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O6BbeKTOM Hccie[loBaHUs Obljla BhIOpaHa MIIEHUIA
gapoBasi copTa JlrobaBa. O6paboTKy TeCT-KyJbTypbl
mpoBonusuM B a3y KyleHUsT 6aKOBBIMU CMeCSIMU
repOUIIMIOB ¥ POCTPETYIUPYIOIIUMY ITperiapaTamMmu. B
KauecTBe repOuIluioB ObLIN UCITONb30BAHBI «BoMba,
C9» m «BanepuHa, BIAI'», nHrubupyomre ob6pasoBa-
HUe (epMeHTa alleToJIaKTaTCUHTAa3hl, yUaCTBYIOIIETO
B CUHTe3€ He3aMeHUMBbIX aMUHOKKCJIOT. B KauecTBe
POCTPETyIUPYIOUUX BEIIEeCTB UCITOIb30BaIN «[TaHy»
(amuHOKMCHOTHI), «['ymMaT Kanus» (TyMUHOBBIE
BelllecTBa), «Amacui» (KpeMHUi), «AxkBamMukc, CT»
(MUKPOYIOOPEHUST) U «ITIUH IKCTPa» (PUTOTOPMOHBI).
BBlJIO yCTaHOBJIEHO, YTO MPUMeHeHUEe TepOUIIUIOB
BBI3BIBAJIO CHIU)KEHMNE aKTUBHOCTU (DOTOCHHTE3a
pacTeHmii BcpenHeM Ha 43 efl., wiu 13%, B cpaBHEHUU
¢ KOoHTpoJieM. Uepes IeHb 11ocyie 06paboTKY yCTaHOB-
JIEH KPUTUYECKU TIEPUOZ, IJIST KYJIbTYPhI B YCIOBUIX
repOUIIMIHOTO CTPecca, 0 YeM CBUMIETEJIbCTBYIOT
CcaMbl€ HYM3KME 3HAYECHUI N-TeCTepa, IIOJIy4Y€HHBIE Ha
MIPOTSKEHUH BCETO OITbITA. BBISIBIIEHO, UTO Uepes IeHb
mocyie 06paboTKM aKTUBHOCTH (POTOCUHTE3A ¥
pacTeHuil Ha repbunumge cHu3mgach Ha 20% 1O
CPaBHEHMIO C BapuaHTOM 6e3 06paboTku. JJobaBieHme
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ABSTRACT

The aim of this study was to evaluate the effects of
tank mixtures of herbicides and various growth-
regulating agents on spring wheat plants during the
growing season. The pot experiment was conducted at
the Moscow Timiryazev Agricultural Academy. The
spring wheat variety Lyubava was chosen as the object
of the study. The test crop was treated with tank
mixtures of herbicides and growth-regulating agents
during the tillering stage. The herbicides used were
Bomba, SE, and Ballerina, as well as VDG, which inhibit
the formation of acetolactate synthase, an enzyme
involved in the synthesis of essential amino acids.
The growth-regulating agents used were Panch
(amino acids), Potassium Humate (humic substances),
Apasil (silicon), Aquamix, ST (microfertilizers),
and Epin Extra (phytohormones). Herbicide applica-
tion was found to reduce plant photosynthetic
activity by an average of 43 units, or 13%,
compared to the control. A critical period for the
crop under herbicide stress was established one day
after treatment, as evidenced by the lowest N-tester
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K TepOuIumaM POCTPETYIUPYIOIIUX IPernapaToB Ha
OCHOBE TYMUHOBBIX BEIIIECTB, KPEMHUS U (PUTOTOPMO-
HOB CYIIECTBEHHO He TIOBJIUSJIO Ha CTAOMIU3AIIUIO
MTPOJYKIITMOHHOTO TIPOIlecca pacTeHui. VCcroab30Ba-
HUEe MUKPOYNOOpPEeHWIl M aMUHOKMUCJIOT B CMECSX C
repOUIIIaMy IIOJIOXKUTENBHO BIMSJIO Ha IIOKasaTe-
JIM Ka4yecTBa ypoxXkas. B BapuaHTe ¢ NIpUMeHeHUeM
aMMUHOKUCJIOT coflepkaHue Gesika B 3epHE OoTMeda-
JIOCh Ha YPOBHE KOHTPOJIbHBIX 3HAYEHUH, B TO BpeMs
KaK B BapuaHTax C JAPYTUMU POCTPEryJIUPYyOIIUMU
npernapaTaMu OHO ObLIO HMke Ha 1,8-2,3%. Takum
o6pasoM, AJs MOAAepPXKaHUS MPOAYKIIMOHHOTO
rmpolecca ¥ COXpaHeHWs MOTeHIIrajla PacTeHWU B
YCJIOBUSX HEOJIArONMPUATHBIX (PaKTOPOB PEKOMEHIY-
eTcsd K repbunmaHbeiM 06paboTKaM m06aBISATH
POCTpErylnupymooIue MMpernapaTbl Ha OCHOBE aMWHO-
KUCJIOT U MUKPOYA0OPeHN B XeJIaTHOU (hopMe.

