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Comparative evaluation of preparations’ fungicidal activity and their effect on
pathogenic micromycetes of spring wheat

The growing season of 2022 was characterised by a variety of weather conditions, some of which were unfa-
vourable to spring wheat growth and development. Plants were stressed by daytime temperatures, soil and air
moisture, and fungal disease pathogenic impacts. Spring wheat was infected with powdery mildew (Erysiphe
graminis), leaf brown rust (Puccinia triticina), and septoria leaf blotch (Septoria sp.). The main fertilizer, foli-
ar dressing, and compounds with regulatory properties in relation to the crop are used to boost yield and im-
prove grain quality. Fungicides such as Varro, Rex Duo and Kolosal Pro are effective for managing spring
wheat diseases. The study established the impact of Varro, Rex Duo, and Kolosal Pro fungicides on the re-
duction of the main spring wheat pathogens. This had an effect on grain quality and yield characteristics. The
fungicides (tested under stressful conditions produced by phytopathogens and unfavourable meteorological
conditions) enhanced the growth of spring wheat plants and positively influenced yield morphometric param-
eters, productivity, and grain quality parameters. The most effective agent for controlling diseases of spring
wheat is Rex Duo fungicide. The use of fungicidal treatments in combination with fertilizers and plant growth
regulators increased yield structure indicators, which resulted in an even greater impact on yield and quality
indexes. It was discovered that the use of fertilizers and growth stimulants to crops can be combined with the
application of fungicides.

Keywords: spring wheat, phytopathogens, micromycetes, fungicides, fertilizers, growth stimulator, powdery
mildew, brown rust, septoria leaf blotch.

Introduction

Plant diseases are one of the main factors leading to the loss of about 20% of the crop. Seed infection
occupies a special place among the pathogenic microflora [1]. It is estimated that 60% of all grain crops’
pathogens (alternaria, fusarium, smut, and others) are seed-transmitted [2]. The spread of fungal diseases of
plants occurs in the form of epiphytosis, which causes the loss of an extremely significant amount of agricul-
tural crops, and is also expressed in the colonization of the soil with fungi that form toxins which affect the
quality and productivity of cultivated crops [3]. The fight against pests and diseases of crops should be based
on the seed material's phytosanitary state. These findings are justified by the increased level of nutritional
components contained in the seeds, which are the optimal nutrient medium for the development of microor-
ganisms that produce mycotoxins [4]. Approximately 50 different microorganisms can be found on seeds.
Seed infection with pathogenic microflora occurs at any stage of plant development, both during the growing
season and when grain storage is disturbed [5].

In order to reduce plant disease incidences, it is necessary to conduct a phytosanitary examination of
seeds [6]. Phytoexamination of seed material makes it possible to assess the level of phytopathogenic load
exerted on seeds (as the main source of infection), and to give a quantitative and qualitative assessment of
their general condition, as well as their suitability for cultivation [7]. Crops must be treated in order to pro-
tect them from pathogenic microorganisms [8]. This fundamental component of crop cultivation technology
allows for the protection of the plant against phytopathogens even at the seed stage as well as the eradication
of the infection's cause [9].

A wide range of different disinfectants, including one or more active substances, which make it possible
to obtain a healthy crop, even taking into account the increased incidence of seed infections, is present on the
modern market [10]. At the same time, the degree of effectiveness of certain drugs depends on the nature of
the diseases in general as well as their specificity. As a result, the effectiveness of the outcome depends on
the selection of the disinfectant, which is made in light of the seeds' phytoexamination [11].

Currently, fungicides, which can both combat infections of phytopathogens and enhance the qualitative
attributes of seeds (growth activity, stress resistance to sharp fluctuations in abiotic environmental factors,
development of nonspecific immunity), are of significant interest [12]. These drugs are modern highly effec-
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tive chemical means of protection against phytopathogenic microorganisms. A suitable fungicide should be
chosen for each seed lot based on the degree of infection of the seed material and the pathogen composition.
The impact of fungal infections is manifested in significant damage to the studied crops at each stage of plant
development and production [13]. The evaluation of fungicide effects on seed material enables the identifica-
tion and control of the safety and quality of food and feed resources, reducing and thereby preventing signif-
icant economic losses.

