VYTAUTO DIDZIOJO UNIVERSITETAS
LIETUVOS AGRARINIU IR MISKU MOKSLU CENTRAS

Eimantas VENSLOVAS

PASARINIU AUGALU MITYBINE VERTE IR
MIKOTOKSINU KAUPIMOSI RIZIKA APLINKOS IR
ANTROPOGENINIU VEIKSNIU POVEIKYJE

Mokslo daktaro disertacija

Zemés tikio mokslai, agronomija (A 001)

Kaunas, 2023



Daktaro disertacija rengta 2019—2023 metais Lietuvos agrariniy ir misky moksly centro Zemdirbystés
institute pagal LR $vietimo, mokslo ir sporto ministro 2019 m. vasario 22 d. jsakymu NR. V-160
suteikta doktorantiiros teise Vytauto Didziojo universitetui kartu su Lietuvos agrariniy ir misky

moksly centru.
Moksliné vadové:

Dr. Audroné Mankevi¢iené (Lietuvos agrariniy ir misky moksly centras, Zemés tikio mokslai,

Gyviny mokslai A 003).
Mokslinis konsultantas:

Prof. habil. dr. Zenonas Dabkevi¢ius (Lietuvos agrariniy ir misky moksly centras, Zemés iikio
mokslai, Agronomija A 001).

Disertacijos gynimo taryba:
Pirmininkas:

Dr. Zydré KadZiuliené (Lietuvos agrariniy ir misky moksly centras, Zemés iikio mokslai,

Agronomija A 001).

Nariai:

Doc. dr. Violeta Baliukoniené (Lietuvos sveikatos moksly universitetas, Zemés tikio mokslai,
Veterinarija A 002);

Dr. Alma Valiuskaité (Lietuvos agrariniy ir misky moksly centras, Zemés iikio mokslai, Agronomija
A 001);

Dr. Judita Cerniauskiené (Vytauto DidZiojo universitetas, Zemés iikio mokslai, Agronomija A 001);

Dr. Marek Pernica (Brno Masaryko universitetas, Aplinkos chemija ir toksikologija, Gamtos
mokslai, Chemija N 003).

Disertacija bus ginama vieSame Agronomijos mokslo krypties tarybos posédyje 2023 m.
gruodzio 15 d. 10 val. Lietuvos agrariniy ir misky moksly centro Zemdirbystés instituto seminary

sal¢je, 1-12.
Adresas: Instituto al. 1, Akademija, LT-58344, Kédainiy r.

Disertacijg galima perzidiréti Vytauto DidZiojo universiteto, Lietuvos agrariniy ir miSky moksly centro

bibliotekose.



VYTAUTAS MAGNUS UNIVERSITY
LITHUANIAN RESEARCH CENTRE FOR AGRICULTURE AND FORESTRY

Eimantas VENSLOVAS

NUTRITIONAL VALUE OF FORAGE CROPS, MYCOTOXIN RISKS
AND RELATIONSHIPS WITH NATURAL AND
ANTHROPOGENIC FACTORS

Doctoral Dissertation

Agricultural Sciences, Agronomy (A 001)

Kaunas, 2023



The dissertation was prepared at Institute of Agriculture, Lithuanian Research Centre for Agriculture
and Forestry in 2019-2023. The right of doctoral studies was granted to Vytautas Magnus University
jointly with Lithuanian Research Centre for Agriculture and Forestry, on 22 February 2019, by
decision No. V-160 of the Government of the Republic of Lithuania.

Scientific supervisor:

Dr. Audroné Mankeviciené (Lithuanian Research Centre for Agriculture and Forestry, Agricultural

Sciences, Animal Sciences A 003).
Scientific consultant:

Prof. habil. dr. Zenonas Dabkevi¢ius (Lithuanian Research Centre for Agriculture and Forestry,
Agricultural Sciences, Agronomy A 001).

Council of defence of the doctoral dissertation:
Chairman:

Dr. Zydré Kadziuliené (Lithuanian Research Centre for Agriculture and Forestry, Agricultural

Sciences, Agronomy A 001).
Members:

Doc. dr. Violeta Baliukoniené (Lithuanian University of Health Sciences, Agricultural Sciences,
Veterinary Medicine A 002);

Dr. Alma Valiuskaité (Lithuanian Research Centre for Agriculture and Forestry, Agricultural
Sciences, Agronomy A 001);

Dr Judita Cerniauskiené (Vytautas Magnus University, Agricultural Sciences, Agronomy A 001);

Dr. Marek Pernica (Masaryk University Brno, Environmental Chemistry and Toxicology, Natural
Sciences, Chemistry N 003).

The official defence of the dissertation will be held at 10 a.m. on the 15th of December 2023 at meeting

room 1-12, Institute of Agriculture, Lithuania Research Centre for Agriculture and Forestry.
Address: Instituto av. 1, Akademija, LT-58344, Kédainiai distr.

The doctoral dissertation is available at the libraries of Vytautas Magnus University and the Lithuania

Research Centre for Agriculture and Forestry.



TURINYS

SANTRUMPOS ...t b bbbt b et b et b ettt n e 7
PADEKA ...ttt 9
TVADAS bbbt b bR R bbb bbbttt nes 10
1. LITERATUROS ANALIZE ......oooiiiiiiiiieiieiinrieeississie s 15
1.1. Kukuriizy ir mieziy griidy svarba Lietuvoje ir pasaulyje ......cccocvvvvieriiiiniiiiiniiiee e 15
1.2. Kukuriizy ir mieziy griidy technologinés savybés ir cheminé sudetis ..........ccecvveiiiviennnn. 16
1.3. Gridy uzsikrétimas mikroskopiniais grybais ir uzterStumas mikotoksinais ..................... 18
1.4. Aplinkos salygy reikSmé mikotoksiny koncentracijy poKyCitl......ccverrveeerveeiiveesnieeennnns 20
1.5. Gridy sandéliavimo reik§mé mikotoksiny koncentracijy pokyCiui ......cooovvvveivvrvcineinene. 22
2. TYRIMO METODIKA IR SALYGOS .. .ooiiiiiiieiieiee et 24
2.1. LAUKO EKSPEITMENTAT ......eiveiiieiieiieieieit ettt bbb 24
2.2. Laboratoriniai €KSPEITMENTAL..........ccoiiiiiiiiiieeee e 26
2.3. Mieziy ir kukurtizy gridy mitybinés vertés rodiklig tyrimai ........cocceeveeereriiiiiiesieeiienne 28
2.4. Mikotoksiny nustatymas efektyviosios skys¢iy chromatografijos metodu....................... 28
2.4.1 Laboratorinés priemonés ir jranga mikotoksiny nustatymui ..........cceveerveeieervennnnnnn 28
W o\ 0o [0 (I =T To 1= ] - LSS 29
2.4.3. MEZINTY PATUOSTINAS ... .veeevieutiesieeeteesireaseesieeesseesieeateesseeeseesseeaabeessneesseessneaneesnneenee e 29
2.4.3. Standartiniy tirpaly partoSImMas ..........cocveririeiierieeee e 30
2.4.4. Standartiniy tirpaly PartoSIMAS .........cccvviiiieriieiie e 31
2.4.5. Kiekybinis apsKaICIAVIIMAS .......ceeireerriiirieirieiiesireeee s e anee e 32
2.4.6. Mikotoksiny nustatymas imunofermentiniu (ELISA) metodu ...........ccooovviiveininnnnne 33
2.5. Grudy uzsikrétimo Fusarium spp. grybais NUSLatyMas ..........cccveveriereneienesieseseeeeeens 34
2.6. Kukurtizy uzsikrétimo U. maydis NUSTALYMAS .......cveverieriieieriieieiese e 34
2.7. Meteorologings salygos tyrimo MEtaIS.........cccuieiiiiiiiiiiiiiieiiee e 34
2.8. Sandeliavimo eKSPETiMENtas .........c.oivueiiiiiiiiiiiii s 36
2.9. Statistinés analiz€S MELOAAT..........uiiiuiiiiiie i 37
3. TYRIMO REZULTATAI IR APTARIMAS ..ot 38
3.1. Veislés/hibrido bei derliaus nuémimo vélinimo jtaka griidy mitybinés vertés rodikliams 38
RO O LY. 1S4 L o4 gL . OO P PRSP 38
3.1.2. KUKUITZY GITAAL ..vviiiiiiiiiiciiiccse s 43

3.2. Mieziy veislés bei derliaus nuémimo vélinimo jtaka mikroskopiniy gryby paplitimui ir
mikotoksiny koncentracijoms mi€Ziy GridUOSE .........ccvvrviiieiiiiiiiieiiere e 50
3.2.1. Fusarium spp. paplitimas mieziy griiduose vélinant derliaus nuémima..................... 50

3.2.2. DON, T-2, HT-2, ZEA ir AFLB1+B2+c1+G2 paplitimas mieziy griduose vélinant
AErliaUS MUEINIIMIG .....eeiiiiiie ettt ettt e b e st e e be e s e e e sbe e e beeaneeannee e 54



3.2.3. MON, NIV ir eniatiny paplitimas mieziy griiduose vélinant derliaus nuémimg........ 57

3.3. Kukuriizy hibrido bei derliaus nuémimo vélinimo jtaka mikroskopiniy gryby paplitimui ir
mikotoksiny koncentracijoms Kukurizy griduoSe .........cocuvieiiiiiiiiiiiiiieniiee i 60

3.3.1. Fusarium spp. ir paslétyjy kaliy (Ustilago maydis) paplitimas kukurtizy griduose

velinant derliaus NUSIMIMIG ......vvveiivieiiiie it e e be e e bneesees 60
3.3.2. DON, 3-ADON, 15-ADON, T-2, HT-2, ZEA ir AFLg1+g2+c1+G2 mikotoksinai
kukuriizy gruduose vélinant derliaus NUEMIME .......oovvvviiiiiniiieniiie e 63
3.3.3. A ir B tipo trichotecenai piuslétosiomis kulémis (Ustilago maydis) uzsikrétusiuose
KUKUTTZY IUAUOSE ..ei ittt e et e e be e e nbes 66
3.4. Fusarium spp. gryby ir mitybinés vertés rodikliy koreliaciniai ry$iai su mikotoksinais .. 68
3.4.1. Koreliaciniai rySiai mieZig gridUOSe .........ccecvirvirieiiiiiiiieiie e 68
3.4.2. Koreliaciniai rySiai kukurizy griiduose ..........cocerieiiiiinieiiiic e 72
3.5. Sandéliavimo salygy itaka mikotoksiny koncentracijy kitimui ir mitybinés vertés
rodikliams Kukurlizy griduoSE .........coviiiiiiiiiiiie e 77
ISVADIOS .ottt 82
LITERATUROS SARASAS ....ooivtiiieeetieteseeteee et eses st ses s st essssensss st ssss s ss s saneesanens 83
PASKELBTU PUBLIKACIJU SARASAS DISERTACIJOS TEMA ......coovvvevenrerersrieeenenaan, 103
APIE AUTORIU ...ttt ettt ettt ettt bt et e ne e beenbe e nne s 123
SUMMARY et btttk b e st b e bt e e bt e bt bbbt nn e be e ae e 124
LIST OF PUBLICATIONS ..ottt ettt tenneenre e nnes 141
CURRICULUM VITAE ...ttt ettt ste et snaestaesteateenteaneesseenseaneeaneenseens 143



SANTRUMPOS

15-ADON - 15-acetyl-deoksinivalenolis / 15-acetyl-deoxynivalenol

1-AN — 1-antroilnitrilas / 1-antroylnitrile

3-ADON - 3-acetyl-deoksinivalenolis / 3-acetyl-deoxynivalenol

4-DMAP — 4-dimetilaminopiridinas / 4-dimethylaminopyridine

ACN — acetonitrilas / acetonitrile

ADF — riig§¢iame detergento tirpale netirpi lasteliena / acid detergent fibre
ADL — rugstyje iSplauto lignino / acid detergent lignin

AFL — aflatoksinai (B1 + B2 + G1 + G2) / aflatoxins (B1 + B2 + G1 + G2)

AIRA (NIRS) — artimosios srities infraraudonyjy spinduliy spektroskopija / near infra-red

spectroscopy

CIT — citrininas / citrinin

DON - deoksinivalenolis / deoxynivalenol

EFSA — Europos maisto ir saugos tarnyba / European Food Safety Authority
ENN — eniatinai B, B1, A, Al/enniatins B, B1, A, Al

ELISA — imunofermentinis metodas, siekiant nustatyti antikiiniy ar antigeno buvimg méginyje /

Enzyme-Linked Immunosorbent Assay

ESCh / HPLC — efektyvioji skys¢iy chromatografija / high performance liquid chromatography
FAO — Jungtiniy tauty maisto ir Zemés tikio organizacija / Food and Agriculture Organization
FLD — fluorescencinis detektorius / fluorescence detector

FUM — fumonizinai (B1 + B2) / fumonisins (B1 + B2)

HT-2 — HT-2 toksinas / HT-2 toxin

Kr — krakmolas / starch

LOD - Zemiausia aptikimo riba / limit of detection

NDF — neutraliame detergento tirpale netirpi lasteliena / neutral detergent fibre

NIV — nivalenolis / nivalenol



MON — moniliforminas / moniliformin

OTA — ochratoksinas A/ ochratoxin A

SM — sausosios medziagos / dry matter

T-2 — T-2 toksinas / T-2 toxin

UV — ultravioletinis detektorius / ultraviolet detector

VTA — vandenyje tirpts angliavandeniai / water soluble carbohydrates
ZEA — zearalenonas / zearalenone

7B — 7ali baltymai / crude protein

7L — 7alia lasteliena / crude fibre

7P — 7ali pelenai / crude ash

7R — 7ali riebalai / crude fat
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IVADAS

Pasariniai lauko augalai sudaro vieng gausiausiy Lietuvoje naudingyjy augaly grupiy.
Dauguma jy auga pievose bei ganyklose, o daug riiSiy auginamos iikiuose, besiver¢ianciuose
augalininkyste ir gyvulininkyste. Kaip pasarinés zaliavos placiai vartojami jvairiis gridai. Taciau
labiausiai kokybés ir saugos atzvilgiu yra analizuojami kvieciai, o kukurtizams ir mieziams
démesio skiriama maziau (Janaviciene et al. 2018; Kochiieru et al. 2019, 2020; Mesterhazy et al.
2011).

