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Abstract
The studies evaluated the effectiveness of two schemes for applying protective agents and fertilizers on spring
wheat of the Likamero variety, as well as their impact on the distribution pattern and crop yield.
The main difference between the application regimens was in the dosage of drugs. Both schemes used combined
fungicides (benzisothiazolinone + tebuconazole, cresoxime-methyl) and fertilizers (amino acids,
monopotamiumphosphate, humic fertilizers) during the key stages of development: tillering, flowering, and grain
filling.
In parallel, phytosanitary monitoring was carried out, which showed the absence of pests in all variants of the
experiment. During the studies, the following results were obtained: in the control area (without treatments), rust
damage accounted for 97.2% of the affected leaves, while in the variants with a dosage of 700 ml/ha, this indicator
on days 7 and 14 was 34.7% and 38.2%, respectively. In the variant with an increase in the dose to 900 ml / ha,
these indicators were at the level of 22.5% and 27.3%.
Despite the best indicators of protection in the spread of the disease in Scheme 2, weak shoots and sparse grass
stand were noted, which in turn led to a shortage of crops. In our opinion, this was due to the high dosage during
the seed processing period, which caused the delay in the germination phase. In general, when determining the
biological yield, the following results were recorded: on the control — 35.3 c/ha, according to the first scheme-39.4
¢/ha and 26.7 ¢/ha according to the second scheme.

Keywords: spring wheat, rust, yield, disease spread, tebuconazole, fertilizers.
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AHHOTATIHSA

B xoxe nccrnenosanuii 6b171a o1icHeHA 3(P(HEKTHBHOCTD ABYX CXEM NMPUMEHEHHS 3AIUTHBIX CPEACTB U YI0OPCHUH
Ha SPOBOM mmIcHHWIE copra JIMKaMepo, a TaKwKe WX BIMSHHC HA XapakTep PpacpoCTPaHCHHSI OOJIC3HH H
YPOKAHHOCTD.

OCHOBHOE Pa3IMYHE MEKIY CXCMAMH 3aKII0YATIOCh B JOZHPOBKE MpenaparoB. B obeux cxemax NMPUMEHSIHCh
KOMOMHHPOBAHHBIE (QYHTUImABl (OCH3M30THA30IMHOH + TEOYKOHA30J, KPE3OKCHM-METHI) W YIOOpeHH:
(aMHHOKHMCIIOTHI, MOHOKaNMHH(poc(har, TYMHHOBBIC YIOOPEHHS) HA KIFOUCBBIX 3Tallax Pa3BHTHA. KYIUCHEE,
[BETCHHUC U HAJIWUB 3CPHA.

[MapannemsHO MPOBOAMICS (PUTOCAHUTAPHBIN MOHUTOPHHT, KOTOPBIA MOKA3all OTCYTCTBHE BPEIUTEICH BO BCEX
BapHWaHTax OmbITAa. B Xoae mcciaenoBanuii OBUTH MOIYUCHBI CJICAYIOIIHNE PE3YIBTATHI. HA KOHTPOILHOM YUACTKE
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(6e3 00paboTOK) MOPAKEHHOCTH PXKABUMHOM CocTaBmiaa 97,2% AUCTHEB, TOTAA KAK B BAPHAHTAX C J03HPOBKOH
700 mm/ra 3TOT mOKa3zaTeis Ha 7-H W 14-i mEE cocraBmain 34,7% wu 38,2% coorBercTBeHHO. B BapmanTe ¢
YBEIIMMCHHOH 1030 10 900 My1/Ta TaHHBIC MOKA3ATSIIH OBLTH HA YPOBHE 22,5% u 27,3%.

HecMoTps HA Tyymine mOKa3aTeIH 3AIUTHL OT PACIPOCTPAHCHIS OOJIC3HH BO BTOPOH CXEME, OTMCUAHCH CIa0BIC
BCXOZBI H PA3PCKCHHBIA TPABOCTOMH, UTO, B CBOKO OUCPE/Ib, MMPHUBETIO K CHIDKCHHIO YPOskas. [10 HaImeMy MHCHHIO,
3TO CBA3AHO C BRICOKOH JO3HPOBKOH MPH 00PaO0TKE CEMSH, UTO BBI3BAJIO 3aACPIKKY (ha3hl MPOPACTAHUL.

