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Abstract. Wheat seeds provide a favorable environment for pathogenic
microflora, which leads to a decrease in seed viability and the release of various
mycotoxinsthatseriously affectplantgrowth and development. Theinitial growth
of spring wheat seeds and the phytopathogenic load were studied as indicators
of phytosanitary status and sowing quality. The phytosanitary state of spring
wheat seeds in the conditions of the Pavlodar region was determined. A total of
22 varieties of spring wheat were analyzed. The sowing characteristics of spring
wheat seeds of different varieties were determined and varietal differences
affecting the sowing qualities of seeds were revealed. Phytosanitary results of
seeds of grain varieties are presented to determine the composition and level of
contamination of seeds. The results of the study revealed a high level of infection
of spring wheat seeds with root rot pathogens: Bipolaris sorokiniana, such fungi
as Alternaria spp., Fusarium spp. and the pathogens of spring wheat bacteriosis
prevailed on the studied samples. The role of hydrothermal conditions in the
invasion of seeds by plant pathogens was determined.
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Introduction

Increasing the productivity of crops and cultivating high-yield varieties resistant to stress
situations and pests is a primary issue in agricultural production [1]. Seeds containing all the
genetic information necessary for growth and development during the growing season are key
to a successful harvest of any agricultural crop. Possible unexplained losses during the growing
period require the necessary knowledge to understand the processes of initial plant growth.
Annual significant crop losses, in which pathogens are the main source of infection, are inherent
to any seed's infectious load. Wheat seeds provide a favorable environment for pathogenic
microflora, which, when developing, decreases seed viability and their nutritional value for
seedlings. Additionally, many microorganisms are noted for producing various mycotoxins
that significantly affect plant growth and development [2-5]. The study aims to establish
the phytosanitary condition and sowing qualities of seed material of spring wheat based on
indicators of initial growth and phytopathogenic load of seeds.

Methodology

The research was conducted at the Biological Research Laboratory of Toraighyrov University
in 2022. The object of research was seeds of 22 varieties of spring wheat harvested in 2021.
Among the varieties are seeds of the Omsk selection (Omskaya 18, Omskaya 35, Omskaya 36,
Omskaya 37, Omskaya 38), Boevchanka, Memory of Asiev, Likomero, Trizo, Grani, Konditerskaya,
Favorite, Saratovskaya 74, Stepnaya Volna, Pobeda, Severyanka, Alabuga, Irene, Kuryer, Voyevoda,
Novosibirskaya and Uralosibirskaya. Seed analysis was conducted according to State standard
12044-93: macroscopic and biological methods and the roll method [6, 7]. Mycological and
phytopathological analyses of spring wheat grain were performed using the methodologies of
Pidoplichko and Bilay [8, 9].

Results and Discussion

The period of filling and ripening of spring wheat occurred in August 2021. The humid
conditions of 2021, with 45 mm of precipitation and an average temperature of 19.8°C, gave
the spring wheat that matured in August a slight advantage, allowing it to expand its ecological
niche. These results confirm data previously obtained in the Pavlodar region. It was established
that the dependence of Alternaria spp. on hydrothermal conditions during the ripening and
maturation of spring wheat was higher than that of B. sorokiniana. In addition to the embryonic
plasma, seeds were infected with Fusarium and Penicillium.

The optimal soil moisture for the crops is 70-75% of the minimum moisture content. Spring
wheat requires easily accessible nutrients in the soil due to its short vegetative period and the
low nutrient absorption capacity of its root system. Wheat is suppressed by high soil acidity. The
optimal reaction is slightly acidic or neutral (pH 6.0-7.5). Shortly after germination, soft wheat
roots spread widely and penetrate deeply into the soil compared to durum wheat. The type of
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soil affects root penetration depth. The root mass at maturity in sod-podzolic soil at a depth of
20 cm constitutes 68% of the total root mass, while in dark-clay soil it is 52%. In conditions of
moisture deficit, root growth at shallower depths is halted.