Knrouesoie cnosa. DUTOTOKCUUYHOCTD, FepPOUIIII-
HBIM CTpecc, 3acyXa, aMUHOKMCJIOThI, TYMUHOBBIE
BeIlleCTBa, KPEMHUM, MUKPOYZOOpeHus1, putoropmo-
HBbI, BeFeTaHI/IOHHbIﬁ OIIBIT.

BBEJEHUE

epOUIIUAHBIN CTPECC — 3TO OTPHUIIA-
TeJIbHOE BO3AEHCTBUE TePOUIINIOB Ha
POCT ¥ pasBUTHE BO3IEJbIBAEMOK
KYJIbTYPbl, KOTOPOE MOXET IIPUBECTU
K CHVDKEHUIO YPOXKAHOCTU U Kavec-
TBa NPOAYKIUU. [I[puuuHamMu
rep6UNIUAHOTO CTpecca MOTYT
CITY’KUTb HEBEPHBIN BBIOOP ITperapa-
Ta ¥ HOPM ero IMpUMeHeHUs, HapylleHue CPOKOB
06paboTku, HebJATONPUATHBIE KJIUMaTUUYeCKUe
yCJIOBUS OJis PAacTeHUU, UCTOJib30BaHUEe 6aKOBBIX
cMecel U3 HECOBMECTUMBbIX KOMIIOHEHTOB U PeaKIIus
repbuIiuga ¢ OCTaTOYHBIMU BeIlleCTBAMU B IOYBE.
OUTOTOKCUYHOCTD repbuiinga, 0CO6eHHO B CUHEPTUU
C TaKUMU HETaTUBHBIMU a6MOTUYECKUMU (DaKTOPaMHU,
KakK 3acyxa WM MepeyBJa)KHEHUe, BIeUYeT 3a coboi
pa3sBUTHE MIPOSBIEHUS OKMCIMTEJIbHOTO CTpPecca.
YpesMepHOe 06pasoBaHre aKTUBHBIX (DOPM KUCIIOPO-
na (A®K) mpuBoAuT K AucOaiaHCy MEeXIy KOJUdec-
TBOM ADK 1 HEUTPAIM3YIOIIUX UX AHTUOKCUAAHTAMMU.
[ToBpeXXIeHNE KJIETOUHBIX KOMITOHEHTOB ITOCPEICTBOM
A®DK ByieueT 3a c0601i rubesb KIETKU U BCETO OPTaHU3-
Ma (XozeeBa u 1p., 2020). Ciayuyau repOUIIUIHOTO
cTpecca GbLINM OMHCAHBI B PA3TUYHBIX MTyOJUKAIIUAX.

BhIIBIEHO, YTO XuUMHUUYeckas o6paboTka B
COBOKYIHOCTU C abUOTUYECKUMU (paKTopaMu
[OJlaBJisijia POCT U PasBUTHE CEIbCKOXO3IMCTBEH-
HBIX KYyJbTYp U CHUXAJa UX MPONYKTUBHOCTD.
(UruaTenko, 2005; IBopsaHKUH, 2019). [IJ15 CHU)XKEHUS
HEraTUBHOTO JEeUCTBUS OT TepPOUIUIO0B MOTYT
MIPUMEHATHCSI POCTPETyJUpPYyIoliKe MMpemapaTh
PaBINYHON XUMUYECKOW MpUpoAbl. OTMEUYeHO, UTO
06paboTka CEMEHHOr0 MaTepuansa GMOCTUMYJISITOPa-
MU TIPUBOAUT K CHM)KEHUIO YPOBHS TOKCUYHOCTHU OT
TIpUMEHeHUs CPEeJCTB 3allUThl pacTeHu (Gugata, M.
et al., 2018; Motamedi, M. et al., 2022). JIOIIOJIHUTEIb-
HOe TIpUMeHeHUe PEeryJsaToOpoB pocTa B paMKax
TIPOM3BOZICTBA OBIBAET 3aTPYAHUTEIHHO W 3aTPATHO.
PellieHreM IIPOOBJIEMbI MOXKET ITOCTYKUTh MCIIOIb30-
BaHue 6akoBbIX cMecell (BapkoB, EdpeliTopoBa,

values obtained throughout the experiment. It was
found that one day after treatment, photosynthetic
activity in plants treated with the herbicide decreased
by 20% compared to the untreated control. Adding
growth-regulating agents based on humic substances,
silicon, and phytohormones to the herbicides did not
significantly affect the stabilization of plant produc-
tion. The use of micronutrient fertilizers and amino
acids in mixtures with herbicides had a positive effect
on crop quality. In the amino acid treatment, grain
protein content was observed at the control level, while
in treatments with other growth-regulating agents, it
was 1.8-2.3% lower. Thus, to support the production
process and preserve the potential of plants under
unfavorable conditions, it is recommended to add
growth-regulating preparations based on amino acids
and micronutrients in chelated form to herbicide
treatments.