The scientific study's goal is to compare the fungicidal activity of chemical protection agents and inves-
tigate their impact on pathogenic micromycetes of spring wheat.

Experimental

In the field conditions, the effect of fungicides on protection against a variety of fungal infections was
investigated. The field experiment was conducted in the 2022 growing season on the experimental spring
wheat fields of the Zhumabek Agro seed farm, which is located in the steppe zone of North-Eastern Kazakh-
stan (Pavlodar region).

“Omskaya 35” is a spring wheat variety of foreign selection that was used in the study. The breeder of
the “Omskaya 35 variety is FGBNU “Omsk Agrarian Scientific Center” (Russia). The variety is lutescens.
Its vegetation period is 87-90 days. Resistant to lodging is moderately drought tolerant. Moderately suscep-
tible to brown rust, susceptible to dusty mildew, strongly susceptible to hard knotweed, stem rust, powdery
mildew, root rot. The “Omskaya 35” variety has a high potential yield and forms high-quality heavy grains.
Thanks to the high productivity in combination with resistance to diseases and lodging, this variety can suc-
cessfully compete with varieties of similar ripeness groups.

Considering the spread of disease, we determined the systematic position of the pathogen, the intensity
of the plants damage, and the time at which the disease began (according to phenological and calendar indi-
cators). Observations were made at stationary sites during the plant growing season (at least every 10 days).
They were used to identify the time of disease occurrence. As a result, the dynamics of the disease's devel-
opment and the timing of its initial manifestations were defined. The route technique was used to account for
affected plants along the diagonals of the field by looking at 10 plants in 10 areas. Two parameters were used
to measure the phytopathological status of the crops: prevalence and degree or intensity of disease develop-
ment [14].

Prevalence calculation formula:

P =;* 100,

n — number of affected plants (organs) involved in the samples, pcs;
N — total number (diseased and healthy) plants (organs) involved in the samples, pcs.
Disease progression (R) calculation formula:

Hinsh)
En '

%(nb) — sum of the products of affected plants multiplied by the degree of damage;

xn — total number of damaged plants or similar organs in the samples, pcs.

The severity of the damage was determined by conditional grading [15].

The severity of disease development was expressed in percentages. We used the formula to convert the
score to a percentage:

R =

Hinsh)
Asrn

R = [222]+ 100,
%(nb) — sum of the products of affected plants multiplied by the disease progression score;
>n — total number of damaged plants or similar organs in the samples, pcs;
A — the highest score on the chart.
The calculation formula for the biological effectiveness of fungicides:
¢ = [£22]+ 100,
v
VY —rate of disease progression (control);

y — indicator of disease progression in the treated area.
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Laboratory tests were performed in accordance with generally accepted State Standards and methods:
state of crops and crop productivity according to the phenological stages of plant development; nature of the
seeds according to State Standard PO42-80; yield was recalculated for standard (14%) moisture and 100%
purity; crop structure — with the method of individual analysis of plants in a sheaf. Plant sampling was car-
ried out on the days of counting. The analysis was conducted with the help of special equipment at the Bio-
logical Research Laboratory of Toraighyrov University. The mass of the roots and plants’ underground parts
was determined by using an analytical balance. Mathematical processing was conducted according to
B.A. Dospekhov [16]. Variance and correlation analyses were performed on an IBMPC using the Excel pro-
gram.

Results and Discussion

The following climatic conditions characterized the growing season of 2022. The temperature regime in
May 2022 was quite mild. The average monthly temperature during the day was 17.5°C, which is 4.3°C
higher than the long-term average temperature. The first and third 10 days of the month were marked by rela-
tive temperature stability, while the second decade was defined by temperature indicator variations. The lack
of rainfall during the month was remarkable; the average amount of rainfall in May — 12 mm. The relative
humidity (RH) was about 38%.

