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THE FUNGICIDES EFFECT TESTING ON FLAX AND LENTILS SEED INFECTION IN
THE LABORATORY CONDITIONS

Abstract

In recent years, research on the study of flax diseases has not been conducted in Kazakhstan and Russia.
Research on diseases and pests of flax in the CIS countries is devoted to applied issues aimed at evaluating the
effectiveness of preparations for pre-sowing seed treatment, monitoring the spread of diseases and pests, and
assessing their impact. Research on flax seeds in different parts of the world is especially important because
the response of cultivars to fungal pathogens can vary regionally due to the presence and/or development of
new strains of the pathogen. The article presents the research results on the influence of fungicides on seed
infection of flax and lentils in laboratory conditions. The data from phytoexamination of lentil and flax seeds
showed that these crops were dominated by fungi from the genera Fusarium and Alternaria, and bacterial
exudate was also noted with a frequency of occurrence ranging from 57.1% to 85.7%. Evaluation of the
effectiveness of seed dressing in a controlled laboratory environment showed that all tested preparations,
including Selest Top 312.5, s.c. (thiamethoxam, 262.5 g/l + difenoconazole, 25 g/l + fludioxonil, 25 g/l),
Lamador, s.c. (prothioconazole, 250 g/l + tebuconazole, 150 g/l), and Olimp, s.c. (flutriafol, 75 g/l +
thiabendazole, 50 g/l + imazalil, 15 g/l), were highly effective against Fusarium spp. and Alternaria spp.

Key words: phytoexamination, flax, lentil, fungicide, microorganisms, diseases, seeds, isolates."

Introduction

In the last 10 years, the area under oilseeds has doubled: from 1.2 million hectares in 2009 to 2.9 million
hectares in 2019. The increase in sown areas of oilseeds was achieved by expanding the areas of flax by 5
times, soybeans by 2 times, and safflower by 39%. According to the Committee on Statistics of the Ministry
of Economy of Kazakhstan, the sown area of oilseeds in Kazakhstan for the 2020 harvest increased by 14%
compared to the previous year, reaching a record 2.838 million hectares for the country. Statistics show that in
the structure of sown areas, the largest sector is occupied by oilseed flax. For instance, in 2018, 1.1 million
hectares were sown with this crop, compared to 869.7 thousand hectares the previous year. Furthermore, there
is a 47% increase in the area allocated for rapeseed cultivation in the farms of Kazakhstan. Flax is an
economically important industrial crop in the Republic of Kazakhstan, cultivated on an area of 654 thousand
hectares, with an average yield of 8 centners per hectare and a gross harvest of 490 thousand tons. The demand
for flax is constantly growing [1].

In recent years, in the Republic of Kazakhstan, there has been a significant increase in acreage under
oilseeds. For example, the area for sowing and growing flax has almost doubled. For Kazakhstan, the
cultivation of flax has become one of the most important components of agribusiness [2]. However, despite
the significant increase in the area of demanded agricultural crops, the yield of many of them remains low.
Depending on weather conditions, crop losses of agricultural crops, especially oilseeds, from pests, diseases,
and weeds reach 20-30% or even more [3]. For example, flax Alternaria blight, caused by Alternaria lini Dey,
is the main fungal disease that significantly reduces the quantity and quality of seeds, leading to yield
reductions of 18-43%. The disease was first discovered on flower buds in Kanpur, Uttar Pradesh, in 1933. The
causative agent persists in seeds, soil, and plant debris. It is possible to combat the disease using favorable
crop rotation, optimal sowing dates, removal of plant residues, soil solarization, resistant varieties, and pre-
sowing seed treatment with chemical and biological agents [5-11].

In Kazakhstan and Russia, research on flax diseases has been limited in recent years. Research on
diseases and pests of flax in the CIS countries is primarily focused on applied issues, such as evaluating the
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effectiveness of pre-sowing seed treatment [11] and monitoring the spread of diseases and pests and their
impact [12; 13]. Research on flax seeds in different parts of the world is particularly important because the
response of cultivars to fungal pathogens can vary regionally due to the presence and/or development of new
strains of the pathogen."