Pagal svarba visame pasaulyje kukurtizy (Zea mays L) griidai yra antri po kvieCiy
(Erenstein et al. 2022), taciau Lietuvoje jie kaip silosui tinkami augalai, pradéti auginti tik apie
1960-uosius. Siltéjant klimatui, tobuléjant auginimo technologijoms, selekcininkams i§vedus
ankstyvos brandos kukurtizy hibridy, atsirado galimybé juos auginti ir gridams, todél kukurtizy
gridams Lietuvoje dabar auginama vis daugiau. Pasaulyje kukuriizai yra vieni i§ svarbiausiy
gridy zmoniy ir gyviiny mityboje. Tai maisto, pasary ir perdirbty produkty Saltinis, todél labai
svarbi jy maistiné verté ir kokybé (Oliveira et al. 2017; Pereyra et al. 2011).

Paprastieji mieziai (Hordeum vulgare) pagal svarbg yra 4 vietoje pasaulyje po kvieciy,
kukuriizy ir ryziy. Siaurés Europoje mieZius daznai paZeidzia varpy fuzariozé, kurig sukelia
F. graminearum, F. culmorum, F. poae, F. sporotrichioides, F. langsethiae, F. tricinctum ir
F. avenaceum (Liatukas et al. 2019; Rodrigues et al. 2014). Tai labai pakenkia griidy kokybei ir
jie tampa netinkami nei Zmoniy vartojimui nei gyviiny $érimui (Hietaniemi et al. 2016).

Pastaruoju metu, dél klimato kaitos, salyse, kuriose auginama daug kukurtizy ir mieziy
griidams, iSkyla mikotoksiny problema, tod¢l ieSkoma naujy biidy ir kuriamos naujos prevencijos
strategijos jy kontrolei (Badr et al. 2016; Oliveira et al. 2017; Pereyra et al. 2011). Klimato kaita
gali lemti palankias salygas Aspergillus ir Fusarium genciy grybams plisti. Dél minéty gryby
kaupiamy aflatoksiny (AFLpi+B2+c1+c2) ir deoksinivalenolio (DON) didéjan¢io kiekio
galutiniuose produktuose kyla paSary ir maisto saugos rizika tiek Zmonéms, tiek gyviinams. Taip
pat prognozuojama, jog atsiradus galimybéms Fusarium rGsims labiau i$plisti naujoje aplinkoje
atsiras naujy mikotoksiny kaupimosi rizika specifinivose regionuose (Miedaner and Juroszek
2021; Moretti, Pascale, and Logrieco 2019; Zingales et al. 2022).

Kita svarbi problema, jog iki Siol Europos Sgjungoje gyviinams galiojantys teisés aktai
nustatantys didZiausias leistinas mikotoksiny koncentracijas paSaruose yra tik rekomendacinio
pobudzio (European Commission 2006; European Parliament 2002). Daugelis moksliniy tyrimy
susijusiy su pasary uzterStumu mikotoksinais siekia atrasti optimaliausias augaly auginimo,
derliaus nuémimo laiko, jy apdorojimo ir sandéliavimo salygas, taip sumazinant uzsikrétimo

mikotoksinais rizikas (Jestoi et al. 2004; Kochiieru et al. 2021; Mannaa and Kim 2017; Sasamalo,
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Mugula, and Nyangi 2018; Zhang et al. 2016). Daznai tiriant atskirus mikotoksinus pastebima
skirtinga jtaka mikotoksiny koncentracijoms, taciau net ir nustacius mikotoksiny koncentracijy
sumazgjima, kyla rizika, kad jie skilo i kitus, ne maziau pavojingus, derivatus (Agriopoulou,
Stamatelopoulou, and Varzakas 2020; Karlovsky et al. 2016; P. Li et al. 2020). Todél labai svarbu
nuolat stebéti ir vertinti sglygas, galinCias padidinti mikotoksiny koncentracijas bei jy vengti
(Jani¢ Hajnal et al. 2023).

Gridy saugos rodikliai apima nepageidautiny priemaisy kiekj, uzkréstumg kenkéjais ir
mikroskopiniy gryby pradais, kuriy gaminami mikotoksinai kelia pavojy gyviiny, Zmoniy
sveikatai ir aplinkai (EFSA 2014; Jani¢ Hajnal et al. 2017; Medina, Rodriguez, and Magan 2015;
Pleadin 2015). Pastebima, jog dél griidy pazeidimo kenksmingaisiais organizmais zenkliai didéja
derliaus nuostoliai, prastéja griidy kokybé, o tokie nepilnaveréiai gridai paprastai patenka pasary
gamybai (Beyer, Verreet, and Ragab 2005). Lietuvoje vasariniai javai pasizymi didesniu
uzterStumu mikotoksinais ir prastesniais mitybinés vertés rodikliais nei zieminiai (Mankeviciené
etal. 2011), todél taip pat retai naudojami zmoniy maistui, o paSary racionuose tokie griidai sudaro
didziausig procenta. Pasaulyje apie 70 proc. paprastyjy mieziy naudojama pasarui, o apie 27 proc.
alaus gamyboje (Janssen, Liu, and Van der Fels-Klerx 2018), ta¢iau daugiausia mokslinés
informacijos pateikiama apie salykliniy mieziy kokybe ir sauga (Bauer et al. 2016; Bélakova et
al. 2014; Morcia et al. 2016; Piacentini et al. 2018; Varga et al. 2013). Lietuvoje kuriant naujas
vasariniy mieziy veisles ir vertinant jy kokybe, taip pat labiausiai atsizvelgiama ] salyklui
tinkancias savybes bei analizuojama pacios séklos kokybé ir jg lemiantys veiksniai (Liatukas et
al. 2019; MaSauskiene, Leistrumaité, and Paplauskiené¢ 2007). Pana$i situacija pastebima su
kukurtizy grudais - didesné dalis kukurtizy yra panaudojama paSarams, ta¢iau ir vél daugiau
démesio skiriama maisto pramonei (Aoun et al. 2020; Lalage et al. 2023; Stathers et al. 2020).

Ivairiuose pasaulio krastuose, kur auginami kukurtizai griidams, susiduriama su
skirtingomis problemomis (Bakoye et al. 2017; Hanvi et al. 2019), kurios analizuojamos
nacionaliniu pozilriu, atsizvelgiant j specifinius Saliy poreikius. Apie kukuriizy ir mieZiy griidy
naudojamy pasarams uzterStumo mikotoksinais tyrimus rezultaty Lietuvoje aptinkama nedaug
(Baliukonien¢, Bakutis, and Stankevi¢ius 2003; Mankeviciené¢ and AuSkalniené 2004),
dazniausiai tiriamas galutinis produktas - pagamintas paSaras ir jo maistiné verte.

Tyrimo hipotezé
Tikétina, kad vélinant derliaus nuémimo laikg bei keiCiant sandéliavimo salygas, kinta
paSariniy augaly (kukuriizy, mieziy) griidy mitybiné verté ir atsiranda galimyb¢ didéti

mikotoksiny spektrui.

11



Tyrimo tikslas

Nustatyti kukurtizy ir mieziy gridy mitybing verte, uzsiterSimg mikotoksinais bei

iSsiaiSkinti kokig jtaka mitybinés vertés ir saugos rodikliams gali turéti gamtiniai bei

antropogeniniai veiksniai.

Tyrimo uzdaviniai:

1.

Nustatyti kukuriizy ir vasariniy mieziy gridy svarbiausius mitybinés vertés rodiklius ir
jvertinti jy kitimo désningumus priklausomai nuo auginimo salygy ir derliaus nuémimo
laiko.

Nustatyti, uzterStuma mikotoksinais ir jy koncentracijy kitimg vasariniy mieziy griduose
vélinant derliaus nuémimo laika.

I8siaiskinti, kokie mikotoksinai dazniausiai aptinkami kukurtizy griiduose ir kaip kinta
ju koncentracijos vélinant derliaus nuémimo laika.

I8tirti kukurtizy ir vasariniy mieziy gridy uzsiter§Sima mikotoksinais skirtingais derliaus
nuémimo laikotarpiais ir i$siaiskinti, ar yra rySys tarp mikotoksiny koncentracijy ir gridy
mitybinés vertés rodikliy.

Nustatyti sandéliuojamy kukuriizy gridy svarbiausiy mitybinés vertés rodikliy kitima ir

1$siaiSkinti rizikos veiksnius, jtakojancius mikotoksiny koncentracijy did¢jima.

Disertacijos ginamieji teiginiai

1.

Vasariniy mieziy veislés ir kukuriizy hibrido pasirinkimas, bei derliaus nuémimo laiko
vélinimas ir meteorologinés salygos vegetacijos laikotarpiu lemia kukuriizy ir mieziy
grudy mitybingés vertés rodikliy pokycius.

Mieziy gridy uzterStumo mikotoksinais didéjimg lemia derliaus nuémimo laiko
vélinimas.

Kukurtuzy griidy uzterStumas mikotoksinais priklauso nuo pasirinkto hibrido, o derliaus
nuémimo laiko vélinimas lemia mikotoksiny koncentracijy didé¢jima.

Kukurtizy griidy sandéliavimo trukmé ir salygos turi jtakos mikotoksiny koncentracijy ir

mitybinés vertés rodikliy pokyciams.

Mokslinio darbo aktualumas

Europos Sajungoje pasary saugumui skiriamas didelis démesys, taciau kombinuotyjy pasary

gamyboje naudojamos Zaliavos ne visada btina geros kokybés, dazniausiai netinkancios maistiniy

gridy rinkai. Europos Sgjungos dokumentai, susij¢ su mikotoksiny uzterStumu gyviiny pasaruose

yra tik rekomendacinio pobiuidzio (European Commission 2006), todél dazniausiai Siy nustatyty

koncentracijy yra nepaisoma ir nepakankamai skiriama démesio $iai problemai. Tai ypa¢ aktualu
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smulkesniy tikiy tarpe, kurie patys augina paSarinius augalus ir naudoja savo tkyje. Daznai
susiduriama su jvairiais gyviiny susirgimais, kuriuos lemia mitybinés vertés ir saugos rodikliy
pasaruose nepaisymas. Lietuvoje ir kitose pasaulio Salyse vis dar tritksta kukurtizy ir mieziy griudy
kokybés tyrimy, kompleksiSkai jvertinant jy mitybine verte ir uzsiterSimg mikotoksinais. Triksta
informacijos apie paSariniy grudy atitikimg saugos reikalavimams, atsizvelgiant j ES
rekomendacijas dél mikotoksiny koncentracijy. Ypatingai tritksta moksliniy ziniy apie tai, kaip
kinta mikotoksiny koncentracijos vélinant derliaus nuémimo laika, kai dél gamtiniy salygy ar kity
priezasCiy derlius ne visada nuimamas laiku. Mikotoksiny koncentracijy ir mitybinés vertés
rodikliy poky¢iai sandéliavimo metu kukurtizy gruaduose, kurie uzauginti misy regionui
budingomis klimato sglygomis, taip pat mazai tyrinéti. Tad Sis mokslinis darbas suteikia naujy
ziniy apie optimaly kukurtizy ir mieziy griiddy derliaus nuémimo laikg bei optimalias kukuriizy

griidy sandé¢liavimo salygas siekiant iSvengti didesnio uzterStumo mikotoksinais.

Darbo naujumas

Atlikti kompleksiniai tyrimai, apémé paSarams Lietuvoje dazniausiai auginamy augaly,
skirtingy veisliy ir hibridy mieziy bei kukurtizy mitybinés vertés rodiklius, lauko patogenus,
didele mikotoksiny skale bei koreliacinius rySius tarp jy. Tokie tyrimai pirma kartg atlikti ir
iSanalizuoti Lietuvoje, taciau su tokia moksline informacija tyrimy negausu ir Europoje bei
pasaulyje. Dazniausiai fragmentiskai jvertinti tik atskiri rodikliai, kurie ne visada duoda
atsakymus ] iSkilusius klausimus (Jestoi et al. 2004; Kaaya et al. 2005). Deoksinivalenolio ir jo
derivaty, T-2, HT-2 toksiny, moniliformino, nivalenolio ir eniatiny (ENN) B, B1, A, Al analiziy
rezultatai paSariniuose gruduose papildé negausias zinias S$ioje srityje. Sandéliavimo
eksperimento metu pirmag kartg iStirti mikotoksino citrinino (CIT) koncentracijy poky¢iai
sandéliuojant misy regionui biidingomis klimato salygomis uzaugintus kukuriizy griidus, 0
nustatyti gridy mitybinés vertés bei mineraliniy medZziagy koreliaciniai ry$iai su mikotoksinais

taip pat suteikia naujos ir vertingos mokslinés informacijos.

Darbo praktiné reikSmé

Sis mokslinis darbas suteikia informacijos apie mikotoksiny paplitima pasarams skirtuose
mieziy ir kukurtizy griduose Lietuvoje. Padeda suprasti kokios sglygos lemia didesnes
mikotoksiny koncentracijas, kai véluojama nuimti derliy ir kaip turéty buti sandéliuojami
kukurtizy griidai siekiant sumazinti uzterStumo mikotoksinais rizikg. Atliktos analizés galéty

prisidéti rengiant ES dokumentus ir rekomendacijas, susijusius su pasary kokybe ir sauga.
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Tyrimo rezultaty aprobavimas
Disertacinio darbo tema paskelbti 2 moksliniai straipsniai turin¢iuose citavimo indeksa.
Konferencijy leidiniuose iSspausdintos 9 santraukos, Dalyvauta 9 mokslinése konferencijose, i$

kuriy 4 su zodiniai praneSimais ir 5 su stendiniai praneSimais. ISspausdintos 2 rekomendacijos.