B nemoM mpu onpeIeTICHAH OHOTOTHYCCKOH YPOKAHHOCTH OBLITH TOTYUCHBI CIICAYIONING PE3YABTATHL KOHTPOIIh
— 35,3 w/ra, mepsas cxema — 39,4 w/ra, Bropas cxema — 26,7 w/ra.

KaroueBnie ciioBa: fApoBas MIICHALA, P/KABYHHA, YPOXKAHHOCTB, PacIpOCTpaHCHHE OOJC3HH, TeOYKOHA30TM,
ya00peHUSL.

COJITYCTIK KABAKCTAHHBIH OPMAH/BI-TAJIA AUMAFBIH/IA KA3JIBIK
BUJIANABI TAT AYPYBIHAH UHTET PAIIUSIJIAHFAH KOPFAYJIBIH OCEPI
Zhang Jing!", Zhu Chuanjie!
Cuans xanacwinwiy Jlunean mexnonousnsx UHHOGAYUANAPOLL Oamsinty komnanuscot, JKIIC
*Xam—xa6ap yuiin asmop: 77034528(@qq.com

Anjarna
3eprreynep OaphIchiHAa JIMKaMEpo COPTHIHBIH Ka3AbIK OMAAHBIHIA KOPFAy Kypaltapbl MCH THIHANTKBIIITAPIbI
KOJJAAHYJBIH €Ki CXEMACBIHBIH THIMALIITI, COHIAN-aK OJApABIH AypPYJbIH TAPAIybIHA JKOHE OHIMILTIKKE dcepi
OaranaHgbL.
Cxemamap apachIHAAFbl HETI3T AWBIPMAIIBUIBIK IIPEMaparTapaplH Memmepinae Oonmel. Exi cxemama aa
Oipikripinrern (yHrumuarep (OCH3H30THA30IMHOH + TCOYKOHA30J, KPC30KCHM-MCTHII) JKOHC THIHAUTKBIIITAD
(AMUHKBIIKBIIIAPSI, MOHOKATHH(pOC(AT, TYMHUHIL THIHAWTKBIIUITAP) OCIMIIKTIH HETI3rl JaMy Ke3eHICPIHIC
KOJJAAHBUIIBL. TYNITCHY, TYJIACY XKOHE JOHHIH TOJBICYBI.
ConbIMeH KaTap (pUTOCAHUTAPIBIK MOHHTOPHHT >KYPTI31TI1, OHBIH HOTHXKECIHC OapIIbIK TOXKIPHOE HYCKAJIaphIHIA
3HAHKECTEPAIH OONIMAraHbl AHBIKTAIABL 3EPTTCY HOTIDKECIHAC MBIHAMAM KOPCETKIINTEP AaNbIHABL OaKbLIay
YYACKECIHAC (OHACYCI3) TaT aypybIMCH 3aKbIMAaHY 97.2% Kypazsl, am 700 mi/ra Memmepinaeri Hyckamapaa 7
skoHE 14 xyHAepi cotikecinme 34,7% sxoue 38,2% 0ommpt. 900 Mir/ra Memmepinae Oyt kepceTkimTep 22,5% xKoHe
27.3% nenrehinge 60IabBI.
AypyapIH TapanybH TE:KEY OOHBIHINA CKIHINI CXEMa YKAKCHI HOTIDKE KOPCETKCHIMEH, 9JICI3 OCKIHACDP MEH CHpPEK
OCIMIIK KAMBUFBICH OaHKaamel, Oy 63 KC3CTiHAC OHIMHIH TOMCHACYIHC okemmi. bi3aiH OHBIMBI3MA, Oy
TYKBIM/IBI OHJCY KE31HE MKOFAPhl MOJIIIEP KOJIIAHBLIY bIHA OAHIAHBICTHI, COHBIH CATJAPHIHAH OHY KE3CH]I KCIMIKTI.
JKasmms1 6MOOTHSIBIK 6HIMIUIK OOWBIHIIA MBIHAKAM HOTIKEJIEP TipKeaai: Oakpliay —35,3 1yra, OipiHmn cxema —
39.4 w/ra, exinmi cxema — 26,7 mw/ra.