Spring wheat is characterized by uneven and shaggy buds, which can be explained by
increased soil acidity in northern regions and seed invasion by Fusarium spp fungi. Seeds of
spring wheat germinate at temperatures of +1... +2°C; viable sprouts germinate at +4... +5°C for
germination. However, at these temperatures, germination and emergence of seedlings occur
very slowly. If the soil temperature at the depth where the seeds are placed is 5°C, the shoots
will appear on the 20th day, on the 13th day at 8°C, on the 9th day at 10°C, and on the 7th day
at 15°C. Sprouts can withstand short-term frosts up to -10°C. Spring wheat is most resistant to
negative temperatures in the early stages of development. For example, it can withstand frosts
from -6 to -13°C during seed germination and from -8 to -9°C during the vegetative period.
During flowering and ripening, it can be damaged by frosts from -1 to -2°C.

At temperatures of 10-12°C, it tolerates wilting well. Low soil temperatures at this time
contribute to the formation and development of nodal roots and increase yield. The optimal
temperatures for grain formation during ear emergence and ripening are 16-23°C. Negative
temperatures during ripening can damage the grain. Frozen grain has low technical quality and
seed viability. Spring wheat is sensitive to high temperatures, 38...40°C, and paralysis from heat
stress occurs within 10-17 hours. The negative impact of high temperatures is exacerbated by
dry winds during hot seasons.

Varieties of spring wheat adapted to northeastern Kazakhstan are most resistant to high
temperatures. Among early spring grain crops, wheat is the most resistant to high temperatures
when well-watered. Water consumption at various stages of development is distributed as
follows: during seedling emergence - 5-7% of total water consumption for the entire growing
season; during tillering - 15-20%; during tube formation and ear emergence - 50-60%; during
milking stage - 20-30%; during wax ripeness - 3-5%. From germination to milk ripeness, it
accounts for 70-80%.

If the spring water reserve in a meter layer is less than 100 mm, a water deficit arises; if
it is less than 60 mm, yield decreases sharply. Critical periods for water absorption are the
tillering and ear emergence stages. A lack of moisture in the soil during this period leads to an
increase in the number of barren spikelets, which is often observed in northeastern Kazakhstan.
Subsequent precipitation (including heavy rain) cannot compensate for the lack of moisture at
this time. Under such conditions, wheat quickly transitions from one stage to another, and yield
decreases rapidly. In northern Kazakhstan, later sowing dates provide optimal conditions for
growth and development.

Research results conducted under laboratory conditions show that among low-stature
varieties, Omskaya 38 and Trizo have the shortest coleoptile lengths of 4.2 cm and 4.1 cm
respectively. Other varieties can be classified as medium coleoptile based on Y.S. Larionov's
grading [10]. In terms of sprout length, those exceeding 11 cm include Memory of Aziev,
Likomero, Omskaya 35, Boevchanka, and Uralosibirskaya, as presented in Table 1.

A.H. T'ymunres amwindazor Eypasus yammorx ynusepcumeminityy XABAPIIBICBI. N24(149)/ 2024 9
Bu0A0ZUAABIK 2UIALIMOAP CepusiCt
ISSN: 2616-7034. eISSN: 2663-130X



R.M. Ualiyeva, M.A. Zhaksybek

Table 1
Sowing qualities of spring wheat seeds of the harvest 2021
Variety Length, cm Germination, %
root coleoptile sprout