June was characterized by a gradual temperature rise. The first and second 10 days of June are marked
by temperature reductions, although the average temperature for the whole month was almost 18.5°C. The
temperature indicators were relatively stable in the third decade. The average June rainfall increased by up to
30 mm, causing the RH to rise by 50%.

The average monthly temperature in July was 21.5°C, which formed a moderate temperature regime
that was 0.8°C higher than the long-term average. The monthly rainfall indicators showed uneven fluctua-
tions up to 33 mm (39% less than normal) and relative humidity of about 55%. August was characterized by
an absence of significant temperature variations: plus 20°C (average temperature) and a RH of 61%. Over
the previous months, precipitation indicators increased by up to 52.1 mm (Table 1).

Table 1

Meteorological conditions (2022 growing season)

Month _ Average temperature, °C _
Long-time average 2022 Deviation
May 13.2 175 +4.3
June 19.7 18.5 -12
July 20.7 22.5 +08
August 17.8 200 +22
Precipitation, mm
Month Long-time average 2022 Deviation
May 244 12.0 -124
June 39.3 30.0 -9.3
July 54.0 33.0 -210
August 374 52.1 +14.7

The growing season of 2022 was characterized by a variety of weather conditions, some of which re-
sulted in a negative impact on plant development and growth. A prolonged moisture deficit affected air tem-
peratures, resulting in indicators that were mostly above long-term average values. The climate created fa-
vorable conditions for the development of many fungal diseases and their significant manifestation in spring
wheat crops. Plants were affected by air and soil humidity, daytime temperatures, and fungal diseases.

Spring wheat was infected with powdery mildew (Erysiphe graminis), leaf brown rust (Puccinia tritici-
na), and septoria leaf blotch (Septoria sp.). Powdery mildew intensity of manifestation was around 30%, rust
intensity — 15%, and septoria leaf blotch intensity — 25% prior to the use of fungicides (during the stage of
flag leaf emergence). The intensity of disease manifestation was considerably reduced in 10 days after fungi-
cide application: powdery mildew by 75.1-90.1%, rust by 55.2-61.7%, and septoria leaf blotch by 35.1-
48.6%. At the same time, Rex Duo fungicide was the most effective against the disease complex. After
20 days, Rex Duo completely suppressed powdery mildew, reduced leaf rust manifestation by 78.7% and
septoria leaf blotch by 71.4%. By this time, the intensity of powdery mildew manifestation had dropped to
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17.0% due to the action of abiotic factors (untreated region), but the same indicators of leaf rust and septoria
leaf blotch had reached their maximum values (44,1% and 89.4%) (Table 2, Fig. 1-2).

Table 2
Biological efficiency of fungicides (flag leaf emergence)
Biological efficiency against disease, %
Option Powdery mildew Brown rust Septoria leaf blotch
10 days 20 days 10 days 20 days 10 days 20 days
Kolosal Pro, 0.6 L/ha 75.1 91.1 55.2 67.2 35.1 61.6
Rex Duo, 0.5 L/ha 90.1 100.0 61.7 78.7 48.6 714
Varro, CS, 0.25 L/ha 85.4 98.8 58.3 70.0 44.4 68.2
Control 275 17.0 17.7 44.1 28.5 89.4
LSDos 3.2 4.9 4.0 2.7 5.4 2.8
120 120
100 100
80 80
60 60 ¥
40 40 :
0 0
trol Powdery  Brownmust Septorialeaf Control Powdery Brown rust Septoria leaf
mildew bl otch mill dew blotch
mEolosal Pro mBRexDuo W Vammo. CS ® Kolosal Pro mRexDuo ®mVarro, CS
Figure 1. Biological efficiency of fungicide Figure 2. Biological efficiency of fungicide
application after 10 days application after 20 days

Fungicides used during the growing season to control fungal diseases of spring wheat contribute to an
increase in plant growth, the number of productive stems, ear height, grain number per ear, weight of
1000 grains, and the crop's biological yield (Table 3).

