICHHIO KANbLi-MarHIEBOTO PEXHMY,
3aKpITUIEHHS SKAX y TPYHTI 3HAYHOIO MIpOIO 3MiHCHIOETHECS TYMIHOBHMH
kuciotamu. [IpoTe HaBaKITUBIIINM € CITiBBITHONICHHS BMICTY KaJIbIIO 10
MarHito. Ha aymky BueHuX, nedinuTy MarHiro He OyJe, SKIIO CKBiBaJICHT
CHIBBIJTHOIIICHHS MK KaJbIieM 1 MarHieM gopiBHroBatume mectu [11]. 3a
pesynbTataMM ~ HamMX  JOCHI[DKEHb, 11 yMOBa  HaMIOBHiIIe
3a[I0BONIGHSETHCS 32 TAKMX €KBIBAJCHTHUX CIIBBITHOIIEHB: Ha JUISHKAX 3
OpraHo-MiHEpaNTbHOIO CUCTEMOIO (Bap. 4) 1 HabmKeHo y BapiaHTi 6 (Talm.
2).
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2. Bmict 00MiHHOr0 KaJbL{il0 Ta MarHil0 B IPYHTIi 32 €K0JIOTi30BaHHX
cucreM ynoopenns (0-30 cm; cepenne 3a 2018-2020 pp.)

Ne OO6MiHHHMI KaNbIIii, OO6MminHui Margiii, Mg?* Ca%*
I.B. Ca* Mg**
mr-eks/100 r rpyHTY
1 11 1 11 I 11

1 4,14+0,17 | 3,94+0,15 | 0,40+0,019 | 0,39+0,019 | 10,3 | 10,1
2 4,52+0,20 | 4,40+0,18 | 0,54+0,026 | 0,52+0,025 | 8,1 8,4
3 4,42+0,18 | 4,48+0,19 | 0,50+0,025 | 0,51+0,025 | 9,0 8,7
4 4,88+0,22 | 4,66+0,21 | 0,75+0,030 | 0,70+0,034 | 6,5 6,6
5 4,46+0,19 | 4,24+0,17 | 0,48+0,024 | 0,48+0,024 | 9,3 8,7
6 4,80+0,21 | 4,62+0,21 | 0,65+0,029 | 0,66+0,030 | 7,3 7,1

Ipumitka. | — ¢a3za xymenns, 11 — moBHa cturmicts. 3MicT BapiaHTiB 1—6 auB.
. o i’
po3ain “Marepianu i meroau’”.

Ha nmingakxax 6e3 moOpWB Ta 3a BHUKOPHCTaHHS JIMIIE MiHEPaJIbHOI
CHCTEeMH YIOOpPEHHS PEKOMEHIOBaHE CIIBBIJHOIICHHS ITOPYIIYEThCS, a
Horo BemMYMHA 3HAXOAWTHCA B Mexkax 8,7-10,3, mo cBiguuth mpo
OTTHOJICHHST e IiUTy JOCTYIMHUX (OPM MarHito y IpyHTI.

Jius  HOpPManbHOTO POCTY 1 PpO3BUTKY pOCIHH  MOTpPiOHI
MikpoenemenTn, 3okpema Cu, Fe, Zn, Mn, i Bu3HaueHHs iX BMICTY €
Ba)XJIMBUM JUISL TOCHIKEHHS (Di3UKO-XIMIYHOTO Ta arpoXiMi4HOIO PEXKHUMIB
IPYHTY HiJ| MIICHHUIIEIO 03UMOIO 32 BIIMOBITHUX CUCTEM YIOOPEHHS.

Cuin 3ayBaxkutw, 1m0 3a nepiox 2018-2020 pp. y BapianTax gociiay
CHOCTEpirajy TEHJAEHII0 JO IiIBUIIEHHS BMICTy pyXoMux (opm
MikpoenieMeHTiB y 1mapi rpyHTy 0-30 cM, 111010 KOHTPOJIBLHOTO BapiaHTa.

Haii0inpme nHakommdyenHs ME Oyno y BapiaHTi 3 MaKCHMalTbHUM
HacwueHHsIM MiHepanbHUME no0puBamMu (NeoPgoKeo). BmicT Mini craHOBUB
1,12, muaky — 0,97, 3amiza — 11,80, mapranmgo — 11,40 mr/kr (Tadam. 3).

OueBnaHO, 32 YMOB MiJKHCICHHS IPYHTY METalHd CTAalOTh OULIBII
PYXOMUMH 1 HAAXOHATH IO OPTaHi3My POCIHH 3a HAassBHOCTI AeiluTy
MOTPIOHUX MIKPOEIIEMEHTIB. Y HAIUX JOCIIKEHUX BMICT pyXoMuXx (HopMm
3aJTiza 3arajioM OyB BHIIIUM BiJl CEpeIHIX MOKa3HUKIB ISl 30HU 1 3pOCTaB 3a
YMOB BHUKOpUCTaHHS MiHepanbHUX 100puB  (NeoPgoKop). HaromicTs
3aCTOCYBAaHHS T'yMYCHOTO JI00pHBa Ha 3rajiaHoMy ()OHI CIIPHSIO 3HHKESHHIO
pyxomux ¢opm 3amiza g0 pisasa 10,84 Mr/kr rpyHry. ¥ BapianTtax Oioky I
Ha (OHI COJIOMH TOPOXY CIIOCTEpIrajyd TEHIEHI[IHHE 3HIKECHHS BMICTY
MiKpoeJieMeHTy Fe, 1o 3Ha4Hol MIpol0 OOYMOBJIEHO 3HW)KCHHSIM
KHCJIOTHOCTI IPYHTY 1 SIK HAcliJJOK — IOCIA0JCHHSAM MiHepalli3aliiHuX
npoueciB y HpoMy. Illomo mapranmo (Mn), To ifioro BMIicT B IPYyHTI SIK i
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3aji3a BHSBHMBCS JOCTaTHBO BHCOKHM. PozumuHicTs Mn i Fe 3pocrama i3
30UIBIICHHSAM  KHCIOTHOCTI IPYHTY 1 BUSIBHJIAcCsS HAMBHIIOI Ha
MiHepanbHOMY (oHi — 11,40 ta 11,80 mr/kr (Tabmn. 3).

3. BmicT MikpoeJsieMeHTIB y cipoMy JIiCOBOMY I'PYHTI 32 €K0JIOTi30BAHUX
cucTeM ynoopenHs (cepense 3a 2019-2020 pp.)

No Cu | Zn | Mn | Fe
II.B. MI/KT
I 11 I 1 I 11 I 11

1] 08 [ 077 | 087 [ 08 | 952 | 876 | 982 | 9,56
2 109 | 084 | 088 | 080 | 1042 | 9,14 [ 10,10 | 9,78
3109 | 088 | 1,08 | 097 | 11,12 | 10,08 [ 10,75 | 10,08
4 [ 108 | 091 [ 114 | 094 [ 11,22 | 10,26 | 10,60 | 10,14
5 | 1,12 | 100 | 097 | 0,88 | 11,40 | 10,93 | 11,80 | 10,76
6 | 1,10 | 104 | 096 | 094 | 11,24 | 10,66 | 10,84 | 10,52

Ipumitka. | — ¢a3za xymenns, Il — moBHa cturmicts. 3MicT BapiaHTiB 1—6 auB.
pozain “Marepianu i meronu”.

Hassaicts pyxomux ¢popm ME BimoOpaxkae mpupoaHi KOHIICHTpAIIii
XapakTepHi UIA Ciporo JICOBOTO IPYHTY: 3aii3a i MapraHIill0 — BHCOKi, a
3a0€e3MeYeHICTh IIMHKOM 1 MIJI0 € HU3BKOIO.

Ile cBiguuTh TPO OCOOIMBOCTI MaTEPUHCHKOI TOPOIM TIPYHTY Ta
BHCOKY aKTHBHICTb TOTJIMHAHHS X MIIEHULICIO 03UMOIO.

3a poKH JOCHIDKEHb YPOXKAWHICTH IMIICHHUIN O3UMOI  MiCIs
noriepeIHMKa TOpOX Ha 3epHO Ha HeynoOpeHoMy ¢(oHi 3Haxoamiacs Ha
piBHi 2,69 T/ra (puc. 1). Buma BpoxaiiHicTs 3epHa (opmyBanacs y pasi
moeaHaHHs coomMu Topoxy + NsoPssKas + BC, a Takox 3a yMOB BHECEHHS
rymycHoro noopuBa Ha (oHi mobiuHoi mpoaykmii + NizoPssKss + BC i
cranoBuna 4,15-4,44 t1/ra. BHeceHHs MiHepasbHOTO nOOpWBAa B 031
NsoP90Kgo + BC crpusiio orpumansio Ha 1,19 1/ra O6imeImmoro Bpokaro, Hixk
Ha Bap. 3. BukopucramHsa Ha ¢oni miei xommosmmii '/l 3abesmednio
OTPUMAaHHS BPOKalo Ha piBHi 5,44 T/ra (puc.).
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VpomaiHicTs.
T/Ta
6,0 ¢ 5,36 5.44
4.15 4,41

269 2,80

30 F p
- v’

0 Bapi

1 2 3 4 5 6 BApaHT

Puc. YpoxaiiHicTh mmeHMIi 03UMOI 32 YMOB €KOJIOTi30BAHMX CHUCTEM
ynoopennsi (IOBHA CTUIJIICTB; cepeane 3a 2019-2020 pp., HIPos— 0,17)

BucnoBkn. [lo3uTHBHUMII  BIUIMB ~ €KOJIOTI30BaHHX  CHUCTEM
yIOOpeHHs, CKOMIIOHOBAaHMX Ha 0a3i COJIOMH TOpOXY, 32 BHPOIILYyBaHHS
MIIEHHII O03UMOI CIPHSAB TONIMIIEHHIO (HI3UKO-XIMIYHUX BJIACTUBOCTEH
IPYHTY: miABUIIWIOCA 3HaueHHs pHkc Ta BigOynocs 3HKeHHs HI,
30iMbIIMIack cymMa yBiOpaHMX OCHOB, a criBBigHomeHHs Ca?* mo Mgt
3HaxoAWjocs B Mexax 6,6-8,7. MiHepanbHa cucTeMa yAOOpeHHS
(NeoPgoKgo) mimeHuii 03uMoi NPU3BOAUTH 10 30UIbIICHHS OOMIHHOI Ta
TiPONITHYHOI KUCIOTHOCTI, TOMY IUIsl 3HIDKCHHS OKPECJICHUX HeraTUBHUX
SIBUILL MTOTPIOHO NPAKTUKYBATH BBEJICHHS B CHCTEMY YAOOpEHb OpPraHiuHOro
KOMIIOHEHTA, 30KpeMa I'yMyCHOT'0 J100pHBa.

BcTaHOBIEHO, IO 3aCTOCYBaHHSI €KOJIOT30BaHUX CHCTEM YIOOPESHHS
Ha CipOMY JIICOBOMY IPYHTI MaJlo BIUIMB Ha HAKOIMHMYCHHS PYXOMHX (opM
MIKpOEJIeMEHTIB MOPIBHSAHO 3 NOKa3HUKaMU KOHTPOJBHOTO BapiaHTa, OJIHAK
MEPeBUIICHHS] TPAHUYHO JIONMYCTMMHUX KOHIEHTPALidl eJNEeMEHTIB He
crocrepirajin. BusBieHo, 110 HaWOUIbIe HAKOIMUYEHHS MIKPOEIEMEHTIB
BizOyBanocs 3a ymoB BHeceHHs1 NeoPgoKoo + O6iocTumymsitop: Cu — 1,12, Zn
— 0,97, Fe — 11,80 wmr/kr. 3acrocyBaHHsi cucTteM yaoOpeHHs Ha (oHI
cosiomu Topoxy + NazgPssKss + GlocTumynsTop + rymycHe 10OpHBO CIIPHSIIO
TEH/ICHIII1 3pocTanHs BMicTy ZN Ta CU 1010 KOHTPOITIO.

[lo3uTHBHUIT BIUIMB E€KOJIOTi30BaHUX CHCTEM YAOOpEHHS Ha
(YHKIIOHAJIbHI BIACTUBOCTI IPYHTY CHPUSIB MiJABUIIEHHIO HOTO e(eKTUBHOT
poaroyocti. PiBeHp ypokaio mmieHumi o3uMoi Ha (OHI COJIOMH TOpPOXY
(6mmox 1) cranoBuB 4,15-4,41 1/ra. Cymicue 3acrocyBaHHS NgoPgoKeo +
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O0loCTUMYNATOP Ta TyMYyCHE

JI00pHuBO

3a0e3Meumno  OTPUMAaHHS

noxatkoBoro Bpoxato 0,17 T/ra, mo BuIle, HIX 32 YMOB BHKOPHCTaHHS
cucreM ynoopenHs Ha Qoni coromu (610K I).
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METABOLIC PROCESSES IN PIGS AND THEIR PRODUCTIVITY
DEPENDING ON THE MICROCLIMATE OF THE PREMISES

A number of domestic and foreign scientific studies conducted in recent
years have shown that the parameters of the microclimate in the premises have a
significant impact on the physiological state, the course of metabolic processes in
the body and the productive qualities of animals. In animal husbandry, there are
certain rules that state that the correct microclimate in the pigsty affects the appetite,
health and development of piglets. It should also be noted that different sex-age and
productive groups of pigs, and in particular such groups of pigs as pregnant and
lactating sows, as well as newborn and weaned piglets, which are most sensitive to
the smallest deviations, are particularly sensitive to the negative effects of indoor
microclimate parameters. In addition, during the rearing of piglets, it is necessary to
create optimal conditions for the most painless passage of stressful phenomena
associated with birth, weaning from the sow, change of location, the creation of new
hierarchical relationships in the group. For this, innovative technologies are being
developed to ensure comfortable microclimate conditions in pig housing at different
times of the year.

Based on the above, the maintenance of optimal microclimate parameters
along with the appropriate level and quality of feeding are the most important factors
for the welfare of animals and their high productivity. Given the constant
intensification of the pork production process and climate change in Ukraine, the
study of the impact of microclimate parameters on metabolic processes and
productive qualities of pigs is relevant and of both scientific and practical interest.

This review article analyzes and summarizes domestic and foreign sources
of literature in recent years on the influence of such factors of indoor microclimate
as temperature, light, humidity, level of harmful gases, the metabolic processes in
pigs and their productivity. The article also provides scientific information related to
modern approaches and engineering solutions to correct and improve the
microclimate of the premises for keeping different age and productive groups of
pigs.

Key words: pigs, indoor microclimate, metabolism, productivity.

* Scientific supervisor — Doctor of biological sciences S. O. Vovk.
© Dmytrotsa A. 1., 2021

124


mailto:andrianadmitroca@gmail.com

ISSN 0130-8521. I[TepearipHe Ta ripchke 3emiiepoOcTBO i TBapuHHULTBO. 2021. Bum. 70 (2)

JAmutpoua A. 1.

IHcTuTyT cinecpkoro rocnonapersa Kapnarcekoro periony HAAH

Merabosiuni mpouecu B opraHi3mi cBHHeil Ta iX NPOAYKTHUBHIiCTH
3aJ1€:KHO BiJ MikpokJIiMaTy IpUMileHb

Huskoro BITYM3HSIHUX 1 3apyODKHHX HAayKOBHX JOCITI/DKCHB, IPOBEACHAX B
OCTaHHI POKH, JOBEICHO, IO IapaMeTPH MIKPOKIIMAaTy IPHMIIIEHb BHSBISIOTH
icToTHHH BIUIMB Ha (i3i0JOTiYHUIH cTaH, mepedir oOMiHHHX IPOIECiB B OPTaHi3Mi Ta
MPOAYKTUBHI SKOCTI TBapuH. Y TBApHHHULTBI iCHYIOTh MEBHI IpaBuia, sKi
CTBEP/UKYIOTh, L0 CaMe NPaBHIbHMII MIKPOKIIMAT y CBMHAPHHMKY BIUIMBAaE Ha
ameTuT, 310pOB'A 1 PO3BUTOK MopocsT. CIix 3a3HAYUTH, IO OCOOIMBO UYTIMBHMU
JI0 HeraTHBHOI Aii mapaMeTpiB MiKpOKIIMaTy HMPUMILICHb € pi3Hi CTaTeBO-BiKOBI 1
NIPOIYKTHBHI TPyHNH CBHHEH, 1 30KpeMa Taki TpyIH, SIK IIOPOCHI 1 JIaKTyIOdi
CBUHOMATKH, a8 TaKOX HOBOHAPOJDKEHI Ta BITy4eHI MOpOCATa, SKi € HalOiimbIn
YyTJIMBI 10 HaliMEeHIIMX 1X BigxwieHb. KpiM Toro, mig 4ac BUpOLIyBaHHS TOPOCSITaM
MOTPIOHO CTBOPHUTH ONTHMAaJbHI YMOBH M sKoMora Oumsmn Ge300iicHOTO
MIPOXO/KEHHSI CTPECOBHX SBHII, IIOB’S3aHMX 3 HAPODKCHHSM, BiUIyYCHHSIM BiJ
CBMHOMATKH, a TAKOX 3MIHOIO MICI[SI yTPIMAaHHS Ta CTBOPCHHSIM HOBHX 1€papXiqHUX
BIJHOCHH y Tpymi. 3 Li€I0 METOI pO3pOOIISIOTHCS IHHOBAIIMHI TEXHOJOTI MI0A0
3a0e3medeHHs] KOMPOPTHUX YMOB MIKPOKIIMATy B HPUMILMICHHAX M YTPHUMAaHHS
CBUHEH Y pi3Hi IepioAx POKY.

