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PHYTOSANITARY ASSESSMENT OF WHEAT AND BARLEY SEEDS
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Abstract. Introduction. Achieving high crop yields in agriculture depends largely on the quality of
seeds and planting materials. Seed-borne infections reduce germination capacity and overall plant
productivity, highlighting the need for treatments that combine growth-stimulating and fungicidal
properties. This study aimed to evaluate the stimulant and antifungal effects of aqueous solutions of
dithiocarbamates on wheat and barley seeds, identify optimal concentrations, and assess their impact on
seed quality and pathogenic microflora. Results and Discussion. Seeds of wheat and barley were treated
with five dithiocarbamate-containing preparations at concentrations of 0.001%, 0.01%, and 0.1%.
Germination energy, laboratory germination, seedling growth intensity, microbial activity, and percentage
of infected seeds were assessed. At a concentration of 0.001%, wheat seeds treated with Preparations 1
and 3-5 showed high germination rates (94.0-96.6%), although infection levels varied (6.0-27.3%). In
barley, Preparations 2-5 demonstrated significant stimulation of germination (93.0-98.0%) and reduced
seed infection to 8.0-22.0%. The most pronounced antifungal activity in barley was observed for
Preparations 1 and 3, reducing infection to 10.0-12.0% and 9.0-11.3%, respectively, compared to 77.3%
in the control. In wheat, Preparations 3 and 5 effectively reduced infection rates to 10.6-19.0% and 6.0-
16.0%, respectively. Conclusion. The results suggest that dithiocarbamate-containing preparations can
enhance seed viability while limiting pathogen development. Two compounds were most effective:
Preparation 5 (sodium benzylmethylcarbamodithioate) for wheat and Preparation 3 (sodium
dibenzylcarbamodithioate) for barley. These findings support their potential use as dual-action seed
treatments in cereal crop production.
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1. Introduction

In the Development Concept of the Agro-Industrial Complex of the Republic
of Kazakhstan for 2021-2030, sustainable development of crop production with
high and stable yields adapted to climate change is identified as a key priority [1].
Achieving the full potential of productivity and yield stability largely depends on
the use of effective agronomic practices, as well as the application of safe plant
protection products suited to the agricultural conditions of Kazakhstan.

Although global grain production has shown an upward trend in recent years,
wheat yield losses due to diseases still account for approximately 10% of
potential harvests worldwide. Experts emphasize that the implementation of
modern agricultural practices, crop rotation with resistant varieties, and timely
treatment of crops with crop protection chemicals (CPCs) can significantly reduce
disease-related losses [2-4].

An analysis of seed samples collected in Kazakhstan in 2021 revealed the
presence of a pathogenic complex across all cultivated crops, despite the previous
year’s drought. This complex included polyphagous fungi such as Fusarium (5-
15%), Alternaria (5-40%), molds (1-10%), and specialized pathogenic species (3-
15%). Infected seeds exhibited low germination rates and reduced germination
energy, resulting in lower grain mass and poor ear filling — factors that
substantially affect crop quality.

Effective plant disease prevention and protection are based on accurate
diagnostics, including an understanding of disease etiology and development.
Seed treatment with fungicides (seed dressings) must be preceded by
phytopathological examination, which determines the seed’s suitability for
sowing and the need for chemical treatment. Therefore, seed dressing remains an
essential step for effectively controlling the spread and development of
pathogenic microorganisms that can damage seedlings.

The aim of this study is to investigate the growth-stimulating effects of
aqueous solutions of dithiocarbamate-containing preparations, determine the
optimal concentrations for enhancing germination energy and laboratory
germination rates, and assess their fungicidal properties using test crops.

2. Experimental part

The phytosanitary assessment of seeds was conducted at the Laboratory of
Phytopathology, Zh. Zhiembayev Kazakh Research Institute for Plant Protection
and Quarantine. The test materials consisted of seeds from two model crops:
wheat and barley.

Seed treatment was performed by moistening the seeds in chambers with
aqueous solutions of the test compounds at concentrations of 0.001%, 0.01%, and
0.1%. For the control group, seeds were moistened with distilled water. As a
reference treatment, the fungicide TMTD (tetramethylthiuram disulfide) was used
at a concentration of 0.04%. Each treatment was tested using three replicates of
50 seeds. Seed surface inspection was carried out to identify pathological
changes, following standard visual assessment techniques for wheat and barley
grains [5]. Fungicide efficacy was evaluated based on the number of infected
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seeds. Germination energy (assessed on day 3) and laboratory germination
(assessed on day 7) were measured according to standardized procedures [6].

