Conclusions. The effectiveness of fertilizer application for winter barley varies
depending on the weather conditions of the research year and the lodging resistance
of the plants. The highest plant resistance and grain yield were achieved with the
application of N, yielding 7.20-8.32 t/ha depending on the year. Winter barley shows
a strong response to the application of complete mineral fertilizer, which leads to the
formation of a large vegetative mass and increases the risk of lodging. Therefore,
under such a fertilization scenario, the use of growth regulators is necessary. It was
found that the application of growth regulators resulted in an additional grain yield of
0.79-2.41 t/ha, depending on the lodging resistance of the plants. However, the use of
growth regulators on non-lodging plants led to a slight decrease in grain yield. The
protein content under this cultivation scenario remained unchanged.

Key words: winter barley, yield, protein content, protein harvest, fertilization
system.
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OEPMEHTHA AKTUBHICTHb TPUTHUKAJIE O3UMOTI'O 3A
BUKOPUCTAHHA BIOJIOTTYHUX ITPEITAPATIB

B. B. KAPIIEHKO?, ooxmop ¢hinocoghii

A. B. 3ABOJIOTHA?, xanouoam cinbcbko2ocnooapcokux HayK

'Ymancbkuii nanionaanumii ynisepcurer

2YmaHchKHii 1ep:xaBHuii neaaroriunuii ynisepeurer imeni Iapaa Tuunnu

Haeeoeno pezynomamu oOocnioxcenv 3 6naugy 0OI0N0CIUHUX Npenapamis
MIKPOOHO20 NOX00JCEHHs HA (epMeHmHy aKMueHiCmbs MpUmuKaie o03uUMoeo.
Bcmanoeneno, wo odocnioscysani npenapamu nO3UMuUGHO 8NIUSANU HA (epMeHmHy
AKMUGHicms  Kyibmypu ma ii  aumuoxcuoaumuui cmawn. Bucoki nokazuuxu
Gepmenmuoi axmusHocmi 0y10 8iOMiueHo y ¢hazi YsiminHs 3a 0ONPUCKYBAHHS NOCIBI8
bioznakom 3,0 n/ea na ¢honi nepeonocisnoi baxmepuzayii Hacinnsa Menanopizom
(1,0 m/m), oe axmusnicme KkKamanazu nepesuY8aId NOKA3HUKU KOHMPOIbHOSO
sapianmy Ha 12,5 mxMonv posxnadenoco H>0z/2 cupoi peuosunu 3a 1 xs.,
nepoxcuoasu — 17,3 mxMonv okuchenoco esaskony/e cupoi macu 3a 1 xe. ma
nonigpenonokcuoasu — 15,3 mxMonv okucheHoi ackopbino6oi Kuciomu/e cupoi macu
3a 1 xs.

Kniouosi cnosa: @epmenmua axmueHicms, Kamauaza, nepoxcuoasd,
nonigenonokcuoasa, 6iono2iuni npenapamu, mpumukaie o3ume.

Beryn. KimrouoBuM MexaH13MOM [1i 010JIOTTYHHMX IpenapariB Ha POCIUHY € iX
BILTUB Ha (DEPMEHTHY aKTUBHICTb, IKOIO BU3HAYAETHCS CIPSIMOBAHICTh META0OTIYHIX
MPOILIECIB, CTIMKICTh JIO CTPECIB Ta 3IaTHICTh 3aCBOIOBATH MOKUBHI peuOBUHU. OJIHIEIO
3 peakiliil poCIMH Ha CTPEC € YTBOPEHHSI aKTUBHUX (OPM KHUCHIO, SIKI POCIMHHHM
opranisM iHakTHBYEe 3a y4acTi ¢epmenTiB [1]. biomoriuni mnpenapaTu 37aTHI
CTUMYJIOBAaTH (PEpMEHTHY AaKTHBHICTb, 30KpeMa CYNEPOKCHUAIUCMYTa3H, KaTaslasH,
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nepoKcuaas3u, NoaiheHOTOKCHAA3H. 3pOCTaHHS aKTUBHOCTI TaHUX (PEpMEHTIB cripuse
3HIDKEHHIO OKCHJATUBHOTO CTPECY y POCIHMHAX, L0 BUHUKAE SIK 3a Jii MPUPOIHHUX
HECHPUSTIMBUX YMHHHUKIB (3acyxa, 3a0pyJIHEHHs), TaKk 1 3a BHUKOPUCTaHHS
arpoximikaris [2].