Buxonsun 3 HaBeAEHOTo BHINE, IHMTAHHS IIATPUMAHHS ONTUMAIBHHX
rapaMeTpiB MIKpOKJIIMaTy IOpsii i3 Hale)KHHM pIBHEM 1 SKICTIO TOXIBII €
HaWB&XJIUBINIMMH ~ (akTtopamMu Uit JoOpoOyTy TBapuH Ta IX  BHCOKOI
MIPOJIYKTHBHOCTI. BpaxoByioun mocriiiHy iHTeHCH]iKallifo mporecy BHPOOHHIITBA
CBUHMHU Ta KJIIMaTH4HI 3MiHH Ha TepuTopii YKpaiHW, NOCTIIKEHHS BIUIMBY
rmapaMeTpiB MIKpOKIIiMaTy Ha MeTaOOJiuHI MPOLIECH Ta MPOIYyKTUBHI SKOCTI CBUHEH
€ aKTyaJIbHUMH 1 CTAaHOBJIATH SIK HAYKOBHH, TaK 1 MPaKTUIHU iHTEepecC.

VY miif OrnmAAOBIM CTAaTTI MpoaHANI30BaHO Ta y3aralbHEHO BITYHM3HSHI Ta
3apyOiXKHI JpKepesa JTepaTyph OCTaHHIX POKIB MIOAO BIUIMBY TaKHX (aKToOpiB
MIKPOKJIIMaTy TpPUMILIEHb, SK TEMIEepaTypa, OCBITICHICTh, BOJIOTICTH MOBITPS,
piBEHB IMIKOJOYMHHUX Ia3iB Ha nepebir 0OMIHHHX IPOIECIB B OpraHi3Mi CBUHEH Ta
iX TPOAYKTHBHICTh. Y CTaTTi TaKOX HABEICHO HAyKOBY iH(oOpMaIlito, sKa
CTOCYETBhCS CYYaCHHX IIAXOMIB Ta IHKEHEPHUX pillleHh MOIOA0 KOpEeKIii Ta
MOJIMIIEHHS MIKPOKIIIMAaTy TPUMINICHb IS YTPUMaHHSA pPI3HMX BIKOBHX Ta
MPOAYKTUBHUX I'PYI CBUHEH.

KiawuoBi ciaoBa: cBHHI, MIKpOKITiMAaT NpPUMIINIEHb, OOMIH pPEYOBHH,
HPO/IYKTUBHICTb.

Introduction. In Ukraine, pig farming is a traditional livestock
industry that is constantly evolving. Pork producers are increasingly
introducing modern technologies in the selection, feeding and keeping of
animals, which significantly increases the productivity of pigs and the
quality of their products.
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In the context of the transition of pig farming to an industrial basis, it
is necessary to assess all the factors that affect the welfare of animals. Pigs
of modern breeds and specialized lines are characterized by high
productivity due to genetics. This is the reason for the high sensitivity to the
effects of adverse environmental factors. Among these factors the
microclimate of rooms occupies important place, and first of all such its
factors as temperature and humidity of air, concentration of harmful gases,
the general gas structure, pollution by microorganisms, etc.

In recent years, domestic and foreign studies have convincingly
proven that the conditions of keeping animals in their importance should be
put on a par with the quality of feeding [17].

Thus, according to research of Tunasov A. I., to maintain a normal
microclimate in the pigsty, it is necessary constant artificial ventilation.
Low air exchange in pig housing can lead to a deterioration of the
microclimate, an increase in the content of harmful substances in the air, as
well as an increase in moisture and heat. Intensive air exchange in the room
where pigs are kept in winter can cause high heat consumption and lower
temperatures [19].

It is proved that pregnant and lactating sows are especially sensitive
to the disturbance of the microclimate in the premises. According to a
number of authors [1, 8, 9], the productivity of sows depends on both the
season of the year and the system of maintaining the microclimate in the
room. Thus, A. A. Balnikov [1] found that sows with a higher by 4.5%
fertility were distinguished by combinations (WB x L) x D, which were
fertilized in the spring season, compared with sows of the same genotype,
fertilized in summer.

The analysis of differences in the parameters of the microclimate
created by two negative pressure systems, different in the method of air
preparation, conducted by V. M. Voloshchuk and V. M. Gerasymchuk [6]
revealed higher efficiency of geothermal ventilation with air supply through
intake shafts and underground air ducts. E. A. Samokhina [18] points out
that the geothermal ventilation system created the best microclimate
conditions in the pigsty for keeping lactating sows in the autumn, which
contributed to the improvement of conservation and intensity of piglets'
development.

R. V. Mylostyvyi [10] studied the effect of indoor microclimate on
reproductive qualities of sows in the hot period of the year with different
ventilation options and found that geothermal ventilation achieves better
temperature in the pigsty, which helps to preserve the safety of piglets and
increase nest weight during weaning. M. H. Povod [7] notes that the
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uniform pressure ventilation system allows to maintain an optimal
microclimate in the room for rearing piglets, but it does not provide uniform
air exchange in all areas of the section, so it requires additional measures to
normalize air parameters in the warm season.

Potential productivity of pigs due to unsatisfactory zoohygienic
conditions is often used only by 70-80%. Therefore, the creation of optimal
microclimate parameters in industrial pig farming is the most important
reserve for increasing the production of high quality products.

Influence of temperature, illumination and humidity of premises
on metabolic processes in the body of pigs of different age groups.

Pigs are very sensitive to heat stress, which is the body's response to
high temperatures and causes changes in all systems of animal organs,
provoking oxidative stress [15]. Therefore, pig farms constantly monitor the
parameters of the indoor microclimate. In particular, special importance is
attached to such indicators as: temperature, illuminance, humidity, chemical
composition of air, the presence of dust and microbes.

It is known that pigs do not have sweat glands, so thermoregulation
in them occurs solely through respiration. They feel comfortable only in a
narrow temperature range. The biggest changes due to heat stress occur in
the cardiovascular, respiratory systems and gastrointestinal tract. Disorders
of the cardiovascular system when the body overheats due to the effects of
hyperthermia on the central nervous system. In the heat, the tone of blood
vessels and their blood supply changes, tachycardia and arrhythmia
develop, blood pressure drops. With increasing activity of the heart during
overheating, blood circulation accelerates. At extreme overheating the blood
circulation rate decreases, which is explained by the weakening of heart
function [20].

Prolonged exposure to high temperatures causes heat stroke. The
researchers note that even at a temperature of + 23-25°C the intensity of
respiration in pigs increases by one and a half times, and the pulse — by 20-
30 beats per minute. This increases the neuromuscular excitability, muscle
hypertonia may occur until the development of seizures and tetany. Animals
become agitated or, conversely — depressed [13].

Significant changes due to heat stress also occur in the
gastrointestinal tract of pigs. In particular, under the action of high
temperatures there is a suppression of the secretion of gastric juice: there is
a lack of its bactericidal function, reduced pepsin activity and increased
concentration of total protein. The greatest inhibition is experienced by the
proteolytic group of enzymes — pepsin, trypsin, enterokinase, which
worsens the digestive processes and reduces the rate of absorption of amino
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acids. There is an inhibition of the secretion of pancreatic enzymes,
intestinal motility is suppressed. Accordingly, appetite is reduced, and
hence productivity. If at a temperature of +15 — 17°C per 40 kg of live
weight gain 120-140 kg of feed is needed, then at + 29°C to obtain a similar
increase — 480 kg. [15, 28].

Another important indicator of the microclimate of livestock
facilities is the relative humidity, which also has a significant impact on the
development of pigs. Changing the relative humidity from 70 to 95% leads
to an increase in pig waste from 0.05 to 17.5%. High relative humidity in
the premises reduces the digestibility of nutrients. The average daily gain of
pigs on rearing at a relative humidity of 85% is 653 g, and at 91.8% - only
553 g [9].

Humidity and temperature are interrelated and together affect the
thermoregulation and metabolism of the animal, they are inversely related.
In the premises for pigs, the relative humidity varies from 50 to 90%, and
sometimes up to 100% (in winter and transitional periods of the year) [17].
The relative humidity in the room for keeping pigs should be in the range of
60-80%, and the maximum allowable — 85% [9].

N. O. Beloziorova's research showed that when pigs are kept under
conditions of lower air temperature (10-13°C) and increased relative
humidity (up to 72-75%) it has a negative effect on the status of their
natural resistance [3].

An important factor in the comfortable keeping of pigs indoors is
lighting. At the same level of feeding in pigs when kept in a dark room,
15% more subcutaneous fat accumulates compared to animals that are
constantly in daylight. Prolonged, round-the-clock lighting of the premises
causes in pigs suppression of their productivity [31, 36].

One of the ways to increase the productivity and quality of pig
products, especially in industrial complexes, is the use of regular ultraviolet
radiation. The use of the latter has a positive effect on metabolic processes,
increases meat yield, improves its nutritional value, increases the content of
dry matter, total nitrogen, glycogen in the musculus longissimus dorsalis. In
the skin of animals under the action of ultraviolet light undergoes formation
of vitamin D from its food precursors. [2, 33]

Influence of harmful gases on metabolic processes in pigs.
Excessive concentrations of harmful gases are known to be toxic and can
cause health problems in both humans and animals. Manure is the biggest
source of contamination in pig housing. From it, four main dangerous gases
are released into the atmosphere — hydrogen sulfide, methane, ammonia and
carbon dioxide [8, 11].
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The results of numerous studies show that in livestock facilities,
excessive levels of ammonia, hydrogen sulfide, carbon dioxide in the air
reduces the productivity of animals and increases the percentage of culling,
as well as increases the level of feed consumption per unit of production
[24].

It should be emphasized that in the conditions of unsatisfactory
microclimate in pigs, the natural resistance and immunological reactivity of
their organism decreases. In addition, increased amounts of harmful gases in
piggeries significantly affects the health of staff, as well as reduces the
service life of equipment and machinery [16, 22].

In livestock facilities, the air in its chemical composition differs
significantly from the surrounding as a result of the release of various gases
from animal respiration and decomposition of manure. During the
respiration of animals, a large amount of carbon dioxide is released, and
oxygen is absorbed, while as a result of biochemical reactions that take
place in manure, a significant amount of ammonia, carbon dioxide,
hydrogen sulfide and other harmful gases with unpleasant odor is released
into the air. [21].

It is established that during long stay of animals in the environment
with the increased content of harmful gases they can have various
deviations and disorders of a metabolism. Methane (CH4), carbon dioxide
(CO2), ammonia (NH4) and hydrogen sulfide (H2S) are considered to be the
main harmful gaseous impurities in the air of livestock premises [12, 35]

In addition to the above-mentioned harmful gases in the premises for
keeping pigs with improper ventilation accumulate substances that
contribute to the unpleasant odor (skatol, mercaptan, etc.). Their level
cannot yet be measured with instruments, but their presence can be
determined organoleptically [7]. Scatol is formed from tryptophan during
bacterial decomposition of protein and gives animal feces a specific odor.
Mercaptans are alcohols in which the oxygen atom of the hydroxyl group
(OH) is replaced by sulfur with an unpleasant odor [26].

Elevated levels of methane, carbon dioxide, ammonia and hydrogen
sulfide are a danger to animal health in pig housing. A gas such as methane
is odorless, but at excessive concentrations it is an invisible enemy to
human and animal health in particular [7]. Methane poisoning can lead to
rapid heartbeat, pulmonary edema and shortness of breath.

Carbon dioxide is also dangerous — a colorless, non-flammable
substance with a slightly acidic odor and taste. It is a product of metabolism
and is excreted mainly during animal respiration, partially formed during
the decomposition of feces and feed residues. The release of CO, by
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animals depends on their species, age, feeding and productivity. High
concentrations of carbon dioxide in livestock premises lead to impaired
respiratory function of animals, and with prolonged exposure causes
depression, lethargy, reduced productivity, resistance of animals and even
chronic poisoning [7]. Accumulation of excessive CO, in the air of
livestock premises is eliminated by proper installation and use of ventilation
equipment. By ventilating the premises, when the relative humidity is
maintained within acceptable limits, there is no increased concentration of
CO..

More harmful to pigs is ammonia, which has a pronounced pungent
odor and is felt even at low concentrations. It can damage the eyes and
respiratory tract, thereby causing chemical burns [26, 27]. At high
concentrations, it can cause corneal ulcers and cause nausea, vomiting,
palpitations and seizures [30]. According to Z. Cheng and E. A. O’Connor,
pigs are often exposed to elevated concentrations of ammonia, which is
considered an environmental stressor that slows growth and causes poor
animal health [25].

The results obtained by M. O. Parker, suggest that ammonia, even in
acceptable concentrations when combined with the factor of insufficient
indoor lighting, can impair the physiological condition and productivity of
pigs [36].

According to the findings of R. R. Manuel, the concentration of
ammonia in farrowing rooms in the area of animal life varies depending on
the set temperature for the climate control system. At night, when the air
temperature is lower, the ventilation rate decreases, which causes an
increase in the concentration of ammonia. Increasing the outside
temperature during the day increases the speed of ventilation and,
consequently, the speed of gas removal. The highest concentrations of
ammonia occur at night, and the lowest — during the day [29].

Studies by Z. Ye and G. Zhang [23] found that the coefficient of
ammonia emissions in the premises is significantly reduced with proper
ventilation.

W. Xu and K. Zheng, studying gas emissions from pig farms, found
that average ammonia emissions were highest in spring and summer and
lowest in autumn and winter. The average ammonia emissions per area (m?)
of farrowing room were almost three times higher in the summer months
than in the winter [24].

The main source of hydrogen sulfide formation in the premises is
bacterial decay of high-protein products of plant and animal origin,
primarily in the manure mass [34]. Hydrogen sulfide is a dangerous poison
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for the circulatory and nervous systems in animals, because when it enters
the bloodstream through the lungs, it inhibits the activity of enzymes that
are necessary for cell respiration and thus causes paralysis of the respiratory
system [14].

Hydrogen sulfide (H.S) is considered the most dangerous
decomposition product of manure and has a pronounced smell of rotten
eggs. At low concentrations it irritates the eyes and respiratory tract, while
at slightly higher concentrations hydrogen sulfide causes headache,
dizziness and nausea [12]. At high concentrations, hydrogen sulfide
paralyzes the nerve cells of the nose. The consequences of prolonged
inhalation of hydrogen sulfide in small quantities can lead to acute
respiratory failure and as a consequence to the death of animals. [35].

Modern effective ways to improve the microclimate of pig
housing. In modern domestic pig breeding, various technological
approaches are used to properly ensure the parameters of the microclimate
in the premises. All these systems have certain advantages and
disadvantages and have the right to exist. And in each case, when designing
a new or reconstructed complex, specialists have difficulty choosing a
system. Most often, this choice is based on established advantages in the
equipment, pricing policy of the equipment supplier, the desire to replicate
ready-made design solutions.

The most important component of the system of providing
comfortable conditions for keeping pigs is ventilation, which should provide
optimal air temperature, quality and humidity, regardless of climatic
conditions. Ventilation should solve the following tasks: maintain the
temperature and humidity at the optimal level for pigs, removing excess
heat and moisture from the room; create air exchange in the room,
providing animals with fresh air, but not creating drafts; evenly distribute
the air in the room, meeting the need of all animals for ventilation; to
prevent possible threats to the health of pigs in the event of a power outage
and ventilation failure; to provide optimal production indicators and results
[11].

In the reconstructed premises of pig farms, natural ventilation
provides the necessary temperature and humidity in the necessary
parameters in winter and transition periods under conditions of sufficient
sealing of the premises. In summer, the creation of a microclimate in the
premises for keeping pigs within the hygienic standards is possible only
with a combination of natural and artificial ventilation [2].
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Modern domestic and foreign ventilation systems for pigs include
different options. The first of them is ventilation with supply valves in the
walls. 1t works satisfactorily in temperate climates (-15 to + 22°C).

The second ventilation system provides for the presence of
perforated ceilings in the premises, the so-called diffusion ventilation. The
negative pressure created by the exhaust fans inside the premises causes the
inflow of outside air into the attic space through the openings under the roof
[22].

In the premises for keeping animals, the inflow of outside air can be
carried out by active supply recirculation shafts installed in the floor. Air is
removed from the room through active exhaust shafts. The main advantage
of this system is that the external cold air entering the supply shaft is mixed
in it with the room air, increasing the temperature of the supply air at the
outlet of the distributor [16].

Another type of ventilation system is a system of centralized
ventilation with the organization of supply and exhaust ducts in the
basement — the so-called underground ventilation system. This system
provides low values of air exchange (up to 0.6 m3/kg live weight). The
massive underground system of concrete channels plays the role of a heat
accumulator, thus smoothing daily temperature fluctuations [9].

Currently, the most cost-effective is system of ventilation of negative
pressure inside the room using the supply of cold air from top to bottom
with the help of exhaust fans and computer climate control [18].

An important element in providing comfortable conditions for
keeping pigs is cooling the air in the premises, especially in the summer
under conditions of global warming. It is known that the buildings of pig
farms due to the action of solar radiation, high ambient temperature and
heat release by animals in summer overheat. Due to physiological features,
namely due to the absence of sweat glands, pigs do not sweat and therefore
negatively tolerate high temperatures. They can compensate low
temperatures by a partial decrease in productivity and higher feed
consumption [12]. Due to suffocation and overheating, animals grow more
slowly, boars' sperm quality deteriorates significantly, and sows are less
likely to hunt, fertilize and feed their piglets. Pigs can even have a stress
syndrome, which greatly complicates the work of all body systems.