Materials and methods

The research was conducted at the “Kazakh Research Institute of Plant Protection and Quarantine named
after Zh. Zhiyembayev” LLP. To determine the presence of fungi, flax and lentil seeds were grown in four
replicates in a humid chamber at a temperature of 25°C [7, p. 71] on potato dextrose agar and incubated for 8
days [14, 15].

The evaluation of fungicidal activity was carried out on nutrient media (potato-glucose agar and potato-
dextrose agar) with the addition of fungal preparative forms. Incubation was conducted at room temperature,
and fungicidal activity was assessed by measuring the diameter of the growth zone of micromycetes. The
control group involved the development of fungi on a nutrient medium without the addition of preparative
forms. This experiment was repeated three times [16].

The fungal microflora of the seeds was determined following established methodological guidelines.
Seed treatment with isolates was carried out using a moistened method. The effectiveness of preparative forms
(isolates) was determined by assessing the degree of suppression of fungal microflora on a nutrient medium
[17, 18]. In light of these procedures, the objective of this study is to conduct a phytoexamination of seeds and,
specifically, to investigate the impact of fungicides on seed infection of flax and lentils under laboratory
conditions.

Results/discussion

"The main diseases of oilseed flax include fusarium, anthracnose, ascochytosis, and rust. Disease
intensity depends on the virulence of the pathogen, weather conditions, and the vulnerability of the variety.
Seed material has a significant influence on the yield volume and its quality. Even when flax seeds are infected
by 10-15%, there is a decrease in yield. Diseases can cause serious reductions in lentil yield and its quality.
The most effective method for managing diseases is implementing the correct crop rotation. Chemical
treatments are also effective when applied at the early stages of the disease or as a preventive measure. The
most important diseases include fusarium wilt (Fusarium oxysporum f. sp. lentis), ascochytosis (Ascochyta
fabae f. sp. lentis), anthracnose (Colletotrichum spp.), rust (Uromyces viciaefabae), root rot (Fusarium spp.,
Rhizoctonia solani), and others.

The results of phytoexamination of lentil and flax seeds showed that these crops were dominated by
fungi from the genus Fusarium and Alternaria. Bacterial exudate was also noted with a frequency of occurrence
ranging from 57.1% to 85.7%. The fungicidal activity of three seed treater fungicides was studied. Evaluation
of the effectiveness of fungicidal preparations in laboratory conditions on a nutrient medium showed that all
tested preparations were highly effective against fungi of the genus Fusarium spp. and Alternaria spp. isolated
from flax seeds and lentils (Table 1).

The laboratory phytopathological analysis of flax and lentil seeds was conducted in 2022. The analysis
results revealed high contamination of seed material, ranging from 14.2% to 85.7% of affected plants. The
value of P<0.05 is critical. It says that it is possible to correctly compare the average values of the dependent
variable by this factor.

Table 1 — Lentils and flax seeds microorganisms isolation frequency (Kazakh Research Institute of Plant
Protection and Quarantine, 2023)

Crop Microorganisms isolated, %
Fusarium Alternaria Aspergillus Penicillium Bacterial exudate
Lentils 28,5 71,4 0,0 14,2 57,1
Flax 1/1 14,2 14,2 0,0 28,5 85,7
P value, factor crop <0.05 <0.05 <0.9 <0.05 <0.05

The phytoexamination data of lentil and flax seeds revealed a predominant presence of Fusarium and
Alternaria fungi, along with the noted occurrence of bacterial exudate with a frequency ranging from 57.1%
to 85.7% (see pictures 1-2). It is important to note that saprophytic fungi, such as Alternaria, can reduce
germination ability, while anomorphic fungi like Fusarium can increase the risk of seed rot.
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Figure 1 — Lentil seed samples on nutrient media (Kazakh Research Institute of Plant Protection and
Quarantine, 2023)

Figure 2 — Flax seed samples on nutrient media (Kazakh Research Institute of Plant Protection and
Quarantine, 2023)
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Figure 3 —Alternaria spp. fugi coidium extracted from lentil seed (Kazakh Research Institute of
Plant Protection and Quarantine, 2023)
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Figure 4 — Altemaria linicola Neerg. fungi conidium extracted from flax seed (Kazakh Research
Institute of Plant Protection and Quarantine, 2023)

The results of seed phytoexpertize showed that flax and lentil seeds were mainly infected by pathogenic
and saprophytic microflora. However, the negative effects of diseases can be avoided, if the seed material is
disinfected in time.