AHaJIi3 OCTaHHIX AocCaiTxkeHb i myOJikaniii. Bci pocnuHu 3a3HatOTh BILTUBY
OKHCIIIOBAJILHOTO CTPECY, BUKIMKAHOTO BUIBHUMHU paaukanamu. [Ipore mns cBoro
3aXMCTy BOHU PO3BUHYJIM CKJIa/IHI aHTUOKCUJIAHTHI CUCTEMHU, 110 3/IaTHI M1ABUILYBATH
y TKAaHWHAX BMICT aHTHOKCH/IaHTIB — BiTaMiHy E, ackopbary, riyrariony Ta hepMeHTIB
Kaacy okcugopeaykras [3, 4]. Taki pepmenTH sk KaTaiaza, ackopOaTIepoKCcHIa3a Ta
IBasSKOJIIIEPOKCHAa3a OepyTh ydacThb y MeTa0oJi3Mi aKTHBHUX (OpM KHCHIO 3a
CTpecoBHUX yMOB [5].

3naTHICTh OI1OJIOTIYHUX TMperapaTiB CTUMYIIOBATH (EPMEHTHY aKTUBHICTh
POCJIMH JOBEJIEHO HU3KOK E€KCIEPUMEHTATBHUX JOCTIIKEHb SIK BITYU3HSHUX, TaK 1
3aKOPJOHHUX BUEHUX Ha PI3HUX CLIBCHKOTOCTIOAAPCHKHUX KYJIbTYypax, IO CBIIYUTH
po 1HIYKINI0 (EepMEHTHOTO 3aXUCTy, 0co0nuBo Ha (oHi nii kcenobiotuki [6-10].
Taxki n1aH1 BKa3yloTh Ha 3HAYHUHM NOTEHIIia)l 010IpenapariB sIK €KOJOTTYHO Oe3MeYHUX
PEryJsTOpIB OKUCHO-BIAHOBHOrO OajaHCy B arpoekocucreMax. BopHouac 3miHA
AKTUBHOCTI OKHCHO-BIJIHOBHHMX (DEpMEHTIB 3a BIUIMBY OI10JOTIYHUX MpenapaTiB
MIKpOOHOTO MOXOJIXKEHHS € MaJIOBUBYEHOIO.

Metoauka pgociaigxkenb. BuBueHHS QEepMEHTHOI AaKTUBHOCTI TPUTHKAJE
03UMOTO BUKOHYBaJIM B JabopaTopHuX ymoBax Kadenpu Oiosorii YMaHCBKOIO
HarioHabHOTO YyHIBepcutery y 2021-2023 pokax Ha copti €nanp (lHCTHTYT
POCIVHHUIITBA im. B. . IOp’eBa HAAH Ta BonmHcbka JIepKaBHA
CLITBCHKOTOCIIOAAPChKA JIOCITITHA CTaHIIis). HaciHHS Ky IbTypH TSI TOJTBLOBOTO JTOCITITY
3a 100y 10 BHCIBY 1HOKYJIOBAJIHM CYCIICH31IMH MIKpOOHHMX TpemapariB MemaHopi3
1,0 1/ Ta bio3nak 1,5 n/1. [lo nanomy ¢oHy y ¢da3i MOBHOTO KYIIiHHS TOCIBU KYJIbTYPHU
oOnpuckysanu 6iodynrinuaom bakrodir (2,0; 2,5 13,0 n/ra).