To optimize the conditions of the microclimate in the premises for
keeping animals, practitioners are advised to use the formula: the sum of
temperature and humidity should not exceed 90. To reduce the temperature
of air supplied to the pigsty and ensure the required ventilation rate use air
conditioning systems.
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An effective way to reduce the air temperature in pig farms is
adiabatic cooling — humidification of air flows with water sprayed under
high pressure. Irrigation systems are used for this purpose. These plants use
cold water from artesian wells with a temperature of +5 — + 8 © C. Water is
supplied under a certain pressure, sprayed with nozzles with the formation
of small drops [32].

Conclusions. Creating comfortable conditions is one of the main
components of modern intensive pork production. Therefore, optimization
of microclimate parameters in pig housing (air temperature, light, humidity,
level of harmful gases) is one of the most important factors to fully ensure
the metabolism in animals, increase their productive qualities and obtain
high quality pork.
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ADAPTABILITY AND REPRODUCTIVE QUALITIES OF SOWS
AND INDICATORS OF THEIR BLOOD
BY KEEPING IN MACHINES WITH ADVANCED ELEMENTS

The period of pregnancy and farrowing of sows and their maintenance
with suckling piglets is one of the key stages of industrial pig breeding, as it is
proved that productive and reproductive qualities of pigs are largely determined by
the intensity of growth and development in the early stages of their lives. To solve
these problems, it is extremely important both in theoretical and practical terms to
study the adaptive and reproductive ability of sows and the safety of piglets by their
keeping in machines with advanced elements and machines of mass production.

It is known that a pregnant sow stays in the machine for 3-5 days before
farrowing, and after 21-35 days and more, which necessitates the improvement of
conditions for their keeping. After monitoring the existing equipment for farrowing
and keeping suckling sows, it was found that the improvement of individual
elements of the machines can significantly optimize the physiological and hygienic
conditions of their maintenance and increase the comfort for newborn piglets.
Therefore, we have proposed a device for the removable side wall of the machine to
increase the space for the sow's exercise, as well as to activate her game behavior
with the offspring. The device consists of the following main parts: the upper and
lower fastenings of the side wall to the base of the machine, as well as two S-shaped
structures made of stainless steel with a diameter of 6 mm. Using the device is
possible in two ways.

For optimal access of piglets to the sow’s nipples, it is proposed to
increase the floor at the place where the sow is by 1-3 cm. Raising the space under
the sow provides piglets with better access to the lower row of nipples, so that they
are freely located around the sow. And since the place is raised directly only under
the sow, piglets can freely move around the "mother's" front and back. The lifting
structure is made from hard-alloy plastic or hard rubber 2 cm thick, 60 cm wide and
80-120 cm long. It is fastened to the machine base using self-tapping screws if the
base is plastic or expansion bolts, if the base is made from grating concrete.

Based on the selected individual structural elements of the machines for
lactating sows, the improvement of which optimally ensures their biological
characteristics of keeping, an experimental model of the machine for keeping
lactating sows and piglets was made.

© Tesak H. V., Pundyk V. P., 2021
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Assessment of the adaptive and reproductive ability of sows and the study
of the cellular component of natural immunity was carried out based on the results
of farrowing in the spring and summer. It was found that keeping sows with
offspring in machines with advanced elements increases their adaptability by the
index of breeding value (CPI) by 39.0 points (8.1 %), the index of adaptation (1A) -
by 1.2 points (4.7 %). In sows kept in machines with advanced elements compared
to animals in series-produced machines, milk yield was higher by 4.9 kg (7.3 %),
live weight of the nest at weaning — by 7.9 kg (9.8 %, P <0.05), and the safety of
piglets by 1.0 %. At the same time, the number of leukocytes, phagocytic activity of
neutrophils, phagocytic index and phagocytic number in these sows increased by
1.9,1.4, 2.9 and 4.8% respectively.

Key words: pigs, technology of keeping, machine equipment, adaptation,
reproductive ability, cellular component of natural immunity.

Tecak I'. B., Ilynaux B. I1.

[HcTHTYT cinmbebkoro rocnonapersa Kapnarcekoro periony HAAH

Apanraniiina 31aTHicTh 1 pPenpoayKTHMBHI fIKOCTI CBHMHOMATOK Ta
MOKA3HUKH iX KPOBi 32 yTPHMAaHHSI Y CTAHKAX 3 Y0CKOHAJEHHMH eJleMeHTaMu

[lepion BariTHOCTI Ta OMOPOCIB CBUHOMATOK Ta iX YTPHUMaHHS 3 MiACHCHAMHU
MOPOCATAMH € OJHHM i3 KIIOYOBHX €TalliB BEICHHS IPOMHCIOBOTO CBHHAPCTBA,
OCKIJTBKH JTOBEJICHO, L0 MPOJAYKTHBHI Ta BiITBOPIOBAJBHI SKOCTiI CBHHEH 3HAYHOIO
MIpOI0 BU3HAYAIOTHCSI IHTEHCHBHICTIO POCTY Ta PO3BUTKY Ha PaHHIX eTarax IXHbOro
KUTTA. [ BUpINIEHHS WX 3aBIaHb HAA3BUYAHHO AaKTyalbHHM SIK Y
TEOPETMYHOMY, TaK i B MPaKTHYHOMY IUIaHI € BHUBYCHHsS aJanTaliiiHol Ta
PETpOIYKTHBHOI 31aTHOCTI CBHHOMATOK 1 30€peXEeHOCTI MOPOCSAT 3a IX YTPUMaHHS y
CTaHKax 3 yJIOCKOHAJICHNMH €JIEMEHTaMH Ta CTaHKaX CepiiHOro BUPOOHUIITBA.

Bimomo, mo mopocHa cBUHOMAaTKa mepebyBae y CTaHKY IO oropocy 3—5
ni6, a micnsa — 21-35 xi6 Ta Oinpie, Mo 00YMOBIIOE TOTPeOy B MOJMIMIIEHHI YMOB
s ii yrpuManHs. [IpoBiBIINM MOHITOPHHT HAasBHOTO CTaHKOBOTO OOJIQJHAHHS JUIS
OTIOPOCY Ta YTPHMAaHHS MiJICHCHUX CBHHOMATOK, MH BHSBHIIH, IO yJOCKOHAICHHS
OKPEMHUX EJIEMEHTIB CTAaHKIiB MOXE CYTTEBO ONTHMIi3yBaTh (i3ioJoro-ririeHiuHi
YMOBHU IX yTPHUMaHHS Ta MiABUIIUTH KOM(OPTHICTH YMOB JJIsi HOBOHAPOJDKEHHX
MopocsT. Y 3B’S3Ky 3 LUM 3alpoNOHYBaM MPUCTPIii Ui 3HIMHOI Oi4HOI CTiHKH
CTaHKa, 11100 301MBIIMTH TPOCTIpP IS MOIIOHY CBHHOMATKH, a TAKOK aKTUBYBATH 11
irpOBY MOBEIIHKY 3 MpUILTOAOM. [IpHCTpiil CKIIaIaeTHCS 13 TAKUX OCHOBHUX YAaCTHH:
BEPXHBOTO 1 HIDKHBOTO KPIIJIEHHS OOKOBOi CTIHKH JI0 OCHOBH CTaHKa, a TAKOXK JIBOX
S-moiOHUX KOHCTPYKIIH 3 HEPXKABIIOYOTO METay AiaMeTpoM 6 MM. Bukopucranas
MIPUCTPOIO MOKIIBE IBOMA BapiaHTaMH.

Jl1s ONTHMAaNbHOTO AOCTYIYy HOPOCAT 10 COCKiB Oy/IO 3ampONOHOBaHO
HiIBUILEHHS IiJUIOTH y MiCI, Jie 3HaXOAUTHCSI CBUHOMATKa, Ha 1-3 cm. [linHecenus
Mici 3a0e3neuye mopocsitaM Kpaliuii JOCTYI /10 HWXKHBOTO sy COCKIB, Tak IO
BOHH BIUJIBHO PO3TALIOBYIOTHCS HABKOJIO CBHHOMATKU. | OCKINBKM Micle mMmigHsTe
0e3rmocepeTHEO TINBKM TMiJl CBHHOMATKOIO, IMOPOCATa MOXYTh O€3NepenIKoaHO
nepecyBaTHCs MOB3 Hel crieperny i 33amy. KOHCTpyKmito MiIBUIIEHHS BUTOTOBJIEHO 3
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TBEPIOCIUIABHOTO IJIACTHKY a00 TBEPAOI TyMH TOBILIMHOIO 2 CM, IIUPUHOIO 60 cM Ta
noBxuHOI0 80—120 cMm. KpimeHHs i 10 OCHOBH CTaHKa 3A1HCHIOIOTH 32 JOIIOMOTOI0
caMOHapi3iB (UIypymiB), SIKIIO OCHOBA IUIACTUKOBA, ab0 PO3LIMPIOIOYMX OOJNTIB,
SIKIIIO OCHOBA 3 PEIIITIacTOro OETOHY.

Ha ocHOBiI BimiOpaHMX OKpPEMHX eJIEMEHTIB KOHCTPYKIIi CTaHKIB JUIS
YIpUMaHHS MiJICHCHHX CBHHOMAarOK 3 IIOPOCSTAaMH, BJOCKOHAIEHHS SIKHX
ONTHMAJIBHO 3a0e3medye 0i0JIOrigHI 0COONMBOCTI IX yTpUMaHHS, OYII0 BUTOTOBIEHO
eKCIePUMEHTAIbHUIT 3pa30K CTaHKa.

OmiHKy ajanTauifHOi Ta pPENpOXYKTUBHOI 3JaTHOCTI CBHHOMATOK Ta
JOCIHIPKEHHS KIITUHHOT JIAHKH IPHPOJHOTO IMYHITETY MPOBEICHO 32 PE3yJIbTaTaMH
OTPUMAaHHX OIOPOCIB y BECHSHO-NITHIM mepion. BcTaHoBIEHO, Wm0 YyTpUMAaHHS
CBHHOMATOK 3 IIPHIUIOJIOM Yy CTaHKaX 3 yJOCKOHAICHUMH eIeMEHTaMH ITiABUIIYE 1X
ajanTanifiHy 37aTHICTH 3a iHAekcoM InieMiHHOI minHocTi (ITIL]) mHa 39,0 Gana
(8,1 %), inmexcom amantamii (IA) — Ha 1,2 6ama (4,7 %). Y CBUHOMATOK, SKHX
YTPUMYBAJIN y CTaHKaX 3 yIOCKOHAICHUMH €JIEMEHTaMH, ITOPIBHSIHO 3 TBapHHAMH,
SIKI 3HAXOJMIIUCS B CTAHKAX CEpiifHOro0 BUPOOHHIITBA, MOJOYHICTh OyJia BHIIOK HA
4,9 xr (7,3 %), xuBa Maca THi3lIa npH BiTydeHHi — Ha 7,9 kr (9,8 %, P<0,05), a
36epexeHicTs nopocsT — Ha 1,0 %. BoxHouac y BkazaHMX CBHHOMATOK KilBKICTh
JIEMKOINTIB, (haromuTapHa AaKTUBHICTh HEHUTpo(diNiB, QaromuTapHuil iHIEKC 1
¢arouuTapHe uncio Oinpine BinnoBigHo Ha 1,9; 1,4; 2,9 14,8 %.

KonrodoBi cioBa: CBUHI, TEXHOJIOTiS yTpUMaHHS, CTAaHKOBE OOJaTHAHHS,
ajanraisi, penpoyKTHBHA 31aTHICTh, KIITHHHA JIAHKA IIPUPOTHOTO IMYHITETY.

Introduction. Methods of intensive rearing of pigs in the conditions
of farms of different types with the use of industrial technology do not
allow to fully use the potential productive and reproductive capabilities of
the pigs. Crowding, confinement, noise and other factors adversely affect
the adaptability and health of pigs [1, 5, 9, 14, 15]. In this regard, the
production of competitive pork is possible only if the development and
implementation of technological solutions to create comfortable conditions
for suckling sows to ensure their high adaptability, reproductive function
and safety of piglets. Therefore, the period of pregnancy and farrowing of
sows and their maintenance with suckling piglets is one of the key stages of
industrial pig breeding, as it is proved that productive and reproductive
qualities of pigs are largely determined by the intensity of growth and
development in the early stages of their lives [4, 7, 16, 18 , 23]. It is proved
that the main feature of the body of piglets is the ontogenetic immaturity of
tissues, digestive organs and the functions of the thermoregulatory
mechanism. Therefore, they are particularly sensitive to environmental
factors. Any deviation from the norm immediately leads to a decrease in the
body's natural resistance, and thus to a decrease in growth rate and even
death of piglets [3, 4, 6, 12, 16, 20, 23].
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In this regard, one of the ways to increase the efficiency of the pig
industry is the development and implementation of new technologies for
keeping pigs aimed at improving machine equipment for suckling sows and
technologies for their maintenance [11, 19, 26, 29, 38, 39]. The arrangement
of the farrowing place is an important stage in industrial pig breeding, as the
main indicators of high reproductive capacity of sows (fertility, milk yield
and safety of piglets) depend on the conditions of their maintenance [2, 29,
30, 31, 33, 36, 37]. That is why when developing machines for suckling
sows, special attention is paid to their type and shape, as well as the
structure of the floor and the material from which it is made [20, 25, 27, 32,
35]. That is, the main task is to equip the place of farrowing with equipment
that will provide optimal conditions for sows during farrowing and in the
postpartum period and comfort of piglets in the first days of life [17, 21, 22,
24, 34].

Over the past years [10, 13], we conducted a series of studies to
improve machine equipment for suckling sows and piglets, in particular,
identified some elements that optimally provide the biological
characteristics of pig keeping. After analyzing the monitoring data of
existing types of machines for farrowing and keeping suckling sows, we
found that the improvement of individual elements of machines can
significantly optimize the physiological and hygienic conditions of their
maintenance, increase the free movement of sows, significantly reducing
hypodynamics without reducing the area and comfortable conditions for
piglets and suckling piglets. In the revised machines of domestic and
foreign production, the place under the sow has a flat surface, regardless of
the material from which it is made. However, based on our own
observations and experience of the staff of complexes and pig farms, we
found that when an adult sow lies on a flat surface for feeding piglets, she
often undermines the lower row of teats, making it difficult for piglets to
access them, especially in the first 5-7 days after birth. Raising the space
under the sow gives the piglets better access to the teats so that they are
freely placed around it. And because the place is raised directly just below
the sow, the piglets can move freely past it in front and behind.

Raising the place under the sow is carried out by installing plates of
plastic or hard rubber 2-3 cm thick, 80 cm long and 60 cm wide and
attaching them to the base of the machine with self-tapping screws if the
floor is plastic slotted, or expansion bolts if the base made of lattice
concrete, which allows free access of piglets to the bottom row of sows'
nipples during feeding.
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Due to the fact that a pregnant sow is in the machine before
farrowing 3-5 days, after — 21-35 days or more (according to preliminary
calculations 40—45 days before weaning piglets), there is a need to improve
the conditions of its keeping, namely to ensure the possibility of free
movement in the area of cell placement. Therefore, we offer a device for the
removable side wall of the machine to increase the space for the sow's
exercise, as well as to activate her game behavior with the offspring.

The device consists of the following main parts: the upper and lower
attachment of the side wall to the base of the machine, as well as two S-
shaped structures made of stainless metal with a diameter of 6 mm. To
further strengthen the attachment of the removable side wall using
expansion bolts, self-tightening nylon clamps and a design in the form of a
pin for attaching the front of the removable wall to the wall.

The device can be used in two ways: with limited mobility of sows in
the first days after farrowing and with increase in the free area for moving in
the machine 3-5 days after farrowing.

Summarizing the literature, we can conclude that housing conditions,
age and other factors affect the adaptive and reproductive capacity of sows
and their offspring, and natural resistance is closely related to the viability
and functional state of their body.

Therefore, the aim of our work was to investigate the adaptability and
reproductive qualities of sows and some indicators of the natural resistance
of their body when kept in machines with advanced elements.

Materials and methods. The methodological basis of scientific and
practical research in this area is modern domestic and world achievements in
the technology of keeping sows.

Experimental studies were conducted on farm "Edem" Zhovkva
district of Lviv region on sows of large white breed, 3 heads in each, selected
on the principle of analogues by age, live weight and date of mating.
Assessment of the adaptive and reproductive ability of sows and the study of
the cellular component of natural immunity was carried out based on the
results of farrowing in the spring and summer.

Machines with improved elements (raising the place where the sow is
located by 2 cm and the device of the removable side wall of the machine)
were prepared for the experimental group. The control group of animals was
kept in mass production machines.

The adaptability of sows was determined by indicators of
reproductive qualities by calculating indices of breeding value, adaptation,
level of adaptation according to the method of V. S. Smirnov [16].
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Reproductive qualities of sows were determined by indicators of
fertility, milk yield, live weight of piglets and nest weight at weaning,
preservation of the offspring.

In heparin-stabilized blood of sows, the following was determined:
the number of leukocytes — by counting white blood cells in Goriaev's
chamber (V. E. Chumachenko, 1991); phagocytic activity (FA) of
neutrophils (Gostev V. S., 1950), phagocytic index and phagocytic number

[8].

The obtained digital material was processed by the method of
variation statistics using Student's criterion. Arithmetic mean values (M) and
their errors (= m) were calculated. The computer program MS Excel was
used for calculations.