The results of seed phytoexamination revealed that both flax and lentil seeds were primarily infected by
pathogenic and saprophytic microflora. However, the negative effects of these diseases can be avoided through
timely seed disinfection.

To assess their effectiveness against seed infection, several fungicides were evaluated in laboratory
conditions. The study focused on the fungicides' impact on the growth and development of pathogenic fungi.
The following fungicides, applied during pre-sowing seed treatment, were investigated: Celest Top 312.5, s.c.
(thiamethoxam, 262.5 g/l + diphenoconazole, 25 g/l + fludioxonil, 25 g/), Lamador, s.c. (prothioconazole, 250
g/l + tebuconazole, 150 g/l), and Olymp, s.c. (flutriafol, 75 g/l + thiabendazole, 50 g/l + imazalil, 15 g/l). Both
seeds and strains of phytopathogenic fungi extracted from flax and lentils were used as test subjects. The
resistance of the crop's fungal pathogens to these fungicides was evaluated on agar media (potato dextrose
agar) by adding fungicide concentrations of 1 ppm, 10 ppm, and 100 ppm, as well as on fungicide-free media
(control)."
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Figure 5 — flax seeds on nutrient medium without fungicide (control) (Kazakh Research Institute of
Plant Protection and Quarantine, 2023)
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Figure 6 — flax seeds on nutrient medium with fungicidesKazkh Research Institute of Plant
Protection and Quarantine, 2023)
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a o ' b
Figure 7 — flax seeds on nutrient medium:
a) fungicide-free (control); b) with fungicide(Kazakh Research Institute of Plant Protection and
Quarantine, 2023)
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Figure 8 — lentil seeds on nutrient medium:
a) fungicide-free (control); b) with fungicide (Kazakh Research Institute of Plant Protection and
Quarantine, 2023)

The pictures show that the chemicals effectively inhibited the growth and development of
phytopathogenic and saprophytic fungi on seeds.
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Figure 9 - Suppression of radial phytopathogeic fugi
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The results demonstrated the suppression of radial colony growth in all tested fungal species when
fungicides were added. The evaluation of fungicide effectiveness in laboratory conditions on nutrient media
revealed that all the tested preparations—Celest Top 312.5, s.c. (thiamethoxam, 262.5 g/l + diphenoconazole,
25 g/l + fludioxonil, 25 g/l), Lamador, s.c. (prothioconazole, 250 g/l + tebuconazole, 150 g/l), and Olymp, s.c.
(flutriafol, 75 g/l + thiabendazole, 50 g/l + imazalil, 15 g/l)—were highly effective against fungi of Fusarium
spp. and Alternaria spp.

Conclusion

The results of phytoexamination of lentil and flax seeds showed that the seeds of these crops were
dominated by fungi from the genus Fusarium, Alternaria, and bacterial exudate was also noted with a
frequency of occurrence of 57.1-85.7%. The fungicidal activity of 3 seed treater fungicides was studied.
Evaluation of the effectiveness of fungicidal preparations in laboratory conditions on a nutrient medium
showed that all tested preparations were highly effective against fungi of the genus Fusarium spp. and
Alternaria spp. isolated from flax seeds and lentils.

The article was written based on the results of research as part of the implementation of the Targeted
Financing project for 2021-2023: BP 267, according to the scientific and technical program of the Ministry of
Agriculture of the Republic of Kazakhstan BR 10764960 "The Development and improvement of an integrated
system for the protection of fruit, vegetables, cereals, fodder and legumes and plant quarantine”.

In conclusion, the phytoexamination of lentil and flax seeds revealed a dominance of fungi from the
genus Fusarium and Alternaria, with the additional presence of bacterial exudate at a frequency ranging from
57.1% to 85.7%. The study assessed the fungicidal activity of three seed treater fungicides, and the evaluation
of their effectiveness in laboratory conditions on a nutrient medium demonstrated that all tested preparations
were highly effective against fungi of the genus Fusarium spp. and Alternaria spp. isolated from flax seeds and
lentils.