AKTHUBHICTH (epMeHTIB Kiacy okcuupopenykras (karamasu (KO 1.11.1.6),
nepokcunazu (K& 1.11.1.7), nmomidenonokcuaazu (Kd 1.10.3.1)) BuzHayanu B
3pa3Kax JUCTKIB TPUTUKAJIE O3UMOT0, BiIIOpaHUX y MOJLOBUX YMOBAX, y BIAMOBIIHI
¢da3u poO3BUTKY POCIAHH, 3a MeToaukamu, onucanumu X. M. ITloumnkom [11].
CratucTuuHy 0OpOOKY OTpHMaHHX pe3yJbTaTiB BUKOHYyBaiu B mporpami Microsoft
Office Excel.

Pe3yabTaTH AochaigkeHb. Y TIpolleci €KCIEPUMEHTY BHUSBICHO 3MIHH B
aKTUBHOCTI ()EPMEHTIB KJIaCy OKCHJIOPEIYKTa3 POCINH TPUTUKAJIIE 03UMOTO 3aJIEKHO
Bil BUAY U cmoco0y BHKOpUCTaHHS mpemnapariB. Tak, y cepelHbOMY 3a POKHU
JIocHikeHb y (a3l Buxomy B TpyOKy 3a Oakrepusarii HaciHHS MenaHOpi3oM
AaKTUBHICTH KaTajxa3u MOPIBHIHO 3 KOHTpoJieM 3pocTania Ha 11 %, mepokcumazu — 5 %,
nosidenonokcuaazu — 7 %, ToAl K 3a mepeAnociBHOI 00poOku HaciHHs bioznakom
AKTUBHICTh JOCIIKYBaHUX (PEPMEHTIB IEpPEBUIIyBajda MOKA3HUKUA KOHTPOJIBHOIO
BapiaHTy BIANOBIAHO Ha 9, 4 1 5 % BianosinHo (puc. 1).

[TocxomoBe oOnpucKyBaHHs NOCIBIB KyJIbTypHu baktodirom y Hopmax 2,0; 2,5 1
3,0 1/ra cupusiio 3pOCTaHHIO aKTUBHOCTI KaTajla3u MOPiBHIHO 3 KoHTposieMm Ha 10, 23
132 %, nepokcuaazu — 5, 81 15 %, nomidenonokcunazu — 4, 11 1 17 % BianoBiaAHO 10
HOpM OlodyHTIIHIY.

603



Karanaza HIP  1,4-1,9; Ilepokcunaza HIP  2,2-2,6; Ilomipenonokcumaza HIP . 1,9-2,3
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BapianT nocninv
Karanasza, MkMoub po3Ki1aieHoro nepeKucy BOJIHIO/T CHPOI peuoBUHU 3a 1 XB.
[Tepokcuaaza, MKMoJIb OKHCHEHOTO T'BasKOJIY/T CUpOi Macu 3a 1 XB.

[Tonidenonokcuaaza, MkKMoIlb OKUCHEHOT aCKOPOIHOBOT KUCIOTH/T cUpoi Macu 3a 1 XB.
Puc. 1. AKTHBHICTBH (hepMeHTIB KJIaCy OKCHIOPEAYKTA3 y JMCTKAX TPUTHKAJIE
o3umoro (¢a3za Buxoay B Tpyoky, 2021-2023 pp.)

1. be3 3acTocyBanHs 010J0T1YHMX TpernapatiB (KOHTPOJb); 2. Menanopis 1,0 1/T;
3. bioznak 1,5 n/T; 4. baktodit 2,0 n/ra; 5. bakrodit 2,5 n/ra;

6. bakTodit 3,0 ;/ra; 7. bioznak 1,5 n/T + bakrodir 2,0 n/ra; 8. bio3mak 1,5 i/t +
bakrodirt 2,5 n/ra; 9. bio3nak 1,5 n/t + baktodit 3,0 n/ra;

10. Menanopi3 1,0 i/t + bakrodir 2,0 n/ra. 11. Menanopi3 1,0 i/t + bakrodir
2,5 n/ra; 12. Menanopis 1,0 o/t + baktodit 3,0 ii/ra