Results and discussion. Data on the reproductive capacity of
experimental sows are presented in Table 1.

1. Reproductive ability of sows when kept in machines with advanced
elements and machines of serial production M £m, n=3)

- Group of animals
Performance indicators -
control experiment
Fertility, heads 12,1+ 0,50 12,3+ 0,39
number of piglets at weaning, kg 10,9 + 0,78 11,2+ 0,53
Milk yield, kg 66,9 £ 1,76 71,8 +£1,48
Live weight of the nest at weaning, kg 80,7 +2,12 88,6+ 1,78*
Preservation, % 90,1 91,1

Note. * P < 0,05.

The obtained data show that in sows of the experimental group
compared to the control, milk yield was higher by 4.9 kg (7.3%), live weight
of the nest at weaning — higher by 7.9 kg (9.8%, P <0,05 ), and the
preservation of piglets in the experimental group increased by 1.0%
compared to control.

2. Indicators of adaptability of sows kept in machines with advanced
elements and machines of serial production

- Group of animals
Performance indicators -
control experiment
Breeding Value Index (CPI) 479,1 +£20,92 518,1 £23,17
Adaptation index (IA) 25,4+ 2,89 26,6 £3,17
level of adaptation (PA) 13,1+ 0,56 13,3+ 0,63
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The obtained results of adaptability show that in the sows of the
experimental groups compared to the control in the spring-summer period,
the index of breeding value (CPI) is higher by 39.0 points (8.1%), the index
of adaptation (1A) — by 1.2 points 4.7%), but the difference is unlikely. In the
summer-autumn period, the difference between these indicators is similar but
less pronounced and is respectively 14.9 points (2.9%) and 0.8 points (3.1%).
At the same time, the level of adaptation (PA) in the spring-summer period
in the animals of the experimental group compared to the control is almost
the same (13.3 vs. 13.1 points), and in the summer-autumn period higher by
0.7 points (5.5%) .

Based on the formula used to calculate the breeding value index
(CP1), the difference between the experimental and control groups of animals
is mainly due to the milk yield of sows and live weight of the nest at 2
months.

3. Indicators of the cellular component of the natural immunity of the
body of experimental sows

- Group of animals
Performance indicators -
control experiment
Leukocytes, G/l 10,8 £ 0,24 11,0+ 0,33
Phagocytic activity of neutrophils, % 50,7 +3,48 51,4+2,86
Phagocytic index, units 10,3+ 0,86 10,6 + 0,73
Phagocytic number, units 5,21 £0,62 5,46 £0,54

In sows kept in machines with advanced elements, compared with
animals in machines of mass production, the number of leukocytes,
phagocytic activity of neutrophils, phagocytic index and phagocytic number
was higher by 1.9, 1.4, 2.9 and 4.8%, but the difference is unlikely.

Conclusions

1. Adaptability in sows of experimental groups, compared with
control, is higher according to the index of breeding value (CPI) by 39.0
points (8.1%), the index of adaptation (1A) — by 1.2 points (4.7%).

2. In sows of the experimental group, compared with the control, milk
yield was higher by 4.9 kg (7.3%), live weight of the nest at weaning — by
7.9 kg (9.8%, P <0,05), and the survival of piglets — by 1.0%.

3. In sows kept in machines with advanced elements compared to
animals in mass-produced machines, the number of leukocytes, phagocytic
activity of neutrophils, phagocytic index and phagocytic number was higher
by 1.9, 1.4, 2.9 and 4.8% respectively.
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EXCHANGE OF PROTEIN AND NITROGEN COMPOUNDS
IN THE BULLS WHEN FEEDING
CELLULOSE-CONTAINED FEED

Metabolic processes in the body of cattle, in particular in the digestive tract
of bulls, when feeding young grass, feed and various forms of fiber-containing feed
during the spring-summer transition period are poorly understood. Young grass at
this time contains a large amount of nitrogen-containing compounds, but very little
readily available sugars and fiber. The content of the latter in the young grass of
pastures and meadows, instead of the required for cattle 22-24% of dry matter, is
only 15-18%. In addition, the fiber of young grass has very little of its structured
form (associated with lignin and hemicellulose). This leads to the fact that cattle do
not fully use the nitrogen available in the young grass.

In the course of research we studied changes in the concentration of protein,
residual and total nitrogen, urea, as well as the activity of transamination enzymes in
whole blood of bulls depending on the time relative to the beginning of feeding and
the presence in the diet of various forms of fiber.

It is shown that the activity of transamination enzymes (AST and ALT)
under the action of various forms of fiber-containing food before morning feeding
increases by 5,1-7,5 % compared to control. This increase does not depend on the
time relative to the start of feeding. It is suggested that the activity of transamination
enzymes in the whole blood of bulls when feeding them fiber-containing feed is
substrate regulated.

According to research, it can be argued that the activity of reamination
enzymes in the blood serum of bulls during the feeding of fiber-containing feed
before morning feeding increases by 6,4-8,5 % compared to control. The
concentration of protein in the blood serum of bulls, regardless of the time relative to
the beginning of feeding, with the feeding of various forms of fiber-containing feed
increases by 4,2-6,1 % compared to control. The content of urea and residual
nitrogen in the whole blood of bulls at 3 hours from the beginning of morning
feeding decreases by 6,3-8,9 %, and protein and total nitrogen — increases compared
to control.

It is also shown that weight gain depends on the level of nitrogen-containing
compounds and the activity of transamination enzymes in the blood serum of
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experimental bulls.
Key words: bulls, blood serum, fiber-containing feed, protein,
transamination enzymes.

IleneBau A. B., Pisic i. ®.

[HcTHTYT cinmbebkoro rocnoxapersa Kapnarcekoro periony HAAH

OO0miH mnporeiHy i a30ToBHUX cHOJIyk B oprasismi Oyraiinis 3a
3roi0BYBaHHs KJITKOBHHOBMICHOI0 KOpMY

OOMiHHI mTpoliecd B OpraHi3Mi BeNHMKOi poratoi XynoOH, 30KpeMa Y
TpaBHOMY KaHaii OyraiiuiB, IpH 3TOJOBYBaHHI MOJIONOi TpaBH, KOMOikopMy Ta
pi3HEX (HOpM KIITKOBHHOBMICHOTO KOPMY MiJ Y4ac BECHSHO-JIITHBOTO MEPEXiAHOrO
nepiogy € MajJoOBMBYCHHUMH. Moiona TpaBa B Iiel 4ac MICTHTh y CBOEMY CKJIQJi
BEJIMKY KUIBKICTh 30Ty a30TOBMICHHX CIIONYK, aje JyXe Majo JIETKOJOCTYITHUX
IKpiB 1 KIITKOBUHU. BMICT ocTaHHBOT y MOJIOZIH TpaBi IACOBHII i JIYKiB, 3aMiCTb
MOTPIOHUX UISL BENUKOI poratoi xynoou 22-24 % Big cyxoi pedoBHHH, CTAaHOBUTH
Bchoro 15-18 %. Kpim Toro, B KIITKOBMHI MOJNOIOi TpaBH HOyKe Maio ii
CTPYKTYpH30BaHOi ()OpMH (3B’S13aHOI 3 JIIFHIHOM 1 reMinentono3o). Lle nmpu3Boants
JI0 TOTO, III0 BEJMKa porara Xyao0a HEMOBHICTIO BUKOPUCTOBYE HAIBHUH Y MOJOIIN
TpaBi a3o0T.

VY Xoxi BUKOHAHHA IOCHIIKEHb MH BHBYIIM 3MIiHH BMICTy MpPOTEiHY,
3aJIMIIKOBOTO 1 3arajlbHOrO a30Ty, CEYOBHMHH, a TaKOX aKTHBHICTh EH3UMIB
TpaHCaMiHYBaHHsS y CHpPOBATIIi KpOBi OYraiIliB 3aJe)KHO Bill Yacy IIOJO0 MOYATKY
TOMIBNI 1 HAsBHOCTI y pamioHi pi3HUX (OPM KIITKOBHHOBMICHOTO KOpMy. Takosk
OyJI0 B3ATO O yBard TaKWi BaXkKJIMBUH IMOKAa3HMK a30TOBOTO OOMIHY Yy JKYHHHUX
TBapHH, SK PIBEHb 130BaepiaHOBOI KUCIOTH Y pyOIeBill piquHi.

3a pesynapTaTaMd JOCHIIKEHb MOJKHA CTBEPUKYBATH, INO AaKTUBHICTH
ensumiB TpancaminyBanHs (ACT i AJIT) y cupoBarii KpoBi IOCTiTHHX Oyraiiis
i €0 3rOMOBYBAaHHS Pi3HUX (OPM KIITKOBUHOBMICHOTO KOPMY ITiCJIST PaHKOBOL
rofiBmi migBuIIyeThess Ha 5,1-7,5 % mopiBHAHO 3 KoHTpojeM. lle migBuIICHHS
3aJIOKUTh Bil Yacy MO0 MOYaTKy rofieii. JIoBeleHO, M0 aKTUBHICTh CSH3UMIB
TpaHCaMiHyBaHHS y CHpPOBaTHi KpOBi Oyrali{iB mpH 3roJOBYBaHHI iM
KJIIITKOBUHOBMICHOT'O KOPMY PETyJIIOETECS CyOCTpaTHO.

BwmicT mpoTeiny y cupoBaTmi KpoBi OyraifiiiB micias paHKOBOI TOIIBII T[T
J€r0 KITITKOBMHOBMICHOTO KOPMY 3 Pi3HOIO BETMYNHOIO YaCTHHOK TaK0OXK 3POCTAE Ha
6,4-8,5 % mOpiBHSIHO 3 KOHTpONEM. BMicT Ce4OoBMHM 1 3aMIIKOBOTO a30Ty Yy
CHUpOBATII KpOBi OyraiflliB Ha TPETill TOMWHI MICJS MOYATKY TOJIBII 30LIBIIYETHCS
Ha 4,2-6,1 %, a mporeiHy i 3arampHoro azory — Ha 6,3-8,9 % mnopiBHsSHO 3
KOHTPOJIEM.

[Toka3aHo TaKoX, LIO PiBEHb a30TOBMICHHUX CIIOJNYK i aKTUBHICTb €H3UMIB
nepeamMiHyBaHHS y CHPOBATI KPOBi HOCITIJHUX OyrailliB MO3UTHBHO KOPETIOIOTH 3
MIPUPOCTAMH IX MacH Tija.

KiwouoBi ciaoBa: cupoBaTka KpoBi, MpoTeiH, KIITKOBHHOBMICHHH KOPM,
OyraiIli, eH3MMH TpaHCaAMiHyBaHHS.
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Introduction. Young grass contains insufficient fiber (only 15 —
18%, while 22 — 24% are needed) [1, 3, 14-16]. At the same time, it
contains mainly easily digestible fiber [2-4], which is very quickly
fermented in the rumen [5, 11, 18]. The consequence of this process is
incomplete use of nutrients available in young grass [17], primarily
nitrogen-containing compounds [9, 12], by ruminal microorganisms, which
leads to lower levels of protein absorption in the body. It means, that diet of
ruminants lacks structural fiber during spring-summer transition period. In
particular, fiber associated with hemicelluloses and lignin.

In order to replenish the structural fiber in the diet of ruminants that
consume young grass, they are fed natural or processed rough feed (hay or
straw) [6-8]. Fiber-containing feed performs various functions in the
gastrointestinal tract of ruminants: it acts as nutrient, adsorbent and surface
for ruminal microorganisms [27, 10, 11].

Winter wheat straw contains mainly fiber, hemicellulose and
polyuronides [13-16]. Therefore, its nutritional value is low [4, 5]. The data
obtained by us indicate that its presence in the rumen of ruminants, it
significantly affects the intensity of metabolic processes [13, 14]. The size
of its particles determines the speed of passage of the rumenal content into
the posterior parts of the gastrointestinal tract.

Structural fiber, hemicellulose a has a very low nutritional and
energy value [18, 20]. At the same time, it is able to adsorb and transport on
its surface significant amounts of nutrients available later in the
gastrointestinal tract of ruminants [19-24]. The surface of structural fiber is
inhabited by a large number of microorganisms (bacteria and protozoa) [25,
26]. They have cellulose-, amylo-, proteo- and lipolytic activity [10, 29]. As
a result, ruminants significantly increase their supply of carbohydrates,
lipids, biologically active substances (primarily water-soluble B vitamins)
and nitrogen-containing compounds from the gastrointestinal tract into the
blood and lymph [28, 31].

It is currently unknown which of the above functions of fiber-
containing feed is more important for the body of a ruminant animal. In
addition, the effect of various forms (in particular, particle sizes) of
structural fiber-containing feed on various parts of metabolic processes in
the body of ruminants remains unknown.

Based on this, the aim was to establish the dynamic patterns of
changes in the content of ammonia, amine and protein nitrogen in the liquid
fraction of the rumen, the content of basic nitrogen compounds and the
activity of reamination enzymes in serum of fattening bulls.
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Materials and methods. On farm "Litynske" in Drohobych district
of Lviv region were formed three groups of Simmental breed fattening bulls
(5 animals each) using methodological approaches used in international
practice in accordance with the requirements of I1SO 17025, as well as in
accordance with generally accepted methods of groups of analogues by age
and live weight. Three animals from each group had rumenal fistulas. All
animals were clinically healthy.

Under the conditions of tethered keeping, animals of the control
group during May-July (90 days) received the basic ration (OR), which
included young green mass of cereal and legume pasture (35.0 kg) and
compound feed (2.5 kg).

Animals of the experimental groups in addition to the main diet were
fed 1 kg of winter wheat straw, crushed into particles of different sizes.
Animals of the | experimental group were fed straw chaff with a particle
size of 0.2 — 2.0 cm, and animals of the Il experimental group — 3.0 — 5.0
cm. At the end of the experiment in fattening bulls from the jugular vein
blood samples were taken before morning feeding and at 3 hours after its
beginning. In bulls with rumenal fistulas, samples of its contents were taken
before morning feeding, as well as at the 2nd, 4th, 7th and 10th hours after.
In the liquid rumenal content it was determined the level of ammonia,
amine and protein nitrogen according to Kjeldahl.

In the blood serum were determined levels of urea, residual and total
nitrogen, protein and activity of reamination enzymes - aspartate
aminotransferase (AST 2.6.1.1) and alanine amino transferase (ALT
2.7.1.2). Serum urea was determined by the Conway method; protein,
residual and total nitrogen — according to Kjeldahl. The activity of AST and
ALT in blood serum was determined by the methods described by V. V.
Vlizlo et al. [9].

Biometric analysis of the results was performed by the method of
variation statistics according to N. A. Plokhinsky, taking into account the
Student's criterion. Standard computer mathematical and statistical
programs, in particular Microsoft EXCEL, were used to estimate the
probability of the obtained results — arithmetic mean values (M), arithmetic
mean error (+m) and probability of differences between the studied
arithmetic mean values (P).

Results and discussion. It was found that in the liquid content of the
rumen of bulls of experimental groups, which were fed young green mass of
cereals, legumes, and fiber-containing feed with different particle sizes, the
lowest content of ammonia nitrogen and amine nitrogen were before
feeding and 10 hours after begin of feeding — by 245 and 34.2%,
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respectively, in groups | and Il compared with the control). The content of
ammonia nitrogen and amine nitrogen in the liquid content of the rumen of
bulls of the experimental groups increased on 2 — 4 hours after the start of
feeding. Moreover, it was maximum at 2 hours after the start of feeding, but
23.1 and 27.8% lower than in the control, what is showed in the Table 1.

The presence of amine nitrogen in the ruminal fluid indicates the
presence of free amino acids. The large number of free amino acids in the
ruminal fluid may be due to the low efficiency of their inclusion in proteins
[18].

Feeding the bulls of the experimental groups of straw chaff with
particles of different sizes, compared with the bulls of the control group,
resulted in a 29.35% reduction in the content of ammonia nitrogen and
amine nitrogen in the liquid content of the rumen. It was also found that,
compared with the control, the content of ammonia nitrogen and amine
nitrogen in the liquid fraction of the rumen of fattening bulls of the II
experimental group, which in addition to the main diet were fed straw chaff
with a particle size of 3.0-5.0 cm is minimal — by 34.7% lower. This is due
to the fuller use of ammonia nitrogen and amine nitrogen to synthesize the
main components of their cells by microorganisms inhabiting rumen [11].

The reliability of the above mentioned is also confirmed by the data
on the content of protein nitrogen in the ruminal fluid of the experimental
bulls. In particular, the lowest its level was in bulls of the | and Il
experimental groups, which were fed green mass of cereal and legume
pastures plus fiber-containing feed. It was observed before feeding and at 10
hours after the start of feeding (6.4 and 8.7% less compared to control). The
amount of protein nitrogen in the fluid of the rumen of bulls of the Il
experimental group decreased by 2-7 hours after the start of feeding by 7.9
and 9.1%, respectively, compared with the control.

Feeding bulls of | and Il experimental groups of straw chips with a
particle size of 0.2-2.0 and 3.0-5.0 cm, respectively, compared with bulls of
the control group, led to an increase in the amount of protein nitrogen in
their ruminal fluid by 7-10th hour after the start of feeding (8.1 and 9.5%
more than control). It should be noted that in the ruminal fluid of bulls of |
and Il experimental groups, compared with bulls of the control group, the
amount of protein nitrogen decreased by 2-4th and 4th hour after the start of
morning feeding by 6.9 and 7.5%, respectively.
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Such differences in the content of protein nitrogen in the cicatricial
fluid of bulls depending on the time relative to the beginning of feeding are
associated not only with the direction of metabolic processes in the rumen,
but also with the intensity of absorption and evacuation to the posterior
gastrointestinal tract of ruminants.