Acknowledgements. This article is based on the results of research conducted as part of the
implementation of the Targeted Financing project for 2021-2023: BP 267, in accordance with the scientific
and technical program of the Ministry of Agriculture of the Republic of Kazakhstan, BR 10764960, titled "The
Development and Improvement of an Integrated System for the Protection of Fruits, Vegetables, Cereals,
Fodder and Legumes, and Plant Quarantine."
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M.M. bexescanosa™, H.7K. Cynmanosea
TOO «Kazaxcxuu HUU 3awyumol u kapanmuna pacmenuii um. XK. Kuembaesay, e. Anmameoi,
Pecnyonuxa Kazaxcman, madina.bekezhanova.80@mail.ru*; nadira.sultanova@mail.ru
MN3YYEHHUE BJIUSIHUS ®YHI'UIIUI0B HA CEMEHHY IO UH®EKIHUIO JIbHA U
YEYEBUILbI B JABOPATOPHBIX YCJOBHUSIX

Annomauus

B Kazaxcrane u Poccun B mocienHue roasl He MPOBOAUIINCH UCCIEAOBAHUS 110 H3YICHHUIO OOJe3Hei
npHa. MccnenoBanus mo 00Ne3HsIM B BpeIuTeNsIM JibHa-1oaryHna B ctpaHax CHIT mocBsieHsl MpUKIagHbIM
BOIPOCAM, KOTOpPBIC HANpaBICHBI Ha OLUEHKY 3()()EKTUBHOCTH MpEmapaToB IJisi MPEAroCeBHONH 00paboTKU
CeMsH, MOHHTOPHHI pAaclpoCTpaHeHHs OoOJe3Hell W BpemuTenell W WX BpPEIOHOCHOCTH. [loBTOpHOE
WCTIOJIb30BaHHE CEMSIH JIbHA B Pa3HBIX YACTAX MHPa OCOOCHHO BasKHO, IOCKOJIBKY PEaKIysi COPTOB Ha TPHOHbBIE
MaTOTeHbl MOXKET BapbHPOBAThCA B 3aBHCUMOCTH OT PETMOHA M3-3a MPHUCYTCTBUS W/WIM Pa3BUTHS HOBBIX
IITAaMMOB TIaTOT€HA.

B craTtbe mpuBeneHBl pe3yibTaThl UCCIEAOBAHUS M0 M3YUCHHIO BIVSHUS (DYHTHIINIOB Ha CEMEHHYIO
WH(QEKIIHIO JIbHA U YeUESBHIIBI B 1a00paTOpHBIX yCIoBUsX. [laHHbIe PUTOIKCHIEPTH3HI CEMSH Y€UEBHUIIbI U JIbHA
MoKa3ajid, YTO Ha CEMEHaX J3THX KyJIbTyp mpeobimamamu rpudbl m3 poxa Fusarium, Alternaria, Ttaxke
oTMeYalcs OaKTepHallbHBINA IKCCYJAT C YacTOTON BcTpedaemoctr — 57,1-85,7%.

Onenka 3(h(eKTUBHOCTH MPOTPaBUTENEH ceMsH B 1a0OpaTOPHBIX YCIOBUSIX Ha MUTATENBHOW cpelie
Mmokasajga, 4YTO BCE WCIBbITAaHHBIC mpemaparbl: ceimecT Tom 312,5, k.c. (TMamerokcam, 262,5 r/m +
nudenokoHaszon, 25 r/n + ¢urynuokconun, 25 1/1), naManop, K.c. (mpoTrokoHas3on, 250 r/a1 + tebykoHasou,
150 r/n1) m omummn, k.c. (pmyrpmadon, 75 r/n + tmabenmazom, 50 rv/m + wmmazamun, 15 1/7M) ObLTH
BbICOK03()(eKTUBHBI B OTHOIIICHUHU rpubOB poma Fusarium spp. u Alternaria spp.