Disertacijos turinys ir apimtis

Disertacija paraSyta lictuviy kalba. Disertacijos apimtis — 144 puslapiai. Jg sudaro santrauka,
jvadas, literattiros analiz¢, tyrimo metodai, tyrimo rezultatai ir jy aptarimas, iSvados, publikacijy
ir rekomendacijy sarasas bei jy kopijos. Disertacijoje pateiktos 24 lentelés ir 16 paveiksly.
Panaudoti 185 literatiiros Saltiniai. Dalis disertacijoje naudojamy duomeny yra paimti i$
doktoranto Eimanto Venslovo straipsniy: ,Venslovas E., Mankevi¢iené A., Kochiieru Y.,
Merkeviciuté-Venslovée L., Janaviciené S. 2022. Effect of storage conditions on the occurrence of
mycotoxins and nutrient composition in maize grains. Zemdirbyste-Agriculture, 109 Nr. 4%, bei
,Venslovas E., Mankeviciené A., Kochiieru Y., JanavicCiené S., Dabkevicius Z., Bartkevic¢s V.,
Bérzina Z., Pavlenko R. 2023. The effect of Ustilago maydis and delayed harvesting on A- and
B-type trichothecene concentrations in maize grain. Journal of Fungi, 9 Nr. 8: 794
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1. LITERATUROS ANALIZE

1.1. Kukuriizy ir mieZiy griidy svarba Lietuvoje ir pasaulyje

Kukuriizai (Zea mays L.) yra vienas i$ labiausiai prisitaikan¢iy augaly, gebantys augti
jvairiomis aplinkos sglygomis. Kukurtizai daznai naudojami maistui ir gyviiny paSarui (Suganya,
Saravanan, and Manivannan 2020). Remiantis naujausiais tyrimais, po kvie¢iy kukurtizai
pasaulyje yra antroje vietoje pagal labiausiai auginamas kulttras (Erenstein et al. 2022). Tikimasi,
kad per ateinantj deSimtmet] pasaulyje uzauginamy grady kiekis padidés apie 12 proc. ir beveik
puse Sio padidéjimo sudarys kukuriizy grudai (OECD/FAO 2022). Taip pat tikimasi, kad
kukurtizy griidai sudarys didZigja dalj gridy naudojamy gyviiny pasarams, 0 kKukurtzy derlius
Europoje, o ypac¢ Siaurés Europoje, nepaisant klimato kaitos, isaugs dar labiau (Parent et al. 2018).
Kukurtizai paSarams naudojami dél maistinés sudéties ir didelio derliaus potencialo. Didziaja
kukurtizy grudy dalj sudaro krakmolas, 0 gyviinams tai yra vertingas ir gerai virSkinamas
energijos Saltinis, todel kukuriizai yra naudojami galvijy $érimui, 0 Siekiant iSlaikyti maisting verte
i§ kukurtizy yra gaminamas silosas (Guimaraes et al. 2023; Karnatam et al. 2023). Lalage ir kt.
(2023) teigia, kad apie 75 proc. kukuriizy produkcijos yra sunaudojama ne maistui, o biokurui,
gyviny ir paukséiy pasarams, alkoholio gamybai ir kitoms pramoninéms reikméms. Lietuvoje
kukurtizai dazniausiai auginami siloso ir griidainio gamybai, taciau paskutiniu metu dazniau
pradéti auginti ir gridams. Per pastarajj deSimtmet] kukurtizy produkcija Lietuvoje jau padidéjo
nuo 78,8 iki 99,8 tikst. tony, 0 bendrai visame pasaulyje pastebimas 14,39 proc. padidéjimas
(FAOSTAT 2023; Oficialiosios statistikos portalas 2023).

Mieziai (Hordeum vulgare L.) — grudiniai javai, svarbiis jvairiais aspektais. Tai taip pat
labai adaptyvus augalas, kuris gali biti auginamas vietovése, kurios dél klimato ir dirvoZzemio
salygy maziau tinkamos kitoms javy rasims (Larsson, Leino, and Hagenblad 2021). Mieziai Siuo
metu yra ketvirtoje vietoje pagal labiausiai auginamas kulttiras. Jie daznai yra naudojami kaip
baltymy ir energijos Saltinis mésiniams galvijams ir kiauléms, taip pat naudojami pauksciy
lesalams (Abebaw 2021; Badea et al. 2021). Nustatyta, kad dygimas padidina mésiniams
vis¢iukams skirty mieziy grudy turimos energijos kiekj (Black et al. 2022). Maisto pramonéje jie
naudojami salyklui alaus pramongje, duonai, troskiniams, sriuboms ir sveikuoliSkiems
produktams gaminti (Badea et al. 2021; Perera et al. 2022). Lietuvoje mieZiai dazniausiai
auginami paSarams ir salyklui. Pasaulyje per paskutiniuosius 10 mety mieziy derlius iSaugo
8,85 proc., taciau Lietuvoje Oficialiosios Statistikos Portalo duomenimis derlius sumazéjo nuo
752 iki 383 tukst. tony (FAOSTAT 2023; Oficialiosios statistikos portalas 2023).
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1.2. Kukuriizy ir mieZiy griidy technologinés savybés ir cheminé sudétis

Kukurtizy griidy cheminei sudéciai jtakos gali turéti jvairts veiksniai, pavyzdziui,
vabzdziy antpliidis, dziovinimo biidai, augimo salygos ir hibridy savybés. Riebaly kiekis
kukurtizy griidduose gali svyruoti nuo 2,8 iki 3,9 proc., baltymy nuo 6,7 iki 9,9 proc., o krakmolo
kiekis paprastai biina didziausias - nuo 70,3 iki 72,0 proc. (Liubych 2020). Kukuriizy griduose
gausu karotinoidy, kurie zmoniy ir gyviiny organizme paveriami vitaminu A, tai padeda
apsisaugoti nuo regos problemy, tokiy kaip vistakumas, kseroftalmija, ragenos opos ar pazeidimai
(Faustino et al. 2016; Trono 2019). Nors ir nedideliais kiekiais, taciau kukurtizuose taip pat
aptinkama ir jvairiy mineraliniy medziagy tokiy kaip Fe, Zn, bei vitaminy B6 ir B9. Sios
medziagos svarbios gaminant eritrocitus, svarbioms imuniteto funkcijoms palaikyti, DNR
sintezéje, dalyvaujant baltymy, angliavandeniy ir riebaly metabolizmo procesuose (Stathers et al.
2020; Szulc et al. 2022).

Atlikti tyrimai rodo, kad cheminés sudéties skirtumus gali lemti tam tikri genetiniai
skirtumai - kukurtizy grudy tipas ir spalva (Oas and Adams 2022; Subrin et al. 2022). Sausros
kukuriizy auginimo metu taip pat turi jtakos. Kinijoje atliktas tyrimas parodé¢, kad sausra sé¢jimo
ir dygimo metu lemia didesnj derliy, taip pat didesnj baltymy ir riebaly kiekj, o sausros zydéjimo
ir burbuolés sitily pasirodymo laikotarpiu lemia mazesnj derliy, taip pat didesnj baltymy kiekj,
taciau mazesnj riebaly kiekj (Bi et al. 2019). Kiti mokslininkai pastebi, kad krituliai taip pat
neatsiejamas dalykas nuo cheminés sudéties — esant nepakankamam drékinimui didéja krakmolo
ir mazéja riebaly, o drékinimas reik§mingai padidina K, Mg, Fe, Mn ir Zn kiekius, ta¢iau sumazina
Ca kiekj (Kresovic¢ et al. 2018).

Pavélintas derliaus nuémimo laikas taip pat gali turéti jtakos kukuriizy gridy maistinei
vertei. Kai kurie tyréjai pastebéjo pokycius dél vélesnio derliaus nuémimo laiko (Seleiman et al.
2017; Wojcieszak et al. 2020; Zhao et al. 2023). Pastebima, kad labiau subrende kukuriizy griidai
turi didesn; krakmolo ir virSkinamos organinés maseés, tatiau mazesnj peleny, zaliy baltymy ir
VTA kiekj (Seleiman et al. 2017). Viename i§ moksliniy straipsniy teigiama, jog norint gauti
didesnj ir geresnés kokybés derliy, kukuriizy grudai turéty buti nuimami lauko dehidratacijos
metu. Taip pat geresnj, aukstos kokybés derliy lemia vélesnis derliaus nuémimas - po fiziologinés
brandos, esant santykinai mazam drégniui gruduose. Taigi vélesnis derliaus nuémimas po
fiziologinés brandos esant lauko dehidratacijai yra svarbus techninis metodas, padedantis
pagerinti efektyvia aukstos kokybés kukuriizy gamyba (Zhao et al. 2023). Taciau kito tyrimo metu
pastebéta, kad kukurtizy griduose esant vélesniam derliau nuémimui reikSmingai sumazéja

mineraliniy medziagy, tokiy kaip Ca, Na, Ca, Mg, kiekiai (Wojcieszak et al. 2020).
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Cheminé mieziy gridy sudétis skirtingose mieziy veislése gali skirtis, todel skiriasi jy
virskinimo efektyvumas (Yang et al. 2018). Mieziy griiduose gausu skaiduliniy medziagy ir
antioksidanty, pavyzdziui, fenoliniy junginiy, kurie prisideda prie jy didelés maistinés vertés.
Mieziy grudai taip pat yra ir geras nesoCiyjy riebaly rugséiy ir karotinoidy Saltinis, kurie turi
jvairiy sveikatai naudingy savybiy (Nowak et al. 2023). Palyginti su kitomis gradinémis
kulttiromis, mieziy griiduose ypa¢ daug maistiniy skaiduly, jskaitant B-gliukana, kuris, kaip
jrodyta, apsaugo nuo hipertenzijos, Sirdies ir kraujagysliy ligy ir diabeto (Geng et al. 2022).
Mieziy griiduose baltymy kiekis sudaro 10,0-12,8 proc., krakmolo kiekis apie 60 proc., riebaly
kiekis 1,9-2,6 proc., peleny kiekis 2,0-2,5 proc., lastelienos kiekis 4,0-5,7 proc. (Deme, Tessema,
and Gari 2019; Sinkovi¢ et al. 2023). Kiekis svyruoja priklausomai nuo veislés ir genotipo,
tkininkavimo sistemos bei meteorologiniy salygy (Li et al. 2021; Nowak et al. 2023).

Krakmolo kiekis ir sandara mieziy griduose yra glaudziai susijusi su derliumi, todél buvo
atlikti tyrimai, kuriais siekta nustatyti genus arba lokusus, kontroliuojanéius mieziy grudy
krakmolo savybes. Tyrimo metu buvo aptikti 4 genai kandidatai, kurie pasizyméjo didele raiska
besivystan¢iuose mieziy gruduose, kai sparciai kaupési krakmolas (Li et al. 2021). Salyklinés
veislés paprastai turi didesnj krakmolo kiekj ir mazesnj baltymy kiekj (Deme et al. 2019).
Ekologiskai auginamuose mieziy griiduose yra didesnis fenoliniy junginiy, karotinoidy ir
antioksidanty kiekis, palyginti su jprastai auginamais mieziy griidais (Nowak et al. 2023).
Cheminei sudéciai jtakos gali turéti ir meteorologinés sglygos. Mieziy griidai, kai mieZiai augo
esant vésesnéms oro temperatiroms turéjo didesnj peleny kiekj, lyginant su griidais, kai mieZiai
augo aukstesnés temperatiiros klimato zonose (Kim et al. 2022). Karsc¢io sukeliamas stresas gali
lemti sumazéjusj krakmolo kiekj ir padidéjusj mineraliniy medziagy kiekj (Ben Mariem et al.
2021). Kiti mokslininkai teigia, jog sausra, auksSta temperatiira, bei didesnis azoto kiekis
dirvoZzemyje, gali padidinti baltymy kiek; griiduose. Mieziy gridai, kuriy baltymy kiekis yra
didesnis nei 12,5 proc. paprastai yra nenaudojami salyklo gamyboje ir realizuojami kaip pasariniai
grudai (Izydorczyk et al. 2021).

Kai kuriuose tyrimuose pastebima, kad mitybinés vertés rodikliams jtakos gali turéti ir
mikotoksiny koncentracijos. Jungtinés Karalystés mokslininkai pastebi teigiamas koreliacijas tarp
AFLg1+B2+G1+G2 koncentracijy ir sausosios medziagos praradimo kukuriizy griduose (Garcia-Cela
et al. 2019). Atliekant tyrimus su kvieciais Lietuvoje pastebétos DON, T-2 ir ZEA neigiamos
koreliacijos su hektolitru, klampumu ir kritimo skai¢iumi, taciau su Kitais mitybinés vertés

rodikliais fiksuojamos tik pavienés neigiamos koreliacijos (Kochiieru et al. 2021).
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1.3. Gridy uzsikrétimas mikroskopiniais grybais ir uzterstumas mikotoksinais

Griadinés kultiros daznai yra mikroskopiniy gryby infekcijy taikinys. Aspergillus,
Penicillium, Monascus ir Fusarium spp. gryby rtsys gamina mikotoksinus, tokius kaip AFL,
OTA, DON, ZEA, CIT ir kt., kurie kelia didelj susiriipinimg visame pasaulyje (Carbas et al. 2021;
He and Cox 2016; Pei et al. 2022; Zingales et al. 2022). Taciau vienas svarbiausiy mikotoksiny
Saltiniy yra Fusarium spp. grybai. Tokios rasys kaip F. graminearum ir F. culmorum daugiausia
gamina B tipo trichotecenus: DON, 3-ADON ir 15-ADON, o rasys kaip F. langsethiae, F. poae,
F. equiseti ir F. sporotrichioides daugiausia gamina A tipo trichotecenus: T-2 ir HT-2 (Bertero et
al. 2018; Jani¢ Hajnal et al. 2023). Tyrimai rodo, kad DON galima aptikti beveik puséje tirty
meéginiy, o kukuriizai yra vieni 1§ paséliy, kuriuose DON koncentracija yra didziausia. Taip pat
reikéty surinkti daugiau informacijos apie 3-ADON ir 15-ADON, kad biity geriau suprantamas jy
ir DON bendras poveikis organizmui (EFSA 2013). Skatinama toliau rinkti ir analitinius
duomenis apie T-2 ir HT-2 atitinkamuose maisto ir pasary produktuose, ypatingg démesj skiriant
atskiry toksiny analizei tame pac¢iame méginyje (EFSA et al. 2017).