Key words: phytotoxicity, herbicide stress,
drought, amino acids, humic substances, silicon,
micronutrients, phytohormones, pot experiment.

INTRODUCTION

erbicide stress is the negative impact of

herbicides on the growth and development

of a cultivated crop, which can lead to

reduced yield and product quality.

Herbicide stress can be caused by
improper product selection and application rates,
improper application timing, unfavorable climatic
conditions for plants, the use of tank mixtures of
incompatible components, and the reaction of the
herbicide with residual substances in the soil. Herbhi-
cide phytotoxicity, especially when combined with
negative abiotic factors such as drought or
waterlogging, leads to the development of oxidative
stress. Excessive formation of reactive oxygen species
(ROS) leads to an imbalance between the amount of
ROS and the antioxidants that neutralize them.
Damage to cellular components by ROSleads to cell and
organismal death (Khozeeva et al., 2020). Cases of
herbicide stress have been described in various
publications. It was found that chemical treatments in
combination with abiotic factors suppressed the
growth and development of agricultural crops and
reduced their productivity (Ignatenko, 2005;
Dvoryankin, 2019). To reduce the negative effects of
herbicides, growth-regulating preparations of
various chemical natures can be used. It has been
noted that the treatment of seed material with
biostimulants leads to a decrease in the level of
toxicity from the use of plant protection products
(Gugata, M. et al., 2018; Motamedi, M. et al., 2022).
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2025; KpouioBa, KpoLios, 2024). B kauecTBe aHTUIO-
TOB B Pa3JIUYHBIX ITyOJUKAIIMAX U3YUEHO BIIUSHUE
MOMUDYHKIITMOHAJBHBIX PEryJsSITOPOB POCTa pacTe-
HUM. OHU BBITIOJHSAIOT KOMIIEHCATOPHY0 (DYHKITUIO 38
cueT CTUMYJIUPOBAHUS KOMILJIeKCa OGUOXuMUUec-
KMX TIPOIECCOB, KOTOpPhIe OBbIJIM HAapyUIeHbl IO,
BIMSHUEM repbunupmHoro crpecca (Haymos, 2019).
AHTHCTpPECCOBOE IEeWCTBUE PETYJNSITOPOB POCTa B
6aKOBO CMeCHU OTIPeiesIIeTCsI KOMILIEMEHTaPHOCTHIO
KOMIIOHEHTOB, TT03TOMY BaXXHO U3YUUTH MHOXECTBO
BapMaHTOB KOMOMHAIIU BEIECTB.

IleJib JaHHOTO HMCCJEAOBAaHUSA — OlleHKa
BIUSHUS POCTPETYIUPYWIIUX MPernapaToB Ha
NMposBJeHNEe PUTOTOKCUUYHOCTU TepOUIIUI0B Ha
SIPOBOMU TTIIIEHUIIE.

MATEPUAJIBI U METO/bI

OmnbIT 6BLI TPOBENEH B BETETAIIMOHHOM JIOMUKE
Kadeapbl arPOHOMUYECKOM, GMOJIOTNIECKON XUMUY U
panuosioruu MHCTUTYTa arpobuoTrexHosoruu PTAY-
MCXA um. K. A. TumupszeBa. B kauecTBe 06beKTa
KCCIIe[oBaHKs OblIa BbIOpaHa MIIeHNIa SpoBasi COpTa
Jlro6aBa (PC 1). MeTtop, uccienoBaHusa — BereTaluoH-
HBIN OIBIT. [IOBTOPHOCTh OMbITA — YEThIPEXKpaTHasl.
[Toces B cocynbl MuTuepJivxa mpoBoauiv 26 masa 2024 1.
1o 30 ceMsH MIIEHUIIbl B KaXXIbIM cocyn. O6paboTka
pacTeHWU MPOBOAUJIACH IIPU MMOMOIIKW PYYHOTO
TIIOMIIOBOTO ompbickuBaTend «['puH banaT». B ombiTe
KCITOJIb30BANIUCh repbunuanl «bamepuna, CI» (2,4-1
(410 r/n) + dmopacynam (7,4 r/m) — 0,5 i/ra u «<Bom6a,
BAT» (Tpubenypon-metun (563 1/KT), dJiopacyiam
(187 r/xr)) — 0,03 Kr/ra. B kauecTBe POCTPETYIUPYIO-
IIUX BellecTB 6bLIM BhIOPAHBI Cledylollre mpernapa-
ThI: «[TaHY» (CBOOOIHBIE aMUHOKMCIOTH 30-31%);
«T'ymat kanus, BP» (75% KaIneBbIX COJIed TYMUHOBBIX
KHCJIOT); MUKPO-ymobpeHus — «AkBaMukc CT»
(Fe(OTTIA) — 1,74%, Fe(3OTA) — 2,1%; Mn(3[TA) —
2,57%; Zn(3OTA) — 0,53%; Cu(34TA) — 0,53%;
Ca(dOTA) — 2,57%; B — 0,52%; Mo — 0,13%); ¢purorop-
MOHBI — «IIIHUH DKCTPa» (3MUOPACCUHOIIN); KpEMHECO-
nepxainue yno6peHus — ApaSil (amopdHbIN JuoKcuza
KPEeMHUS).