The results of the analysis of Table 2 show that the content of urea
and residual nitrogen in the serum of fattening bulls of experimental groups,
fed different forms of fiber-containing feed, compared with bulls of the
control group who received the basic diet, before morning feeding has only
a tendency to decrease.

2. The content of nitrogen-containing compounds and the activity of
reamination enzymes in the serum of experimental bulls, M+m, n=5

. Groups of animals
Indicators - -
control | I experimental | II experimental
Before feeding
Protein, g/l 7091 £1,71 85,62 £ 1,75** | 89,15+ 1,9%**
AST, units/I 61,08 £ 1,41 57,43 £ 0,52** | 58,23 +0,86**
ALT, units/I 47,97+ 1,87 38,69 + 1,77** | 38,81+ 0,92**
Urea, umol/Il 3,66+ 0,25 2,83+0,27* 2,66+ 0,19**
Residual nitrogen,
g3 0,28 0,02 0,23 +£0,01 0,21 +0,01
Total nitrogen, g/l | 26,69+039 | 27.45+025 27,11+0,17
3 hours after the start of feeding
Protein, g/l 71,82 +1,71 78,3 £1,07%* 79,6 £ 1,38**
AST, units/I 67,25+2,21 | 79,73 £ 1,98%** | 78,81 &+ 2,23***
ALT, units/I| 49,36 + 1,35 5491 +0,81* 56,32 + 1,54**
Urea, umol/Il 5,33+0,15 5,16+0,18 4,99+0,11*
Residual nitrogen,
g3 0,38 £0,02 0,46 £ 0,01** 0,45+ 0,01**
Total nitrogen, g*¥/I 25,61 +0,16 28,25+ 0,18* 29,43 £0,12**

Note: changes are probable, p < 0,05*; p <0,01**; p <0,001***

At the same time, the level of protein in their blood increases. In this

case, the content of total nitrogen before feeding has only a tendency to
increase. This is due to both the level of their entry into the blood from the
gastrointestinal tract and the transformations in the liver. After all, the
results of studies indicate that the activity of reamination enzymes (AST
and ALT) in the serum of bulls of experimental groups, compared with
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bulls of the control group, after morning feeding increases by 5.1 — 7.5%. It
is obvious that the change in the activity of reamination enzymes (AST and
ALT) in the serum is associated with the level of nitrogen-containing
compounds incoming from the gastrointestinal tract into the blood [12]. The
above data is confirmed by the indicators obtained 3 hours after the start of
morning feeding. At this time, it is observed the maximum changes in the
level of nutrients incoming from the gastrointestinal tract into the blood, as
indicated by other authors [4].

Metabolic processes in the body of experimental bulls affect their
productivity, as evidenced by changes in the activity of enzymes of
reamination and fluctuations in urea, residual nitrogen, protein and total
nitrogen in the serum. Thus, the absolute weight gain of bulls of the control
group during the experiment was 64.4 + 1.08 kg, and bulls of I and II
experimental groups — 76.9 + 1.69 (p <0.001) and 72.7 + 1.60 kg (p <0,01),
which is 19.4 and 12.9% more compared to the control group.

Higher weight gain of bulls of experimental group | compared with
bulls of experimental group Il is associated with the time during which the
fiber-containing food was in the rumen and, consequently, with the level of
nutrients incoming from the gastrointestinal tract into the blood and tissues.
Smaller particles of fiber-containing feed pass faster from the rumen to the
lower parts of the gastrointestinal tract of ruminants compared to larger
particles [5]. This significantly affects the level of digested nutrients of the
feed and assimilated from the gastrointestinal tract into the blood and
tissues as well as content of individual components and the activity of
reamination enzymes.

Conclusions. It was found that different forms of fiber-containing
feed, depending on the time relative to the beginning of feeding, affect the
metabolic processes in the rumen and the level of nitrogen-containing
compounds incoming from the gastrointestinal tract into the blood of
experimental bulls. Thus, fiber-containing feed has an effect on the
substrate regulation of enzyme activity in ruminants.

The activity of reamination enzymes (AST and ALT) in the serum of
bulls during the feeding of fiber-containing feed at 3 hours after the start of
morning feeding increases by 5.1 — 7.5% compared with the control.

The protein content in the serum of experimental bulls, after morning
feeding under the action of fiber-containing food with different particle
sizes also increases by 6.4 — 8.5% compared to the control.

The content of urea and residual nitrogen in the serum of bulls before
morning feeding under the action of fiber-containing food with different
particle sizes is reduced by 6.1 — 7.8% compared with the control. The
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content of protein, residual and total nitrogen in the serum of bulls on the
third hour after the start of feeding increases by 4.2 — 6.1%, and level of
urea — decreases by 6.3 — 8.9% compared with the control.
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BIIJINB YTEIVIEHHA KOPIBHUKIB
HA IOKA3HUKH MIKPOKJIMATY ¥ 3MMOBHI ITEPIO/]

Mertoro wmiei pobGotm Oylno BHBYUTH BIUIMB €IEMEHTIB yTEIUICHHS
NeTko30ipHAX KOPIBHHMKIB Ha TOKa3HUKH PyXy IOBITps, HOro TeMmepaTrypu Ta
3HAYCHHS BITPO-XOJOAOBOTO IHAEKCY YHPOIOBXK 3HMOBOro rmepioxy. OmHuM i3
OCHOBHHUX (DaKTOPiB MiJBHIICHHS MOKA3HUKIB KOM(MOPTHOCTI yYMOB YTPHUMAaHHSI
KOpIB y NPUMIIIEHHAX Pi3HHUX THUIIIB € CTBOPEHHS TaKMX MOKA3HHKIB MIKPOKIIMATY,
AKi sKHalikpaiie O BiAMOBiIaTH OG10JIOTIYHUM MOTpe6aM MOJIOYHUX KOPIB, 3aJICIKHO
BiJl TOPH POKY 1 MPOAYKTUBHOCTI. BakiinBe 3Ha4YeHHs i BIUIMB Ha OpraHi3M TBapHH
i JTfoeit Mae MIBUAKICTD PyXy MOBITPsS Y TBApUHHUIBKOMY NPUMIIIEHH]. 32 HU3bKOT
TEMIIEpaTypy B 3WMOBUH Iepio[ 3HaYHA IIBUAKICT PYXy IOBITPS BHKIHKAE
TIepeOX0JI0KEHHS TBApHH. BrCcOKa MBUAKICTD PyXy MOBITPS Y IPUMIIIEHHIX MOXE
BKa3yBaTH Ha TPOTPiXH y BHOOpPI Micus posramryBaHHs ¢epmu. JlocmimkeHHs
npoBomunn B LlentpanmsHomy Jlicoctenmy VYkpainu (binmonepkiBcekuii paiioH,
KuiBcbka 0051acTh) y TPhOX TOCIOAAPCTBAX 3 OE3MPUB’I3HUM yTPUMAHHAM KOpiB: |
BapiaHT — YTPUMaHHs y JIerko30ipHOMY NpUMilleHHi 0e3 eneMeHTIiB yremieHus; 11
BapiaHT — y JIETKO30ipHOMY TPHUMIIICHHI Ha TIMOOKIH coyoM’stHii mmimcrumi; 111
BapiaHT — Yy JIETKO30ipHOMY IPUMIIIEHHI 3 eJNeMEHTaMH YTEIUICHHSIM IITOp
(momikapOoHaTHUM ckiloM) y miepiox 3 1.12.2020 mo 28.02.2021 pokis. Tepuropis
Lentpansaoi YkpaiHn mnepeOyBac B MOMIpHOMY KIiMaTHUHOMY mosici. Kiimar
TTOMiPHO-KOHTHHEHTAIFHAN 3 YOTHPMA YiTKO BUPAKECHUMH TOpaMu poky. CepemHs
pidHa Temmeparypa moBitps 3a octaHHi 30 pokiB craHoBmia +8,9 °C. Pesympraramu
JIOCITIDKEHb BCTAHOBJICHO, IIJ0 BUKOPUCTAHHS €JIEMEHTIB YTCIUICHHS! OOKOBHUX IITOP
3[JaTHE NPOAOBXKUTU Ha 13 71i0 AOmMycTMMiI HOPMHM LIBHJIKOCTI pyXy MOBITpS Y
NPUMIIICHHIX Ta O1IbII e()eKTUBHO 3aXHCTHTH TBAapHH BiJl BIUTHBY HAaBKOJIUIIHBOTO
CepeloBHIIa MPOTArOM pI3HUX TEpiOiB IIBHIKOCTI BIiTPY, a TaKOX 3HH3UTH
IIBUIKICTE PYXy MNOBiTps y npuMimeHHsx Ha 11,68-21,74 % mnopiBHsHO 3
TIeTKo30ipHAM OOKCOBUM NPHUMIIICHHSM Ta Ha TIIMOOKIH MiACTWIII Oe3 eleMEHTIB
yremeHHs. J[o Toro x y mepiox HaiHmK4IHX Temmnepatryp (-9,1 °C) HaBKOIHIIHBOTO
cepeloBHINa cepemHs n00OBa TeMIepaTypa y TNpHUMINICHHI 0e3 eleMeHTiB
YTEIUIEHHS OITycKaiacs 1o mo3Hauku -4,5 °C, mo Ha 1,2 ta 2,4 °C HuxXYe, HIK Y

© Bopr O. O., Pyban C. 0., bopmz O. B., 2021
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NPUMIIIEHHAX Ha TIHOOKIH MICTHILI Ta 3 eJIeMEHTaMH yTEIUICHHS BiAMOBiTHO. 3a
BCIX KaTeporii IMBUAKOCTI PyXy BITPY HABKOJHIIHBOTO CEPEIOBHINA HAMBHUINI
3HAYEHHS BITPO-XOJOJOBOTO 1HAEKCY CIIOCTEPIraiy y JIeTKo30ipHOMY IPUMILICHHI 3
eJIeMEHTaMH YTeIUICHHSL.

KnrouoBi ci1oBa: MOIOYHI KOpPOBH, XOJOJHA MOToja, IIBHIKICTH BITpY,
TeMIepaTrypa IoBiTpsl, Terko30ipHi MPUMIIIEHHS.

Oleksandr O. Borshch?- 2, Serhii Ruban?, Oleksandr V. Borshch?

!Bila Tserkva National Agrarian University

2National University of Life and Environmental Science of Ukraine

Influence of cowsheds insulation on indicators of microclimate in the
winter period

The aim of our research was to study the influence of warming elements of
easily assembled cowsheds on environmental wind speed, air movement,
temperature and wind-chill temperature index in prefabricated rooms of different
configurations and insulation systems in winter. One of the main factors in
improving the comfort of cows in different types of premises is the creation of such
microclimate indicators that would best meet the biological needs of dairy cows,
depending on the season and productivity. The speed of air movement in the
livestock room is also important and affects the body of animals and humans. At low
temperatures in winter, a significant speed of air movement causes hypothermia of
animals. High indoor wind speeds can indicate miscalculations when choosing a
farm location. The research was conducted in the central Forest-Steppe of Ukraine
(Bila Tserkva district, Kyiv region) in three farms with loose housing of cows:
option | — keeping in a prefabricated room without insulation elements; option Il —in
an easy-to-assemble room on a deep straw litter; option Ill — in easy-to-assemble
room with elements of curtain insulation (polycarbonate glass) in the period from
1.12.2020 to 28.02.2021. The territory of central Ukraine is in the temperate zone.
The climate is temperate continental with four distinct seasons. The average annual
air temperature (for the last 30 years) is +8.9 °C. The results of research show that
the use of insulation elements for side curtains can extend for 13 days the
permissible norms of wind speed indoors and more effectively protect from the
environment during different periods of wind speed. It can also reduce wind speed
indoors by 11.68-21.74 % compared to the prefabricated boxing room and deep
litter without warming elements. In addition, during the period of the lowest
temperatures of the environment (-9.1 °C), the average daily temperature in the
room without insulation elements dropped to -4.5 °C, which is 1.2 and 2.4 °C lower
than in rooms with deep bedding and with insulation elements, respectively. For all
categories of environmental wind speed, the highest values of the wind-chill
temperature index were observed in an easy-to-assemble room with insulation
elements.

Key words: dairy cows, cold weather, wind speed, air temperature,
prefabricated premises.
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Beryn. B ocTtaHHI AeCATHIITTS TPOIOBXKYETHCS TEHACHIUS IO
rJI00aJIbHOTO MOTEIUTIHHS, SIKE BXKE CYTTEBO BIIUYBA€THCS HA PErioHAJIbHUX
Ta micueBux piBHsax [14, 20, 31]. T'onoBHI mpsMi HACHIAKU KIIMATHIHHX
3MiH, IO MalOTh HETaTUBHMH BIUIMB Ha (i3ioyorito TBapuH, K00poOyT,
3]I0POB’S Ta TXHE PO3MHOXEHHSI, € MiJBUIIEHHS TeMIlepaTypH MoBiTps [2, 7,
10]. Kinpkicte 1i0 3 TEIUIOBUM CTPECOM, BUKIMKAHHM IIiIBUIICHHSIM
MOKa3HHUKA TeMIepaTrypHo-BosioricHoro inaekcy (TBI), 3pocna Ha 4,1 % y
nepiox 3 1973 no 2008 pokis y kpainax Ilenrpamsaoi €sporm [5, 13, 28].
Jani 3a ocTaHHI POKM CBigYaTh, OO0 B IBOMY pETioOHI HAJIYYIOTH BKE
6inprre 90 crmekoTHUX maHIB y pomi [3, 6, 23]. Ile BmmHYymO Ha JomaHy
BapTiCTh BHPOOHWIITBA MOJIOKA HAa eTamax BiJ KOPMOBHPOOHHMIITBA [0
BIITBOPEHHS.

PazoM 3 MigBHIICHHSIM CepeIHbOPIYHOI TEMIEpaTypH 3MiHIOIOTHCS
MOKa3HUKH BiTHOCHOI BOJIOIOCTI MOBITPS, KUJIBKOCTI aTMOC(EpPHUX OmNajiB,
a TakoX HampsMm 1 cuna Bitpy [8, 9, 18]. Ce3oHHI 3pylIeHHS Ta 3MiHH
YaCTOTH M IHTEHCHUBHOCTI ITOTOJJHUX MOKA3HUKIB BILIMBAIOTh HA OLIBIIICTH
eKOHOMIYHHX SIBHI[ Trajy3i cinecbkoro rocmomapctsa [11, 16, 24].
Oco0yMBOCTI  NPUPOAHUX  MPOIECIB  3YMOBIIOIOTH  JOCHTh  YacTe
MOBTOPEHHS HECTIPUSATIUBHUX VISl CUIBCHKOTO TOCHOAAPCTBA SIBUIL MOTO/IH,
TaKAX SK 3JIMBH, Tpaja, CWIBbHI BITPH, MIIOBI Oypi, CyXOBii, 3acyxH,
3aMOpPO3KH, OXKeNeauIl Tomo [25, 26, 29]. 3a nanumu Food and Agriculture
Organization (FAO), npubmusao 26 % ycix 30UTKIB Ta BTpaT, IIOB’SI3aHUX
i3 KJIIMaToM Ta MOTOJHUMH KaTtacTpodamy, NPHUINAAAI0Th Ha TaKi CEKTOPH
CUIBCBKOTO TOCIIO/IAPCTBA, SIK POCIMHHUITBO, TBAPUHHHUIITBO, PUOAIBCTBO,
aKBaKyJIbTypa Ta JIiCOBE rocmoaapcTso [19].

[TapameTpu MIKpOKJIIMATy TBapUHHHUIBKHX INPHUMIIIEHb, TaKi SK
TeMIiepaTypa MOBITPs, BIIHOCHA BOJIOTICTh Ta IIBHIKICTh PyXY MOBITpS €
CKJIQJIOBUMH KOM(OPTHOCTI yMOB YTPHMaHHS Ta MalOTh BIANOBIAATH
610JIOTIYHMM OCOOJIMBOCTSIM MOJIOYHUX KODIiB W OOIPYHTOBAaHMM JJIsl HHX,
3aJIeXHO BiJ| CIIOCOOIB YTPUMaHHS, CE30HIB POKY 1 PiBHSI MPOIXYKTUBHOCTI,
YUHHUM HOpMaM [5, 10, 24].

Cepen morogHux (akTOpiB, IO BIDIMBAIOTH Ha (YHKIIOHYBAHHSI
MOJIOUHOI XyZ00H, HAHOUIBIINK BIUIMB Ma€ TeMIlepaTypa HaBKOJIMIIHHOTO
cepenoBuIna. BigmoBinHO 10 MaHWMX aMEPHUKAHCBKUX Ta EBPONEHCHKHUX
HAayKOBLIB TEPMOHEHTPAIBHOIO I OpraHi3My MOJIOYHOI Xy#oOum €
TeMmrepaTypa B Jiama3zoni Big -5 mo 25 °C [11, 18, 22, 30]. Tpusaie
nepeOyBaHHsS TBapWH 11032 MEXaMH LBOrO TEMIIEPaTYPHOIrO Jiarna3oHy
BUKIIMKA€ CTpec (XOJMOMOBUU ab0 TEIUIOBUI), IO CYNPOBOKYETHCS
MeTa0OIIYHUMH, IOBEIIHKOBUMH Ta TPOTyKTHBHUMH 3MiHAMHU.
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CrpoMOXHICTP TBapWH aNanTyBaTHCA IO TEIUIOBHX 1 XOJIOIOBHX
MOAPa3HUKIB 3aJIC)KUTh BiJ BOJIOIOCTI MOBITPS 1 IIBHIKOCTI HOTO pyXy B
npuMitnerHi [12, 27]. ¥ pexomenpauisx momo kKoM($popTy MOJOYHUX KOPIB
BKa3aHO, LI0 IIBHJKICTb PyXy HOBITPS Y KOPIBHHMKaxX MpPOTSATOM POKY He
noBuHHa nepesunrysatu 0,7 m/c [21].