Kinr ce3aep: sxa3asIK OMpa, Tat aypysl, OHIMIUTIK, ayPy.abIH Tapaaybl, TCOYKOHA30JL, THIHAUTKBIITAD.

Introduction

Cultivation of spring wheat in the forest-steppe zone of Northern Kazakhstan is the basis
of grain production in the region. However, in recent years, due to the generally rainy spring
during the sowing period, the stability of grain production is under constant threat due to the
widespread spread of leaf diseases, among which brown rust (Puccinia triticina) occupies the
leading role [1, 2]. The spread of this disease is facilitated by favorable weather conditions for
the development of the pathogen (moderate temperatures and heavy dews), as well as, to a
lesser extent, the cultivation of susceptible varieties, which leads to epiphytic outbreaks, which
cause significant yield losses, reaching 30-50% or more, and also sharply worsen the quality of
grain [3, 4].
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The current phytopathological situation dictates the need to develop and implement
effective crop protection systems based on an integrated approach. As practice shows, the most
effective method of controlling and spreading diseases is the use of chemical fungicides [5, 6].
In turn, the chaotic and lack of consistency in their use not only does not provide reliable
protection, but can also provoke the development of resistance in pathogens, have a stressful
effect on plants and have a negative impact on the production of this crop. Based on the above,
it is relevant to provide a scientific justification for the use of protective equipment schemes,
starting with seed dressing and ending with vegetation treatments, which would maximize the
potential of variety productivity with a minimum number of operations performed. The spring
soft wheat variety "Likamero" was chosen as the objects of research, as well as the preparations
benzizothiazolinone 2.3% + fludioxonyl 1.7% used for seed treatment, and for vegetation
benzizothiazolinone 2% + tebuconazole 25% CE and cresoxime-methyl 30% SC and their
effect on the distribution of brown rust (Puccinia triticina).

The aim of our research was to reduce the spread and harmfulness of brown rust in spring
wheat crops in the forest-steppe zone of Northern Kazakhstan by applying various protection
schemes together with leaf fertilization with fertilizers.

Based on this goal, the following research objectives were set:

— to test two complex schemes of crop protection, including seed treatment and treatment
during the growing season (in the phases of tillering, flowering and grain filling), in comparison
with the control without treatments.

— carry out visual phytosanitary monitoring and evaluate the dynamics of brown rust
development on days 7 and 14 (leaf infestation, degree of development and disease index) in
various experimental variants.

— determine the influence of the studied schemes on biological yield and elements of the
crop structure.

Experimental

3.1. Conditions and scheme of the experiment

The research was conducted in 2024 in the forest-steppe zone of Northern Kazakhstan on
spring soft wheat crops of the Likamero variety. The experience included three options:

— control (without treatment with plant protection products),

— scheme 1 (standard drug dosages)

— scheme 2 (increased dosage of drugs).

The treatments were carried out in the key phenological phases of plant development:
pre-sowing seed treatment, tillering phase, flowering phase and grain filling phase.

3.2. Methods of drug administration

Pre-sowing treatment of seeds was carried out by the method of moistening. The
preparation, measured using a laboratory dish (measuring cylinder) to ensure the accuracy of
the dosage, was dissolved in water and evenly sprayed on the seeds scattered on a clean
tarpaulin. After application, the seeds were thoroughly mixed to ensure a uniform coating of
each grain with the working solution.

Vegetation treatments were carried out using a satchel sprayer in the early morning hours
in calm weather to minimize the demolition of the drug. The working solution was prepared
immediately before use. The preparations were dosed using laboratory utensils, after which they
were introduced into the sprayer tank filled with water, with constant stirring to achieve a
homogeneous suspension. During spraying, a uniform supply of working solution was provided
and the vegetative mass of plants was completely covered.
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3.3. Methods of phytosanitary monitoring

Pest control and disease development assessment were performed twice: on the 7th and
14th days after each vegetation treatment.

3.3.1. Pest control

A visual method was used to record pests. On each plot, according to the "five points"
method, 10 plants were selected at each point (a total of 50 plants from the plot). A thorough
inspection of the plants was carried out for the presence of flying, sucking and gnawing pests.