Cxema orbITa:

—KOHTPOJIb (63 06paboTKM);

—repburunsl («<bajgepuna, C9» 0,5 j1/ra + «bomoba,

BJII'» 0,03 kr/ra);

—TepOouIUabl + aMUHOKKUCIIOTHI (1 J1/Ta);

—TepouIuabl + T'YMUHOBBIE BemecTsa (1 j1/ra);

—repbutuae! + KpeMuuii (50 r/ra);

—repOUIUIBI + MUKPOYIoOpeHus (1 Kr/ra);

—repounumbl + huroropmMous (50 Mit/ra).

O1leHKY aKTUBHOCTH XJIOPOTILJIACTOB OIPENEsIn
C TIOMOIIBIO TTOKa3aHWM N-TecTepa, UCIIOJIB3YIO-
mero GOTOMETPUUYECKUN METOJ AMAaTrHOCTUKU
pacTeHn#, OCHOBAHHBIN Ha BBIYMCJIEHUUW BEJIMYMHBI
MTOTJIOIIEHHOT0 KPACHOTO CIEKTPa M OTPa’KeHHOTO
OIM)KHEro KpacHoro. MaMepeHUs: IPOBOAUIN Uepes
1 gac mocyie o6paboTKH, Yepes JeHb rocjae o6paboT-
KU, Yepes IBa JHS ITocjie 06paboTKy 1 Yepes Helelo
nocyie o6pa6oTku B 30-KPaTHOM IOBTOPHOCTU B
KaxaoM cocyne. VisMepeHre MOPHOMETPUUECKUX
mokasaTeJjiell MPOBOJUJIOCh MPU HACTYIIJEHUU
TIOJTHOM 3PEJIOCTU SIPOBOY IIIIEHMIIBI ¥ BKJIIOYAJIO B
cebs yuyeT KOJMYEeCTBA KOJOChEB, AJUHY KOJOCHEB,
KOJINYECTBO CEMSH, MacCy COOpPaHHBIX CEMSAH C
KaXkIoro cocyzma. KauecTBeHHBIE MMOKA3aTeNU 3epHa
onpependgnu npu nomomu bBUK-amanusatopa

The additional use of growth regulators in production
can be difficult and costly. The use of tank mixtures can
serve as a solution to this problem (Barkov,
Efreitorova, 2025; Krylova, Krylov, 2024). The effect of
polyfunctional plant growth regulators as antidotes
hasbeen studied in various publications. They perform
a compensatory function by stimulating a complex of
biochemical processes that were disrupted by herbi-
cide stress. (Naumov, 2019) The anti-stress effect of
growth regulators in a tank mixture is determined by
the complementarity of the components, so it is
important to explore a variety of combinations.

The aim of this study is to evaluate the effect of
growth-regulating preparations on the herbicides
phytotoxicity on spring wheat.

MATERIALS AND METHODS

The experiment was conducted in the vegetation
house of the Department of Agronomic, Biological
Chemistry and Radiology of the Agrobiotechnology
Institute of the Russian State Agrarian University -
Moscow Timiryazev Agricultural Academy. Spring
wheat of the Lyubava (RS 1) variety was chosen as the
object of the study. The research method was a pot
experiment. The experiment was replicated four times.
Sowing in Mitscherlich vessels was carried out on May
26, 2024, 30 wheat seeds in each vessel. Plants were
treated using a Green Belt hand pump sprayer. The
herbicides used in the experiment were Ballerina, SE
(2,4-D (410 g/ 1) + florasulam (7.4 g /1)) - 0.51/ ha and
Bomba, VDG (tribenuron-methyl (563 g / kg),
florasulam (187 g / kg)) - 0.03 kg / ha. The following
preparations were chosen as growth-regulating
substances: Punch (free amino acids 30-31%);
Potassium Humate, VR (75% potassium salts of humic
acids); microfertilizer: Aquamix ST — (Fe (DTPA) -
1.74%, Fe (EDTA) - 2.1%; Mn (EDTA) — 2.57%; Zn (EDTA)
- 0.53%; Cu (EDTA) - 0.53%; Ca (EDTA) — 2.57%; B -
0.52%; Mo - 0.13%); phytohormones: Epin Extra
(epibrassinolide); silicon-containing fertilizer: ApaSil
(amorphoussilicon dioxide)).

Experiment scheme:

1) Control (no treatment);

2)Herbicide (Ballerina, SE 0.51/ha + Bomba,

WDG 0.03 kg/ha);

3) Herbicides + Amino Acids (11/ha);

4)Herbicides + Humic Substances (1 1/ha);

5)Herbicides + Silicon (50 g/ha);

6) Herbicides + Microfertilizers (1 kg/ha);

7) Herbicides + Phytohormones (50 ml/ha).