Mertoto miei po6oTH OyJ0 BUBYMTH BIUIUB €JIEMEHTIB YTCIUICHHS
Jerko30ipHUX KOPIBHMKIB HA TIOKa3HUKU PYXy HOBITps, HOTO TeMIiepaTypu
Ta 3HAYCHHS BiTPO-XOJIOJOBOTO 1HAEKCY YIIPOIAOBK 3MMOBOTO IIEPiOy.

Martepianu i meToan. s mpoBeeHHS NOCHTIHKeHb Oyi0 BUOpaHO
Tpu TocmomapctBa y bimouepkiBcekoMmy paiioni KuiBcekoi obmacti 3
Oe3npHB’SI3HAM ~ yTPUMaHHSAM KOPIB Ta pI3HUMH IUIaHYBalbHUMHU
pimreHHsMu: 1 BapiaHT — yTpUMaHHS y JIETKO30ipHOMY MpHUMIIIeHHI 0e3
eneMeHTiB yremeHHs (49°48'45" mH. m. 30°18'56" cx. n.); Il Bapiant — y
JICTKO30IpHOMY ~ MPHUMILICHHI HAa [IMOOKIH  COJOM’SHIA  MiACTHII
(49°34'56" mH. m1. 30°38'10" cx. n.); Il Bapiant — y Jerko3dipHoMy
MPUMIIICHH] 3 €JICMEHTAMH YTCIUICHHSM IITOp (MOJIiKapOOHATHUM CKJIOM)
(49°51"27" mH. m1. 30°06'36" cx. n.). JlocnimKeHHs MPOBOAMIM y Hepiof 3
1.12.2020 mo 28.02.2021 pokiB. OmHa CcekIliss NONIKapOOHATHOTO CKJa
Carboglass (Ykpaina) wmae mapamerpu: 5x1,85x0,01 ™. Cekumii
MOJIKapOOHATY MOHTYIOTBCS IO BHYTPIMIHIX CTOPiH BEPTHKAJIHHHUX
MeTaleBUX KOHCTPYKLIH Ha Mepiof HHU3BKHX TeMmepatyp (ucromam —
OepeseHp) y moniuHI 00KoBUX mTOp. [Ipo30picTs monikapOOHATHOTO CKIIa
CTaHOBUTH 86 %. Martepian Mae BHCOKI TEIDIOI30JIALINHHI, 3BYKOI30IAIiITHI
(17 nb) Ta ymapocriiiki (900 x/Ix/M?) BnactuBocTi. [I0Ka3HUKH MIBUAKOCTI
pPyXy TOBITpsI Ta HOTO HANpPsIMOK, a TAKOX TEMIIEPaTypHd HAaBKOJIMIIHBOTO
CepellOBHUINA BU3HAYAIM 32 JJAHUMH YKpPaTHCHKOTO TiIpOMETEOPOJIOriYHOTO
teHtpy. HIBUAKICTS pyXy BITPY HaBKOJHIIHBOIO CEPEIOBHIIA PO3ILIIIN
Ha 7 xateropiii (1-ma — 4,9 i < wm/c; 2-ra — 5-9,9 m/c; 3-ma1 — 10-14,9 m/c; 4-
Ta — 15-19,9 m/c; 5-ta — 20-24,9 m/c; 6-ta — 25-29,9 m/c; 7-ma — 30 i >
M/c).

VY I0CHipPKyBaHUX TOCIOJAPCTBAX YTPHUMYIOTH KODIB YKpaiHCHKOT
YOpPHO- Ta YEPBOHO-psiO0i MomouHMX mopin. CepemHBOpIYHE TOTOINIB S
JIMHUX KOPIB y KO’KHOMY 13 rocriofapcTB ctanoBUTh 400 rouis.

KoHcTpykuiiiHi 0COONHMBOCTI JOCHITHUX MPHUMIIICHb HABEACHO B
Tabm. 1.

HIBuakicTe pyxy TOBITPS y NPUMILNIEHHSX BHM3HAYaJIM 32
normomororo gataukis TFA WeatherHub (Kurait). Temmeparypy mosiTpst
BuMiptoBanu  gardyukamu  VOLTCRAFT DL-141 (Himeyumna) 3
Jiama3oHOM BUMIpIOBaHb JUIsl Temnepatyp Bim -40 go +70 °C. laTumkwm
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Oynmu po3MimieHi B LEHTpaNbHIH 30HI mpuMmimeHs Ha BucoTi 0,5 M Hanx
M1I0T 010,

1. KoHncrpykuiifini ocodamBocTi npuMilieHb, sIKi XapaKTepH3ylOTh
KOM(}OpPT YTPUMAHHA

Tun npuMitneHHs i ITapamerpu Bucora IMupuna
BapiaHT yTpUMaHHS NPUMILICHHS, | TTOB3/I0BXKHIX CBITJIO-
JxIIxB, m CTiH, M aepariitHoro
rpebeHs, M
Jlerxo306ipHi:
0OOKCcOBe 0e3 150x34x10,5 0,9 2,1
€JIEMEHTIB YTEIJICHHS
Ha ru6okii mixctum | 100x60x10 0,8 0,7x2%
60KCOBe 3 eJIeMEHTaMHU
yTEeIICHHS 150x34x10,5 0,9 2,1

IpumiTka: * — y oMy HpuMileHHi 2 cBiTI0-aepaliiini rpebeni.

Bitpo-xomonoswuii inaeke BuzHavaim 3a popmydoro [15] (°C):
BXI1=13,12+0,6215-T-13,17B%16+0,3965-T- B%1,

ne BXI — Bitpo-xononoswuii inaekc, °C; T — Temneparypa mositps,
°C; B -  mBuakicte  pyxy  BiTpy  (TOBiTps), KM/TO[I.
[HeKC BUKOPHUCTOBYIOTH JUIsl OLIHKH BIUIMBY IIBUJKOCTI BITPY y NOETHAHHI
i3 HM3BKMMH TEMIIEpaTypaMH BIPOJOBX XOJIOJHOIO MEpiojfly POKYy Ha
KOM(OPT yMOB yTPUMAaHHS y MIPUMIILIEHHX, BUT'YJIaX YU MMACOBUILAX.

Marepiand ~ IOCTIKEHb  OOpOOJSIM  METOAOM  BapialiiHol
CTaTUCTHKH HAa OCHOBI PO3paxyHKy cepeqHboro apudmerndnoro (M),
CepeIHBbOKBAAPATHYHOI IMMOXHOKM (M) Ta OCTOBIPHOCTI PI3HHUIN Mix
nopiBHIOBaHMMH ~ TiokasHukamu (P) [1]. BiporigHicTe oTpuMaHHX
pe3yIbTaTIB 1 PI3HUIO MK IMOKa3HUKAMH PO3pPaxOBYBaJM 3a {-KpHuTepieM
Creronenra. Jlns moKasy BipOTiZHOCTI B TaONHISAX TPHUIHATO YMOBHI
no3HadeHHs P>0,95; P>0,99; P>0,999, saxi y craTTi BiAMOBIIHO MO3HAYCHI
sipouxanu (“0; D D)

Pe3yabraTH Ta oOropopenHsi. BcraHoBineHo, mI0 3a BCIX
JIOCTI/KYBAaHUX BapiaHTIB yTPUMAaHHS KOPIiB Y JIETKO30ipHUX MPUMIIICHHIX
JIOITyCTUME 3HAYeHHS IBHAKOCTI pyxy mositps (0,7 M) Bim3HaueHo 3a
MIBUJIKOCTI PYXy BIiTpY HaBKOJMIIHBOTO cepenosuina 20 m/c (Tabmn. 2). 3a
MIBUAKOCTI BITPY JO0 25 M/c y NpHUMIMIEHHAX 3 YTEIUIEHHSIM IMITOD
MIBUAKICTH PyXy MOBITPsS BIiANOBiZae BUMOraMm, a B MPUMINICHHIX Oe3
€JIEMEHTIB yTEIUICHHS IITOP Ii 3HAYCHHsS CTAHOBIATH Bimmosimuo 0,82 Ta
0,81 m/c. 3a GOKCOBOro yTpUMaHHs 3 €JIEMEHTaMU YTEIJIEHHS KPUTHYHA
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MIBUIKICTh PYXY MOBITPS y MPHUMIIIEHH] Oyia 3a MIBHUAKOCTI BIiTpY 25 M/c i
craHoBwia 0,83 M/c. B 1ijoMy BUKOpPHCTaHHSI CUCTEM YTEIUICHHS OOKOBHX
IITOP 37aTHE MPOJOBXHUTU Ha 13 116 AOmycTHMI HOPMH IMIBUAKOCTI PyXy
MOBITPSL y NPHUMIMIEHHAX Ta OUIbII e(QEeKTUBHO 3aXMWILAE Bi BIUIMBY
HaBKOJIMIITHBOT'O CEPEAOBHIIA IIPOTATOM BCIX KaTeropii MIBUAKOCTI BITPY, a
TaKOX 3HIKYE IIBUIKICTH PyXy MOBITpsA y TNpuMilieHHsx Ha 11,68—
21,74 % mnOpiBHAHO 3 JIETKO30ipHUMH OOKCOBUMM Ta Ha TJIHOOKIH
i ACTHMIII.

2. llIBuakicTes pyxy HoBiTps y NpUMillleHHSIX 3a pi3HUMX BapiaHTiB
KOHCTPYKUii 00KOBHMX IUTOP Y 3UMMOBHI nepiog, m/c

Kareropii Cepenus IBuAKICTE pyXy MOBITPS Y
mBHAKOCTI |Temreparypa| Kinb-|  1erko30ipHEX IpUMIMICHHAX, M/C
PYXY BiTpY | HABKOJIMII- | KiCTh 6e3 HA TITHOOKIH 3
HABKOJIMILI- | HBOTO CEpe- | HaT | eJeMEHTIB | IACTHIILI |eJIEeMEHTaMu
HBOTO cepe- | goBuma, °C YTEIICHHS YTETJICHHS
JIOBHIIA, M/C

301> 2,540,077 | 3 1,03+£0,07 | 1,01+0,05 | 0,92+0,05
25-29,9 |-3,4+0,077"| 10 | 0,94+0,08 | 0,9340,06 | 0,83+0,06
20-24,9 |-4,8+0,08""| 12 | 0,82+0,07 | 0,8140,05 | 0,70+0,04
15-19,9  |-9,1+0,12""| 14 | 0,70+0,04* | 0,69+0,04% | 0,61+0,05
10-14,9 | 2,2+0,09™ | 20 | 0,60+0,05* | 0,60+0,03* | 0,48+0,04
5-9,9 1,340,06™ | 12 [0,50+0,03* | 0,51+0,03% | 0,39+0,02
49i< -1,4+0,06 19 | 0,4620,04' |0,44+0,021| 0,36+0,02
Mpumitka: ~"P<0,001 nopiBHAHO 3 HACTYMHOI BHINOK KATETOPi€I0 IMBHUAKOCTI PyXy

BiTpy; P<0,05; #P<0,01;

YTEIUICHHS.

fand

#P<0,001 mopiBHSAHO 3 JIETKO30IPHUM MPUMIIIEHHSM 3 eJIEMEHTaMU

3Ha4yeHHs TeMIIepaTypH HaBKOJHUIIHBOTO CEPEAOBHUINA MAa€ BarOMHUI
BILUIMB Ha IIPOJIYKTUBHICTh Ta 3JI0POB’s MosouHOI xyznobu [16, 30]. B ycix
JOCIIPKYBAaHUX TIPUMIIIEHHAX CEpeqHs TeMIIepaTypa MOBITPS BIIPOJIOBXK
3MMOBOTO TIEpiofy HE TNEpeBHINyBaja TEPMOHEHTpaibHE 3HA4YEeHHs (TalJI.
3). ¥V nmepion wnHaitmmxunx Ttemmeparyp (-9,1 °C) HaBKOJMIIHBOTO
cepelloBHUINa cepenHs 1o0oBa TeMieparypa y OOKCOBOMY IpHMIileHHI 0e3
€JIEMEHTIB YTEIUICHHs OITycKaiacs 1o mo3Hadyku -4,5 °C, mo Ha 1,2 Ta 2,4
°C HHMXKYe, HDK y MPUMINICHHAX Ha MIHOOKIA MiACTHIIII Ta 3 €JIeMEHTaMHU
YTEIUICHHS BiATIOBIHO.

Pe3ynpTath Hammx JOCTiIKEHb YaCTKOBO 30iraloThCs 3 JIaHUMH,
OTPUMAaHUMH Y JOCIiIKEHHIX, MPOBENCHUX Ha TepuTopii [lombmi, B sSKuX
BKAa3aHO TIPO CYTTE€BI 3HIKCHHA TEMIIEPAaTypd Yy IPUMIMICHHIX
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JIETKO30IpHOTO THUIY TMPOTSATOM TPUBAIMAX BiJ €MHHX TeMmnepaTyp
3umoBoro mepiony [4]. IlomiOHi 10 HAMIUX pPe3yabTATIB JOCIHIIKCHb
oTpuMmaina i rpyna AochiiHukiB i3 Kwuraro, siki BKa3ylOTh Ha 3HMKECHHS
TeMIlepaTypH HOBITPs y MPUMIIIEHHSX JIerko3oipHoro tuny (Bix -0,97 no -
8,10 °C) y nmepioa, KOIM TeMIEeparypa 3O0BHIIIHBOTO CEPEIOBHIIA
cranoBmia -20 °C 1 Hmkue [17].

3. Temmeparypa mnoBiTpsi y NpUMilleHHSIX 3a Ppi3HUX BapiaHTiB
KOHCTPYKIII 00KOBHUX IITOP Y 3UMOBHIi mepio, M/c

Kareropii Cepenns Temmneparypa moBiTps y
mBUAKocTi | Temneparypa | Kimb- | nerko30ipHUX npuMilieHHsx, °C
pPyXy BITpYy | HaBKOJHMII- | KICTh 6e3 Ha 3 eJIeMeH-
HABKOJIMIII- |HBOTO CE€pPeNlo- | JaT | eJEeMEHTIB | riHOOoKii TaMu
HBOTO cepe- Buia, °C YTEIUICHHS | MACTHIII | yTEIUICHHS
JIOBUIIA, M/C

30i> -2,5+0,07" 3 3,840,3 | 3,4+0,2% | 4,1+03
25-29.9 -3,440,07"" 10 3,120,1% | 2,640,28 | 3,7+0,2
20-24.,9 -4,84+0,08"™" 12 2,240,181 | 1,740,1% | 3,1+0,2
15-19.9 -9,1+0,12"" 14 |-4,540,3% | -3,3+0,4¢ | -2,140,3
10-14,9 2,240,09"" 20 6,8+0,5% | 6,7+0,3% | 7,8+0,2

59,9 1,3+0,06™" 12 5,4+0,3 5,0£0,3% | 6,3£0,4
49i< -1,4+0,06 19 4,1£0,2% | 3.4+0,11 | 4,840,2

Mpumitka: “"P<0,001 MOPiBHSHO 3 HACTYITHOK BHIIOK KATETOPIEI0 MIBUIKOCTI PyXy
BiTpy; P<0,05; ¥P<0,01; ¥¥*P<0,001 nopiBHAHO 3 IETKO36iPHUM MPUMIIIEHHAM 3 €JIeMEHTAMK
YTETUICHHS.