The test dithiocarbamate-containing compounds used for biological
evaluation included:

Preparation 1: Sodium (2-morpholinoethyl)carbamodithioate [7,8];

Preparation 2: Sodium 1H-1,2,4-triazole-1-carbodithioate [9];

Preparation 3: Sodium dibenzylcarbamodithioate [10];

Preparation 4: Sodium diphenylcarbamodithioate [11];

Preparation 5: Sodium benzyl(methyl)carbamodithioate [12].

Experimental scheme: 1. Control (untreated); 2. Standard: TMTD fungicide
(0.04%); 3. Dithiocarbamate-containing preparations 1-5 at concentrations of
0.001%, 0.01%, and 0.1%.

3. Results and discussion

Dithiocarbamates have demonstrated high efficacy in the control of fungal
plant diseases and are considered a promising group of compounds due to their
strong fungicidal properties. These fungicides are widely used in agriculture to
combat a range of plant pathogens, including root rot, scab, common bunt, seed
mold, Fusarium spp., powdery mildew, and others. As a result, dithiocarbamates
are extensively applied in the protection of various crops.

Among the most commonly used dithiocarbamate fungicides are Mancozeb,
Maneb, Zineb, Ziram, Metiram, Propineb, and Ferbam. These fungicides are used
for protecting cereals, legumes, vegetables, fruits, and ornamental plants against
numerous fungal infections. Their effectiveness and broad spectrum of activity
make dithiocarbamates a valuable tool in integrated plant protection systems,
contributing to enhanced crop yield and improved agricultural product quality
[13-16].

For the current study, five dithiocarbamate-containing compounds were
selected for biological evaluation: two heterocyclic dithiocarbamates (Preparation
1 and Preparation 2) and three aromatic dithiocarbamates (Preparations 3-5).
Investigated dithiocarbamate-containing preparations are presented in Figure 1.
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Figure 1 — Dithiocarbamate-containing preparations
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These dithiocarbamate-containing compounds were tested according to the
experimental scheme above described. The goal was to assess their fungicidal
activity, as well as their growth-stimulating effects on seed germination and early
seedling development in wheat and barley under laboratory conditions.

The results of the phytosanitary assessment of wheat and barley seeds
indicate a positive effect of treatment with various dithiocarbamate-containing
preparations 1-5 on seed quality, particularly in terms of germination energy and
laboratory germination, compared to the control. However, the effectiveness of
the preparations varied depending on the crop species, concentration of the active
substance, and the parameter assessed.

Phytosanitary assessment of wheat seeds.

In the control variant, high germination energy and laboratory germination
were observed (both at 95.3%), but these were accompanied by intense microbial
growth and 100% seed infection, indicating high pathogen load. The main part of
the pathogenic microflora on the seeds consisted of fungi of the genera Mucor sp.,
Penicillium sp. and Alternaria sp. The standard fungicide TMTD ensured
effective seed protection, reducing infection to 0.6% and suppressing microbial
growth while maintaining germination at 96.0%. The results of the phytosanitary
assessment of wheat seeds are shown in Figure 2.

Among the tested preparations, preparation 5 was the most effective based on
a combination of biological indicators. At concentrations of 0.001% and 0.01%, it
ensured high germination (up to 97.6%), strong seedling growth, and a significant
reduction in microbial activity and seed infection (as low as 6%).

Preparation 3 also showed good results, particularly at 0.001% and 0.01%
concentrations, with germination reaching 96%, reduced microbial growth, and
infection rates lowered to 10.6-16%. However, at 0.1% concentration,
germination dropped sharply to 82%, and microbial activity increased.

Preparations 1, 2, and 4 exhibited less consistent performance. For instance,
preparation 2 showed low fungicidal activity, and the percentage of infected seeds
remained elevated (up to 26%) across all concentrations. Preparation 1 showed
stable germination but did not effectively reduce microbial load. Preparation 4 led
to high seedling vigor, but infection levels remained high, especially at 0.001%
concentration (up to 27.3%).

Thus, preparations 3 and 5, especially at lower concentrations, demonstrated
promising fungicidal activity without compromising seed viability and can be
considered for practical application in wheat cultivation.

Phytosanitary assessment of barley seeds.