Chloroplast activity was assessed using N-tester
readings, a photometric plant diagnostic method
based on calculating the absorbed red spectrum and
reflected near-red light. Measurements were taken 1
hour after treatment, 1 day after treatment, 2 days after
treatment, and 1 week after treatment, with 30
replicates in each vessel. Morphometric parameters
were measured when the spring wheat reached full
maturity and included the number of ears, ear length,
seed count, and the weight of the collected seeds from
each vessel. Grain quality parameters were deter-
mined using a NIR analyzer: moisture, ash content,
protein, fat, gluten deformation index, and
vitreousness.
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i KOHTDOJIb TepOuULIMIEI S A MVWHOKMCJIOTHI
Control Herbicide Amino acids
MuKpOyno6peHus KpemHnit DUTOrOPMOHBL
Microfertilizers Silicon Phytohormones

repb. o6p.

Puc. 1. 3MeHeHus coaepxkaHuns xnopodunna B IMCTbAX
SIPOBOW MLWEHULbI B 3aBUCUMOCTU OT cnocoba 06paboTku
(nokasaHus npubopa N-Tectepa)

(BJTAXXHOCTB, 30JIBHOCTH, OEJIOK, KUPBI, MHIEKC
nedopMaliuy KIEUKOBUHBI U CTEKJIOBUHOCT).

PE3VYJIBTATBI 1 OBCYKJEHUA

[IpoBeeHHbIE U3MEPEHUS JIUCThEB SIPOBOU
IIIIIEeHUIIbI C ITOMOINbI0 N-TecTepa IToKaszajiu, 4YTO
06paboTka pacTeHUY TepOoUUAaMy B 3HAUUTENbHOMN
CTeNeHU CHMXXaJla colepkaHue xjopoduiia B
JIUCTBSIX PACTEHUU TIIEHUIIbI. V3 TIpefcTaBIeHHOTO
rpaduka (cM. puc. 1) BULHO, yTO uepes 1 yac u 24 yaca
rocJje IIPoBeIeHHOM 00paboTKy repOuiIugaMuy Kak B
YKMCTOM BUJIE, TAK I B CMECH C PETYIISATOPAMU ITPOUCXO-
U0 pe3koe HapyleHWe (OTOCUHTE3a B JIUCTBHIX
SIPOBOM IIIMIEHUIIbI. YCTAHOBJIEHO, UTO 4yepe3 1 dYac
rocyie 06paboTKM aKTUBHOCTH (DOTOCHMHTE3a CHU3U-
Jach Ha 25—-35 1o, a uepes 24 yaca — Ha 20—-60 ef. 10
OTHOIIEHMIO0 K KOHTPOJII0. CTOUT OTMETUTD, UYTO Uepes
24 vaca rtocjie 06pab0TKY B BapUaHTaX «repPOUIIHIBI»,
«repbunuabl + GUTOTOPMOHBI», «TePOUIUIBI +
KPEeMHUN» paCTEeHUS SPOBOM ITIIEHUIIbI HAXOIUJINUChH B
KPUTUYECKOU CTafuu «TepOUulluAHON aMbl». Yepes
48 4acoB 1ocje 06paboTKM B BapuaHTaXx, IJie ObLIU
WUCIIOJb30BaHbl POCTPETYJUPYIOILUE TIPernaparsl,
0TMeYaJioCh yBeJIMYeHre CUHTEe3a XJIOPohUILIa U, Kak
clle/ICTBME, BOCCTAHOBJIEHNE OMOXUMUUYECKUX
TIPOIIECCOB B PACTEHUSIX.

CTOMT OTMETUTh, UTO B BapuUaHTaX OIbITA
«TepOULUABI + PETYIITOPBI» IOKAa3aTeab BAPbHUPOBAJ
BuHTepBaje 304—324 i101I., B TO BpeMs KaK B KOHTPOJIe
cocTaBJysAa 328 en., a B BapuaHTe IIPU NIPUMEHEHUU
TOJIBKO repbuiiuioB — 283 ef. [Ipu OIleHKe TTOKa3aHU
npubopa N-TecTep Ha celbMbIe CyTKU ITOCJIe 06paboT-
Ku Ob1JIa BBISIBJIEHA Pa3HUILA B 5% MeX Iy KOHTPOJIEM U
BapuaHTaMU «TepOUIUIbl + PETyasATOpPbI». OMHAKO
pasjauyuve MeXAy KOHTPOJIbHBIM BapPUAaHTOM U
06paboTaHHBIMU TepOUIIMIaMU COCTaBJISIO 36 ef.,
nian 11%, 94ToO MOXKET CBUIETEJIbCTBOBATH O HAJINYNU
cTpecca y pacTeHUU OT MPUMeHeHUs TepOUuIluoB.