Table 3
Spring wheat indicators as a result of fungicide treatment (flag leaf emergence (37-39)
Indicators
Onti Productive Plant height, Grain Weight of Weight of Biological yield,
ption 2 . .
stems, pcs/m cm number per | grains per | 1000 grains, ¢ centner/ha
ear, pcs ear, g

Kolosal Pro, 0.6 393 97.0 25.2 0.932 36.6 36.5
L/ha

Rex Duo, 0.5 304 98.3 27.8 1.092 395 42.8
L/ha

I\_’fggo €S,0.25 391 98.3 25.8 0.985 38.1 385
Control 392 95.3 25.1 0.883 35.0 34.6
LSDgs 4.9 2.1 1.6 0.13 1.2 1.3
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The use of foliar dressings with Ammonium nitrate Ns. and Rex Duo fungicide significantly improved
the condition of spring wheat plants. As a result, the number of productive stems, height of plants, grain
number per ear, and weight of 1000 grains have increased. These two dressings are especially effective in the
tillering and heading stages. If the biological yield in the variant without fertilizers and fungicide was
38.9 centers/ha and 43.4 centers/ha in the variant with only fungicide, then a single dressing with ammonium
nitrate (tillering stage) followed by a fungicide (flag leaf stage) increased the indicator to 52.7 centers/ha,
while two dressings (tillering and heading stages) allowed for the maximum biological yield of
60.9 centers/ha (Table 4).

Table 4
Some indicators of spring wheat plants as a result of fungicide application
(Nitrogen fertilizers background)
Indicators
g g | 2 5 3 =]
~ o 5] o — [<5)
¢ | 2 |2 12 | 2| 3z
Option g > Za | 3 3 =5
2 > = O o o c
<= E o o> e L s
2 = | 2 5 5 | 8%
= c [ o o = O
S i) = x x 5=
3 o s = = @
o (<] (<)
& © = =
Ammonium nitrate Naq (tillering stage) + Rex Duo 0.5 413 107.4 29.1 1975 441 527
I/ha (flag leaf stage)
Ammonium nitrate Naq4 (tillering stage) + N34 + Rex
Duo 0.5 I/ha (ending of stem elongation stage) + N34 421 112.8 31.2 1.448 46.8 60.9
(heading stage)
Rex Duo 0.5 I/ha (ending of stem elongation stage) 389 104.2 27.8 1.115 40.1 43.4
Control 390 99.1 26.8 0.997 36.9 38.9
LSDos 6.5 4.9 2.2 0.22 2.1 2.9

The Rex Duo fungicide treatment (at a rate of 0.5 L/ha) led to a reduction in powdery mildew preva-
lence. As a result, on the 12" day, plant damage dropped from 100% to 18-20% and the severity of manifes-
tation decreased from 45 to 5%. In view of the degree of powdery mildew occurrence, the drug's biological
efficacy reached 89% (Table 5).

On the 22" day, the powdery mildew prevalence decreased to 3-5% (100% for the control) and the se-
verity of manifestation dropped from 60% (control) to 3% (treated plants). The biological effectiveness after
treatment against powdery mildew was 92-95%.