3.3.2. Assessment of brown rust damage

To assess the distribution and development of brown rust, the five-point sampling method
was used. In each of the five points of accounting, 50 leaves were selected on the plot (a total
of 250 leaves per experiment option). For each selected sheet, the following was visually
determined:

Percentage of affected leaves (P, %): Calculated as the ratio of the number of leaves with
rust symptoms to the total number of leaves examined, multiplied by 100.

The degree of leaf surface damage (D, %): Evaluated on a 5-point scale (1%, 10%, 40%,
80%, 100%) using the visual method. The average degree of lesion (D) for the variant was
calculated by the formula:

D=(=( x 1 i)/L,

Where * 1* is the lesion score, 1 1 is the number of leaves with this score, and L is the
total number of leaves examined.

Disease index (I): A complex indicator that takes into account both the prevalence and
intensity of disease development, was calculated by the formula:

I=(F x D)/ 100%,

Where F is the leaf lesion (in fractions of a unit), and D is the average degree of lesion
(in fractions of a unit).

3.4. Accounting for crop structure elements

In the phase of full ripeness, the yield and its structure were taken into account. Mowing
samples were taken from each variant of the experiment with an accounting area of 1 m2. The
following indicators were determined:

— Stalk density for harvesting (pcs/ m2)

— Plant height (cm)

— Productive bushiness (pcs/plant)

— Number of productive stems (pcs/ m2)

— Grain weight from 1 m2 (g/m2), converted to ¢/ ha

— Weight of 1000 grains (g)

Results

According to the results of phytosanitary monitoring conducted according to the
methodology on the 7th and 14th days after processing, pests were not detected on spring wheat
crops. The absence of flying, sucking and gnawing pests was established both in the control
areas without the use of plant protection products, and in all variants of the experiment with the
use of drugs. Thus, during the observation period, the phytosanitary situation was in favorable
conditions, and the level of population with entomological pests did not exceed the economic
threshold of harmfulness and did not require additional protective measures.
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Table 1. Calculation of leaf damage in the control group

Point Examined leaves Affected leaves Lesion by point (%)
1 50 49 98,0
2 50 48 96,0
3 50 50 100,0
4 50 47 94,0
5 50 49 98,0
Total 250 243 97.2 (average)

Based on the results of the survey of five selection points, it was found that the total leaf

lesion was 97.2%, which indicates an extremely high degree of disease development in the site.
The lesion rate for individual points varied from 94.0% to 100.0%, while in four of the five
points the indicator exceeded 96%. Such a narrow range of values indicates a uniform spread
of infection across the field without pronounced local foci or areas with a lower intensity of
damage.

Fixing the maximum level of lesion (up to 100%) at one of the points, as well as a high
average value of affected leaves in the sample (243 out of 250 examined) allows us to conclude
that the critical phase of the disease development requires immediate measures to contain its
further spread. This situation can lead to a significant loss of plant productivity, reduced yields,
and poor product quality.

Table 2. Calculation of leaf damage on day 7 after treatment according to scheme 1

Point Examined leaves Affected leaves Lesion by point (%)
1 50 18 36.0
2 50 17 34,0
3 50 16 32.0
4 50 18 36,0
5 50 18 36,0
Total 250 87 34.7 (average)

On the 7th day after treatment with protective drugs, leaf damage decreased to 34.7%,

which indicates a pronounced deterrent effect of the applied protective agents. The disease
persists, but the intensity of its development has significantly decreased compared to the initial
indicators, and the range of values by points (32-36%) shows a relatively uniform positive
response of plants to treatment. The achieved level of infection indicates the effectiveness of
the selected drug and the scheme of use, which allows us to expect a further reduction in the
spread of the disease while maintaining protective measures.

Table 3. Calculation of leatf damage on day 14 after treatment according to scheme 1

Point Examined leaves Affected leaves Lesion by point (%)
1 50 19 38,0
2 50 18 36,0
3 50 20 40,0
4 50 19 38,0
5 50 20 40,0
Total 250 96 38.2 (average)
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On the 14th day after the treatment with protective drugs, the leaf lesion rate was 38.2%,
which indicates that the deterrent effect of the applied protective agents is preserved and the
disease intensity is further reduced compared to the initial level. The range of values at the
selection points (36-40%) indicates a consistently positive and uniform response of plants to
the applied drug, without pronounced local foci of increased infection. Despite the fact that the
disease is not completely eliminated, the preservation of moderate damage after two weeks
confirms the long-term effect of the drug and the effectiveness of the chosen protection scheme,
which allows us to expect a further decrease in the infection rate while maintaining protective
measures.