Fig. 1. Changes in the chlorophyll content in spring wheat
leaves depending on the treatment method (N-tester
readings)

RESULTS AND DISCUSSION

The measurements of spring wheat leaves carried
out using an N-tester showed that treatment of plants
with herbicides significantly reduced the chlorophyll
content in the leaves of wheat plants. The graph
presented (Fig. 1) shows that 1 hour and 24 hours after
treatment with herbicides, both in pure form and in a
mixture with regulators, a sharp disruption of photo-
synthesis in the leaves of spring wheat occurred. It was
found that 1 hour after treatment, the activity of
photosynthesis decreased by 25—-35 units, and after 24
hours by 20-60 units, compared to the control. It is
worth noting that 24 hours after treatment in the
variants: herbicides, herbicides + phytohormones,
herbicides + silicon, spring wheat plants were in the
critical stage of the "herbicide pit". 48 hours after
treatment in the variants where growth-regulating
preparations were used, an increase in chlorophyll
synthesis was noted and, as a result, the restoration of
biochemical processesin plants.

It should be noted that in the herbicide + regulator
treatments, the indicator ranged from 304 to 324 units,
while in the control treatment it was 328 units, and in
the herbicide-only treatment it was 283 units. When
assessing the N-tester readings on the 7th day after
treatment, a 5% difference was found between the
control and herbicide + regulator treatments. However,
the difference between the control and herbicide-
treated treatments was 36 units, or 11%, which may
indicate stressin plants from the use of herbicides.

Treatment of plants with herbicides mixed with
silicon, phytohormones, and humic substances
significantly reduced overall plant height by 2.2-4.3
cm compared to the control. Wheat plant height in the

duTtocaHuTapusa. KapaHTuH pacteHuit 68



BUOTEXHOJIOTMN  BIOTECHNOLOGIES

Ta6J1. 1. BIuMsgHNE POCTPETYJIHUPYIOUINX MPENapaToB U repouIiuioB
Ha MopdoMeTpUUeCKHe MTOKa3aTeJ 1 APOBO e HULIbI
Table 1. The influence of growth-regulating preparations and herbicides on the morphometric

parameters of spring wheat

KoJi-Bo Koji-Bo 3epeH Macca ceMsiH
B K0J1100beB 1 a B KoJioce, IT. ¢ 1KoJjoca,r
bIcOTa Halcocyzn, miT.  /AJIMH Number of Weight of seed
Bapuau’r pacTeHui, cm Number of ears ~ KOTOCBEB, CM oot Sorenr peerlgar,?g seeds
Variant Plant height,cm pervessel, pcs.  Earlength,cm pcs.
KoHTpoJib (6e3 06paGoTKM)
51.4+0.5 27.6+0.2 7.6+0.2 17.3+0.2 0.62+0.03
Control (no treatment)
TepGuuuar 47.1:0.5 27.0£0.4 6.0£0.3 13.240.2 0.41+0.02
Herbicides
L AEEORERONAC g e g 27.7+0.3 7.5£0.1 16.420.3 0.58+0.02
Herbicides + Amino Acids
TepOULMIBI + TYMUHOBbIE
BelecTBa 47.6+0.6 27.5+0.2 6.3+0.2 14.1+0.2 0.46+0.05
Herbicides + Humic Substances
TepOULNABI + KPEeMHUI
. . . 48.2+0.5 27.2+0.2 7.2+0.2 14.3+0.3 0.47+0.02
Herbicides + Silicon
TepOUIIMABI + MUKPOYA00pPEHNI
POMUHADL * MIKPOYAOOD 51.140.6 27.140.3 7.4+0.3 15.540.4 0.53+0.04
Herbicides + Micronutrients
Tep6uuuabI + GUTOrOPMOHBI
. . 49.2+0.4 27.7+0.2 7.0+0.2 14.7+0.2 0.49+0.03
Herbicides + Phytohormones
HCP 5 26 0.14 0.41 021 0.04

Least significant difference (L.SD)

O6paboTKa pacTeHU¥ repOUIIMIaAMU B CMeCHU C
KpeMHUEM, PUTOTOPMOHAMU ¥ TYMUHOBBIMU BelecC-
TBAaMU JIOCTOBEDHO IIpHUBeJia K CHIWKEHUI 00Imei
BBICOTBI pacTeHuu Ha 2,2-4,3 CM II0 CPaBHEHUIO C
KOHTPOJIEM. BbICOTA PACTEHU ITIIEeHUIIbI B BApUaHTaX
¢ MUKpOyZmo6peHusaMu cocTaBuia 51,1 ¢cM, aMUHOKUC-
goTraMu — 50,8 ¢M, JaHHbBIE [TOKa3aTeJX HaXOAWUJINCh
Ha ypOBHE KOHTPOJIS.