Memory of Asiev 12.2 5.8 13.4 97
Likomero 10.8 4.8 11.9 96
Omskaya 18 10.5 6 12.2 77
Omskaya 35 14 5.3 171 96
Omskaya 36 11.4 5.2 18 95
Omskaya 37 13.2 5.5 14.7 91
Omskaya 38 11 4.2 5.7 97
Boevchanka 12 5.3 16.9 90
Trizo 6.3 4.1 8.2 91
Grani 13.4 4.7 7.4 98
Uralosibirskaya 12.3 5 18.7 87
Konditerskaya 8.5 6.5 11.9 93
Favorite 9.5 6 14.3 89
Saratovskaya 74 7.7 4.6 11.6 65
Stepnaya Volna 12.6 5.6 13.3 88
Pobeda 7.5 5 9.5 90
Severyanka 9.5 5.2 111 80
Alabuga 10.7 6 14.1 84
Irene 13.6 6.1 15.2 90
Kuryer 13.5 6.5 15.3 79
Voyevoda 12.3 6 12.8 86
Novosibirskaya 12.9 5.3 15.8 96
Average 11.3 5.8 13.5 84

All studied varieties samples had germination rates above 80%, except for the varieties
Omskaya 18 (77%) and Kuryer (79%). The maximum possible germination rates of 97-98%
were shown by the varieties Memory of Aziev, Omskaya 38, and Grani. Table 2 presents data
on the ratio of healthy to infected seeds, the prevalence of root rot, and its pathogens in spring
wheat seeds.
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Table 2
Results of phytoexamination of spring wheat seeds of the harvest 2021, %
Variety Healthy Seeds Including bacteriosis
seeds infe_cted S & s, &
with S © & 2
pathogens: E ‘§ § §.
2a] < = L
Memory of Asiev 59 41 4 38 2 3
Likomero 64 36 5 12 7 5
Omskaya 18 60 40 4 37 2 6 41
Omskaya 35 38 62 3 7 12 7 4
Omskaya 36 28 72 0 4 0 8 16
Omskaya 37 42 58 4 21 28 2 34
Omskaya 38 49 51 10 44 13 0 4
Boevchanka 76 24 17 52 2 2 28
Trizo 62 38 12 31 1 14
Grani 37 63 0 37 20 4 22
Uralosibirskaya 27 73 2 46 9 0 10
Konditerskaya 31 69 0 44 7 0 30
Favorite 36 64 6 45 3 18
Saratovskaya 74 51 49 1 61 2 2 10
Stepnaya Volna 39 61 5 39 18 9 39
Pobeda 30 70 6 55 7 3 29
Severyanka 68 32 2 49 7 3 26
Alabuga 76 24 5 39 2 2 35
Irene 67 33 3 45 5 1 41
Kuryer 69 31 9 39 5 6 33
Voyevoda 24 76 4 25 49 2 48
Novosibirskaya 60 40 1 19 17 1 6
Average 51.5 48.5 3.9 44.9 15.6 2.0 34.1

The pathogens causing seed mold were mainly represented by Penicillium spp.

The composition and level of seed infection on spring wheat varieties are shown in Figure 1.
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Figure 1. Composition and level of seed infection on spring wheat
varieties in 2021, %

Moreover, it has been noted that even when seeds are heavily colonized by fungi causing
root rot, they do not necessarily exhibit disease symptoms at the germination stage. Therefore,
not all varieties with the highest degree of fungal invasion showed signs of root rot, except for
Uralosibirskaya and Voyevoda varieties, which had the highest percentage of infected seeds and
consequently more seedlings with signs of root rot.

Phytosanitary examination of seeds is an integral part of modern production technology and
has the potential to protect crop yields and grain quality, as it can predict the likelihood of
plant disease. Only accurate disease diagnostics, knowledge of their causes, and specifics of
development form the basis for successful preventive and protective measures [2, 6]. Quality
seed treatment with fungicides should begin with mandatory phytosanitary examination.

According to numerous studies, the main causative agent of root rot is Fusarium spp [11-
13]. Infection of ears by fungi of the genus Fusarium spp. leads to a decrease in grain quantity,
seed germination, and partial seedling death. Fusarium spp. infection can result in yield losses
of up to 50%. Yield losses can exceed 10%, and seed germination may decrease by 40%. Fungi
produce mycotoxins that are hazardous to humans and livestock.