3acTocyBaHHs BKazaHuX HOpM bakTodiTy Ha poHI nepeanociBHoi bakTepu3aiii
HacCiHHA b10371aKOM CIpUSIIO MIJBUILEHHIO aKTUBHOCTI KaTajaa3yu MPOTH KOHTPOJIBHOIO
Bapianty Ha 15-33 %, nepokcunazu — 11-18 % Tta momidenomokcuaazu — 19-40 %
3aJIeKHO B1J] HOPMH 3aCTOCYBaHHsS OloQyHrinuay. Takoxx y LMX BapiaHTax AOCTIAY
akTUBHICTH (epmeHTiB Ha 6—10 % mnepeBullyBana naHi, OTpUMaHi y BapiaHTax i3
3acTocyBaHHAM bio3naky Ha ¢hoHI HEOOPOOJIEHOTO HACIHHS.

Cepen ycix BapiaHTiB JOCHIAy HaWBUILYy (EPMEHTATUBHY AaKTHUBHICTb
3a0e3nedyBaio 3actocyBanHs bakrodiry (2,0; 2,5 1 3,0 ii/ra) Ha GoHI EepeAnoCiBHOI
OakTtepuzaliii HaciHHSI MenaHopizoM. Y IIUX BapiaHTax JOCIIy aKTHBHICTh KaTajaas3H
3pocTayia IPOTH KOHTPOJIHHOTO BapiaHTy Ha 23, 36 Ta 46 %, nepokcunaszu — 14, 18 i
22 %, monipeHomokcumazu — 26, 42 1 49 %.

Pesynprat BHKOHAHHUX JOCHIDKEHb CBig4aTh, [0 3a BUKOPHCTAHHSA
010JIOT1YHHUX MpEnapaTiB K OKPEMO, TaK 1 y KOMIUIEKCI, CIIOCTEPIraeThCsl MiIBUILIEHHS
AKTUBHOCTI MTPOBIAHUX €H3UMIB AHTUOKCHIAHTHOI'O CTaTyCy POCIMHHOIO OPraHi3My —
KaTajia3u, TMEPOKCUIa3u 1 TMOMi(EeHOTOKCHIa3u, 10 MOXE BKa3yBaTh Ha
1HTEHCU(DIKALII0O B POCIMHAX MPOIECIB (POTOCUHTE3Y Ta JAMXAHHA, 33 KX 3pOCTA€E
NPOJIYKYBAaHHIO TEPEKUCY BOJHIO Ta (DEHONBHUX CIOJYK, IO € CcyOcTparamMu s
JOCTDKYBaHUX ()EPMEHTIB.

Y a3l 1uBITIHHA TPUTUKAIE O3MMOTO BHUSBJICHO MAaKCUMYM aKTUBHOCTI
dbepmeHTiB y nopiBHSIHHI A0 (pa3u Buxomy B TpyOKy. 30kpema, 32 0OpOOKH HACIHHS
TPUTHKAJIE O3UMOT0 Tepes CiBOOI MIKpoOHUMHU mpenaparamu MenaHopi3 1 bioznak
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MEPEBUILIEHHS aKTUBHOCTI KaTaxas3u, MOPIBHSIHO 3 KOHTPOJIBHUM BapiaHTOM, CKJIaaJI0
2,6 12,1 mxkMounb posknanenoro H2O»/r cupoi pewoBurm 3a 1 XB., mepokcunazu — 4,0
1 3,4 MkMoJb OKHCHEHOTO TBasiKOIY/T cUpoi Macu 3a 1 XB. Ta MOJIPEHOTOKCUIA3H —
2,4 11,9 MKkMob OKHCHEHOT aCKOPOIHOBOT KUCIIOTH/T CUPOi Macu 3a 1 XB. BIJMIOBIIHO

(puc. 2).

120,0 +———— Karanasa HIPy; 2,0-2,2; Hepokenmasza HIP: 2,3-3,0;
IMonienonokcunaza HIPy; 2,4-3,3

100,0

80,0 -

60,0 -

40,0 - B

AKTHUBHICTb (PEepMEHTY

0,0 -
1 2 3 4 5 6 7 8 9 10 11 12
BapianT mocminy
¥ Karanaza, MKMoJTb pO3KJIaJIEHOTO MEPEKUCY BOAHIO/T CUPOi pe4OBUHHM 3a | XB.
¥ [Tepoxcunaza, MKMoJb OKHCHEHOTO TBasiKONy/T cUpoi MacH 3a 1 XB.