KosnuecTBO KOJIOChEB B CPelHEM IIO OIIBITY
cocraBumiio 27,4 mT. Ha 1 cocyn (cM. Tabi. 1). Hau6oJib-
niee KOJMYECTBO 3epPeH B KOJIOCE OTMeuajioch B
KOHTPOJIbHOM BapuaHTe — 17,3 IIT., a HauMeHbIllee
pU KUCIIOJb30BaHUU TrepburumoB — 13,2 mT. Ha
BapUaHTax C MPUMEeHEeHNEeM TepOouuIoB U B KOMOU-
Hauu ¢ UTOrOpMOHAMU, KpeMHUEM U TYMUHOBBIMU
BEIECTBAaMU CeMeHa ObLIM 3aMETHO LIYILJIble, a WX
Macca c ogHOoro KoJjoca cocranisiaa 0,41-0,49 r, uTo Ha
0,13-0,21 r MeHbIIle KOHTPOJIbHBIX 3HaUeHU (0,62 T).
Ha BapmaHTax «repbuiluabl + aMUHOKHUCJIOTBI» U
«repObuIubl + MUKPOYIOOpPEeHUsI» Macca CeEMSH C
OIHOTO KoJjioca Oblja MeHbllle KOHTPOJIbHBIX 3Haue-
HuiiHa 0,05-0,08T.

JlocToBepHOE BIUSHME HCCIeLyeMbIX (PaKTOPOB
Ha 30JIbHOCTH, MIK 1 CTEKJIOBUIHOCTh HE OTMEYEHO.
Comeprxkanue Genka 12,1-12,4% Ha BapmaHTe «KOH-
TPOJIb» W «TePOUIUAbI + aMUHOKUCIOTHI» COOTBE-
TCTBOBAJI 3-My KJlaccy 3epHa. B ocTajibHBIX BapraHTax
OmbITa COomeprxaHue Geska GbIJIO HA YyPOBHE
10,1-10,6%, uTO XapaKTepus3oBajJoCh 4-M KJIaCCOM
KauecTBa 3epHa. CaMoe HMU3KOe 3HadYeHue 6Geyka
YCTAHOBJIEHO Ha BapuaHTe «repboutiuabi» (10,1%). To
JKe caMOe MOYXHO OTMETHUTD I10 COZIEPXKAHUIO )KUpPa B
3epHe. HauboJblllee cofiep’kaHue )KUpa YCTaHOBJIEHO
Ha BapuanTe «6e3 06paboTku» (1,9%), a HauMeHbIIIEE C
obpaboTkoi repourumamMmu —1,4%. Cpequ BapuaHTOB C
POCTPEryIupPYIIIMMU MpelapaTaMy COJepKaHue
J)KMpa B 3epHE BapbupoBajio B uHTepBajie 1,4-1,8%,
rIe HamboJIbIllee 3HAUEHE YCTAHOBJIEHO Ha BAPUAHTE
CaMMWHOKHUCJIOTaMU.

micronutrient-treated variants was 51.1 cm, while that
in the amino acid-treated variants was 50.8 cm, which
was consistent with the control.

The average number of earsin the experiment was
27.4pcs. per 1 vessel (see Table 1). The highest number
of grains per ear was noted in the control variant—17.3
pcs., and the lowest when using herbicides — 13.2 pcs.
In the variants using herbicides and in combination
with phytohormones, silicon and humic substances,
the seeds were noticeably shriveled, and their weight
per 1 ear was 0.41-0.49 g, which is 0.13 - 0.21 g less
than the control value (0.62 g). In the variants herbi-
cides + amino acids and herbicides + microfertilizers,
the weight of seeds per 1 ear was less than the control
values by 0.05-0.08 g.

No significant effect of the studied factors on ash
content, gluten deformation index (GDI), and grain
vitreousness was noted. The protein content of
12.1-12.4% in the control and herbicides + amino
acids variants corresponded to grain quality class 3. In
the other experimental variants, the protein content
was at the level of 10.1-10.6%, which was character-
ized by grain quality class 4. The lowest protein value
was found in the herbicide variant (10.1%). The same
canbe noted for the fat content in the grain. The highest
fat content was found in the untreated variant — 1.9%,
and the lowest — with herbicide treatment — 1.4%.
Among the variants with growth-regulating prepara-
tions, the fat content in the grain varied in the range of
1.4-1.8%, where the highest value was found in the
aminoacidvariant.