Fungi of the genus Alternaria spp. colonize seeds during plant development in the field before
harvest. Seeds affected by alternariosis have low germination energy and germination rates.
The harmfulness directly depends on the climatic conditions under which the grain ripened and
the conditions of its storage. Alternaria spp. has the ability to produce toxins that are dangerous
not only to plants but also to humans and animals.

In addition to phytopathogenic fungi, saprotrophic mold fungi (species of the genus
Penicillium spp.) can cause significant damage to seed material. In field conditions, these fungi
develop in years with high humidity during grain ripening and harvesting. Seeds affected by
saprotrophic fungi can become reinfected during storage [4].
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Bacterial diseases cause decay at the root stem, hollow stem, and in the germination zone of
seeds. The most dangerous of the aforementioned diseases is invasion in the seed germination
zone. Sometimes up to 50% of spring wheat seeds have blackened embryos, leading to a 35%
reduction in seed germination and a decrease in plant density, severe root rot, and a sharp
decline in yield. Overall, complexes of seed infections reduce yield by 30-70% and germination
by 35%.

As shown by the conducted phytosanitary examination, no seeds free from pathogenic
microflora were found among the studied spring wheat varieties. The minimum infection load
among all studied varieties was noted for Boevchanka and Alabuga varieties, with 76% healthy
seeds. On average across all varieties, 51.5% of infected seeds were identified (ranging from
24% to 76%).

The most affected samples were Omskaya 38, Omskaya 35, Grani, Omskaya 36, Uralosibirskaya,
and Voyevoda (with 51% to 73% infected seeds).

[t should be noted that the most harmful root rot pathogens, such as Bipolaris sorokiniana,
were not found as actively in the seeds from the 2021 harvest; the highest infection rate was
observed for Boevchanka variety at 17% infection. The majority of pathogenic microflora in the
seeds consisted of fungi from the genera Alternaria spp., bacterial pathogens, and Fusarium spp.

If seeds that are heavily infected with plant pathogens are used for sowing, prolonged
outbreaks of fusariosis and premature appearance of Alternaria spp may occur. Crop losses
can reach 50%, while the quality of fiber and seeds decreases. In confirmed phytosanitary
conditions, it is undesirable to use seeds infected with a higher number of plant pathogens
than indicated; however, in cases of extreme necessity, forced thermal treatment (heating)
and pre-sowing seed treatment should be carried out. To enhance plant resistance, it is also
recommended to treat seeds with a complex of microelements and growth regulators, as well
as to adhere to effective sowing conditions for spring wheat seeds.

Since antagonistic microorganisms are the most important natural factors suppressing
parasitic activity and survival of root rot fungi, the toxicity threshold of root rot fungi varies by
zones and soil types and depends on soil suppression.

Seed treatment should not be viewed as the sole method for improving seed quality; it
should be used in conjunction with other technical measures that enhance plant resistance and
chemical effectiveness. Heating, calibration, and exposure to pulsed low-frequency electric fields
are very effective for improving sowing qualities of seeds and phytosanitary parameters. Grain
crop seeds are heated at 20°C for 5 days in a stirred storage facility or in an open area. Seeds
can be ripened in a dryer for 1.5-2 hours (maximum 5-8 hours) at a carrier temperature of 45-
50°C and in a humid heap at 25-30°C for 15-20 hours. Calibration increases field germination
by 10-12%, especially for grain harvested in cold, wet weather in autumn and seeds with
physiologically immature embryonic plasma. Calibration removes small grains (less than 2.5-3
mm in diameter), and its effect on improving germination ranges from 5 to 20% depending on
the batch and variety, while the biological effect against root rot and septic fungi is 30% or more.