Jlyist OinbIn MOBHOINIHHOI OIIHKH BIDIMBY IIBUAKOCTI PYXY TOBITPS
Ha MMOKa3HUKU KOMQPOPTY YTpUMaHHS KOPIB y JIETKO30IpHUX MPUMIMICHHSIX
pi3HUX THUMIB OyJIO 3aCTOCOBAHO TIOKAa3HUK BITPO-XOJIOIOBOTO iHACKCY
(Tabm. 4), KWt ToroMarae OI[iHUTH BIUIUB HU3BKOT TEMIIEPaTypH MOBITPS y
MOEAHAHHI 31 IIBHIKICTIO BITPY HA XOJOJOBHHA CTpeC Yy TBapwWH.
BcranoBneno, 1mo 3a BCiIX KaTeporid IMBHIKOCTI pyxy BiTpY
HaBKOJIMIIHBOTO ~ CEPE/IOBHIIA HAWBHUINI 3HAYSHHS BITPO-XOJIOJI0BOTO
IHAEKCY CIIOCTepirajy y Jerko30ipHOMY MPHUMIIICHHI 3 eJeMEeHTaMu
YTEIUICHHSI.
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4. Birpo-xoJsionoBuii iHaekc y mnpuMilleHHAX 3a Ppi3HHUX BapiaHTiB
KOHCTPYKIII 60KOBHX IITOP Y 3UMOBHI nepion, °C

Kareropii Bitpo- Bitpo-xomonoBuii iHIeKC y
MBUAKOCTI | XononoBui | Kinb- JIETK030ipHUX MpUMIIIeHHAX, °C
PYXY BiTpY 1HAEKC KICTb |GoKcOBe Oe3 |Ha riuboKii | GokcoBe 3
HAaBKOJIIII- |HABKOJIMII- | AaT | €JIE€MEHTIB | MIJACTHILI |eJIEMEHTaMHU
HBOTO Cepe- [HhOTO cepe- yTEIUICHHS YTeIUICHHS
imoBuIia, M/c |gosuia, °C
301> -18,14+2,09 | 3 1,13+0,17 | 0,81+0,04* | 1,69+0,25
25-29,9 |-18,74+358 | 10 |0,28+0,06% 10,73+0,13%| 1,48+0,29
20-24,9 |-19,69+4,22 | 12 }0,04+0,01%10,64+0,09% | 1,31+0,20
15-19,9 |-24,23+4,16 | 14 1}6,84+0,55%1 15 57+0,38 | -4,00+0,32
10-14,9 |-7,29+£1,67" | 20 |5,50+0,68* |5,42+0,35" | 6,98+0,29
5-9,9 -6,07+1,15" | 12 | 4,45+0,36* |3,92+0,33* | 5,81+0,57
49i< -7,50+£1,74 | 19 3,19+0,51 [2,58+0,37% | 4,38+0,48
Mpumitka: “P<0,05; ""P<0,001 mHOpiBHAHO 3 HACTYNHOI BHIIOK KATEropicio
IWBHAKOCTI pyxy Bitpy; P<0,05; #P<0,01; *'P<0,001 nopiBHAHO 3 JErko30ipHUM

HpPIMiL[IeHH}IM 3 CJIEMECHTAMHU yTCIUICHHS.

BucHoBkH. BCTaHOBIIEHO, 1110 BUKOPUCTAHHSI CUCTEM YTEILJICHHS
OOKOBUX IITOP Y MPUMIIIEHHI JIETKO301pHOTO THITY TO3BOJIIIIO MPOIOBXKUTH
Ha 13 7mi6 momycTMMi HOPMH MIBHIKOCTI PyXy MOBITPS UIA YTPUMaHHS
KOpiB Ta OUTHII €(PEeKTHBHO 3aXWCTHTH iX BiJl BIUIMBY HAaBKOJIHITHHOTO
CepeIOBUINA 32 Pi3HUX KAaTeropii NIBUAKOCTI BiTpy. [IpH bOMY MIBHIKICTH
pyXy HOBITps y TakoMmy IpumimenHi Oyma na 11,68-21,74 % Hux4o0r0
MOPIBHSHO 3 KOPIBHUKAaMHU 0e3 yTEIUICHHS. Y TepioJl HU3bKUX TEeMIIEpaTyp
HABKOJIMIIIHBOTO  CEPEeJIOBUIA  cepelHd  Jo0oBa  TeMmIieparypa Y
NPUMILICHHSIX 0€3 €lEeMEHTIB yTeIyIeHHs (3 OOKCOBMM yTPHMAaHHSM Ta Ha
rIuOoKid migcTuiii) Oyna BigmoBiguo Ha 2,4 Ta 1,2 °C HMXKYOIO, HIXK Y
NPUMIIICHH] 3 eJeMEHTaMy yTeIUleHHs. J[0 TOro X y NPHUMIMICHHI 3
BUKOPDHUCTAHHSIM CHCTEM YTEIUICHHST OOKOBHMX IITOp 3HA4Y€HHs BITPO-
XOJIOJIOBOTO iH/AEKCY OyJiM BHIIMMH TIOPIBHSHO 3 TPHUMIIIEHHAMH 0e3
yTEIUICHb 3a BCIX KaTeporiii MIBHAKOCTI pyXy BITPY HaBKOJIMIIHBOTO
cepeloBHIIa.
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IHcTuTyT cinecpkoro rocnogapcersa Kapnarcekoro periony HAAH
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CHUPOBATKOBI IH'PEJIIEHTU KPOBI
TA IIPOAYKTHUBHI SIKOCTI I'YCEM

3A OIITUMI3AIIL PIBHSI TPUIITO®AHY B PAIIIOHI
Y HEPIOJ IHTEHCUBHOI SIMLEKJIA IKH*

Buxoznsun i3 BaxxiamuBoi MetabomnidHoi poii TpunTodaHy B OpraHi3mi TBapHH
1 OTULi, 3HAYHUHA HAyKOBUHM 1 NpPaKTHYHHN I1HTEPEC CTAHOBIATH JOCIIKECHHS,
CTIPSIMOBaHI Ha ONTUMI3AIIi0 PiBHA IIi€i aMiHOKHCIIOTH Y palioHax.

Huskoro jmocmikeHb OCTaHHIX POKIB  JIOBENCHO, IO TpUNTO(haH
BHUKOPUCTOBYETHCSI B OpraHi3Mi NTHLI, 30KpeMa rycei, y 0i0CHHTe3i HiKOTHHOBOI
KUCJIOTH, CEpOTOHIHY, M’SI30BHX OLUIKIB, TeMOTIIO0IHY, MEIaTOHiHY, NOTPIOHMH IS
3abe3nedeHHs (i3ioNoriYHOro mepediry oBoreHesy Ta crepmioreHesy. Tpunrodan
HOpMaJi3ye poOOTy TPaBHOI Ta HEPBOBOI CHCTEMH, CTUMYJIIOE IMyHH1 (QyHKIIIT.

Xo4 Ha ChOTOIHI PO3POOJCHO KiJIbKICHI HOPMATHBHU IIi€l aMiHOKHCIOTH Y
palioHax Ajsl pi3HUX CTaTEBHX 1 BIKOBHUX T'PYI I'ycei, MPOTe BITYM3HAHI HOPMATHBH
BIIPI3HAIOTECS Bix 3apyOiKHHX. Pasom 3 TMM y HayKoBill jiTepaTypi MU He
BUSIBIUIM  iH(GopMalii Imoa0 MeTabosiyHOi i TMPOAYKTHBHOI Mii ONTHMI30BaHMX
KiNbKOCTeH TpunrodaHy B paiioHi rycell y Takuii BaXJIMBHI epiof IX pO3BUTKY, SIK
IHTEHCHBHA SHIIEKIIAIKA.

Buxozasum 3 HaBEJEHOTO BHILE, METOIO Hamioi poOoTH OyJo MOpPiBHSUIBHE
IOCTIDKEHHS BIUIMBY PI3HHX KUIbKOCTeW TpunTodaHy B palioHi Tryced y
PETPOAYKTHBHUI Tepio] Ha 3MiHH TOKa3HHUKIB OUTKOBOTO OOMiIHY B KpOBi, iX
HECYYiCTh Ta IHKYOAaIiHi SIKOCTI A€Ib.

JocnimkeHHs POBEICHO Ha TYCAX Cipoi OOPOIIMHCHKOI MOPOIHOI Tpymu
BIPOJIOBXK 3-MiCSIYHOTO Iepiony siiekinanku (ciueHb — Oepe3eHb). 3 i€l METo
Oyiio chopMOBaHO 4 TPy T'yceil — aHAJIOTIB 33 BIKOM 1 KHBOI Macoro (y KOXHii
rpyni Oymo 4 rycku i 1 rycak). YmpomoBx Iepiofy IOCHIiAy TYCH BCIX Tpym
OTpUMYyBaTM KOMOiKOpM, 30allaHCOBAHWI 3a TMOXHBHUMH W MiHEpaTbHUMHU
peYOBMHAMHU Ta BiTaMiHAMH 3TiHO 3 HOPMaMH, MajM BINBHHH JOCTYN 10 BOJM.
KoHTponbHa Tpyma He OTpuMyBana 100aBOK CHHTETHYHOTO TpHITOMaHy [0
koMOikopMy. PiBeHb 1i€i aMiHOKHCIOTH y BKasaHii rpymi craHoBuB 0,16 T B 100 T
koMmOikopmy. Jlo kopmy ryceit 2, 3, 4-1 mOCHITHOI TPYHMH TOJATKOBO BBOIWIH
pignosigao 0,04; 0,09 i 0,14 r cuaTeTHYHOTO TpUNTOdaHy i3 po3paxyHky Ha 100 T
KOMOIKOpMY.

* HaykoBuii KepiBHUK — TOKTOp Oionoriunux Hayk C. O. BoBk.
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Y pesynpTati IpOBEACHUX TOCTIHKEHb MU BUSBUIIH, 1[0 HAHBHUIMNA BMICT Y
CHpOBATI KpOBi anbOyMiHiB, 0,  Ta y-rmoOymiHiB y 3-i mochimHii rpymi, y sKii
BiH cTaHOBMB BiAmoBigHo: 3,17; 0,31; 0,62 Ta 0,37 %, mo =Ha 0,11; 0,04; 0,13 i 0,06
% Oinbme HiX y KOHTponbHIH. 11lomo piBHS aMiHHOTO a30Ty B KpOBi, TO BiH y 3-#
JOCHiHIN Tpymi ryceid Ha 1,04 % BUIINI HIX y KOHTPOJIBHIH.

AHaNi3yI0YH TOKa3HUKY MPOIYKTHBHOCTI NTHIl, HOTPIOHO BiJ3HAYUTH, IO
cepelHsl HECYUiCTh T'ycOK Oylia JeNio BUINOK y 2-W i 4-i NOCHiTHHUX Tpymmax
MOPIBHAHO 10 KOHTPOJBHOI, a HAWBUINOIO — y 3-i HOCHigHIA Tpymi, 1 cTaHOBHJIA
41,6 + 0,9 wt. Cepenus Maca sienp y 3-i gocnifHii rpymi ryceii craHoBmia 172,7 ,
abo Ha 3,1r Oinplue HDK y KOHTpONbHIH. OnTUMaibHHUH iHAEKC (opmu s
BUSIBIIEHO Yy 3-# mocmigHiil rpymi ryceid. ToBIIMHA MIKapalynu si€lb Y TOCTIJHUX 1
KOHTPOJIBHIH Tpynax ryceif icToTHO He 3MiHHIIacs.

[Ilogo Takoro BaXJIMBOTO IIOKAa3HWKA, SK BHBOIMMICTH TYCEHAT, MH
BCTaHOBIJIH, 1[0 HaWBHIIKIA BiH OyB y 3-if rpymi (79,3 %).

VY uinomy pe3yabpTaTH HAIIUX JOCTIKEHb CBIUATh MPO TE, IO 30UIbIICHHS
piBHs Tpuntopany B kombikopmax 3 0,16 mo 0,25 % y mepiox iHTEHCHBHOI
SULEKIAAKA ONTUMI3y€e DPIBEHb CHPOBATKOBHX IPOTEIHOBUX IHTPENI€HTIB KPOBI,
MOJIMIIye SKICTh I1HKYOAIifHUX s€lb, a TaKoX BHBOAUMICTH 1 30€pexeHiCTh
MOJIOZTHSIKY.

KuaouoBi cioBa: rycm, TyceHsTa, cipa OOpOIIMHCHKAa MOPOIHA TpyIia,
Tpunrodas, rozieis, GLIKOBI ITOKa3HUKH KPOBI, IHKYOAIiiHI SKOCTI S€UB.

Volodymyr Volovych

Institute of Agriculture of Carpathian Region of NAAS

Blood serum ingredients and productive qualities of geese by
triptophane level optimization in the diet during the period of intensive egg
laying

Based on the important metabolic action of tryptophan in animals and
poultry, important scientific and practical interest are studies aimed at optimizing the
level of this amino acid in diets.

A number of studies in recent years have shown that tryptophan is used in
geese in the biosynthesis of nicotinic acid, serotonin, muscle proteins, hemoglobin,
melatonin, required to ensure the physiological course of ovogenesis and
spermiogenesis. Tryptophan normalizes the digestive and nervous systems,
stimulates immune function.

It should be noted that today quantitative standards for this amino acid have
been developed in the diets for different sex and age groups of geese, but domestic
standards differ from foreign ones. However, in the scientific literature we have not
found information on the metabolic and productive effects of optimized amounts of
tryptophan in the diet of geese in such an important development period as intensive
egg-laying.

Based on the above, the aim of our work was a comparative study of the
effect of different amounts of tryptophan in the diet of geese during the reproductive
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period on changes in protein metabolism in the blood, their laying and incubation
qualities of eggs.

The study was conducted on four groups of geese-analogues of Obroshynska
gray breed group during 3-month laying period (January-March). For this purpose, 4
groups of geese were formed — analogues in age and live weight (in each group there
were 4 geese and 1 goose). During the experiment period, geese of all groups
received compound feed, balanced in nutrients, minerals and vitamins in accordance
with norms, had free access to water. The control group did not receive synthetic
tryptophan supplements. The level of this amino acid in this group was 0.16 g per
100 g of feed. To the diet of geese 2-, 3-, 4th experimental group was additionally
introduced respectively 0.04; 0.09 and 0.14 g of synthetic tryptophan per 100 g of
compound feed.

As a result of the conducted researches we found that the highest content of
albumins in serum as well as a, g and y-globulins was in the 3rd experimental group,
in which it was respectively: 3.17; 0.31; 0.62 and 0.37%, which is 0.11; 0.04; 0.13
and 0.06% more than in the control. Regarding the level of amine nitrogen in the
blood, it was 1.04% higher in the 3rd experimental group of geese than in the
control.

Analyzing the performance of poultry, it should be noted that the average
egg production of geese was slightly higher in the 2nd and 4th experimental groups
compared to the control, and the highest — In 3rd experimental group and was 41.6 +
0.9 pieces. The average weight of eggs in the 3rd experimental group of geese was
172.7 g, or 3.1 g more than in the control. The optimal index of egg shape was found
in the 3rd experimental group of geese. The thickness of the eggshell in the
experimental and control groups of geese did not change significantly.

Regarding such an important indicator as the hatchability of goslings, we
found that it was the highest in the 3rd group (79.3%).

In general, the results of our studies show that increasing the level of
tryptophan in feed from 0.16 to 0.25% during intensive egg laying optimizes the
level of serum protein ingredients, improves the quality of hatching eggs, as well as
hatchability and preservation of youngs.

Key words: geese, goslings, Obroshynska gray breed group, tryptophan,
feeding, blood protein parameters, incubation qualities of eggs.

Beryn. Huskoro TociipKeHb OCTaHHIX POKiB TOBECHO, MO Ae(iluT
HE3aMIHHUX aMiHOKHCJIOT Y DalliOHI BOJOIUIABHOI NTHI[l TMPH3BOJUTH 0
MOPYIICHHS OOMIHY pEYOBHH, IIEPEBUTPAT KOPMIB Ta 3HIDKCHHS
npoayktuBHuX sikocreit [10, 13]. Bimomo, 1o Uit BOJOIUIABHOT OTHIN, i
30KpeMa Tycei, He3aMiHHUMH € TaKi aMiHOKHCIIOTH, SIK: BaJliH, JICHIUH,
i30MeHIMH, Ji3WH, METIOHIH, TPEeoHiH, TpuntodaH, (eHinanxaHiH, TiCTUANH
Ta apridid, a IS TYCEHSAT — TaKOX TJIIUH, OCKUIBKH CHHTE3YEThCS B
opraHismi B o6mexeHniii kinpkocri [10, 26].
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V cepii HayKOBUX EKCIEPHMEHTIB TOKa3aHO, IO JJIS OpraHi3My
OTHII AYKE BAXKIIUBOIO aMiHOKUCIIOTOIO € Tpuntoda [3, 4, 20].

Hedimur TpunrtodaHy y pamioHax NOTHII HPU3BOJUTH  JIO
JICTIPECUBHUX CTaHIB, 3HIKEHHS CIIOKMBAHHSI KOPMY Ta HOpPYLICHHS
¢byukuionyBanHs imyHHOI cuctemu [1, 11]. TpunmtodaH € CTpyKTypHHM
KOMIIOHEHTOM OiJKa, a TaKOXX TOJIOBHHUM IIONEPEJHUKOM CEPOTOHIHY,
MENaTOHIHY Ta HialMHy, SKi BiAICparOTh BAXJIMBY PONb y MiATPUMII
¢diziomoriyanx mporeciB  [27-29]. CepoTOHIH — JKHUTTEBO BAXKIWBUH
HelipoMeziaTop, IO TOJMINIIYE aJanTOBaHICTh N0 HABKOJMITHHOTO
cepezioBHMINa Ta iHTiOye OKcHaaTuBHi ctpecu [2, 14 ].

Xou Ha CBOTOIHI  pO3pOOIEHO  HOPMATHBH  KiJTBKICHOTO
BUKOPHCTAHHs TpUNTO(haHy B pamioHax pi3HUX BIKOBHX IPyH T'ycei, mpoTe
BOHH HAayKOBO HE OOIpYHTOBaHI, IpH LBOMY 3apyOiKHI  HOPMAaTHUBH
BIZPI3HSIOTHCS BiJ] BITYM3HAHUX. Pa3oM 3 THM y HayKOBIi JliTeparypi MH He
BUABWIMA  iH(OpMaIi MmOJ0 NPOAYKTHBHOI Ta MeTabomiunoi  mil
ONTHMI30BaHUX KUIbKOCTEH TpunTodaHy B pallioHax rycel y
PenpoAyKTUBHUHN TIEPiO.

BceranoBneno, mo oOnTEMi3amis PiBHA TPUNTOGaHy y parioHax
HeCy4Hx 1 OpoWIepHHX KypeHd BHUSBISIE IMO3UTHBHAN MeETaOONIYHHN 1
NPOJYKTUBHUI e(eKT.