Table 4. Calculation of leaf damage on day 7 after treatment according to scheme 2

Point Examined leaves Affected leaves Lesion by point (%)
1 50 11 22,0
2 50 12 240
3 50 10 20,0
4 50 12 240
5 50 11 22,0
Total 250 56 22.5 (average)

On the 7th day after applying the protective drug in an increased dosage, the level of leaf
damage decreased to 22.5%, which indicates a significantly more pronounced suppression of
infection compared to previous treatment results. The range of values (20-24%) indicates a
stable and uniform therapeutic effect, which indicates the correct decision to increase the dose.
A significant reduction in the lesion confirms the improved effectiveness of the drug and the
strengthening of its protective effect on the plant body.

Table 5. Calculation of leaf damage on day 14 after treatment according to scheme 2

Point Examined leaves Affected leaves Lesion by point (%)
1 50 14 28,0
2 50 13 26,0
3 50 14 28,0
4 50 13 26,0
S5 50 14 28,0
Total 250 68 27.3 (average)

On the 14th day after treatment with an increased dose of the drug, leaf damage was
27.3%, which indicates a stable retention of infection at a moderate level. Despite a slight
increase in the lesion compared to the indicator of day 7, the range of values (26-28%)
demonstrates the long-term effect of the drug and the preservation of the protective effect
achieved due to the increased dosage. The data obtained confirm that the use of a higher dose
provided longer-term disease control and prevented a second outbreak of infection during the
observation period.

A comparative analysis of the data for four accounting options showed a marked decrease
in leaf rust damage after the use of protective preparations compared to the control. In the
control group, the lesion rate was 97.2%, which indicates the uncontrolled development of the
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disease and the lack of natural containment of infection. The use of the drug in a standard dose
reduced the lesion to 34.7% on day 7, but by day 14 there was a slight re-increase in infection
to 38.2%, which indicates an insufficient duration of protective action at the standard rate of
application.

Increasing the dose of the drug provided a more pronounced and sustained protective
effect: the lesion decreased to 22.5% on day 7, and by day 14 it reached 27.3%, which
demonstrates better pathogen containment and slowing down re-infection compared to the
standard dosage. The difference between the standard and increased norm of use was 12.2% on
day 7 and 10.9 % on day 14 in favor of the increased dose.

Thus, it was found that the introduction of the drug in an increased dosage provides a
longer and pronounced protective effect, significantly limiting the spread of rust and slowing
down the development of a repeated infectious process.

2.2.2. Degree of disease development

The results are presented in the tables below. In the course of the research, data were
obtained characterizing both the degree of plant damage by leaf diseases and the height and
density of the stem of the Licamero wheat variety, depending on the applied schemes of
protective and nutritional treatments. Table 5 shows the results of the distribution of plants by
degree of damage in the control variant with the calculation of disease development indices.

Table 6. Distribution by degree of lesion in the control variant and calculation of indices

Degree (1), % Number of leaves (1 1) (1*11)
0 (healthy) 7 0
1 8 8
10 15 150
40 30 1200
80 70 5600
100 120 12 000
Total (L) 250 18,958 18 958

Average degree of damage:
D=2X2(G1x11)/L=18958/250=175,8%

Plant rust infestation in the control variant without treatment was extremely high. Of the
250 leaves examined, 243 were affected, which was 97.2%, indicating that the plants were
almost completely infected. The average degree of damage reached 75.8%, which reflects the
severe form of the disease development on most of the affected leaves. The results obtained
confirm the intensive spread of the pathogen and a significant deterioration in the physiological
state of plants in the absence of protective measures.

Table 7. Distribution by degree of lesion on the 7th day after treatment according to the first

scheme
Degree (i), % Number of leaves (1 1) (1x11)
0 (healthy) 163 0
1 18 18
10 28 280
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40 28 1120
80 10 800
100 3 300
Total (L) 250 2,518

D= Y (ixli)/ L= 2518/250=10,1%
F=87/250=34,8%

On the 7th day after the protective treatment according to scheme 1, a noticeable
inhibition of rust development was noted. The lesion rate was only 34.7%, which is almost three
times lower than the control value. The average degree of damage to the affected leaves was
also low — about 10.1%, which indicates the predominant manifestation of the disease in a mild
form. The recorded data indicate a pronounced preventive effect of the drug in the first week
after treatment, which effectively limits both the spread of infection and the intensity of the
lesion.