[Tomdenonokcruaaza, MKMoiIb OKUCHEHOT aCKOPOIHOBOT KUCIIOTH/T CUPOi Mach 3a 1 XB.
Puc. 2. AKTHBHicTH (hpepMeHTIB KJ1acy OKCHI0PEAYKTAa3 y JIMCTKAX TPUTHKAJE
o3umoro (¢a3za usitinus, 2021-2023 pp.)

1. be3 3acTocyBaHHs 610J0TIYHUX MpemnapaTiB (KOHTPoJs); 2. Menanopiz 1,0 1/T;
3. bioznak 1,5 n/1; 4. bakrodit 2,0 n/ra; 5. bakrodit 2,5 n/ra;

6. bakrodit 3,0 n/ra; 7. bio3nak 1,5 /T + bakrodir 2,0 i/ra; 8. bio3nak 1,5 1/t +
bakrodir 2,5 n/ra; 9. bio3nak 1,5 n/t + bakrodir 3,0 n/ra; 10. Memanopis 1,0 /T +
bakTtodit 2,0 n/ra. 11. Menanopi3 1,0 1/t + bakrodit 2,5 n/ra;

12. Menanopi3 1,0 o/t + bakrodit 3,0 n/ra

3a BukopuctanHs baktodity B HOopMmax 2,0; 2,5 1 3,0 a/ra mpocTexyBajoch
3pOCTaHHs AaKTHUBHOCTI KaTaja3u NpoTu KoHTpoiro Ha 2,3; 6,1 1 85 mxMonb
posknanerHoro H>O2/r cupoi peuoBunu 3a 1 xB., Toal K nepokcuaazu — 3,8; 6,5 1
11,4 MkMoJnb  OKMCHEHOrOo TBasKOIy/T cHpoi Machu 3a 1 XB., aKTHBHICTb
noideHonokcuaasu 3pocrana 1,8; 3,9 1 5,6 mxkMonb OKHCHEHOI acKOpOiHOBOI
KHCJIOTH/T CUpOi Macu 3a 1 XB. BIJMIOBIIHO JO HOPM IIpernapary.

OOnpucKyBaHHS MOCIBIB KyJIbTypU IIMMH X HOpMaMu OiodyHTIIuAy Ha (oHI
OakTepu3aiii HaciHHsS bio31akom cpusiio 3pOCTaHHIO aKTUBHOCTI KaTana3u Ha 4,0—
9,0 MmkMoas posknagaeHoro H>O2/r cupoi pedoBuHu 3a 1 XB., mepokcuaazu — Ha 8,9—
13,9 MkMonbh OKHCHEHOTO TBasKOIY/T cupoi Macu 3a 1 XB. Ta moJi(h)eHOTOKCHIa3U —
Ha 6,4-13,3 MKkMonb OKHCHEHOiI acKOpPOIHOBOi KHUCIOTH/T CUpOi Macu 3a 1 XB.
BIAMOBIAHO 10 HOpM bakrodity. Ak 1 B momepeaHto ¢asy, HalBUIa aKTUBHICTb
dbepMeHTIB TpocTexyBajlacs 3a OOMpHUCKYyBaHHS TMOCIBiB bio3nmakom Ha (oHi
nepeanociBHoi OakTepu3auii HaciHHS MenaHopi3oMm, Jie 3a HopMu Oio@yHrinuay 3,0
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J1/Ta aKTUBHICTh KaTaja3y MEePEeBUIIyBasIa MOKa3HUKHA KOHTPOJILHOTO BapiaHTy Ha 12,5
MkMoub po3knagenoro H2O2/r cupoi pedoBunm 3a 1 xB., mepokcuaasu — 17,3 mxMouib
OKHCHEHOT0 TBasiKoJy/T cupoi Macu 3a 1 xB. Ta nosidenonokcunazu — 15,3 mxkMob
OKHCHEHOT acKOpOIHOBOI KMCIOTH/T cUpoi MacH 3a | xB.