Seed treatment should be conducted using preparations according to the "List of Pesticides
and Agrochemicals,” such as Vitavax 200FF (2 1/t), Raxil Ultra (0.2 1/t), Dividend Star (1.0 1/t),
Tebu 60, ME (0.4-0.5 kg/t). These preparations are widely used in the Pavlodar region. Good
results under favorable conditions are also provided by growth regulators like Biosil.
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To enhance the physiological resistance of plants to harmful organisms when there is a
deficiency of microelements in the soil, ammonium molybdate and zinc sulphate (2 kg/t), boric
acid (1.5 kg/t), copper sulfate (1-2 kg/t), as well as plant growth regulators, are added to the
treatments.

Conclusion

Thus, by checking seeds in phytosanitary conditions, it is possible to accurately determine
their state, select fungicides with a specific spectrum of action, and carry out treatment in a
differentiated manner (that is, with minimal impact on nature and maximum economic benefit
for the enterprise). The results of this research can be used in breeding work to select varieties
with specific resistance to seed infection and diseases during the growing season. Phytosanitary
examination of cereal seeds allowed for the identification of the main phytopathogens
transmitted through spring wheat seeds: Bipolaris sorokiniana, fungi of the genera Alternaria
spp., and Fusarium spp.

As a result of the research, a high degree of contamination of seeds with root rot pathogens
was identified. The studied samples were dominated by: alternariosis up to 44.9%, bacteriosis
up to 34.1%, fusariosis up to 15.6%, Bipolaris sorokiniana up to 3.9%, and seed mold Penicillium
spp. up to 2.0%. An exceedance of the economic threshold value (ETV) for Alternaria spp. on
wheat was noted at 44.9%. Based on the results of the phytosanitary examination, the most
effective seed treatments and growth regulators have been recommended.
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P.M. YasinmeBa, M.O. JKakcbi6eK
Topaiirvipos yHusepcumemi, [lasaodap, Kasakcman

IlaBs10AAp 06/1BICHI XKaFAANBIHAA €TiC TEXHOJIOTHACHIH OHTalIaHABIPY GaKTOpHI peTiHAe
’Ka3JbIK, 6MAAN TYKbIMBIHBIH PUTOIKCIIEPTU3ACHI

Angarna. buga TyKbIMAaphl MaTOreHAiK MUKOQJI0pa YIIiH KOJIAM/Ibl OpTa GOJIbIIN TabbLIaAbI, OYJI
TYKbIMHBIH 6MipllIeHiriHiH ToMeHJeyiHe )oHe oCIMIKTep/iH ecyi MeH JaMyblHa eJieyJii acep eTeTiH
9PTYPJIi MUKOTOKCHUHAEP/iH, O6stiHyiHe aKeseai. 2Ka3blK 6Mail TYKbIMbIHBIH, 6aCTaNKbI 6Cy JeHreui
*koHe PUTONMATOreH/iK XKYKTeMe GUTOCAHUTAPJIBIK KaFAal MeH eriCTiK camacblHbIH KepceTKiliTepi
peTinze 3eptTei. [laByogap o6JbICH KaFJalbIHAA Xa3AblK 6UJall TYKbIMBIHBIH GUTOCAHUTAPJIBIK
*KaFJaiibl aHbIKTaJ1bl. BapJIbIFbI )Ka3/bIK OUAaNAbIH 22 Typi 3epTTenai. XKa3ablK 61U/1al COPTTAPBIHbIH,
TYKBIM/JIbIK CHIIaTTaMaJlaphl }koHEe TYKbIMHBIH Ce0Y caracblHa 9CEP €TETIH COPTTHIK albIPpMaIlbLIBIKTAP
aHbIKTaJ1bl. TYKbIMHBIH KypaMbl MeH 3aKbIM/IAaHY AeHTIeUiH aHbIKTay YILUiH J9H/AI JaKbL1ap COPTTaphl
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TYKbIM/IAPbIHbIH, GUTOCAHUTAPJBIK HOTIXKeJlepi YChIHbUIFAH. 3ePTTey HOTUKesepi KasAblK O6ujai

TYKbIM/JapbIHbIH, TaMbIPILiPiK KO3/ bIPFbIIITAPbIMEH 3aKbIM/JaHYbIHbIH, }KOFaphl JeHreliH aHbIKTabl:

Bipolaris sorokiniana, Alternaria spp. »xaHe Fusarium spp. TYKbIMJacCbIHbIH CaHbIPayKy/JIaKTaphbl

’KOHe »Ka3/blK OuJlall OaKTEpHO3bIHbIH, KO3JbIPFBIIITApbl 3epTTEJreH yJrijepae 6acbiM 60JAbI.