Vartojant grudus, kurie yra stipriai uzsiterS¢ mikotoksinais, zmonéms ir gyvinams gali
pasireiksti 1étinés, iminés ligos ar net mirtis (Ekwomadu, Akinola, and Mwanza 2021). Mikotoksinai
gali turéti kancerogeninj, mutageninj, teratogeninj, hepatotoksinj ir estrogeninj poveikj Zmonéms ir
gyvinams (Khodaei, Javanmardi, and Khaneghah 2021). Skirtingi mikotoksinai pazeidzia skirtingas
organy grupes. Pastebima, kad Fusarium spp. ir Aspergillus spp. gaminami mikotoksinai (DON,
ZEA, AFLg1) melziamy karviy racione, gali turéti neigiamos jtakos somatiniy lIgsteliy skaiéiui,
kraujo rodikliams ir imunitetui (JovaiSiene et al. 2016). DON, 3-ADON ir 15-ADON pazeidzia
virskinamojo trakto barjera ir sumazéja apetitas, gali pasireik§ti vémimas, viduriavimas (Patriarca
and Fernandez Pinto 2017). ZEA sukelia hormoninius sutrikimus — vaikingumo metu sumazéja
embriono iSgyvenamumas, blogéja spermos kokybé, ZEA gali patekti ir j pieniniy galvijy piena, kurj
véliau vartoja zmonés (Patriarca and Fernandez Pinto 2017; Vila-Donat et al. 2018). AFL jautriausios
yra kiaulés ir viStos — apsinuodijus pastebimi kepeny ir Zarnyno pazeidimai, didéja nugaiSusiy visty
kiekis (Adeyeye 2020; Weaver et al. 2013). T-2, HT-2 lemia augimo sulétéjima, apsinuodijus
toksiskai veikia raumenis ir krauja, o kontaktuojant gali sukelti sepsj (Agriopoulou et al. 2020). OTA
ir CIT gali pazeisti DNR ir sukelti véZinius susirgimus, taip pat pazeidzia inkstus, nervy ir imuning
sistemas (Agriopoulou et al. 2020; EFSA 2012a; P. Li et al. 2020; Patriarca and Fernandez Pinto
2017). Manoma, kad MON gali veikti kardiotoksiskai, sukelti kvépavimo sutrikimus, taip pat
pastebimas sinerginis veikimas kartu su DON ir FUMg: ir FUMg: (Bojana et al. 2022; Fremy et al.
2019). Taip pat dél galimo sinerginio poveikio atkreipiamas démesys ir j ENN — jie gali sukelti

virskinamojo trakto sutrikimus, pazeisti kepenis ir susilpninti imuniteta (Gautier, Pinson-Gadais, and
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Richard-Forget 2020; Kiizova et al. 2021). Taciau tuo paciu tiriamas ir potencialus jy antibakterinis,
fungicidinis, herbicidinis ir insekticidinis poveikis (Firakova, Proksa, and Sturdikova 2007;
Prosperini et al. 2017).

Kadangi smarkiai uzkrésti griidai néra tinkami vartoti, o tokiy griidy detoksikacija ir (arba)
nukenksminimas yra pasauliné problema (praktiniu ir moksliniu poziiiriu), ji taip pat gali sukelti
didelius ekonominius nuostolius (Agriopoulou et al. 2020). Todél Europos Komisija nustaté
didZiausias leistinas tam tikry mikotoksiny koncentracijas maiste ir paSaruose (European
Commission 2006, 2013, 2023; European Parliament 2002). Rekomendacinio pobtudzio DON,
ZEA, OTA, T-2 ir HT-2 mikotoksiny koncentracijy ribos bei direktyvoje skelbiamos maksimalios
AFLg1 koncentracijy ribos gyviiny pasaruose pateiktos 1 lenteléje. Vis dar néra paskelbty
rekomenduojamy CIT koncentracijy gyvinams, 0 didziausios 3-ADON ir 15-ADON
koncentracijos nenurodomos nei zmoniy maiste, nei gyviiny pasaruose. EUropos maisto ir saugos
tarnyba (EFSA et al. 2019) DON ir jo derivaty (3-ADON, 15-ADON, D3G) sumai paskelbé
didziausia toleruojamga paros koncentracija, kuri siekia 1 pug kg™ kiino svorio per dieng. Dél
mokslinés informacijos trikumo CIT buvo nustatyta riba siekianti 0,2 ug kg kiino svorio per
dieng (EFSA 2012b).

1 lentelé. Rekomenduojamos DON, ZEA, OTA, T-2, HT-2 ir Direktyvoje skelbiamos AFLg; maksimalios
koncentracijy ribos, 12 proc. drégnumo pasaruose.
Table 1. The guidance values for DON, ZEA, OTA, T-2, HT-2 and the Directive’s maximum values for

AFLg; relative to a feed with a moisture content of 12 %.

Mikotoksinas / Gyviiny pasarams skirti produktai / Koncentrac_ua/
. . . Concentration,
Mycotoxin Products intended for animal feed D
— Gridai ir grudy produktai, iSskyrus Salutinius kukuriizy 8000
Deoksinivalenolis / | produktus / Cereals and cereal products with the exception of
Deoxynivalenol maize by-products
— Salutiniai kukuriizy produktai / Maize by-products 12000
— Gridai ir grady produktai, iSskyrus Salutinius kukuriizy 2000
Zearalenonas / produktus / Cereals and cereal products with the exception of maize
Zearalenone by-products 3000
— Salutiniai kukuriizy produktai / Maize by-products
Ochratoksinas A/ | — Gridai ir gridy produktai / Cereals and cereal products 250
Ochratoxin A
Fumonizinas — Kukuriizai ir kukurtizy produktai / maize and maize products 2000
B1 + B2/ Fumonisin
Bl + B2
Aflatoksinas B1/ | PaSarinés zaliavos 50
Aflatoxin B1
— Kiti grudy produktai / Other cereal products 500
T-2 + HT-2 — Kombinuotieji pasarai, i8skyrus édalg katéms / Compound feed, 250
with the exception of feed for cats

19



Zinoma, kad gera Zemés iikio ir sandéliavimo praktika gali sumaZinti pelésio vystymasi
bei tar$g mikotoksinais (Perrone et al. 2020). Pastebima, kad Zemés dirbimo sistema gali turéti
jitakos mikotoksiny koncentracijoms. Mokslininkai Lietuvoje pastebi, kad taikant bearimg
zemdirbysteés sistemg, kvietriigiuose DON ir ZEA koncentracijos buvo bent 3 kartus didesnés, nei
taikant jprastg zemdirbystés sistemag (Baliukoniené et al. 2011). Atkreipiamas démesys ir |
kiekvienai augalo rtsiai tinkamo derliaus nuémimo laiko pasirinkimg, bei mechaninius augaly
pazeidimus vegetacijos metu (Edwards and Jennings 2018; Kochiieru et al. 2020). Taip pat labai
svarbu tinkama augaly prieziiira apsaugant juos nuo kenkéjy, o sandéliavimo metu uZztikrinant
tinkamg apsaugg nuo vabzdziy ir grauziky, drégme, temperatiirg ir sandéliavimo laikotarpj iki kol
grudai pradeda gesti (Mannaa and Kim 2017). Todél labai svarbu nuolat stebéti ir vertinti sglygas,
galincias padidinti mikotoksiny koncentracijas bei jy vengti (Jani¢ Hajnal et al. 2023).

I$ paSary pasalinti susidariusius mikotoksinus labai sudétinga ir mokslininkai iesko galimy
sprendimo buidy (Mavrommatis et al. 2021). Esant nedideliam uZterStumui gali padéti tam tikri
fiziniai metodai, tokie kaip plovimas, malimas, paSaliniy daleliy ar labiau pazeisty griidy
atskyrimas (Neme and Mohammed 2017). Taip pat siek tick sumazinti koncentracijas gali padéti
terminis apdorojimas (kepinimas, skrudinimas), o kai kuriy mikotoksiny koncentracijas mazina
Svitinimas ultravioletiniais ir gama spinduliais, tac¢iau dél didélés jrenginiy kainos ir saugumo
reikalavimy, susijusiy su tokiy jrenginiy naudojimu, §ios priemonés nebuvo pradétos naudoti
reguliariai. (Calado, Venancio, and Abrunhosa 2014; Faraji, Yazdi, and Razmi 2022; Karlovsky
et al. 2016). Mokslininkai bando jvairias chemines, biologines priemones ir pasary priedus, kurie
galéty sumazinti mikotoksiny koncentracijas (Abd-Elsalam et al. 2017; Wu et al. 2017; Zhu et al.
2016), tac¢iau daznai naudojant jvairias priemones pasikeicia griidy juslinés savybés (Karlovsky

et al. 2016).

1.4. Aplinkos salygu reik§mé mikotoksiny koncentracijy pokyciui

Gridinés kultiros daZnai yra mikroskopiniy gryby infekcijy taikinys. Infekcijos gali
pasireiksti vegetacijos metu arba po derliaus nuémimo, taip pat sandéliavimo ir transportavimo
metu, o uzsikrétimas mikroskopiniais grybais lemia ir mikotoksiny susidaryma (Eskola et al.
2020; Janavicien¢ et al. 2022; Kos et al. 2020). Didelg jtaka vegetacijos metu turi vabzdziai, kurie
maitindamiesi augalais pazeidzia audinius, o pazeistos vietos gali lengvai uZsikrésti
mikroskopiniais grybais (Miedaner and Juroszek 2021). Kai kurioms mikroskopiniy gryby rasims
daugintis ir plisti reikia tropinio/subtropinio klimato regiony, o kitos gali augti ir gaminti
mikotoksinus vidutinio klimato regionuose (Zingales et al. 2022). Tac¢iau yra manoma, kad dél
klimato atSilimo S$iaurés Europoje gali paplisti regionui nebiidingi kenksmingi ir naudingi

vabzdziai bei organizmai, kurie prisitaik¢ gyventi esant Siltesnéms meteorologinéms salygoms
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(Hakala et al. 2011; Miedaner and Juroszek 2021). Klimato kaita gali lemti ir mikotoksikogeniniy
mikroskopiniy gryby geografinio paplitimo pasikeitimg ir besiformuojanciy mikotoksiny
kokybinius bei kiekybinius poky¢ius (Zingales et al. 2022). Taip pat tikétina, kad dél padidéjusio
klimato salygy nepastovumo, padidés ir mikotoksiny susikaupimo tikimybé po derliaus nuémimo,
lauke ir sandéliuose (FAO 2020).

Tyrimai rodo, kad genetika taip pat turi labai daug jtakos mikroskopiniy gryby paplitimui
ir mikotoksiny produkavimui. Pastebima, kad didelé pries mikroskopinius grybus veikiancio
nepentezino 1 geno raiska mieziy griiduose lemia sumazéjusius varpy fuzariozés atvejus (Bekalu
et al. 2020). Fusarium spp. uzsikrétimo skirtumus tarp veisliy pastebi ir Vokietijos mokslininkai
vertindami skirtingo genotipo vasarinius miezius ir susiejo su didesnémis DON, 3-ADON ir 15-
ADON koncentracijomis, ta¢iau nepasteb¢jo reikSmingy skirtumy tarp genotipy vertindami ZEA
ir NIV koncentracijas (Hoheneder et al. 2022). Lygiai taip pat iSrySkéjo ir skirtingas kukurtizy
hibridy atsparumas Fusarium spp. grybams ir reikSmingos koreliacijos su DON, ta¢iau vertinant
FUMg: ir FUMg: reik§mingy koreliacijy su stipriau uzsikrétusiais kukuriizy gridais nepastebéta
(Mesterhazy et al. 2020).

Mokslininkai pastebi, kad nepalankios aplinkos salygos (temperatiira, drégmé, sausra ir
krituliai) gali turéti jtakos griidy uzsikrétimui mikroskopiniais grybais ir mikotoksinais (Kos et al.
2020). Serbijoje pastebéta, kad kukuriizy vegetacijos laikotarpiu esant ekstremaliam krituliy
kiekiui visuose kukuriizy gridy méginiuose buvo aptikta DON bei ZEA ir jo derivatai (Kos et al.
2020). Siltesnése klimato zonose ypaé atkreipiamas démesys, jog dél didesnio krituliy kiekio ir
Zzemesnes temperatiiros prie§ derliaus nuémima bei esant pavéluotam kukurtizy derliaus
nuémimui, budingas didesnis Fusarium spp. kiekis ir padidéjes uzterStumas mikotoksinais (da
Costa et al. 2018; Kaaya et al. 2005; Leggieri et al. 2019). Masy regione vis dar triikksta
informacijos apie paveélinto derliaus nuémimo laiko jtakg kukuriizy ir mieziy griiddy uzterStumui,
taCiau pastebima, kad vélinant kvie¢iy derliaus nuémimg DON, T-2 ir ZEA koncentracijos did¢ja
(Edwards and Jennings 2018; Kochiieru et al. 2021).

Pasitaikius sukeléjui palankioms meteorologinéms sglygoms kukuriizy pasélivose gali
iSplisti puslétosios kilés. Puslétgsias kiles sukelia bazidiomicetinis grybas Ustilago maydis
(Frommer, Veres, and Radocz 2018). Tai paplites biotrofinis fitopatogeninis grybas, kuris gali
pasireiksti visose augalo dalyse, sudarydamas teliospory pripildytas pusleles (Yu et al. 2023).
Pislétyjy kiliy plitimui jtakos turi nepalankios meteorologinés salygos, tokios kaip auksta
temperattira ir sausros, ziedadulkiy iSbarstymo ir burbuolés siiily pasirodymo laikotarpiu. Liga
taip pat intensyviau plinta, kai jauni audiniai pazeidziami mechaniniy pazeidimy, pvz., v€jo ar

krusos (Kelly, McLaughlin, and Zuchelli 2023; Szulc et al. 2020). D¢l Sios ligos gali sutrikti
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augaly vystymasis ir sumazéti produkcija, o ekonominiai nuostoliai siekti iki 10 proc. (Frommer
etal. 2018; Yu et al. 2023).