BucHoBkn. TakuMm uYWHOM, HaWBUIY AaKTHUBHICTH (PEpMEHTIB KJacy
OKCHUJIOPEJyKTa3 BCTAHOBJIEHO 3a KOMIUIEKCHOTO 3aCTOCYBaHHA TNIpemapariB —
Oaktepuzaliis HaciHHa Menanopizom (1,0 7/T) 3 HacTyNHHM 3acTOCYBaHHSM IO
nanomy ¢ony Oilodyurinuay bakrodir (3,0 si/ra), 1o, ouyeBHAHO, OOYMOBJIIEHO
3HAYHOK)  AaKTHUBI3alllI€I0  POCIMHHO-MIKpOOHHUX  B3a€MOiH, 3aBISKH  SKUM
MIOKPAIIYETHCS YKUBJICHHS POCIIHH, MEepedir y HUX 0OMIHHUX MPOIIECiB, OCHOBOIO SIKHX
€ pepMeHTaTUBHA AKTUBHICTb.
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Annotation

Karpenko V. V., Zabolotna A. V.
Enzyme activity of winter triticale under the using of biological preparations

Introduction. The key mechanism of action of biological preparations on plants
Is their effect on enzyme activity, which determines the direction of metabolic
processes, resistance to stress and the ability to absorb nutrients. One of the reactions
of plants to stress is the formation of reactive oxygen species, which the plant organism
Inactivates with the participation of enzymes.

Research methods. The activity of enzymes of the oxidoreductase class (catalase
(CAT, EC 1.11.1.6), peroxidase (PX, EC 1.11.1.7), polyphenol oxidase (PPO, EC
1.10.3.1)) was determined in samples of winter triticale leaves, selected in the field, in
the corresponding phases of plant development, according to generally accepted
methods.

Results. During the experiment, changes in the activity of enzymes of the
oxidoreductase class of winter triticale plants were detected depending on the type and
method of use of the preparations. Thus, on average over the years of research in the
phase of exit into the tube under the seed bacterization with Melanorhiz, the activity of
catalase increased by 11%, peroxidase by 5%, and polyphenoloxidase by 7%
compared to the control, under the pre-sowing treatment of seeds with Biozlak, the
activity of the studied enzymes exceeded the indicators of the control variant by 9, 4,
and 5%, respectively. A spraying of vegetative plants with Bactofit at the norms of 2,0,
2,5, and 3,0 I/ha contributed to an increase in the activity of catalase compared to the
control by 10, 23, and 32%, peroxidase by 5, 8, and 15%, and polyphenoloxidase by 4,
11, and 17%, according to the norms of the biofungicide.

The use of the specified norms of Bactofit against on the background of pre-
sowing seed bacterization with Biozlak contributed to the increase in catalase activity
compared to the control variant. Among all the variants of the experiment, the highest
enzymatic activity was provided by the use of Bactofit (2,0; 2,5 and 3,0 I/ha) on the
background of pre-sowing seed bacterization with Melanoriz. In these variants of the
experiment, catalase activity increased against the control variant by 23, 36 and 46%,
peroxidase — by 14, 18 and 22%, polyphenoloxidase — by 26, 42 and 49%. In the
flowering phase of winter triticale, the maximum enzyme activity was detected
compared to the tube exit phase. However, as in the previous phase, the highest enzyme
activity was also observed after spraying crops with Biozlak on the background of pre-
sowing seed bacterization with Melanoriz.

Conclusions. Thus, the highest activity of enzymes of the oxidoreductase class
was established with the complex use of preparations — the bacterization of seeds with
Melanorhiz (1,0 I/t) followed by the use of the biofungicide Baktofit (3,0 I/ha) on this
background, which is obviously due to the significant activation of plant-microbial
interactions, due to which plant nutrition and the course of metabolic processes in them
Improve, the basis of which is enzymatic activity.

Key words: enzyme activity, catalase, peroxidase, polyphenol oxidase,
biological preparations, winter triticale.
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