A similar trend to that observed in wheat was identified in barley. In the
control variant, seed infection reached 77.3%, accompanied by intense microbial
growth, highlighting the presence of seed-borne pathogens. The reference
fungicide TMTD (4 L/t) effectively reduced infection levels to 2.6%, with
minimal microbial growth, and maintained high laboratory germination (94.6%).
The results of the phytosanitary assessment of barley seeds are shown in Figure 3.
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Figure 2 — Phytosanitary assessment of wheat seeds after treatment with preparations 1-5 at 0.001% (a),
0.01% (b), and 0.1% (c) concentrations.
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Preparation 3 consistently showed the highest efficacy at all tested
concentrations. At 0.001% and 0.01%, laboratory germination reached 98.0% and
97.3%, respectively, while antifungal activity remained high, and the proportion
of infected seeds did not exceed 10.6%. These results demonstrate both strong
protective and stimulant properties.

Preparation 4 also showed excellent results, particularly at 0.01% and 0.1%.
Germination reached 98.6% at 0.01%, and seed infection was limited to 8-15.3%.
Microbial development remained low, and seedling growth intensity was
consistently high, indicating both antifungal and growth-stimulating effects.
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Figure 3 — Phytosanitary assessment of barley seeds after treatment with preparations 1-5 at 0.001% (a),
0.01% (b), and 0.1% (c) concentrations.
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Preparation 5 also demonstrated notable effectiveness. At 0.001%
concentration, it provided moderate control of seed infection (16.0%) with
acceptable germination (94.0%) and high antifungal activity. At 0.01%, it
achieved improved performance — germination rose to 97.3%, with infection
decreasing to 15.0% and microbial growth remaining low. The best results for
preparation 5 were observed at 0.1%, where laboratory germination remained at
97.3%, antifungal activity decreased slightly, but seedling vigor was high, and
infection levels were held at 16.0%. These data suggest that preparation 5 offers
stable protection and growth stimulation, particularly at medium and high
concentrations, although its fungicidal activity was somewhat lower compared to
preparation 3.

In contrast, preparation 1 at 0.001% caused a significant decline in
germination energy (66.6%) and final germination (75.3%), suggesting
phytotoxicity or incompatibility at this concentration. However, increased
concentrations led to recovery of seed viability.

Preparation 2 showed limited efficacy in barley: antifungal activity remained
low, and seed infection levels ranged between 13.3% and 22.0%, regardless of
concentration.

A comparison of the tested preparations at equivalent concentrations
revealed that at 0.001%, preparations 3 and 5 showed the best results in both
crops, providing effective microbial control and stimulating seedling growth. At
0.01%, preparations 3 and 4 maintained high germination rates and low infection.
At 0.1%, a number of preparations (notably preparations 3 and 1) showed reduced
performance, possibly due to phytotoxicity or overstimulation of microbial
growth.

The results indicate that preparations 3 and 5 are the most effective among
the tested compounds. They combine fungicidal activity with positive effects on
seedling development and germination. These preparations are particularly
promising for use as environmentally safer alternatives to conventional chemical
fungicides in wheat and barley seed treatment.

4. Conclusion

The results of this study demonstrate that aqueous solutions of
dithiocarbamates, applied at concentrations of 0.001-0.1%, exhibit both growth-
stimulating and antifungal properties when used for seed treatment of wheat and
barley. Seeds treated with dithiocarbamate-containing preparations showed
improved germination energy and laboratory germination compared to the
untreated control, with values reaching up to 96.0% in wheat and 98.6% in barley.

In addition to enhancing germination parameters, the tested dithiocarbamates
effectively reduced the level of seed-borne fungal infections. Infection rates in
treated variants were significantly lower — ranging from 6.0% to 27.3% in wheat
and from 8.0% to 22.0% in barley — compared to 100% and 77.3% in the control,
respectively. This confirms the protective effect of dithiocarbamates against
phytopathogens commonly associated with cereal seeds.
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Among the tested compounds, preparation 3 (sodium
dibenzylcarbamodithioate) and preparation 5 (sodium
benzyl(methyl)carbamodithioate) showed the most promising results in barley
and wheat, respectively, providing a favorable balance between biological
efficacy and germination stimulation.