Atsizvelgiant i skirtingg kukuriizy hibridy atsparuma, rekomenduojama pirmenybe teikti
maziau jautriems hibridams, kad paséliai biity veiksmingai apsaugoti (Radocz et al. 2023).
Manoma, kad atsparumas U. maydis yra kiekybinis pozymis, kuriam jtaka daro daugybé, geny
sukeliamy, nedideliy efekty. Taciau konkretlis genai ir sudétingi mechanizmai, lemiantys
kukuriizy atsparumg U. maydis, i§ esmés néra apibudinti (Ruan et al. 2021). Todél nemazai
pastangy skiriama naujy hibridy, pasiZyminc¢iy didesniu atsparumu, kiirimui ir tuo paciu metu
nepamirStama ir esamy hibridy, galinéiy turéti didesnj atsparuma, identifikavimo svarba (Pathi et
al. 2020). Néra cheminiy apsaugos priemoniy galin¢iy padéti nuo uzsikrétimo pislétosiomis
kulémis. Apsisaugoti galima tik naudojant netiesiogines priemones — vengiant mechaninio augaly
pazeidimo, nepertresiant azotu (Szdoke et al. 2021). Taip pat patariama séti laukuose, kur anks¢iau
nepasitaiké puslétyjy kiliy arba kurj laikg neséti kukuriizy tame paciame lauke, jei pries tai auge
kukuriizai buvo uzsikréte. Jei kukuriizy auginama nedaug, pastebéjus piisleles jas galima paSalinti
rankomis, kol jos dar yra nedidélés ir nepagaminusios spory. Be to, Sumazinti uzsikrétimy skaiciy
gali padéti ir gilus zemés dirbimas, kai dalis spory uzkasamos giliau ir todél nebegali uzkrésti
augalo (Hasan et al. 2018).

U. maydis negamina pavojingy metabolity, tac¢iau ant kukurtizy burbuoliy esancios kiiliy
pusleés pazeidzia kukuriizy gridy lukSto vientisuma ir sudaro sglygas kitiems grybams uzkrésti
sveikus grudus (Abbas et al. 2015; Kelly et al. 2023). Naujesniuose tyrimuose pastebéta, jog
mikotoksikogeniniai grybai gali kolonizuoti pacias puslétyjy kaliy pasles ir uzterSti jas
mikotoksinais (Anggreini and Rahmadhini 2020). Kiti tyréjai teigia, kad mikotoksiny jvairiais
kiekiais galima aptikti ir konservuotose kiiliy puslése, kurios skirtos zmoniy vartojimai (Abbas et
al. 2017). Mat kai kuriose Salyse, pavyzdziui, Meksikoje, jos laikomos delikatesu ir svarbiu
baltymy (~12 proc.) Saltiniu, turiniu keleta pavadinimy: "kukuriizinis grybas", "kukuriizy
triufelis”, "cuitlachoche" ir "huitlacoche"” (Aydogdu and Goliikeii 2017; Jing et al. 2022).

1.5. Griudy sandéliavimo reikSmé mikotoksiny koncentracijuy pokyciui

Pastangos kontroliuoti maisto produkty uzterStumg mikotoksinais turéty apimti visg
pramong - nuo zemés tikio praktikos iki stalo (Ji et al. 2022). Atanda ir kt. (2011) teigia, kad 10—
40 °C temperatiroje laikant didesnio nei 13 proc. drégnumo gridus gali padidéti jy uzterStumas
mikotoksinais. Tiriant AFL sumos koncentracijy pokycius kukurtizuose reikSmingas padidéjimas
nattiraliai uzsikrétusiuose griaduose pastebimas jau po 11 dieny sandéliavimo, taciau tik laikant esant
0,95 vandens aktyvumui ir laikant 25-35°C (Garcia-Cela et al. 2019). Taciau kukurtzy grady

sandeliavimo reikSmé kity mikotoksiny koncentracijoms sandéliuojant ilgesnj laikg mazai tyrinéta,
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daugiau démesio skirta kity gradiniy kultiiry tyrinéjimui. Pastebima, jog 6 savaites sandéliuojant
avizas 8 °C esant 80 proc. santykinei drégmei gali reikSmingai sumazinti T-2 ir HT-2 koncentracijas
(JanaviCiené et al. 2022). Sandéliuojant kvieciy gridus pastebima, kad po 2 ménesiy sandéliavimo
DON ir 3-ADON koncentracijos reikSmingai mazéja, o 15-ADON didéja (Janaviciené,
Mankeviciené, and Kochiieru 2020). Kitg vertus 20 ir 28 °C temperatiiroje 28 dienas sandéliuojant
kvie¢iy grudus, kuriuose vizualiai pastebimas didesnis nei 1 proc. pazeidimas Fusarium spp.
grybais DON koncentracija reikSmingai didéjo (Mankeviciené et al. 2019). Vertinant mieziy ir
kvie¢iy griidy uzterStuma mikroskopiniais grybais Lietuvos tkiy sandéliuose pastebéta, kad
didziausias uzterStumas vyrauja mazesniy tikiy saugyklose (Baliukoniené and Bakutis 2002).
Sandéliavimo patalpos yra svarbiis kontrolés taskai, kurie turéty biiti nuolat vertinami, siekiant
uztikrinti gerg Zemes tikio produkty verte, 0 i§samios informacijos apie kukurtizy grudy laikyma
ir su tuo susijusig mikotoksiny tarSos rizikg vis dar tritksta (Phokane et al. 2019).

Kukuriizai ir vasariniai mieziai yra vieni labiausiai auginamy griidiniy kultiiry visame
pasaulyje, turintys svarbig ekonoming ir maisting reikSme¢. Jie daznai naudojami gyviny
paSarams, biokurui, maisto produkty gamybai ir net chemijos pramong¢je. Ne tik grudy sudétis,
taciau ir uzsikrétimas Fusarium spp., o tuo paciu ir uzterStumas mikotoksinais gali labai skirtis
priklausomai nuo genetiniy veiksniy, augimo salygy ir derliaus nuémimo laiko, bei sandéliavimo
salygy. O tai tiesiogiai veikia gridy maisting vertg ir jy galimg panaudojimg. Todél labai svarbu
naudoti tinkamus zemés tkio praktikos metodus, siekiant sumazinti uzter§tumo mikotoksinais
rizikg ir uZtikrinti saugy gridy vartojima. Tai ypac svarbu, kai griidai naudojami maisto gamybai
ir gyviiny pasarams, nes didelés mikotoksiny koncentracijos gali sukelti rimtus sveikatos

sutrikimus.
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2. TYRIMO METODIKA IR SALYGOS

2.1. Lauko eksperimentai

Kukuriizy ir mieziy lauko eksperimentai atlikti LAMMC ZI Augaly patologijos ir
apsaugos skyriaus eksperimentiniuose laukuose 2020-2022 m. I§ viso buvo surinkti 142 vasariniy
mieziy ir kukuriizy grudy méginiai. Atliktas dviejy veiksniy lauko eksperimentas. Skirtingo
derliaus nuémimo laiko tyrimams pasirinkti placiausiai $iuo metu auginami 2 kukurtizy hibridai
grudams su skirtingu FAO skai¢iumi ir 2 skirtingos paprastyjy mieziy veislés. Buvo naudojami
Lapriora bei Duxxbury kukuriizy hibridai ir Luoké bei Laureate mieziy veislés. Duxxbury hibrido
FAO skai¢ius 170, Lapriora hibrido 190. Abu hibridai skirti griidams, taciau skirtingas FOA
skaicius rodo hibrido ankstyvuma — mazesnis skai¢ius rodo ankstyvesnj hibrido subrendima.
Luoké mieziy veislé yra pasariné, o Laureate veislé salykling, taciau abi veislés pasizymi vidutiniu
vegetacijos periodu (Luoké 88 dienos, Laureate 88,8 dienos). Salyklinés veislés jprastai turi
didesnj krakmolo ir mazesnj baltymy kiekj. Eksperimentiniai laukeliai buvo 2,5 m plo¢io ir 10 m
ilgio. Kiekvienam derliaus nuémimo etapui kukurGizy ir mieziy gridai buvo paséti
4 pakartojimais, iSdéstytais atsitiktine tvarka.

Derliaus nuémimas buvo vykdomas 3 etapai: kukurtizams pasiekus fiziologing branda,
mieziams pasiekus kietajg branda, 10 (+2) dieny po | derliaus nuémimo ir 20 (£2) dieny po |
derliaus nuémimo (2 lentel¢). Mieziy gridy derlius buvo nuimamas naudojant kombainus,
kukurtizy burbuolés buvo skinamos rankomis.

TreSimas, augaly apsaugos priemoniy naudojimas buvo atliekamas remiantis
analizuojamy augaly auginimo rekomendacijomis.

Kukurtizy priesséliai: 2020 metais Zieminiai kvieciai, 2021 metais vasariniai mieziai, 2022
metais kukuriizai. Kukuriizy laukai 3 savaités prie§ séja buvo tresiami NPK 6-18-34 500 kg ha!
ir amonio salietra 300 kg ha™ ir birzelio ménesio viduryje amonio salietra 235 kg ha™. Piktzoléms
kukurtizuose naikinti, pra¢jus ménesiui po séjos, purksta herbicidu ESTET® 600 EC (veiklioji
medziaga (v. m.) 2,4 D rigstis 600 g L) 0,6 ha? ir pakartotinai po dviejy savai¢iy Nicogan®
(v. m. nikosulfuronas 40 g L) 0,75 | ha-1 (BBCH 13-19).
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2 lentelé. Mieziy ir kukuriizy griidy derliaus nuémimo laikai 2020-2022 metais

Table 2. Barley and maize grain harvesting time in 2020-2022

Metai / Rusis /
Years Type of plant

| derliaus nuémimas /
1st harvest

Il derliaus nuémimas /
2nd harvest

111 derliaus nuémimas /
3rd harvest

20201005 20201015 202010 26
Kukurtizai / Fiziologiné branda® / Fiziologiné branda +10 dieny / Fiziologiné branda + 21
Maize Ph siolog ical maturitv* Physiological maturity +10 diena / Physiological
2020 y g Y days maturity + 21 days
e 2020 08 15 2020 08 25 2020 09 05
Mieziai / L L ) L .
Barley Kietoji branda** / Hard Kietoji branda + 10 dieny / Kietoji branda + 21 diena /
maturity** Hard maturity +10 days Hard maturity +21 days
20211008 20211018 20211028
Kukur_ﬁzai / Fiziologiné branda* / Fiziologiné branda +10 dieny / Fiziologiné branda + 20
Maize Ph siolog ical maturitv* Physiological maturity +10 dieny / Physiological
2021 y 9 Y days maturity + 20 days
e 202108 01 202108 11 202108 19
Mieziai / L L ) L )
Barley Kietoji branda** / Hard Kietoji branda + 10 dieny / Kietoji branda + 18 dieny /
maturity** Hard maturity +10 days Hard maturity +18 days
2022 10 04 202210 14 202210 24
Kukurtizai / Fiziologiné branda* / Fiziologiné branda +10 dieny / Fiziologiné branda + 20
Maize oh si%l%gicZI r;atuiit . Physiological maturity +10 dieny / Physiological
2022 ysiolog Y days maturity + 20 days
2022 08 12 2022 08 21 2022 09 03
Mieziai / _— I ) _— .
Barley Kietoji branda** / Hard Kietoji branda + 9 dienos / Kietoji branda + 22 dienos /
maturity** Hard maturity +9 days Hard maturity +22 days

Pastaba. * kukurtizams, kai grido prisitvirtinimo vietoje juoda démelé arba taskas ir 60 proc. SM BBCH 87
(Bundessortenamt 2022) / for maize, with a black spot or dot at the point of attachment of the kernel and 60 % of dry
matter BBCH 87 **derliaus nuémimo laikas BBCH 89 / harvest time BBCH 89

Mieziy priesséliai: 2020 metais zieminiai kvieciai, 2021 metais Zirniai, 2022 metais zZieminiai
rapsai. Mieziy laukai prie$ séja buvo tresiami 2020 ir 2021 metais NPK 6-18-34 400kg ha, 0 2022
metais NPK 5-20,5-36 350 kg ha ir amonio salietra 200 kg ha™. Savaité po sé¢jos amonio salietra
150 kg hal ir herbicidai Biathlon® 4D (v. m. 714 g kg tritosulfurono + 54 g kg florasulamo)
55g hal + MCPA Super (v. m. MCPA 500 g I'Y) 0,7-1 | hal + pavirsiaus aktyvioji medziaga
Dassoil™ (2020-2021 metais 99,6 proc. alkylfenol alkoksilatas) 0,5 | hat, 2022 metais Dash®
(metiloleato ir oleino riigsties misinys) 0,5 | ha™l. Pra¢jus savaitei augimo reguliatorius Moxa®
arba Moddus (v. m. trineksapak-etilas 250 g I*) 0,4 | ha™. Birzelio viduryje tre§iama amonio
salietra N50. Insekticidai: 2020 metais birzelio 15 d. Proteus® OD (v. m. tiaklopridas 100 g It ir
deltametrinas 10 g 1Y) 0,75 | hal, 2021 metais birzelio 11 d. Bulldock® 025 EC (beta-ciflutrinas
25 g I'Y) 0,3 I hal, 2022 metais birzelio 27 d. Kaiso 50 EG (v. m. cihalotrinas 50 g kg™) 1,2 | ha™.
Fungicidai: 2020 metais birzelio 17 d. Elatus Era (v. m. benzovindiflupiras 75 g I* (7,43 proc.) +
protiokonazolas 150 g It (14,87 proc.)) 1 | ha?, 2021 metais birzelio 30 d. Input ® (v. m.
protiokonazolas 160 g I"! ir spiroksaminas 300 g I'Y) 1 | hal, 2022 metais birzelio 27 d. Ascra
Xpro ® (v. m. biksafenas 65 g I (6,37 proc.), fluopiramas 65 g I (6,37 proc.), protiokonazolas
130 g I* (12,75 proc.) 1,2 | ha't,
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Lauko eksperimentai buvo atliekami siekiant jgyvendinti 1-4 uzdavinius, atliekant
S5uzdavinj kukuriizy gridy méginiai buvo surinkti i§ skirtingy Lietuvos regiony, tuomet

sandéliuojami ir analizuojami.

2.2. Laboratoriniai eksperimentai

Drégnis gruduose buvo nustatytas po derliaus nuémimo ir prie$ analizes (Infratec 1214,
FOSS). Drégnis kukurtizy ir mieziy graduose skirtingais derliaus nuémimo laikais ir prie§
atliekant laboratorines analizes pateiktas 3 lenteléje. Pasiekus apie 13 proc. drégnj, gridai buvo
uzsaldomi sandariuose induose -20 °C temperatiiroje iki laboratoriniy analiziy. Prie§ analizes

grudai buvo sumalami naudojant Ultra Centrifugal Mill ZM 200 (Retsch, Haan, Vokietija).