Knioueswie cnosa: purosxcrneprusa, JeH, yeueBHIa, QYHTUIH, MUKPOOPTaHU3MBI, OOJIE3HH, CEMEHa,
W30JISTHL

M.M. Bbexexncanoea*™, H.2K. Cynmanosa
«K. Kuembaes amvinoaewt Kazax ecimoix xopeay scane kapanumun F3Uy JKIIC, Anmamol K.,
Kasaxcman Pecnybnuxacet, madina.bekezhanova.80@mail.ru*; nadira.sultanova@mail.ru
3EPTXAHAJIBIK JKAFJIAUJIA 3bIFBIP MEH KACBIMBIKTBIH, TYKBIM/IBIK
NHOPEKIUACBIHA ®YHI'HMIUUATEPAIH 9CEPIH 3EPTTEY

AHoamna

Conrbl xbuapel Kazakcran mMeH Peceiine 3biFbIp aypyliapbl OOHMBIHINA 3€pTTEYJEp KYpri3iiMereH.
TM/] enaepinzeri TaIMIBIKTHI 3bIFBIP aypyJiapbl MEH 3UsIHKeCcTepi OOHBIHINIA 3epTTeyNep TYKbIMAAPAbI cedep
IIBIHAAFBl OHJIEYI'€ apHAIFaH NpenaparrtapiblH THIMALIrIH Oaramayra, aypyiap MeH 3HUSIHKECTEpAiH
TapajdyblH JKOHE OJap/blH 3USHIBUIBIFBIH OaKbUlayFa OarbITTalFaH KOJJIAHOANbI Mocelesepre apHajFaH.
OJIeMHIH 9pTYpJIi O6IiKTepiH e 3bIFbIP TYKBIMBIH KaliTa aijianany acipece MaHbI3/Ibl, OUTKEHI CaHBIPayKyJIaK
KO3ZBIPFBIITAPhIHA COPTTAPBIH SCepi MATOTCHHIH jKaHa ITaMMIApbIHBIH OONybIHA JKoOHE/HEMece JaMyblHa
OaliIaHbICTHI aliMaKKa OaMIaHBICTHI ©3repyi MYMKIH.

Makanaja 3epTXaHalblK JKarjai/a 3bFBIP MEH JKACBIMBIKTBIH TYKBIMIBIK WH(EKIHIChIHA
(GYHTHLIMATEPIIH oCepiH 3epTTey HOTHXKeNepi KenTipiiareH. JKachIMbIK HEH 3BIFBIP TYKbIMAApbIHA (HUTO-
capanTaMa HOTW)KECIHIAEe OyJl JaKpUIIapIblH TYKbIMIapbiHaa Fusarium, Alternaria TyKbIMIachIHBIH
caHbIpayKyJIaKTaphl 0achIM €KEHIH KOpceTTi, CoHbIMEH Katap 57,1 — 85,7%-ra neliiH OakTepUsIIbIK SKCCYAaT
OaKanabl.
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3epTXaHaiblK JKarmaliga KOPEKTIK opTajga TYKBIM OHJICUTIH TpemnapaTTapAblH THIMAUITIH Oaramay
HOTHXeci OapibIK ChIHANFaH MpenaparTap: cenect ton 312,5, k.c. (TuameTokcam, 262,5 r/1 + nudeHoKoHa301,
25 1/n + Qayanokconun, 25 r/m), namanop, K. ¢. (mpoTuokoHason, 250 r/a + tedykonasoin, 150 1/7) xoHe
onumI, K.c. (Giyrpuadon, 75 /1 + tnadbermaszon, 50 r/n + umazanui, 15 r/m) Fusarium spp. xone Alternaria
SPpP. caHpIpayKyJIaK TyBICTapbIHA KATBICTHI >KOFapbl THIMILIIK KOPCETTI.

Kinm ce30ep: dutoskcnepTusa, 3bIFBIP, )KACBIMBIK, (PYHTHINI, MHUKpoOar3aiap, aypynap, TYKbIMAAp,
H30JIATTap.
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HOBBIE METO/Ibl HEPEPABOTKH OPTAHUYECKHUX BEHIECTB J1JI5A
MMPOU3BOJACTBA HOBOU ITPOAYKIHUU U3 OTXOJ0B

AnHomayus

[IpuBeneHsl pe3ynabTaThl aHaAIWM3a METOJA MepepaboTKH OpraHUYeCKHX OTXOJO0B U
MIPOU3BOJICTBA HOBOW MPOIYKIIMH, & TAKXKE KAYECTBO BXOAHBIX M BBIXO/IHBIX MPOTYKTOB.