Table 8. Distribution by degree of lesion on the 14th day after treatment according to the first

scheme
Degree (1), % Number of leaves (1 1) (1x11)
0 (healthy) 154 0

1 16 16

10 30 300
40 35 1 400
80 10 800
100 5 500

Total (L) 250 250 3,016

D= Y(ixli) / L =3016/250=12,1%
F=96/250=38,4%

On the 14th day after applying the drug according to scheme 1, leaf infestation increased
to 38.2%, remaining significantly lower than the control, but there is an increase in infestation
compared to the 7th day. The average degree of damage increased to 12.1%, which indicates a
gradual increase in the symptoms of the disease after a decrease in the protective effect of the
drug. Despite this, the development of rust remained moderate, which confirms the presence of
a continuing but weakened protective effect two weeks after treatment.

2.2.3. Disease index

Disease index for the control variant. In the course of the research, a comprehensive
analysis of the phytosanitary condition of crops and production indicators of wheat of the
Licamero variety was carried out, depending on the applied schemes of protective and
nutritional treatments. The results obtained cover both the degree of development and
prevalence of leaf diseases in the control variant, as well as the morphometric characteristics of
plants and elements of the crop structure for all studied experimental variants.

[ =FxDx100=0,972%0,75832x100= 73,71%.
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A high disease index (73.71%) in the control variant indicates an extremely intensive
development of rust without the use of protective measures. The disease not only spread widely,
but also manifested itself in a severe form, which led to a significant decrease in the
phytosanitary status of plants. This level of damage confirms the need for fungicidal protection
to prevent serious crop losses.

Disease index for control variant 1 of the scheme 7 days after treatment
I=FxDx100=0,348%0,10072*%100=3,5%

7 days after using the drug according to scheme 1, the disease index was 3.5%, which
indicates a significant decrease in both the prevalence and intensity of rust compared to the
control. The treatment had a pronounced protective effect, effectively curbing the development
of the disease at the initial stage after applying the drug.

Disease index for control variant 1 of the scheme 14 days after treatment
I=FxDx100=0,384%0,12064x100=4,63%

After 14 days, the disease index according to scheme 1 increased to 4.63%, which
indicates a gradual weakening of the drug's effect two weeks after treatment. Despite a slight
increase in the lesion, the level of infection spread and the degree of leaf damage remain
significantly lower than the control level, which confirms the continued, albeit weakened,
protective effect.

Disease index for control variant 2 of the scheme 7 days after treatment
[=FxDx100=0,224%0,0456x100=1,02%

Such a low value of the disease index indicates almost complete suppression of the
disease on day 7 with the use of an increased dosage of the drug. The disease was present only
in a very weak form, which proves the high effectiveness of the enhanced protection scheme in
the first days after treatment.

Disease index for control variant 2 of the scheme 14 days after treatment
[=FxDx100=0,272%0,06632x100=1,8%

A disease index of 1.80% after 14 days indicates that the increased dosage provided a
long-term and sustained protective effect. Despite a slight increase in the lesion, the
development of the disease remained minimal, which confirms the advantage of an increased
application rate compared to the basic scheme.

The disease index is a complex indicator that allows you to simultaneously take into
account the proportion of affected leaves and the intensity of infection development, which
makes it more informative than analyzing only the lesion or the degree of damage separately.
Calculations have shown that the use of fungicides significantly reduces the index value
compared to the control, and an increase in the treatment dose contributes to a more pronounced
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and long-term containment of rust, which is important for evaluating the effectiveness of
protective measures in dynamics.

2.3. Indicators for assessing crop yields

Table 8 shows data on plant height and stem density of Licamero wheat, depending on
the applied protective and nutritional treatment schemes. An analysis of the results shows that
the studied variants had an ambiguous effect on morphometric indicators and elements of crop
productivity. Significant differences have been established between the experimental variants
in plant height, the density of standing for harvesting, the number of productive stems and
productive bushiness, which makes it possible to assess the degree of impact of the drugs and
fertilizers used on the formation of wheat yields in specific growing conditions.