JloBeqeHO, MO MOPYIICHHS CIIBBIAHOIICHHS MK TPCOHIHOM i
TpUNTO(GAHOM Y CKJIaJl NPOTETHY KOPMIB Ma€ OLIbII BUPaKEHUH BIUIMB Ha
NPOJYKTUBHICTD, TIEPETPABHICTh MOKMBHUX PEYOBHH KOPMY, 3aCBOEHHS Ta
e(eKTUBHICTh BUKOPHCTaHHS aMiHOKUCIIOT Kyp4yaTaMy, HiXk 3MiHa iX BMICTy
B pamioHi [7, 8].

3a gediuury TpuntodaHy B KOMOIKOpMax —Kypeil-Hecydok
3HU)KYEThCS DPIBEHb CIIO)KMBAHHS KOPMY, IO HPHU3BOAMTH [0 3HIKCHHS
HECY4OCTi Ta TOTipLIeHHs sIKocTi sienp [23]. Bkaszani JOCHiAHUKY 1OBEIH,
10 ONTUMaJbHUI piBeHb TpunTtodaHy 3a BMICTY CHPOro NPOTEIHY B
partioni Hecyuux Kypeii Ha piBai 18 % cranosus 0,19 % [21].

[lokazaHo TakoX, IO BHCOKOTO pIBHA 3aCBOEHHS IOXXHBHHX
PEUOBHH KOPMY Ta NMPOAYKTHBHOCTI JOCSTAETHCS 32 BMICTY TpUNTO(haHy Y
KOMOIKOpMI i1t KypuaT-Opoiiiepis Bikom 1-10 ni6 — 0,22 %, 11-22 nobu —
0,21 % Ta 23-42 nobu — 0,20 % [22].

AMEpHKaHCHKI JTOCHIJHAKYA BCTAHOBHJIH, IO ONTHMAJIBGHUHA PiBEHb
Tpunrodany B KOMOikopMi OpoiiepHHX MiBHUKIB y mepiof i3 42 no 56-
nobosoro Biky ctaHoBuTh 0,17 % Bix Horo macu. BUkopucTaHHsS BKa3zaHOL
KiJIBKOCTI IIi€i aMiHOKHCIIOTH Y KOMOIKOpMi Ha OCHOB1 KyKypy/I3sHOI AepTi
B 3aBEpIIANBHUI TepioA BiATOIBII MiBHUKIB ONTHUMI3ye y HUX OaslaHC
a30Ty, piBEHb B KpOBi TJIIOKO3HW, OilKa, CEYOBOI KHCJIOTH, AKTUBHICTH
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acmapTataMiHOTpaHcdepasyn, 3abe3redye y NTHII BHCOKY IHTCHCHBHICTD
pOCTy, TOINIMIIye SKICHI XapaKTEpPUCTUKU TYHIOK 1 OlOXIMIYHMH CKJaj
KypSTHHH Ta 3HWKY€E BUTpaTH KopMmiB [31].

Y NOCHiPKEHHSAX KHTAHChKMX BYEHUX IOKa3aHO, IO MiJABHUIICHHS
piBHs TpunrodaHy B KOMOIKOpMax KypO4yOK-OpoiliepiB mopomu apOop
akpec mioc 25-42-no6osoro Biky i3 0,17 no 0,27 % 3HmwKye y nrumi
CTPECOBI CTaHU, MiIBUILYE PYXJIMBICTh Ta MOJIIIIYE XapyoBy Ta OionoriuHy
miHHicTh M’sca [26, 30]. i x aBTOpH Y AOCHIIKEHHSX, TpoBeaeHUX Ha 504
niBHUKaX 1 504 xypoukax OpoinepHOi mopoau k060 500, BcTaHOBMIH, IO
HaOLTHI Oa’kaHUM MIOA0 META0ONIYHOI i MPOAYKTUBHOL Aii € BBEICHHS B
KOMOIKOpMH Ha OCHOBI KYKYpYI3sSTHOI IEpTi AJIs MIBHUKIB y mepiox i3 22 1o
42-no6oBoro Biky 0,15 %, a mia xypodok — 0,11 % tpunrodany Bin mMacu
Kopmy [32].

PoGoramn OpasmniliCbKMX aBTOpIB MOKa3aHO, WO HaHOLIbII
BUPQ)XECHHUH BIIMB HAa IHTEHCHBHICTh POCTY 1 PO3BHUTKY Ta SIKICHI MOKa3HUKH
M’sica BUSIBIISIE BUKOPUCTAHHS y TOXiBII 22—42-1000BUX Kypuar-OpoiinepiB
nopoau k066 500 kKykypya3sHO-cOeBOro KoMOikopMmy, mo mictuts 0,23 %
tpunrodany Bix oro macu [27]. Lli » aBTOpH BCTAHOBWIIH, 1110 KOMOIKOpPM
i3 BMICTOM Takoi KiJIbKOCTI TpUnTo(aHy MiJBHILYE 3aCBOEHHS B OpraHi3mi
nruni ai3uHy Ha 21 % Ta kopmiB — Ha 17 %.

Buxonsun 3 HaBeIeHOro BHIIE, METOI0 Hamoi pobotu Oyio
MOPIBHANIBHE JOCITI/DKEHHS BIUTUBY PI3HHX KiUTbKOCTEH TpunTodaHy B
pamioHi ryceil 0aTBPKIBCHKOTO CTaJia Ha 3MiHHM IPOTEIHOBHX ITOKAa3HHKIB Y
CHpOBATIli KpOBi, HECYJICTh Ta IHKYyOaliliHI SIKOCTI S€Ib, a TaKOX
BUBOJIUMICTb T'YCCHSAT 1 X 30€PEIKEHICTB.

Marepianun i meromu. JIoCimijpKeHHS TPOBEACHO YIPOJOBXK 3-
MICSIYHOTO PENPONYKTUBHOTO Tmepiony (CideHp — Oepe3eHb) Ha cCipii
OOpOLIMHCHKIM MOpPOJHIA TIpymi Tryced y JMAOCHIIHOMY TOCIOAapCTBI
«MuxkstamriB» [HCTHTYTY CIIbCHKOTO rocrofapcTBa KaprmaTchbKoro periony
HAAH (c. MuxunauiB JIbBiBcbkoro p-Hy JIbBiBCbKOi 0011.). 3 11i€10 METOIO
Oyno migiopano 4 rpymu ryceif-aHaNoTiB 3a BIKOM i JXKHBOIO Macor. ['yceit
YTPUMYBAIH Y BOJbepax. Bomomiii BBOMIO. Y KOXHIA Tpymi Oymo mo 4
rycku i 1 rycaky. ['ycm 1-i KOHTpOJBHOI Tpynmu OTPUMYBaIM HOOOBHH
pamioH 3riHO 3 HOpMaMH 0e3 100aBOK CHHTETHYHOTO TpunTodany. Bmict
i€l aMiHOKHCIOTH Yy KOMOIKOpPMi Tryced KOHTPOJIbHOI TIPYNH CTaHOBHB
0,16 r Bix Macu kopmy. Ckliag KOMOIKOPMY IS Tycel 0aThKiBCBKOTO CTaja
HaBeJieHO y Tal0ur. 1.
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1. Ckuaajx komMOikopmy s ryceid 6aTbKiBCbKOro cTajga

Kommonentu Bwict, %
[TmeHnyHa 1epTh 25,0
KykypynssHa aepth 36,0
Makyxa coeBa 20,0
IIpoT COHSNTHUKOBUI 55
M’s1co-KicTKOBE OOpOIITHO 55
Bamusak 6,0
IIpemike 2,0
Bceroro 100

Jlo xombixkopmy Tyceir 2, 3 1 4-1 mOCHiAHUX TPYI BiAMOBIAHO
noxarkoBo BBoxwiu 0,04; 0,09 i 0,14 r cunrernunoro Tpuntodany dipMu
«Cgit Arpo» (Ykpaina). CxeMy I0CITiP)KEHb HaBEJICHO y TaOuI. 2.

2. Cxema npoBejieHHsI JAOCJTiTy Ha rycsiX y penpoayKTUBHUI mepion

I'pynu rycei Bwict tpuntodany (r/100 r kopmy)
1 (KOHTpOJIbHA) 0,16
2 (mocmigHa) 0,20
3 (mocmigHa) 0,25
4 (mocmigHa) 0,30

YIpomoBx JOCITIAHOTO Tepioxy MPOBOAMIHN BiAOip sS€mb Bim ryceit
yCiX Tpynm i Bu3HaYaiwm iX iHKyOamidHi sikocti [7]. Ilicns 3aBeprueHHs
eKCIIEPUMEHTAIILHOTO Tepiofy BiJ 3 TYCOK KOXHOI TIpynu BinOupaiu
3pa3kd KpOBI 13 MiAKPHJIBHOI BEHM 1 BH3HAYalIM y CHPOBATII pPiBEHb
3arajJbHOrO OiJKa, NPOLUEHTHUH BMICT anbOyMiHIB, O-TJ00yIiHIB, -
rI00yIIiHIB, Y-TNI00YIiHIB, Ta aMiHHOTO a3oty [9]. OkpeMo B KOXHi# rpymi
BU3HAYalM TAaKOXX BHMBOJIUMICTh TyCEHSAT Ta ix 30epexeHicth a0 60-
JI000BOTO BIKY.

OTtpumani upoBi 1aHi 00POOIIIA CTATHCTUYHO 3 BUKOPUCTAHHSIM
CTaHJapTHHUX KOMII 10TepHHX Iporpam Microsoft Excel.

Pe3ynbTaTHn Ta 00roBOpeHHsl. 3 maHWx Tabn. 3 BUIHO, mO Yy 3
JOCIHiAHIN Tpymi ryceld, siki orpumyBanu noaatkoBo 0,09 r cHHTETHYHOTO
tpunropany Ha 100 r KOMOIKOpMY, ICTOTHO MOJINIIMIKCS IPOTEIHOBI
MOKAa3HUKH CHPOBATKH KpOBi. PiBeHb 3araimpHOTO OiNTKa MigBUIEHUHA Y BCiX
JOCTITHUX TPymax, OAHAK HAWBUINMK BUSABICHO y 3-W rpymi, SAKuid Ha
0,29 % 3pic nopiBHAHO 3 KOHTPOJIbHO. HaliBuiiuii BMicT ansOyMiHiB, a,
Ta Y-TyI00yJIiHIB TaK0X BCTAHOBIEHO Y 3-i AOCHigHINA rpymi. Y mid rpyrmi

177



ISSN 0130-8521. I[TepearipHe Ta ripcbke 3emiepo6eTBo i TBapuHHULTBO. 2021. Bum. 70 (2)

BiH cTraHOBMB BimmosigHo: 3,17; 0,31; 0,62 Ta 0,37 %, mo wHa 0,11; 0,04;
0,131 0,06 % Oinpuie HiX y KoHTpOibHIH. 11logo piBHA aMiHHOTO a30Ty B
KpoBi, To BiH y 3-i mochimHii rpymi ryceit Ha 1,04 % Bummii HIX y
KOHTPOJIbHIH.

3. Bwmict mporteiHoBHX iHrpenieHTiB y cupoBaTni KpoBi mimgocaiqHux
rycok (M+m, n=5)

IToxaszuuku I'pyna
1 (koHT- IOCIiaHL
poJBbHA) 2 3 4
3aranpHuH
6inok, % 4,66+0,03 | 4,70+0,06 | 4,95+0,04* | 4,82+0,05*

Ans0yMiHH, % 3,06+0,01 | 3,07+0,02 | 3,17+0,02* | 3,09+0,03

o-rI00yiHu, % 0,27+0,01 | 0,30+0,02 0,31+0,02 0,30+0,03

B-rmodymian, % | 0,49+0,0,01| 0,54+0,01 | 0,62+0,01* | 0,59+0,01

y-ro0ymiaH, % 0,31+0,01 | 0,33+0,02 0,37+0,02 0,34+0,01

AMIHHUH a30T,

MT/71 22,31+£3,19| 23,084+2,13 [23,41+£2,12*| 23,31+1,60
Ipumitka: *P<0,05.

YOpomoBx mepiony eKCIIEPHMEHTY Bif T'yceH YCiX MiIIOCIiTHUX
Tpyn BigOupanu 3HeceHi iHKyOariiHi sitng. OkpeMo y rpymnax BH3HAYAIN
TPUBANICTh SIMLEKNIAAKNA, CEPEAHI0 HECYdiCTh, CEPEeAHI0 Macy SHI
METOJIOM 3Ba)KyBaHHs, JOBXKHUHY Ta IIUPUHY SIAIS 32 JOIOMOTOIO IIITAHT€H-
IUPKYJIS, a TaKOX BH3HAYAIW iHIEKC (OPMH SIS, MIIHICTH 1 TOBIIMHY
HIKapaJIynu Ta BUBOAMMICTh TyceHsT [7]. Pe3symbTaT BKa3aHUX
JIOCITIJDKEHb HaBe/IeHo B Ta0uI. 4.

Ananmizyroun nadi Tabi. 4, moTpiOHO BiI3HAYMTH, IO CEPEAHS
HeCydYicTh T'ycoK y 2-i Ta 4-il JOCHiHUX Tpynax BiIlIOBIIHO CTaHOBHJIA
39,4+1,0 i 40,5+1,3 mr., a HaiiBumoro Oyma y 3-i mocmimHiA Tpymi
(41,6+0,9 mit.). Takuii BaKIWBHUN TOKAa3HUK, SK Maca SHIS BHSIBHUBCS
HalBUIMi y 3-W mochimHiN rpymi ryceit i craHoBuB 172,71, mo Ha 3,11
Oinplie HIXK y KOHTpOJBHIM. OnTtumanbHuil iHAEKC (GOpMH SIS TakoX
BUSBICHO y 3-U nmocmimnid rpymi nruni (Ha 1,8 % Bummid Hik Yy
KOHTpOJbHIN). TOBMMHA MIKapadynu se€nb y MOCTIIHUX 1 KOHTPOJBHIH
rpymax ryceit icTOTHO He 3MiHHJIACS.
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4. HecyvicTh rycok, inkyéamiiini sikocTi sieqb Ta BHBOAMMICTH
rycensiT (M£+m, n=5)

['pynu rycei
IToka3Hukmu 1 5 3 7
CepenHsi HECY4iCTb
T'YCOK, IIT. 38,6+1,1 394+1,0 | 41,6£0,9*% | 40,5+1,3*
Cepenns Maca
SIS, T 165,8+2,5 169,642 3* (172 7+3,4* |172,242 8*

Jomxuna siug, Mmm | 84,3+1,1 84,8+2.0 85,4+1,8 84,9+1,4
TupuHa s, MM 55,2+1,3 55,8+1,2 | 57,4+£1,4*% | 56,2+1,5
Innexc popmu
stiALst, % 65,4+1,0 65,8+1,1 | 67,2+1,3* | 66,1+£1,2
MinHicTh
HIKapaTYIH, KI/MM 2,13+0,1 2,15+0,1 2,16+0,3 2,14+0,2
TogmuHa

IKApaTyu, MM 0,43+0,03 | 0,45+0,04 | 0,44+0,05 | 0,44+0,04
BusomnmicTs
TYCEHAT, %o 74,2404 78,2+0,5 | 79,3+0,8*% | 78,8+0,7

TIpumiTka: *P<0,05.

BuBomumicTe TyceHAT y 2-# 1 3-# AoCHigHMX Tpymax rycei
cranoBmna 78,8 1 79,3 %, mo BignosigHo Ha 4,0 i 4,6 % Oimplre HIX y
KOHTPOJIBbHIH.

Momo 30epekeHocTi ryceHAT g0 60-7000BOrO BIKY, TO MH
BCTAHOBWIIU, IO y 2 1 4-i MOCHIMHUX TPyNax BOHA CTAaHOBWIIA BiIIIOBIIHO
91,8 ta 92,6 %, a y 3-i nociiaHii rpymi ryceit Oymna HaiiBumioro (93,8 %).

PesynbpraTi Hamnx IOCHIIPKEHb HA TyCsX OaThKIBCHKOTO CTana y
PENPOIYKTUBHUI MEPiO y3rOMKYIOTHCS 13 JAHUX IHIIUX JOCTIIHHUKIB [21,
22, 27, 31, 32] momo MO3UTUBHOI METaOOJIIYHOI 1 MPOAYKTHBHOI il
MIiJBUILIEHOTO PIBHS TpuUNToQaHy B KOMOIKOPMI PpI3HHX BIKOBHX 1
MPOAYKTHUBHUX TPYIH iHIIMX BHUIIB CLTECHKOTOCIIONAPCHKOT ITHITL.

BucHoBku. 30inpmeHHs piBHA TpuntodaHy B KOMOiKopMi Tryceit
0aTPKiBCHKOTO CTaJa y PEIpOAYKTUBHHUM MEpiox MIOJ0 YMHHUX B YKpaiHi
HopM i3 0,16 mo 0,25T 3a paxyHOK HOro CHHTETHYHOIO aHajora i3
pospaxynky Ha 100T KOMOikOpMy aKkTHBYe MeTaboJiuHI IpolecH B
OpraHi3Mi NTHI, Ha [0 BKa3yIOTh ITPOTETHOBI IIOKa3HUKK CUPOBATKH KPOBI,
Mi/BUIIlyE€ HECYUIiCTh, MOJIMUIYE SIKICTh IHKYyOamidHMX S€Nb, a TaKOX
301JIbIITy€ BUBOJIUMICTb 1 30€PEIKEHICTD T'YCEHSIT.
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