PaccuuTanbl nokasaresnu npolecca NUpoJin3a OTX0I0B B 3aBUCUMOCTHU OT CTETIEHU HarpeBaHus
U TemrepaTypbl 00paboTKu GMOMAaCCHI.

[IpuBeneHsl pe3yabTaThl AaHAJIM30B IMPOBOAECHHOW /i ONpEAETCHMs COJEp)KAaHUS BIArH,
KOJIMYECTBO JIETYYHX BEIIECTB B COCTaBE OMOYTIIS M JJIsl ONIPEIeNICH sl YIiIepoa B COCTaBe OMOYTIIS,
JUI JajbHEMIero MCIojab30BaHUA OMOYroib B BHECEHUHM B MOYBY. [IpOAyKThI JUIsl MOJIydeHHUs
OMOYTOJIb OBUTH TTPUBE3EHBI C Pa3HBIX PETHOHOB DpaHITHH.

VYcroBusi TpOBENEHUS aHAJIW3a COOTBETCTBYET C TPeOOBAHUSAMHU YCTAHOBICHHOM K
71a00paTOPHBIM HCCIIEOBAHUSAM, TIPU ATOM TOA00paHa HIKECTEeIyIOIIMe TOKa3aTeln BelecTBa U
nporeccoB: Macca obpasua = 30 (mr); Temneparypa 900 (°C); ckopocts Harpesa 10 (°C.mun?); Bpems
npe6eiBanns 60 (Mun); atMocdepa N2/Air; ckopocTs moToka raza 100 (Mm.mua™)

[Tporecc nmuponusa 3akiaroyaeTcs B NpeoOpa3oBaHUM OPraHMUECKUX BELECTB MO eHCTBHEM
HAarpeB B MHEPTHOH aTMoc(epe, MCXOAS M3 Uero yCTaHOBIEHO TpH Temmepatype 350...400 °C,
MHHHMadbHAs — TIOKa3aTenu  HarpeBaHus  35...40 rtpax °C/MMH., ¥  MaKcUManbHas
MPOU3BOUTENILHOCTH  OMOYIJISA, KOTOpas TOBBIIAET HACHIHAs IUIOTHOCTh, —arperaTtHas
YCTOWYMBOCTh, THAPABINYECKas MPOBOJUMOCTh, CIIOCOOHOCTh yJep)KaHHE BOJbI U MUTATEIbHBIX
BEIIECTB, EMKOCTh KATHOHHOTO 0OMEHa 1MouBbI, pH MOYBHI

[IpuBeneHs! pe3ynbTaThl J00ABICHUS MOJYYECHHBIX OMOYTJIa B MOYBY, BHI3BIBAET U3MEHEHHUS
GU3NIECKUX, XUMHUECKUX U MUKPOOHOIOTMYECKHX CBOWCTB TOYBBI W TMOBBIMICHUS TTOPHCTOCTS,
HaCBhIITHAs MJIOTHOCTh, arperaTuBHasl yCTOWYMBOCTD, THAPABINYECKast IPOBOAMMOCTb, CHOCOOHOCTh
yIep>KaHus BOJIBI ¥ TUTATEIHHBIX BEIIECTB, EMKOCTh KATHOHHOTO 0OMeHa 1o4BHI, pH mo4BHI, cocTaB
¥ MUKpOOHasi aKTUBHOCTb B KOHEUHOM Pe3yJIbTaTe MPUBE/ET K MOBBIIICHHUIO TJI0I0OPOIbSI.

Knwouesvie cnosa: nuponus, 6uoy2on, duomaccel, 6aKyyMHas neub, HA2pesanue OUOMACCUL,
NOPUCMOCMb, HACBINHASA NJIOMHOCIb NUMAMENbHbIX 6eUjecme, No46ad U IKOJI02UYECKUe COCHOSHUS,
npupooHast cpeod.

Beeoenue
Cenbcroe XO03SHUCTBO KaK CIOCOOCTBYET U3MEHEHHMIO KJIMMAaTa, TaK M 3aBUCHT OT U3MEHECHHUS
kimumara. EC HamepeH COKpaTHTh BBIOPOCHI TAPHUKOBBIX Ta30B B CEIBCKOM XO3SMHMCTBE U
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