3 lentelé. Mieziy ir kukurtizy gridy drégnis derliaus nuémimo metu ir prie$ analizes 2020-2022 metais

Table 3. Moisture content of barley and maize grain at harvest and before analyses in 2020-2022

Grudy drégnis / grain moisture, %
ye{Slé/ Derliaus Dgrllfius Pries$ analizes / Derliaus Pries§ analizes / Dgrllgus Pr_1 o
LBk nuémimas / fluemimo Before nuémimo metu / Before fuemimo el |
Variety/ metu / At metu / At Before
X Harvest analyses At harvest analyses
Hybrid harvest harvest analyses
2020 2021 2022
Mieziai / Barley
| 16,05 12,90 14,35 12,58 18,25 11,91
Laureate 1l 19,03 13,42 21,50 11,18 18,23 11,38
11 20,78 12,73 24,35 10,95 15,00 11,37
| 14,48 11,60 13,68 12,38 17,45 11,93
Luoké 1l 17,95 12,77 21,25 11,35 18,28 11,14
11 20,23 13,33 24,35 11,25 14,45 11,28

Kukuriizai / Maize

| 30,98 12,77 36,13 14,77 35,73 13,90
Duxxbury 1 30,10 12,39 36,35 12,66 38,00 13,03
11 29,40 10,98 33,48 12,39 30,53 12,01
| 30,50 12,42 32,75 13,78 36,00 13,53
Lapriora 1 30,18 12,38 31,73 12,21 35,15 13,69
1l 28,28 11,15 30,48 11,58 31,48 12,38

Tyrimas buvo atliekamas remiantis 1 paveiksle pateikiama eksperimenty schema.
Laboratorinés analizés buvo suskirstytos j 3 etapus: mitybinés vertés rodikliy tyrimai,

mikotoksiny tyrimai, sandéliavimo bandymas.

26



| ETAPAS /STAGE |

Y

Grudy mitybinés vertés rodikliy analizés /

Grain nutrient composition analyses

v v v ] ! ¥
N (
g Sausosios Zali pelenai (ZP) Krakmolas Zalia lasteliena ) 7ali riebalai Zali baltymai
medziagos (SM) / Crude ash (ZP) (Kr) / Starch (ZL) / Crude (ZR) / Crude (ZB)  Crude
/ Dry matter (Kr) fiber (ZL) fat (ZR) protein (ZB)
(SM) J P AN
v v v
7 \
Kalcis (Ca), cinkas (Zn), gelezis (Fe) , Neutraliame (NDF) ir riigstiniame ADF) Vandenyje tirpiis angliavandeniai
magnis (Mg) ir fosforas (P) / Calcium tirpale tirpi lasteliena / neutral (NDF) and (VTA) / Water soluble
(Ca), Zinc (Zn), Iron (Fe), Magnesium acidic (ADF) detergent fiber carbohydrates (VTA)
(Mg) and Phosphorus (P) \ J \

.

ELISA: ZEA, AFL, CIT,
OTA.

4°C

I

Il ETAPAS / STAGE 11

v

Griidy mikotoksiny analizés /
Grain mycotoxin analyses

[

11l ETAPAS / STAGE Il

v

ESCh ir ESCh-MS / HPLC and

HPLC-MS: DON, 3-ADON, 15-

ADON, ZEA, T2, HT-2, MON,
NIV, enniatins B, B1, A, Al.

Kukuriizy gridy sandéliavimas /
Maize grain storage

[

20°C

\

Sandélyje /
Storage room

]

Po 3 ir po 6 ménesiy atlickamos mitybinés vertés rodikliy ir mikotoksiny analizés
/ Grain nutrient composition and mycotoxin analyses after 3 and 6 months

1 pav. Laboratoriniy analiziy etapai

Fig. 1. Stages of laboratory analyses
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2.3. Mieziy ir kukuriizy griiddy mitybinés vertés rodikliy tyrimai

Mieziy ir kukurtizy graduose buvo nustatyti mitybinés vertés rodikliai. Sausosios
medziagos (SM) nustatytos 105 °C temperatiiroje dZiovinant iki pastovios masés. Zali baltymai
(ZB) Kjeldalio metodu LST EN ISO 5983-1:2005. Zali riebalai (ZR) Soksleto ekstrakcijos
metodu. Zali pelenai (ZP) svorio (gravimetriniu) metodu. Zalia lasteliena (ZL) gravimetriniu ir
pamatiniu metodu LST EN ISO 16472:2006. Krakmolas poliarimetriniu metodu LST EN ISO
10520:2000. Kalcio, cinko, gelezies ir magnio kiekiai atomy absorbcinés spektrometrijos metodu
pagal Perkin-Elmer, AAnalyst 200 (Analytical Methods for AAS, 1996). Fosforo kiekis
spektrofotometriniu metodu (Butkute et al. 2013). Kukurtizy graduose taip pat buvo nustatyta
neutraliame ir riigStiniame tirpale tirpi lasteliena (NDF, ADF) Van Soest metodu (Faithfull 2002).
Vandenyje tirpis angliavandeniai (VTA) naudojant antrono reagenta (Yemm and Willis 1954).

2.4. Mikotoksiny nustatymas efektyviosios skys¢iy chromatografijos metodu
2.4.1 Laboratorinés priemonés ir jranga mikotoksinuy nustatymui

Kukuriizy griduose DON, 3-ADON, 15-ADON, T-2 ir HT-2 2020 ir 2021 metais buvo
nustatyti naudojant efektyviosios skyséiy chromatografijos (ESCh) sistemg Shimadzu
prominence LC-20A, su UV ir FLD detektoriais; chromatografijos kolonélé YMC — Pack Pro
C18/ S-3 um/ 12 nm, kolonélés dydis 150x4.0 mm, Japonija; analitinés svarstyklés, 10-3 g
tikslumo, Explorer Ohaus, Vokietija; analitinés svarstyklés, 10-6 g tikslumo, Sartorius ME36S-
OCE, Vokietija; laboratorinis maliinas RETSCH® ZM200; purtykl¢, Reax Contro Heidolph,
Vokietija; kratyklé HS 501 digital IKA® — WERKE, Vokietija; rotacinis garintuvas IKA RV 06-
ML 2-B su reguliuojama vakuumo sistema, Vokietija; automatiné vakuumo sistema, 12 viety su
stoveliu, Visiprep SPE Vacuum Manifold, USA; imuninio giminingumo kolon¢lés; gofruotas
filtrinis popierius, Frisenete, Nr. 204F (pory dydis 12—-15 um); stiklo pluosto filtrinis popierius,
Frisenete, Nr. GC (pory dydis 1,2 pm); stikliniai laboratoriniai indai; mikropipetés 20-200 pl;
1000-5000 pl; 5000-10000 pl. Duomenys jvertinti naudojant kompiutering programa LCsolution
LC/GC, 5.42 versija (Shimadzu).

Kukurtizy griiduose 2022 metais ir mieziy griduose 2020-2022 metais DON, 3-ADON ir
15-ADON, T-2, HT-2 ir ZEA koncentracijos, 0 mieziy griduose papildomai MON, NIV ir ENN
B, B1, A, Al koncentracijos nustatytos stazuotés metu Latvijos ,,BIOR* institute naudojant
UltiMate 3000 ESCh sistemg sujungtg su "Thermo TSQ Quantiva" trigubo kvadrupolio masés
spektrometru (Waltham, MA, JAV). Jony steb¢jimui buvo naudojamas teigiamy ir neigiamy jony
rezimas, o masés jvertinimui naudotas pasirinkty reakcijy stebéjimo rezimas. Prietaiso

parametruose buvo nustatyta 2,5 kV jtampa neigiamy jony rezimui ir 3,5 kV teigiamy jony
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rezimui, 300 °C jony perdavimo temperatiira, 350 °C garintuvo temperatiira. Mikotoksiny
atskyrimui naudota "Phenomenex Luna C18" atvirkstinés fazés analitiné kolonélé (150 x 2,0 mm,
3 pum). Nustatyta 40 °C kolonélés temperatiira, méginys laikytas 4 °C temperatiiroje, méginio
injekcijos tiiris — 25 pl. Duomenims apdoroti naudotos programinés jrangos XcaliburTM ir

TraceFinder.

2.4.2. Naudoti reagentai

Bendro naudojimo reagentai: acetonitrilas (ACN), CH:CN, HPLC 99,9 proc. Sigma-
Aldrich (Vokietija); metanolis, CH3OH, HPLC 99,9 proc. Sigma-Aldrich (Vokietija);
dejonizuotas vanduo (18,2 mQcm™), pagamintas ,,Millipore* (JAV) vandens valymo sistema;

DON ir jo metabolity (3-ADON, 15-ADON) kalibraciniy grafiky ir méginiy paruoSimui
naudojami reagentai: deoksinivalenolio standartas kristaliniame pavidale, AppliChem, Vokietija;
polietileno glikolis (Polyethylene glycol 8000) AppliChem, Vokietija;

T-2 ir HT-2 kalibraciniy grafiky ir méginiy paruoS§imui naudojami reagentai: T-2/HT-2
standartas 1 mg ml?t, Sigma-Aldrich, JAV; 1-antroilnitrilas (1-anthroylnitrile (1-AN);
4-dimetilamino piridinas (4-dimethylamino-pyridine (DMAP); natrio chloridas (Sodium
chloride) Emsure®, Sigma-Aldrich, Vokietija.

2.4.3. Méginiy paruosimas

T-2/HT-2 méginiy paruosimas, kai naudojama Shimadzu prominence ESCh sistema.
Analitinémis svarstyklémis (Explorer Ohaus, Vokietija) pasveriama 50 + 0,001 g méginio ir 1 +
0,001 g NaCl, jpilama 200 + 1 ml MeOH:H20 (70:30 v/v) tirpalo bei purtoma 2 min purtytuve
300 aps/min grei¢iu (Reax Contro, Heidolph, Vokietija). Méginys filtruojamas per greitos
filtracijos gofruota filtravimo popieriy, skiedziamas imant 10 ml+0,1 ml méginio ir 40 + 0,1 ml
dejonizuoto vandens, perfiltruojamas stiklo pluosto filtru. Méginio ekstrakcijai paruoSiama
imunoafininés ekstrakcijos kolon¢lé ir vakuuminé filtravimo sistema (Visiprep SPE Vacuum
Manifold, USA). Ekstrakcija atlickama dviem pakartojimais, pagal imuniniy kolonéliy gamintojy
pateikta instrukcija.

DON, 3-ADON ir 15-ADON méginiy paruosimas, kai naudojamas Shimadzu prominence
ESCh sistema. Analitinémis svarstyklémis (Explorer Ohaus, Vokietija) pasveriama 10 g + 0,001 g
méginio ir 2 g £ 0,001 g polietileno glikolio, jpilama 40 ml = 1 ml dejonizuoto vandens bei
purtoma 300 aps/min 2 min purtykléje (Reax Contro, Heidolph, Vokietija). Méginys filtruojamas
per greitos filtracijos gofruota filtravimo popieriy ir perfiltruojamas stiklo pluosto filtru. Méginio

ekstrakcijai paruoSiama imunoafininés ekstrakcijos kolon¢lé ir vakuuming filtravimo sistema
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(Visiprep SPE Vacuum Manifold, USA). Ekstrakcija atliekama dviem pakartojimais, pagal
imuniniy kolonéliy gamintojy pateikta instrukcija.

T-2, HT-2, DON, 3-ADON ir 15-ADON sumos, ZEA, MON, NIV ir ENN B, B1, A, Al
méginiy paruoSimas, kai naudojama UltiMate 3000 ESCh sistema sujungta su "Thermo TSQ
Quantiva" trigubo kvadrupolio masés spektrometru. Pasveriama 2,5 + 0,01 g sumalto méginio ir
sudedama j 50 ml PP mégintuvélj, jpilama 20ul skruzdziy ragsties, 10 ml ACN ir 10 ml
dejonizuoto vandens mi$inio ir maiSoma 10 min mechaniniu maiS§ytuvu. Tuomet | mégintuveélj
jpilamas specialus QUEChERS drusky misinys ir vél maiSoma 10 min mechaniniu maiSytuvu.
ISmaiSytas méginys 10 min centrifuguojamas kambario temperatiroje 4000 aps/min greiciu.
Ekstraktas nupilamas j 15 ml PP mégintuvélj ir 15 min patalpinamas j -80 °C temperatiiros
Saldymo kamera. I$ karto po to ekstraktas 10 minuciy centrifuguojamas 10 °C temperatiiroje
4000 aps/min. Po centrifugavimo 3 ml ekstrakto dalis buvo perpilta j 15 ml PP mégintuvél;j ir
iSgarinta 50 °C temperatiiroje purSkiant azotu iki i8dzitvimo. | i§dziovintag mégintuvélj jpilama
100 ul 0,1 proc. skruzdziy ragsties, ACN ir dejonizuoto vandens (1:1) miSinio ir 10 minuciy
kratoma Vortex maiSytuvu. ISmaisius jpilama 250 ul 0,1 proc. vandeninés skruzdziy ragsties ir
10 min filtruojama per 0,22 um PVDF filtrg centrifuguojant kambario temperattiroje 3000 apsuky
per minute greiciu. Po centrifugavimo 200 ul kiekvieno méginio pipete buvo perkelta j stiklinius

buteliukus skirtus chromatografinei sistemai.

2.4.3. Standartiniy tirpaly paruoSimas

T-2 ir HT-2 standartiniy tirpaly paruosimas

Pirminio standartinio tirpalo paruosimui i§ 1 mg ml™* T-2 ir HT-2 standartiniy tirpaly
(Sigma-Aldrich, praskiedziam 1:10 santykiu su ACN skirtu ESCh, gauname 100 pg ml™ T-2 arba
HT-2 tirpalg.

Tiksli pradinio standartinio tirpalo koncentracija nustatoma spektrofotometru (2 kartus),
kurio bangos ilgio intervalas 200-280 nm. Matavimui naudojamos 10 mm kvarcinés kiuvetés.
Emax 218 nm.

DON, 3-ADON ir 15-ADON standartiniy tirpaly paruosimas

Gryny mikotoksiny standarty kristaliniame pavidale (5 mg) iStirpinama 100 ml ACN
(skirtas ESCh). Gaunama tirpalo koncentracija apie 50 pg ml™.