Table 5
Some indicators of spring wheat plants as a result of fungicide application
(Nitrogen fertilizers and growth regulator Binoram background)
Options
Rex Duo 0.5 L/ha + Bino- Rex Duo 0.5 L/ha Control
ram

) ] ) = 1= IS
Disease manifestation g o » S © 0 e » »
= > > =] > > = > >
58] (38} [3] 5+ (15 [3+] 5+ (35 ®©
= N N — N N + N N
S (3 (3 R I3} (3 £ I3 &
@ < < B < < d < <

Powdery mildew
Disease prevalence, % 100 18 4 100 20 5 100 100 100
Degree of development, % 30 5 3 30 5 30 45 60
Biological efficiency, % - 89 95 - 88 92 - - -
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Brown rust
Disease prevalence, % 50 13 12 60 14 13 50 60 70
Degree of development, % 15 10 8 15 10 8 15 25 45
Biological efficiency, % - 64 84 - 60 80 - - -
Septoria leaf blotch
Disease prevalence, % 45 28 20 45 30 23 45 60 90
Degree of development, % 25 20 15 25 20 15 25 35 50
Biological efficiency, % - 45 60 - 40 50 - - -

The drug's fungicidal activity on spring wheat was observed to be moderate in respect to leaf rust. After
12 days, the prevalence in the treated variations was 13-14%, compared to 60% in the control, and the degree
of disease manifestation was 10%, compared to 25% in the control. According to the level of development,
biological efficiency for this time period was 60-64%. After 22 days, the prevalence of brown rust in the
control plot climbed to 70%, whereas it was substantially lower in the treated variations — up to 12-13%. Af-
ter 22 days, the degree of disease development in the control area reached 45%, while in the treated variants
it was 8%. In 2022, the biological efficacy of Rex Duo against spring wheat brown rust was 80-84% (after 22
days).

The drug's fungicidal effect on spring wheat was less pronounced with regard to septoria leaf blotch.
After 12 days, the prevalence in the treated variations was 28-30%, compared to 60% in the control, and the
degree of disease manifestation was 20%, compared to 35% in the control. According to the level of devel-
opment, biological efficiency for this time period was 40-45%. After 22 days, the prevalence of septoria leaf
blotch in the control plot increased to 90%, whereas it was substantially lower in the treated variations — up
to 20-23%. After 22 days, the degree of disease development in the control area reached 60%, while in the
treated variants it was 15%. In 2022, the biological efficacy of Rex Duo against spring wheat septoria leaf
blotch was 50-60% (after 22 days).

The efficacy of Binoram was marginally improved by additional application to growing plants.

Conclusion

The adverse effect of fungal infections on cereal plants rose in the 2022 growing season. It was discov-
ered that if modern fungicides were not applied, disease spread, intensity of manifestation, and rate of devel-
opment reached maximum levels.

The fungicides (tested under stressful conditions produced by phytopathogens and unfavorable mete-
orological conditions) enhanced the growth of spring wheat plants and positively influenced yield morpho-
metric parameters, productivity, and grain quality parameters.

The research demonstrated an inhibiting effect of the fungicides (Varro, Rex Duo, and Kolosal Pro) on
pathogenic microorganisms. This had an effect on grain quality and yield characteristics. The most effective
agent for controlling diseases of spring wheat in the Pavlodar region is the fungicide named Rex Duo.

The use of fungicidal treatments in combination with fertilizers and plant growth regulators increased
yield structure indicators, which resulted in an even greater impact on yield and quality indexes. Thus, it was
discovered that the use of fertilizers and growth stimulants to crops can be combined with the application of
fungicides.
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P.M. Yanunesa

IpenaparrapablH GYHIMUUATIK O€JICEHALTITH KOHE 0JIapAbIH
sKa3AbIK OMJAalAbIH MaTOreHi MUKPOMMIIETTEPiHE ICEePiH CANBICTHIPMAJIBI OaFaJiay