Table 8. Determination of the height and stalk densityof Licamero wheat»

Experiment Indicators
option Plant height, Density to Number of productive Productive bushiness,
cm harvest, pcs/m2 | stems from 1 m2, pcs/m2 pes/plant
Control 75 357 392.7 1.1
Schemal 77 357 428.4 1.2
Scheme 2 65 240 290.4 1.21

The presented data indicate a positive effect of protective and nutritional treatments on
the growth and productivity of wheat. In the control group, the plant height was 75 cm with a
productive bushiness of 1.1 and the number of productive stems of 392.7 pcs/ m2. The use of
scheme 1 contributed to a slight increase in height up to 77 cm and the growth of productive
stems up to 428.4 pcs/ m2 due to an improvement in bushiness (1.2 stems/plant), which
indicates the stimulating effect of fungicides and fertilizers on the preservation of productive
shoots. The variant of scheme 2, despite the higher productive bushiness (1.21), was
characterized by the lowest plant height (65 cm) and significantly reduced standing density (240
pcs/m2), which led to the minimum number of productive stems (290.4 pcs/m2). This indicates
a possible stressful effect of a higher dose, which reduced plant survival, although the remaining
plants formed more productive stems.

Table 9. Determination of biological yieldof Likamero wheat»

5] v |Density to|[Productive] Number of |Average grain|Weight of| Grain weight | Gluten
§ .5 % harvest, |bushiness, [productive stems| weight per 1 1000 per 1l m2 |content,
g ‘gn % pcs/m2 | pes/plant. per 1 m2, productive | grains, g (biological %
s = pes/m2 stem, g yield), c/ha
Control 357 1.1 3927 0.9 37 353 28.3
Schemal 357 1.2 428 4 0.92 38 39.4 28.3
Schema 2 240 1.21 290 .4 0.92 38.7 26.7 28.3

In the control variant, without the use of fungicides and additional fertilizers, the density
for harvesting was 357 pcs/ m2 with a productive bushiness of 1.1, which ensured the formation
of 392.7 productive stems and a biological yield of 35.3 c/ha. The gluten content was 28.3%,
which corresponds to the level of strong wheat in the region. The application of scheme 1 led
to a noticeable improvement in production indicators: while maintaining the same density of
standing (357 pcs/ m2), an increase in productive bushiness to 1.2 and an increase in the number
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of productive stems to 428.4 pcs/m2 were noted. The weight of 1000 grains increased to 38 g,
which positively affected the biological yield, which reached 39.4 kg/ha — 4.1 kg/ha higher than
the control. This indicates an increase in the efficiency of photosynthesis and a better realization
of the productive potential of plants due to the reduction of rust damage and the maintenance
of the leaf apparatus in a functional state.

The variant according to scheme 2, despite its higher efficiency in reducing the disease
index, showed a lower yield — 26.7 c/ha. A significant decrease in the density for harvesting
(up to 240 pcs/ m2), most likely due to the high rate of processing and the resulting stress, led
to a decrease in the total number of productive stems (290.4 pcs/m?2). Despite the slightly higher
weight of 1000 grains (38.7 g) and the preserved high quality of grain (28.3% gluten), the low
density of plants did not allow realizing the yield potential.

Thus, the optimal combination of indicators is scheme 1, which provided an improvement
in the structural elements of the crop, an increase in grain weight per unit area and maintaining
high quality. Scheme 2 showed better protection of plants from rust, but reduced stem density
limited productivity.

Discussion

The results of phytosanitary monitoring revealed a sharp difference between the treated
variants and the control for the development of brown rust. In the control area, a catastrophic
development of the disease was observed: leaf damage reached 97.2%, and the average degree
of damage was 75.8%, which led to an extremely high disease index of 73.71% (Table 3, 5).
This indicates that crops are completely defenseless against the pathogen in the absence of
protective measures and is consistent with the data [3] on significant crop losses during
epiphytic years [7]. Both treatment schemes tested had a significant deterrent effect. At the
same time, scheme 2 with increased dosages showed a statistically significant advantage,
reducing the disease index to 1.02% on day 7, while in the variant with scheme 1, this indicator
was 3.5% (Tables 1-3, 6-7). The more pronounced and prolonged efficacy of scheme 2 confirms
the well-known principle of fungicidal action dose-dependent fungicidal action [8-9], however,
as further observations showed, this advantage had ambiguous consequences.