ParuoSiami trys skirtingi pirminiai standartiniai tirpalai DON, 3-ADON, 15-ADON.

Kiekvieno mikotoksino tirpalo koncentracija apie 50 pug ml™. Tiksli pradinio standartinio tirpalo
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koncentracija nustatoma spektrofotometru (2 kartus), kurio bangos ilgio intervalas 200-280 nm.

Matavimui naudojamos 10 mm kvarcinés kiuvetés. Emax 218 nm.

2.4.4. Standartiniy tirpaly paruoSimas

T-2 ir HT-2 kalibraciniy tirpaly paruosimas, kai naudojama Schimadzu prominence ESCh
sistema. I§ pirminio 100 pg ml? T-2 arba HT-2 tirpalo imama 20 pl T-2 arba HT-2 tirpalo.
I$garinama naudojant rotacinj garintuva. Jpilama po 50 pl (0,325 mg mlt) DMAP ir (0,3 mg mlY)
1-An. MaiSoma 1 minute¢, tuomet buteliukas perkeliamas inkubaciniam periodui (15 min) 50 °C
temperattroje. Véliau 10 minuciy buteliukas ausinamas ir laikomas ant ledo. ISgarinama iki
5 minutes, maiSoma 1 minute, tuomet jpilama dar 600 pl dejonizuoto vandens ir iSmaiSoma. |
méginj jpilama dar 700 pul ACN ir 300 pl dejonizuoto vandens ir sumaiSoma. Taip gaunamas
1 ng ml?! standartas, i§ kurio skiedimo biidu pridedant 7:3 ACN ir H20 miginio gaunami
0,5 pgml?t 0,25 pgmi?, 0,1 ug mi?, 0,05 pg mi, 0,025 pg ml™* mikotoksiny tirpalai. Naudojant
kalibracines kreives apskai¢iuota zemiausia aptikimo riba (LOD) — T-2 (LOD = 15), HT-2
(LOD =19).

DON, 3-ADON ir 15-ADON Kkalibraciniy tirpaly paruo$imas, kai naudojama Schimadzu
prominence ESCh sistema. Penki mililitrai (5 ml) pirminio standartinio tirpalo jpilame j 50 ml
matavimo kolba. ACN iSgarinamas prapuciant azoto dujomis. Liekana istirpinama dejonizuotame
vandenyje. Tame tirpale turi biiti 5 pg ml? mikotoksino. Tiksli koncentracija nustatoma
spektrofotometru (kaip ir pirminio standartinio tirpalo). Imame 20 ml, 10 ml, 5 ml. Ipilame j 50 ml
matavimo kolbg ir tirpiname dejonizuotame vandenyje. Taip pat imame 5 ml ir 2 ml. Jie supilami j
100 ml matavimo kolbas ir skiedziame dejonizuotame vandenyje. Gaunami 2,0 ug ml™, 1,0 pg mil?,
0,5 pg mlt, 0,25 ug ml?, 0,1 pg ml? mikotoksiny tirpalai. Tiksli §iy tirpaly koncentracija
nustatoma spektrofotometru. Naudojant kalibracines kreives apskai¢iuota LOD — DON (LOD = 37),
3-ADON (LOD =19), 15-ADON (LOD = 19).

T-2, HT-2, DON, 3-ADON ir 15-ADON sumos, ZEA, MON, NIV ir ENN B, B1, A, Al
kalibraciniy tirpaly paruosimas, kai naudojama UltiMate 3000 ESCh sistema sujungta su "Thermo
TSQ Quantiva" trigubo kvadrupolio masés spektrometru. Siekiant gauti mazesnes koncentracijas
atitinkamas standarto kiekis buvo skiedziamas su ACN. Tuomet praskiestas standartinio tirpalo
skirtingi kiekiai su pipete lasinami tiesiai j stiklinius buteliukus skirtus chromatografinei sistemai
ir iSgarinami 50 °C temperatiiroje purSkiant azotu iki i§dZitivimo. Tuomet jpilama 200 pl 0,1 proc.
vandeninés skruzdziy ragsties. DON, MON ir ENN B, B1, A ir Al paruoSiami standartiniai
tirpalai su 10, 50, 100, 250 ir 500 pg kg™ koncentracijomis, 3-ADON ir 15-ADON sumai, T-2,
HT-2 su 10, 20, 50, 100 ir 200 pg kg, ZEA 100, 250, 500, 750 ir 1000 ug kg, o NIV 10, 25,
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50, 100, 200. Naudojant kalibracines kreives apskai¢iuota LOD — DON (LOD = 48), 3-ADON ir
15-ADON sumai (LOD = 17), T-2 (LOD = 17), HT-2 (LOD = 101), ZEA (LOD = 10), MON
(LOD = 0,6), NIV (LOD =3,9), ENN B (LOD = 3,5), B1 (LOD = 3,0), A (LOD = 1,9) ir Al
(LOD =1,7).

Kalibraciniy kreiviy determinacijos koeficientas visais atvejais (r?) buvo ne maZesnis nei

0,999. Kalibravimo tirpalai gali biiti laikomi Saldytuve keletg savaiciy.

2.4.5. Kiekybinis apskaic¢iavimas
Kiekybinis T-2 ir HT-2 apskaiciavimas
T-2 ir HT-2 kiekiai tiriamajame tirpale apskai¢iuojami i$matuojant smailiy plotus T-2 ir

HT-2 piky sulaikymo metu ir palyginant jj su standartinémis kreivémis. Mikotoksiny kiekiui

méginyje apskai¢iuoti (g kg™) naudojama formulé:
Wr.2m1-2 = Prasnt-2X Vix Vo (V3xms)xS5,

kur, PromT-2 yra T-2 arba HT-2 koncentracija, nanogramais mililitre, méginio tirpalo alikvotinéje
dalyje, gautoje i$ kalibravimo kreivés.

V1 - tirpiklio, naudojamo ekstrahuojant mieziy méginius, tiiris mililitrais.

V> - galutinis jpurskto tiriamojo tirpalo (mobilios fazés) tiiris mililitrais.

V3 - ekstrakto alikvotinés dalies tiiris mililitrais, naudojamas imuninei kolonélei.

Ms - analizei paimtos méginio medZiagos masé gramais.

5 - skiedimo faktorius (méginys buvo skiestas 5 kartus)

Kiekybinis DON, 3-ADON, 15-4ADON apskaiciavimas

DON ir jo dariniy kiekiai tiriamajame tirpale apskaiciuojami iSmatuojant smailés plota DON
(3-ADON, 15-ADON) piky sulaikymo metu ir palyginant jj su standartinémis kreivémis (Trucksess,

Weaver, and White 2010). Mikotoksiny kiekiui méginyje apskaiciuoti naudojama formulé:
Woon = Ppon xV1x Vaf Vaxms,

kur, Poon yra DON (3-ADON, 15-ADON) koncentracija, mikrogramais mililitre, méginio tirpalo
alikvotingje dalyje, gautoje 18 kalibravimo kreivés.

V1 - tirpiklio, naudojamo ekstrahuojant kukuriizy gridy meéginius, tiiris mililitrais.

V2 - galutinis jpurskto tirpalo (mobilios fazés) turis mililitrais.

V3 - ekstrakto alikvotinés dalies tiiris mililitrais, naudojamas imuninei kolonélei.

Ms - analizei paimtos meéginio medziagos mase¢ gramais (LST EN 15891: 2010).
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2.4.6. Mikotoksiny nustatymas imunofermentiniu (ELISA) metodu

Kiekybineés AFLgi+s2+c1+G2, ZEA, OTA ir CIT analizés buvo atliktos naudojant
komercinius imunofermentinius (ELISA) rinkinius (RIDASCREEN®FAST for AFL Art. No.
R5202; ZEA Art. No. R5502; OTA Art. No. R5402; CIT Art. No. R6302). Sis metodas pagrjstas
antik@ino ir antigeno sgveika ir yra patvirtintas AOAC tyrimy instituto (kokybés valdymo sistema
sertifikuota pagal 1SO 9001).

Dauguma naudoty reagenty buvo RIDASCREEN tyrimy rinkinyje. AFL sumos, ZEA,
OTA, CIT standartiniai tirpalai, kurie buvo naudojami kalibravimo kreivei sudaryti, buvo tokie:
AFL sumos —0, 1,7, 5, 15, 45 ppb (ug kg); ZEA -0, 50, 100, 200, 400 ppb (ug kg™); OTA -0,
1, 3, 10, 30, 100 ppb (ug kg'l); CIT -0, 15, 45, 135, 405 ppb (ug kg'l); visi jie jtraukti | ELISA
testy rinkinj.

Sumalti méginiai buvo iSmaiSomi dél homogenizacijos. Mikotoksiny ekstrakcija ir tyrimai
buvo atliekami pagal gamintojo instrukcijas. Pagal reikalavimus pasveriamas reikiamas méginio
kiekis ir méginys ekstrahuojamas priklausomai nuo siekiamo nustatyti mikotoksino.
AFLgi1+B2+c1+G2, ZEA ir CIT méginiai ekstrahuoti metanolyje ir vandenyje (santykiu 7:3), OTA
paruo$iamas specialus ECO ekstrakcijos tirpalas i§ rinkinyje esanio koncentrato. Tyrimo
pagrindas — antigeno ir antikiino reakcija. Naudojant pipete, mikrotitraciniy ploksteliy duobutés
buvo padengtos kiekvieno mikotoksino antikiinais. Jlaginus mikotoksino standartinj tirpala arba
méginio tirpalg, antikiiny suri§imo vietos buvo uzimtos proporcingai pagal mikotoksino
koncentracijg. Tuomet buvo lasinamas AFLg1+s2+c1+G2, ZEA, OTA ir CIT fermenty konjugatas ir
antiktiniai prie§ AFLp1+s2+c1+62, ZEA, OTA ir CIT. Kito etapo metu naudojant distiliuotg vandenj
arba specialy buferinj tirpala atliekamas mikrotitracinés plokstelés duobuciy praplovimas ir
pasalinamas neprisijunges konjugatas. | duobutes jlasinus substrato/chromogeno, prisijunges
konjugatas chromogeng nudazo mélyna spalva. [lasinus stabdymo tirpalo, spalva pasikeicia i$
melynos | geltong. Méginiy optinis tankis buvo jvertintas daugiakanaliu fotometru Multiskan
Ascent (Thermo Electron Corp., Vantaa, Suomija), naudojant 450 nm filtra. Kiekvieno
mikotoksino koncentracija buvo automatiS$kai apskaiCiuota pagal kalibravimo kreives.
Determinacijos koeficientas: AFLpi+g2+c1+62 — 0,9990, ZEA — 0,9993, OTA - 0,9827, CIT -
0,9890. Ismatuota absorbcija buvo automatiskai perskai¢iuota j mikotoksiny koncentracijos
vienetus — pg kg, Rezultatai buvo apskai¢iuoti atsizvelgiant j maZiausig kalibracinés kreivés
mikotoksiny koncentracijos verte (LOD - aptikimo riba), kuri pagal gamintojo metodines
rekomendacijas yra: AFLg1+2+c1+62 — 1,7 pg kgt, ZEA — 17,0 pgkg?, OTA—1,3 ugkg?, CIT —
15,0 pug kg,
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2.5. Gridy uzsikrétimo Fusarium spp. grybais nustatymas

Vidinei grudy infekcijai nustatyti buvo naudojamas agaro ploksteliy metodas. Gridy
pavirSius 3 min. sterilizuotas 1 proc. NaOCl tirpale, tada 100 griidy i§ kiekvieno méginio buvo
paséta Petri 1ékstelése su bulviy dekstrozés agaru (PDA) ir inkubuota 7 dienas esant 26 + 2 °C
temperatiiroje tamsoje (Mathur and Kongsdal 2003). ISaugusios Fusarium spp. kolonijos buvo
iSskirtos ir i$grynintos. Kolonijoms identifikuoti buvo naudojami Nelson ir kt. (1983) bei Leslie
ir Summerell vadovai (2006), o optinis mikroskopas Nikon Eclipse E200 (Nikon, Tokijas,
Japonija) buvo naudojamas identifikuoti Fusarium spp. grybus. Uzsikréte gradai buvo
apskaiCiuoti procentais (0 proc. reiskia visi griidai buvo sveiki; 100 % — visi gridai buvo

uzsikreéte).

2.6. Kukuriizy uzsikrétimo U. maydis nustatymas

Uzsikrétimas U. maydis buvo jvertintas prieS | derliaus nuémimg. Vertinama
suskai¢iuojant serganéias ir sveikas kukuriizy burbuoles penkiose atsitiktinai parinktose 2 milgio
eilutése atskirai kiekviename hibride (EPPO 2021). Apzitirint burbuoles vertinama ar yra vizualiai
matomas pazeidimas puslétosiomis kiilémis. Per visg tyrimo laikotarpj uzsikrétimas piislétosiomis
kilémis buvo pastebéta tik 2021 metais, tuo tarpu 2020 ir 2022 metais kukurtizy burbuolés nebuvo
uzkréstos. Tod¢l, siekiant jvertinti puslétyjy kiliy jtaka mikotoksiny koncentracijoms,
2021 metais po | derliaus nuémimo burbuolés buvo suskirstytos j keturias skirtingas grupes:
sveikos, vizualiai uzsikrétusios Fusarium spp., vizualiai uzsikrétusios piislétosiomis kailémis ir
vizualiai uzsikrétusios abiem patogenais burbuolés. Paslétosiomis kilémis uZsikrétusios
burbuolés turéjo aiskiai pastebimas pilkos spalvos pusles, pripildytas juodos spalvos spory, 0
Fusarium spp. uzsikrétusios burbuolés turéjo ant gridy pavirSiaus iSplitusj nuo baltos iki rausvos
spalvos pelés]. Kiekviena grupé turéjo po keturis pakartojimus. Gradai buvo iSdZiovinti sumalti

ir atliktos mikotoksiny analizés.

2.7. Meteorologinés salygos tyrimo metais

Mieziy ir kukurlizy vegetacijos sezono pradzioje 2020 metais, geguzés ménesj,
temperatiira buvo Zemesné nei vidutiné daugiameté (2 pav.). Birzelio ménesj, buvo kars¢iau, nei
jprastai, taciau, kitais ménesiais temperatiira buvo artima daugiametei. Didesnis nei daugiametis

vidutinis krituliy kiekis taip pat pastebimas birZelio ménesj, taciau kitais ménesiais jis buvo
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panaSus j daugiametj (3 pav.). Kukuriizy vegetacijos pabaigoje rugséjo ir spalio ménesiais buvo

Sil¢iau nei jprastai, rugséjis pasizyméjo mazu krituliy kiekiu, o spalis didesniu.