2022 >KbIIIBIH BETETAUIIBIK MAyCBIMBI aya PalBIHBIH OPTYPJIi JKaFJalimapbIMeH epeKIIeICH Il XKIHE Ka3IbIK
OualiIbIH TaMyBIHBIH OeNrisi O0ip Ke3eHaepiHae AaKbUIIbIH 6Cyi MEH JaMy KOpPCETKIIITepiHe Koaichi3 060J1-
Ibl. OCIMIIKTep KYHII3M TeMIlepaTypara, aya bUIFaIIbUIBIFbIHA YKOHE Kep KAMBUIFBICHIHA, CAaHBIPAYKYJIAK
aypyJNapbIHbIH IECTPYKTHBTI ocepiHe OalaHbICTBI Kyi3emicke viublpansl. JKasaplk Oumaiima akyHTaK
(Erysiphe graminis), koHsIp TatT (Puccinia triticina) sxaHe cenTopro3 (Septoria sp.) CHAKTHI aypyJiap JaMbIJIbL.
OHIMIUTIKTI apTTBIPY JKOHE acTHIK CalachlH >KAaKCapTy YIUiH HETI3ri THIHAWUTKBI, TaMbIPAAH THIC YCTEI
KOPEKTEeHIIPTill, JaKbUTFa KaTBICTHI PETTEeYI KacueTTepi 6ap 3aTTap KoimaHbsuIansl. XKa3aplk Ounait aypyma-
pBIH OaKpUTayOBIH THIMII CaHBIpayKYJIaKKoWFbuapel — Bappo, Pekc [lyo, Komocan Ilpo. 3eprrey HoTH-
JKECIHZIE OCBI CaHBIPAYKYJIAKKOUFBUIAPBIHBIH Ka3/IbIK OWTaiIbIH HETi3ri KO3ABIPFHIIITAPEIH OacyFa )KoHE CO-
HBIH CaJJapblHAH aCTBHIKTHIH OHIM/IUIITT MEH camachlHa ocepi aHBIKTANABL. KO3ABIPFRINITap MEH aya pailbIHbIH
KOJIafChI3IbIFBPIHAH TYBIH/IAFAH KYH3elic jkaraailblHAa CaHbIpayKyJIAKKOWFbIIAp JKa3/AblK Oumai eciMIik-
TepiHiH ecyiHe, MaKblI KYPBUIBIMBIHBIH KOPCETKILITepiHe, OHIMIUIIK )KOHE acThIK CalachlHBIH KepceT-
KimTepine oy acep erri. XKazapIk Oupait aypymnapslH 6akpuIayablH eH THiMII 3aTel — Pekc [yo yHrummmi.
TeIHAUTKBIITAD MEH OCIMAIKTEPIH OCYiH PETTErimTepai KOJJaHa OTHIPHIN, (QYHTHIHATIK MperapaTTapsl
OipikTipreHe ska3ablK OMIAalABIH eTiH )KWHAY KYPBUIBIMBIHBIH KOPCETKIIITEePi KaKcapFaHbl aHBIKTAJIIbI, OYIT
JAKBUIIBIH OHIMIITITT MEH acTBIK CAITACHIHBIH apTybIHA ocep eTTi. THIHAWTKBIIITAD MEH 6Cy CTHMYJISTOPIIa-
PBIH Maiinanany TakeUIapas! QyHTHIMATIK TpenapaTTapMeH OHAeyMEH YilleCiMIl eKEeHIITT aifKbIHIaI bl

Kinm co30ep: xa3nplk Ounaii, puronaroreHnep, MUKpPOMHIETTEP, QYHIHIUATED, THIHAUTKBILITAD, OCY CTH-
MYJISITOPBI, aKYHTaK, KOHBIP TaT, CEITOPHO3.

112 BecTHuk KaparaHgmMHCKOro yHusepcureTa



Comparative evaluation of preparations’...

P.M. Yanuena

CpaBHuTe/IbHAsI OLEHKA (PYHTUIIUIHOM AKTHBHOCTH MPENapaToOB U UX BO3/AeCTBHE
Ha NATOreHHble MUKPOMHIETHI APOBOM MILIEHULbI