['uapoTepMUsIbIK KaFLahaap/iblH 6CIM/IiK IaTOreHAePiHiH TYKbIM HHBA3UsICbIHIaFbl POJ1i aHbIKTAJAbI.
Ty¥iH ce3aep: PUTO3IKCIEPTHU3], XKA3/bIK OUAAM, OHTIIITIK, Ce0y canachl, maToreH

P.M. YanueBa, M.A. ¥Kakcbi6ek
Topatizvipos yHusepcumem, llasaodap, Kazaxcmax

duTOIKCIEPTH3A CEMSH IPOBOM MIIEHHUIIbI KaK PAKTOP ONTUMHU3AIMH TEXHOJIOTHH MOCEBA
B yciaoBusax IlaBiogapckoi 06/1actv

AnHoTanus. CeMeHa NIleHULbI SIBJSIOTCS 6J1aronpusTHON cpeslod /sl MaTOreHHOM MUKOQJIOPHI,
KOTOpas BbI3bIBAeT CHW)KEHHE KM3HECIIOCOOHOCTH CEMSIH U BblJieJIeHHe Pa3JIMYHbIX MUKOTOKCHHOB,
Cepbe3HO BJMSIOLIMX Ha POCT U pa3BUTHe pacTeHUH. Bbuin uccienoBaHbl HayalbHbIM POCT CEMSH
sIpOBOM MUIEHUIbI U QUTONATOreHHasl Harpy3ka Kak Nokas3aTeJd (pUTOCAHUTApPHOTO COCTOSHUSA U
IIOCEBHbIX KaueCTB. YCTaHOBJIEHO GUTOCAHUTAPHOE COCTOSIHUE CEMSIH SIpPOBOM NIEHHUIIb], B YCIAOBUAX
[TaBaogapckoit o6J1acTu. B 0611e# CJI0’)KHOCTH ObLJIO IPOAHAIU3UPOBAHO 22 COPTa SIPOBOM MIlIEHHUIIbI.
OnpefiesieHbl TOCEBHBIE XapaKTEPUCTUKU CEMSIH COPTOB SIPOBOM MILEHHUILbI U BbISIBJEHBI COPTOBbIE
pas/inuud, BAUAKIIME Ha 1I0CeBHble KadyecTBa ceMsH. [IpeficTaBieHbl UTOCAaHUTApHbIE pe3yJIbTaThl
CeMSH COPTOB 3€pPHOBBIX KYJbTYp AJis OIpeJieJleHHUs COCTaBa U YPOBHS 3apa)KeHHOCTU CEMSIH.
Pe3sysbTaThl UcC/ef0BaHUA BbIIBUJINA BbICOKUN ypPOBEHb 3apa)KEHHOCTH CeMSH SIPOBOM MNIIEHULbI
BO30YAUTENSAMH KOPHEBBbIX rHUjed: Bipolaris sorokiniana, rpu6amu poga Alternaria spp., Fusarium
Spp- ¥ BO36yAuTe M 6aKTEPHO30B SIpOBOM MIIEHUIbI peob/aZiavu Ha UcclelyeMblX 00pa3uax. belia
omnpe/iesieHa poJib THAPOTEPMUYECKUX YCJIOBUH B UHBA3WU CEMSIH IAaTOT€HAMU PacTEHUH.

Knro4eBble c10Ba: puTOIKCIIEpTU3a, APOBast MILIEHULA, BCX0KECTb, I0CEBHbIe KaueCcTBa, NaTOreH
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