The findings suggest that dithiocarbamates may serve as effective seed
treatment agents with dual functionality — promoting early seedling development
and suppressing pathogenic microflora. These results support their further
investigation under field conditions and their potential integration into sustainable
crop production systems as an alternative to traditional chemical fungicides.
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Tyiiinaeme. Kipicne. Aybul MmapyalbUIbIFBIHA JKOFApbl OHIMALTIKKE KOJ XKETKi3y KeOiHece TYKbIMaap
MEH OTBIPFbI3y MaTepHANIBIHBIH canachiHa OainaHbiCThl. [IoHII AaKbUIAAPIbIH TYKBIMIBIK HH()EKIUSICHI
©HY DHEPIUsCHIH JKOHE OCIMIIKTEpAiH JKaJIbl OHIMALIIIIH TOMEHAETEdl, Oy OCyaAi BIHTAIaHABIPATHIH
JKoHe (PYHTMUUATIK KacHeTTepai OipiKTipinm eHAey KaKeTTUIriH Kepcetemdi. byn zepmmeyoiy makcamol
JUTHOKapOaMaTTapIbIH CyIbl epITIHALIEpPIHIH Ouaail MeH apra TYKbIMAapbIHa OMOCTUMYJISLUSIIBIK, XKOHE
(GYHrHIUITIK ocepiH Oaranay, OHTAaWIbl KOHIEHTPAIMSIHBI AHBIKTAY YKOHE OJIAPIbIH TYKBIM Camachl MeH
natoreHik Mukpodopara acepin seprrey. Homuoicenep scone mankviiay. bunait MeH apra TyKbIMAApbI
0.001%, 0.01% sxone 0.1% KoHUEHTpalMsACbIHAA Oec IUTHOKapOaMaTKypamjac mpenapaTrTapMeH
eHJeNAl. OHy SHEPrHsCH, 3€PTXAHAIBIK OHTIITIK, KOUIETTEpPIiH ©Cy KapKbIHIBUIBIFBI, MHUKPOOTHIK
OeJNCeHATIK JKOHE 3aKbIMIANFaH TYKbIMIApIbIH maibi3bl Oaranmanasl. 0.001% koHueHTpanmscbiHaa |
koHe 3-5 mpemapaTTapbIMeH OHJEIreH Ouiail TYKbIMAAPhI XKOFaphl OHY KepceTkimTepin kepcerti (94.0-
96.6%), 6ipak uH(peKMs neHreri op Typii 6onasl (6.0-27.3%). Apnana 2-5 mpenaparrap OHTIIITIKTIH
enayip aprysiHa (93.0-98.0%) xone nHpekuusHbH 8.0-22.0% neitin ToMEeHACYiHEe BIKIAT eTTi. Apragarsl
eH ylkeH QpyHruumarik oencenainik 1 xoHe 3 npenaparrtapaa Galikanasl — uHbekus caiikecinme 10.0-
12.0% xone 9.0-11.3% peitin Temenaeni (OakpulaymMeH canbicThipranaa-77.3%). bunaiina 3 xoHe 5
mpenaparrap THIMII Goyisl — MHeKIms JeHredi cofikecinme 10.6-19.0% xome 6.0-16.0% xypansl.
Kopvimuinowl.  Jlutnokapbamatkypamaac mpenaparrap TYKbIMHBIH OMIpLICHJITIH apTThIpyFa JKoHE
COHBIMEH KaTap MaTOreHJACPIiH JaMyblH MIEKTeyre KaOileTTi eKeHIIriHi HoTmkenep kepcerTi. OHBIH
iminge Ounaiira apHainFaH S-mpenapaT (HaTpHid OCH3MIMETHIKapOaMOAMTHOATHI) KOHE apliara apHaJFaH
3-mpenapat (HaTpuii TUOCH3UITKAPOAMOIUTHOATBI) €H THIMII OOJIBII MIBIKTBI. By KOCBUIBICTApIBIH ASHI
JNAKbUIIAPIBIH TYKBIMBIH €Ty aJIbIHIA OHJACYAE KocapiaHFaH acep Ty Kypalbl peTiHIe KOJIaHy
MYMKIHZIri Gap.