Despite excellent disease control, the use of scheme 2 has had unintended consequences.
Analysis of the crop structure revealed that in this variant there was a significant decrease in
the density of the stem to 240 pcs/ m2 against 357 pcs/ m2 in the control and scheme 1 (Table
8). This is probably a consequence of phytotoxic stress from high doses of drugs, which led to
the death of some plants. As aresult, despite the highest productive bushiness in the experiment
(1.21) and the mass of 1000 grains (38.7 g), the biological yield in the scheme 2 variant turned
out to be minimal — 26.7 c¢/ha (Table 9). This result requires careful consideration, as it indicates
that the maximum fungicidal efficiency is not always identical to the maximum yield [10], and
exceeding the optimal doses can inhibit plant development.

On the contrary, scheme 1, providing reliable protection against rust (damage on the 14th
day — 38.2%), contributed to the realization of the productive potential of the crop. Maintaining
the optimal standing density (357 pcs/ m2) in combination with an increase in productive
bushiness to 1.2 and the weight of 1000 grains to 38 g allowed us to obtain a reliable yield
increase of up to 39.4 ¢/ ha. Grain quality (gluten content at 28.3%) remained consistently high
in all variants, including the control, which, however, does not compensate for losses in the
amount of grain in untreated areas. Thus, it can be concluded that scheme 1 is the most balanced
solution for the conditions of the forest-steppe zone of Northern Kazakhstan, providing an
optimal ratio between protection costs, phytosanitary efficiency and final productivity of
sowing spring wheat of the Likamero variety.



M. Kosbibaes aTeinaarsl CKY Xa6apmbichbn /
222 Bectauk CKY umenu M. Ko3bi6aesa. Ne 2 (70). 2026

Conclusions

Based on the conducted studies, the following conclusions are formulated.

Complex application of plant protection products has shown high efficiency against
brown rust in spring wheat crops. While the control variant without treatments showed a
catastrophic development of the disease with a lesion of 97.2% of leaves and a disease index of
73.71%, both tested treatment regimens significantly reduced the development of the pathogen.
At the same time, the scheme with increased dosages of drugs (Scheme 2) showed a more
pronounced and prolonged fungicidal eftect, reducing the disease index to 1.02% on day 7 and
1.80% on day 14 after treatment, which is significantly better than the results of the scheme
with standard dosages (3.5% and 4.63%, respectively). This is consistent with the data of other
researchers on the dependence of the effectiveness of protection on the applied doses of
fungicides.

However, a significant contradiction was revealed between the level of pathogen control
and the final crop productivity. Despite the excellent fungicidal efficiency of Scheme 2, its use
had a stressful effect on plants, which resulted in a significant decrease in the stem density to
240 pcs/ m2 and, as a result, the lowest yield in the experiment — 26.7 c/ha. At the same time,
Scheme 1 provided reliable protection against the disease and helped optimize the production
process: an increase in the number of productive stems to 428.4 pcs/m2 and the weight of 1000
grains to 38 grams was noted, which allowed to obtain the maximum yield of 39.4 c/ha, which
is 4.1 c/ha higher than the control.

The scientific novelty of the work consists in a comprehensive assessment of the impact
of various intensity schemes of chemical protection, including seed treatment and vegetation
spraying, not only on the development of the pathogen, but also on the elements of the structure
of the spring wheat crop in specific soil and climatic conditions of Northern Kazakhstan. The
practical value of the results obtained is to justify the choice of the optimal security system. It
is established that for the variety "Likamero" in the forest-steppe zone of the region, Scheme 1
with standard dosages is recommended for use, since it provides a significant increase in the
yield of high-quality grain while maintaining phytosanitary efficiency and economic feasibility.
The use of increased doses of drugs (Scheme 2) can be justified only in years with an extremely
strong development of rust epiphytosis, when the potential losses from the disease exceed the
risks of reduced yields due to phytotoxicity.
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