CONCLUSION

The results of the studies showed that herbicide
treatment of plants resulted in a decrease in their
productivity. Chloroplast activity, on average,
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IToxasaTenu
Indicators
Biaxk- CTexJio-
BapuaHT HOCTbh,% 3oJa, % BeJiok, % Kup, % NaK BHUJHOCTbD, %
Variant Humidity, %  Ash, % Ash, % Fat, % GDI Vitreousness, %
KoHTpoJb
14,3 1.8 12.4 1.9 74 51
Control
CepOUIIMbI
POMILHA 141 1.7 10.1 1.4 72 49
Herbicides
TepOUIMABI + AMUHOKUCIOTHI G T ol oy . =6
Herbicides + Amino Acids g : : :
TepOUIMABI + TyMUHOBBIE
BellecTBa 14,4 1.8 10.4 1.6 71 50
Herbicides + Humic Substances
Tep6uuast + xpeMunH 14,2 1.7 103 1.4 72 50
Herbicides + Silicon
T
epuuHADL + MUKPOYAOGPERuA | o 1.8 10.6 1.8 73 51
Herbicides + Micronutrients
TepOuIuabI + GUTOrOPMOHBI
Herbicides + Phytohormones B 148 e L e 20
HCP 0,68 0.02 0.64 0.06 0.01 0.06
Least significant difference (LSD) ’ ’ ’ . :
Baask- CTekJjio-
BapuaHT HOCTb,% 3oJ1a, % BeJsok, % Kup, % UAK BUJHOCTD, %
Variant Humidity, %  Ash, % Ash, % Fat, % GDI Vitreousness, %
KoHTpoJsb
9,6 1,8 11,2 1,9 74 51
Control
CepOULIMbBI
Herbicides 9,6 1,7 10,1 1,5 71 49
TepOUIMABI + AMUHOKMCJIOThI
Herbicides + Amino Acids 2 L 10,9 L & el
TepGUIMABI + TyMUHOBBIE
BellecTBa 9,8 1,8 10,4 1,6 71 50
Herbicides + Humic Substances
TepGrumast + kpeMuuit 10,2 1,7 10,3 1,4 72 50
Herbicides + Silicon
TepGuuuast + MukpoyAoGpenus | 1,8 10,5 1,8 73 51
Herbicides + Micronutrients
TepOoUIKMABI + (PUTOrOPMOHBI
e ® P 9,0 1,8 10,3 1,4 73 50

Herbicides + Phytohormones

3AKJIIOYEHUE

B pesynbTaTe MPOBEAEHHBIX MCCIENOBAHUU
MOY>XHO OTMETHUTh, YTO 00Pab0TKa PaCTEeHUN TepOuIiu-
IaMU MpUBeJia K CHW)KEHUI) WX TPOJYKTUBHOCTU.
AKTUBHOCTH XJIODOTLJIACTOB B CPEJHEM 3a MEPUOT,
HabJOmeHnE cHMXXajsach Ha 15%, mMacca 3epHa C
OZLHOT'O KOJIOCa YyMeHblInach Ha 34%, U cofepxaHue
6eJika CHU3UJIOCh Ha 2,3% I10 OTHOIIEHWIO K 3HaUeHU-
SIM, TIOJTyY€HHBIM B KOHTPOJIE.

CoBMeCTHOE MCII0JIb30BaHWE TEePOUIUTOB U
POCTPEryNIMPYIINX BEIIECTB HA OCHOBE aMUHOKWC-
JIOT ¥ MUKPOYZIOOPEHUN CITOCOOHO CTabMIN3MPOBATh
(DOTOCI/IHTGTI/I‘—IGCKyIO AKTHMBHOCTb B JIMCTbSAX pPacTe-
HU ¥ TTOAAEPKATh IPOLYKIIMOHHBIH ITPOIIECC IPOBOM
MIIEeHUIbl Ha (DOHEe HeOJAarOTPUATHBIX TOTOIHBIX
YCJIOBUH. BRIIFOUeHNEe B GAKOBYI CMECh I'YMUHOBBIX
BeIecTB, GUTOTOPMOHOB U KPEMHUS SIBJISIETCS
Hed(DDEeKTUBHBIM MPUEMOM IJIT PACTEeHUH SPOBOU
TIIIEeHUIIBI B YCJIOBUSX TePOUIIUIHOT0 CTPecca.

decreased by 15% over the observation period, grain
weight per spike decreased by 34%, and protein
contentdecreased by 2.3% compared to control values.

The combined use of herbicides and growth
regulators based on amino acids and micronutrients
can stabhilize photosynthetic activity in plantleaves and
support the production process of spring wheat under
adverse weather conditions. Adding humic substances,
phytohormones, and silicon to the tank mix is ineff-
ective for spring wheat plants under herbicide stress.

The amino acid-based product (Panch) demon-
strated the greatest stress-protective effect among
growth-regulating agents. The results indicate that
treating plants with herbicides in combination with
amino acids minimizes the loss of chlorophyll in plant
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HambosbImuM CTPeCcCIIpoTeKTOPHBIM 3 GEKTOM
cpeu POCTPEryJupyIIUX MpernapaToB obJamait
IIPOJIYKT Ha OCHOBE aMMHOKUCJOT ([TaHy). [Tosry4yeH-
HbIe Pe3yJIbTaThl CBUIETENbCTBYIOT, UTO ITPOBE/IEHIE
00paboTKM pacTeHWH repOuIlMmaMy COBMECTHO C
aMUHOKMCJIOTAMHU MO3BOJITET MUHUMU3UPOBATH
CHU)XeHUE XJopoduaia B JUCThIX PACTEHUH,
COXPaHUTD BBICOTY PACTEHMS M MaccCy 3epHa, a TakxKe
obecIieunTh cofiepkaHue 6esika B 3epHe Ha ypPOBHE
KOHTPOJIbHBIX 3HAYEHUH.
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