Tyiiin ce3mep: ¢uTOIKCHIEPTH3a, IUTHOKAapOaMaTTap, ©OHY DJHEpPIUsChl, 3epTXaHAJbIK OHTIIITIK,
TYKBIMHBIH 3aKbIMJIaHYBI, CBIHAK JaKbL1Iaphbl (Ounai, apna).
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OUTOSKCIEPTU3A CEMSH NIIEHUIBI U AYMEHS, O PABOTAHHBIX
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Pestome. Bgedenue. JIOCTHKCHHE BBICOKHX YPOXKaCB B CEIBCKOM XO3SiCTBE BO MHOIOM 3aBHCHUT OT
Ka4ecTBa CEMsIH U M0Ca04HOro Matepuaia. CeMeHHas MH(EKIUs 36PHOBBIX KYJIbTYP CHIIKACT SHEPIHIO
MpopacTaHus U OOy MPOAYKTUBHOCTH PACTEHHI, YTO MOAYEPKHBAET HEOOXOAMMOCTH 00pabOTKH,
COYETAIOIIEH POCTCTUMYJIMpYIOIIUEe U (YHTHUUAHbIE CBOMCTBA. Lleavio Oamnozo ucciedosawus ObUIO
OLICHUTh OHOCTHMYJIHUpYIOee W (YHHIHIHOE ACHCTBHE BOJHBIX PAacTBOPOB AUTHOKApOamMaToB Ha
CeMEeHa MIICHUIBl ¥ SYMEHS, ONPEIEIUTh ONTHMAlbHbIE KOHIEHTPAllMd W W3Y4YUTh HX BIUSHHE HA
Ka4yeCTBO CEMSH U MATOTeHHYI0 MUKpoQIopy. Pesyrbmamst u oocyscoenue. CeMeHa MILEHULBI U TYMEHS
o0OpabaTbIBaiIM MATHIO AUTHOKAapOAaMaT colepkalluMH mpenaparamMu B kKoHeHtpanusax 0.001%, 0.01% u
0.1%. OueHHBaIUCh DHEPrusi NPOPACTaHUs, JTabopaTropHas BCXOXECTb, HHTCHCHBHOCTH pOCTa
MIPOPOCTKOB, MUKPOOHAsi aKTHBHOCTh M TPOLEHT 3apaxEHHbIX ceMsH. [Ipu konuentpamuu 0.001%
ceMeHa TIICeHUIbI, 00paboTaHHble mpenaparamu | U 3-5, mokas3ainu BBICOKHE IMOKA3aTEeNH BCXOXKECTH
(94.0-96.6%), onHako ypoBeHb 3apaxkeHus BapbupoBan (6.0-27.3%). Ha sumene mnpenapatel 2-5
cHoco0CTBOBAIM 3HAYUTEIBHOMY YBelInueHuto BcxoxecTH (93.0-98.0%) u cHmkenuto 3apaxenus 1o 8.0-
22.0%. HanOonpluas (pyHrumuyHas akTHBHOCTh Ha SYMEHE OTMeYeHa y mpenaparoB 1 u 3 — 3apakeHue
cHmsmioch 10 10.0-12.0% u 9.0-11.3%, cooTBeTcTBEHHO (110 CpaBHEHHIO ¢ KOHTposieM — 77.3%). Ha
neHune 3G QGeKTUBHBIMU OKa3alliCh Ipenapatsl 3 U 5 — ypoBeHb 3apaxkenus coctaBui 10.6-19.0% u 6.0-
16.0%, cOOTBETCTBEHHO. 3akitouenue. Pe3ynbTaTel MOKA3pIBAIOT, YTO AWTHOKapbamar copepKaiye
MpenapaTbl COCOOHBI MOBBIILATH JKHU3HECTIOCOOHOCTh CEMSIH M OJHOBPEMEHHO OTPaHMYMBATH Pa3BHTHE
naroreHoB. HaubGonee sddexTuBHbIMU Okazanuchk: npenapar 5 (O€H3MIMETHIKapOaMOAUTHOAT HATPUS)
JUIS TIIIEHUNBI U npenapar 3 (quOeH3mIKapOaMOIUTHOAT HATPHSL) JUIS STIMEHS. DTH COSANHEHUS UMEIOT
MOTEHIIMA IPUMEHEHHS B KaUeCTBE CPEACTB JABOWHOTO JEHCTBHUS IPH MPEINOCEBHON 00paboTKe ceMsH
3€PHOBBIX KYJIBTYP.

KumoueBsie cioBa: GuTosKCIIepTH3a, AUTHOKApOAMAT, SHEPTI U IPOPACTAHNS, Tab0paTOpHas BCXOKECTb,
3apa)KEHHOCTh CEeMSH, TECT-KyIbTypHlI (TIICHUIIA, TUMEHB).
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