Bereranmonnsiii ce30H 2022 T. OTIIMYANICS Pa3IMYHBIMU YCIOBUSMHE TIOTOJIBI, H B OTPE/ICIICHHBIC (a3bl pas-
BUTHS SIPOBOM MIICHHUIIBI ObLT HEOMATOMPHUATEH LTS MTOKA3aTelle pocTa M pa3BUTHUS KyJIbTyphl. PacTeHus uc-
TBITHIBAJIM CTPECC 110 OTHOLICHHUIO K JHEBHBIM TeMIICpaTypaM, BIaKHOCTH BO3/yXa U MOYBEHHOTO IOKPOBA,
JIECTpYKTHBHOMY BIIHMSHHUIO TPUOHBIX Ooje3Heil. Ha spoBoii mieHuIie Noaydmin pa3BUTHE My4YHHCTas poca
(Erysiphe graminis), mucroBas 6ypast p>xaBunna (Puccinia triticina) u cenrropuos (Septoria sp.). C uesbro mo-
BBILICHUS YPOXKaHOCTH KYNBTYPHl M YJIy4IIEHHUS KadecTBa 3epHA HCIIONB3YIOT YHOOPEHHUs, BHCKOPHEBBIC
MOJIKOPMKH, TaK:Ke BEMIECTBA, KOTOPHIC 00JIAIAI0OT PEryISITHBHBIMU CBOMCTBAMHU MO OTHOIICHHUIO K KYJIBTYpE.
OnaumH U3 3QHEKTHBHBIX CPEICTB MO KOHTPOITIO 0O0JIe3HEH sIpOBOI MIIEHUIIBI SABISIOTCS QyHTUImAB Bappo,
Pekc lyo, Komnocane IIpo. B pe3ysnbrate mpoBeIEHHOTO UCCIEAOBAHHS YCTAHOBJICHO BIUSHHC YKa3aHHBIX
BhIIIC (DYHTHIIMIOB HA MOJABIICHHE OCHOBHBIX (DUTOMATOTEHOB SPOBOY MINICHHUITBI, H, KaK CICACTBHUE, HA YPO-
JKafHOCTh, U Ka4eCTBO 3€pHA. B cTpecCOBBIX YCIOBUAX, BEI3BAHHBIX (PUTOMATOT€HAMH M HEOIAronpHUATHBIMU
YCJIOBHSIMH TIOTOJIBI, HCCIeayeMble (pYHTHIUIBI CIIOCOOCTBOBAIM POCTY PACTCHHUIA SPOBOM MIICHHMIIBI, TTOJIO-
JKUTEJIBHO BIMSIN HAa MOP(HOMETpUUECKUE MTOKA3aTEeNH YpoXKasi, ypOosKailHOCTh KyJIbTYpHI U IOKa3aTeny Kade-
ctBa 3epHa. Hanbonee sddextuBHOE neiicTBue npu 60pb0e ¢ 0OJIE3HAMHU SPOBOW MIICHUIIBI, TAKUMH Kak
MY4YHHCTasl poca, Oypast p)kaBuMHa, CENTOPHO3, OKa3bpiBaeT ¢pyHruuun Pexc Jlyo. YcraHoBieHo, 4To B coue-
TaHUU (QYHTHITUAHBIX PENapaToB ¢ MPUMEHEHHEM yJIOOPEHHH U PEryIsSTOPOB POCTa PACTCHUH YIIyUIIUINCH
MOKA3aTeN CTPYKTYPhI YPOKask SPOBOY MIIICHHIIBI, YTO CKa3aJ0Ch Ha MOBBINICHUHN YPOXKAHHOCTH U KauecTBa
3epHa KyJIbTyphl. BBIsBIICHO, UTO BHECEHHE YIOOPEHUH U CTHMYJISATOPOB POCTa COBMECTHMO ¢ 00paboTKOH
MOCEBOB (D)YHTHUIMTHBIMH TPEriapaTaMH.

Kniouesvie cnosa: sipoBasi MIIEHAIA, PUTONATOTEHBI, MUKPOMHUIETHI, (QYHTHIUABL, YIOOPEHHUS, CTUMYIISTOP
pocTa, MydHHCTas poca, Oypast p>kaBuHHa, CEIITOPHO3.
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