Antri tyrimo metai (2021) buvo i$skirtiniai, nors mieziy ir kukurtizy vegetacijos pradzioje
temperatiira buvo Zemesné, nei daugiameté, taciau birzelio ir liepos ménesiais gerokai virsijo
daugiametj vidurkj. Tais paciais metais pastebimas ir gerokai mazesnis nei daugiametis krituliy
kiekis. Taigi mieziy zydéjimo ir kukurtizy zydéjimo, bei burbuolés sitily i$siskleidimo laikotarpiu
vyravo sausi ir $ilti orai. Mieziy derliaus nuémimo metu vyravo drégnesni ir vésesni orai lyginant
su 2020 ir 2022 metais. Kukuriizy derliaus nuémimo laikotarpiu lyginant su Kitais tyrimo metais
taip pat pastebima, kad laikotarpis buvo vésesnis ir drégnesnis nei 2020 ir 2022 metais.

Temperatiira kukurlizy ir mieziy vegetacijos sezono pradzioje 2022 metais, geguzés
meénes], kaip ir kiekvienais tyrimo metais buvo Zemesné nei daugiameté vidutiné temperatiira.
Birzel;j ir liepg temperatiira buvo artima daugiametei vidutinei, o krituliy kiekis nuo geguzés iki
liepos ménesio buvo gerokai didesnis nei jprastai. Mieziy ir kukuriizy derliaus nuémimo metu,

rugpjucio ir spalio ménesiais krituliy kiekis buvo mazesnis, o temperatiira aukstesné nei jprastai.
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2 pav. Bendra ménesio oro temperatiira 2020—-2022 metais vegetacijos laikotarpiu ir vidutiné

daugiameté (1924-2022) ménesio temperatiira

Fig. 2. The total monthly air temperature during the 2020-2022 growing seasons and the long-
term average (1924-2022)
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3 pav. Ménesio krituliy kiekis 2020-2022 metais vegetacijos laikotarpiu ir vidutinis daugiametis
(1924-2022) ménesio krituliy kiekis

Fig. 3. The total monthly precipitation during the 2020-2022 growing seasons and the long-term
average (1924-2022)

2.8. Sandéliavimo eksperimentas

Kukuriizy méginiai surinkti 2019 metais i§ penkiy skirtingy Lietuvos regiony: Sakiy,
Kédainiy, Radviliskio, Pasvalio ir Plungés rajony. Saugyklos buvo pasirinktos pagal regiong ir
kukurtizo hibrida — pasirinkti hibridai skirti griidams. Visi gridy méginiai buvo imami pagal
standartines procediiras (European Commission 2009). Pavieniai méginiai buvo imami i§ penkiy
skirtingy atsitiktinai pasirinkty saugyklos viety i§ karto po to, kai griidai po derliaus nuémimo
buvo sudéti j saugykla. Visi pavieniai méginiai buvo sumaisyti j vieng bendra mégin;j (apie 4 kg).
Galutinis méginys (apie 500 g) buvo pagamintas i§ homogenizuoto jungtinio méginio. Visi
méginiai buvo i§dziovinti iki ~13 % ir 6 ménesius laikyti popieriniuose maiseliuose 4 °C, 12 °C
ir 20 °C temperatiiroje pastovios temperatiiros inkubatoriuose ir sandélyje, kuriame aplinkos
salygos buvo kintancios (4 lentelé). Salygos buvo pasirinktos, kad apimty platy galimy svyravimy
spektra vidutinio klimato regionuose ir suteikty trilkstamos mokslinés informacijos §ioje srityje.
Grudy mitybinés vertés rodikliy ir mikotoksiny tyrimai buvo atlikti eksperimento pradzioje, o

véliau — po 3 ir 6 ménesiy laikymo.
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4 lentelé. Kukuriizy griidy sandéliavimo salygos (temperatiira T°C ir drégnis H%).
Table 4. Maize grains storage conditions (temperature 7°C and humidity H%).

Eksperimento laikotarpis /
Experimental period Vidurkis
Parametrai / / Mean

Sand¢liavimo sglygos / Storage conditions

Vieta/ Place 2020 11 18 -2021 05 18
Parameters
Sandélis (salygos kinta priklausomai nuo ToC 23118 5.7
lauko salygy) / Storage room (depends on
. H% 54-86 73

outdoor conditions)

. . T°C 19,1-20,9 19,9
Termostatas Binder / Binder thermostat HY% 2949 376
. . T°C 3,0-5,4 4,0
Saldytuvas / Refrigerator HY% 29-70 44

. . T°C 11,9-12,5 12,1
Termostatas Binder / Binder thermostat HY% 4475 58

2.9. Statistinés analizés metodai

Statistiné analiz¢ atlikta naudojant IBM SPSS Statistics (IBM Inc., Armonk, NY, JAV) ir
Excel (Microsoft, JAV). Reiksmingi skirtumai tarp vidurkiy vertinant mitybinés vertés rodiklius,
uzsikrétima Fusarium spp. grybais ir mikotoksiny koncentracijas apskaiciuoti naudojant vienos
krypties ANOVA (Duncan's post hoc testas). Siekiant jvertinti bendrg abiejy veiksniy
(veislés/hibrido ir derliaus nuémimo laiko) poveiki mitybinés vertés rodikliy, bei mikotoksiny
koncentracijy pokyc¢iams atlikta dviejy krypéiy ANOVA. Skirtumai tarp mieziy veisliy ir
kukuriizy hibridy apskai¢iuoti naudojant Stjudento T-testg. Rezultatai lentelése pateikiami tokia
forma ,,vidurkis + standartinis nuokrypis“. Nustatant koreliacijas tarp Fusarium spp. gryby ir
mikotoksiny koncentracijy bei tarp mitybinés vertés rodikliy ir mikotoksiny koncentracijy buvo
naudojamas Pirsono koreliacijos koeficientas. Reik§mingy skirtumy patikimumas ,,p“ nurodomas

skliausteliuose.
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3. TYRIMO REZULTATAI IR APTARIMAS

3.1. Veislés/hibrido bei derliaus nuémimo vélinimo jtaka griidy mitybinés vertés
rodikliams

3.1.1. Mieziy griidai

Mitybinés vertés rodikliai (SM, ZB, ZR, ZL, ZP, Kr) nustatyti skirtingy veisliy mieziy
gruduose pateikti 5 lenteléje. Tos pacios veislés graduose lyginant mitybinés vertés rodikliy
skirtumus tarp mety pastebima, kad 2020 metais SM kiekis abiejy veisliy griiduose buvo
reikSmingai mazesnis nei 2021 ir 2022 metais (P < 0,001), tac¢iau Kr kiekis Laureate veislés
griiduose buvo reikSmingai didesnis nei 2022 metais (P < 0,05) ir reikSmingai nesiskyré nuo
2021 mety, o Luoke veislés griduose 2020 metais Kr kiekis buvo reikSmingai didesnis nei
vélesniais tyrimo laikotarpio metais (P < 0,001). DidZiausias ZB kiekis abiejy veisliy griduose
nustatytas 2021 metais, o maziausias 2022 metais (P < 0,01). Taip pat 2021 metais Laureate
veislés griiduose pastebétas ir reik§mingai didesnis ZR kiekis (P < 0,01). Tuo tarpu Luoké veislés
griiduose 2021 metais ZR kiekis buvo didesnis tik lyginant su 2022 metais (P < 0,001).
Reiksmingai didesnis ZL kiekis buvo nustatytas tik Laureate veislés griiduose 2020 metais
(P < 0,05). Lyginant su 2020 ir 2021 tyrimo metais Luoké veislés gruduose 2022 metais buvo
nustatytas reik§mingai didesnis ZP kiekis (P < 0,01), o Laureate veislés griiduose didesnis ZP

kiekis buvo nustatytas tik lyginant su 2021 metais (P < 0,001).

5 lentelé. Sausy medziagy (SM), Zaliy baltymy (ZB), Zaliy riebaly (ZR), Zalios lastelienos (ZL), zaliy
peleny (ZP) ir krakmolo (Kr) kiekis skirtingy veisliy mieziy griiduose 2020—2022 metais.

Table 5. Dry matter (SM), crude protein (ZB), crude fat (ZR), crude fiber (ZL), crude ash (ZP) and starch
(Kr) contents in different varieties of barley grains in 2020-2022.

Metai/  Veislé / 7B ZR 7L 7p Kr
. SM, %
Year Variety % SM
Laureate | 87,08 +0,4 11,78+0,5 24®+0,1 62+1,1 23*+£04 624¥+26
2020
Luoke 87,48 +£ 0,8 11,68 + 0,6 2,54 +0,1 6,2%A4+0,7 2,33 +0,2 61,14+£24
Laureate | 88,3 +0,8 129"™+04 28*+05 54%®+04 198+02 611¥8+10
2021
Luoke 88,3* + 0,6 13,5% +0,7 2,84 +0,7 6,74+ 0,6 1,9¢+0,2 57,18+ 2.0
Laureate | 88,5#4+0,3 10,2°¢+04 18€+04 53®+09 254+02 60,6%8+1,6
2022
Luoke 88,6+ 0,5 11,0¢ + 0,4 1,88 +0,2 6,64+ 0,6 2,774 +0,3 55,508 + 1,2

Pastaba. Skirtingos maZosios raidés rodo mitybinés vertés rodiklio statistiSkai reikSmingus skirtumus tarp veisliy tais
paciais tyrimo metais. Skirtingos didZiosios raidés rodo mitybinés vertés rodiklio statistiskai reikSmingus skirtumus tarp
mety tos pacios veislés griduose. | Note. Different lowercase letters indicate statistically significant differences in
nutritive value between varieties within the same study year. Different uppercase letters indicate statistically
significant differences in nutritive value between years within the same variety grains.
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Mitybinés vertés rodikliy skirtumai tarp veisliy pastebéti tik 2021 ir 2022 metais. Luoké
veislés griiduose ZB kiekis buvo didesnis 0,6-0,8 proc. SM (P < 0,05), ZL kiekis didesnis 1,3 proc.
SM (P <0,001), tac¢iau Kr kiekis Luoke veislés griduose buvo 5,1 proc. SM mazesnis nei Laureate
veislés griduose (P < 0,001).

Mineraliniy medziagy (Mg, Ca, P, Zn, Fe) kiekiais nustatyti skirtingy veisliy mieziy
gruduose pateikti 4 paveiksle. Mg kiekis svyravo nuo 0,186 iki 0,215 proc. SM, Ca nuo 0,242 iki
0,370 proc. SM, P nuo 0,306 iki 0,479 proc. SM, Zn nuo 14,4 iki 52,0 mg kg™, Fe nuo 74,8 iki
130,7 mg kg. Mineraliniy medziagy kiekiai keitési priklausomai nuo mety. 2020 metus lyginant su
2022 metais abiejy veisliy griaduose nustatyti didesni Mg kiekiai (P < 0,001), Fe kiekiai taip pat
abiejy veisliy griduose buvo reik§mingai didesni nei 2021 ir 2022 metais (P < 0,01). 2021 metais
abiejy veisliy griduose pastebimas nuo 0,041 iki 0,128 proc. SM didesnis Ca (P < 0,01) ir nuo
17,0 iki 34,8 mg kg* didesnis Zn kiekis. 2022 metais lyginant su kitais tyrimo metais abiejy
veisliy gruduose pastebétas reikSmingai didesnis P kiekis. P kiekis 2022 metais buvo didesnis nuo
0,113 iki 0,158 proc. SM (P < 0,001).
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Pastaba. Skirtingos maZosios raidés rodo mitybinés vertés rodiklio statistiSkai reiksmingus skirtumus tarp veisliy tais
paciais tyrimo metais. Skirtingos didZiosios raidés rodo mitybinés vertés rodiklio statistiskai reikSmingus skirtumus
tarp mety tos pacios veislés griiduose. | Note. Different lowercase letters indicate statistically significant differences
in nutritive value between varieties within the same study year. Different uppercase letters indicate statistically
significant differences in nutritive value between years within the same variety grains.

4 pav. Mg, Ca, P (A), Zn ir Fe (B) kiekis skirtingy veisliy mieziy griduose 2020—2022 metais
Fig. 4. Mg, Ca, P (A), Zn and Fe (B) contents in different varieties of barley grains in 2020-2022

Tarp veisliy pastebéti tik nezymiis mineraliniy medziagy kiekiy skirtumai. 2020 metais
didesnis Fe kiekis 21,23 mg kg™ buvo nustatytas Luoké veislés griiduose (P < 0,01). 2021 metais
skirtumy tarp veisliy nepastebéta, 0 2022 metais Luoké veislés griduose P kiekis buvo 0,025 proc.
SM didesnis nei Laureate veislés griiduose (P < 0,01).
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Mitybinés vertés rodikliai (SM, ZB, ZR, ZL, ZP, Kr) nustatyti skirtingy veisliy mieZiy
gruduose, kai derlius buvo nuimamas optimaliu laiku (kietoji branda) ir véluojant nuimti derliy

10 (= 2 d.) ir 20 (+ 2 d.) dieny pateikti 6 lenteléje.

6 lentelé. Sausy medziagy (SM), Zaliy baltymy (ZB), zaliy riebaly (ZR), Zalios Iastelienos (ZL), Zaliy
peleny (ZP) ir krakmolo (Kr) kiekio kitimas skirtingy veisliy mieziy griiduose 2020-2022 metais

vélinant derliaus nuémima

Table 6. Changes in dry matter (SM), crude protein (ZB), crude fat (ZR), crude fiber (ZL), crude ash (ZP)

and starch (Kr) content in grains of different barley varieties at delayed harvest in 2020-2022

Mot | Ve i [ sw — 2% BB kr
Harvest 6 SM
| 87,12+02 11,99+03 24°+0,1 49°+04 19400 64,2°+0,2
Laureate I 86,6°+0,2 11,72+0,6 25+0,1 6,3°+0,5 23°+0,1 64,1203
2020 1l 87,33+ 0,4 115°+0,6 25%+0,1 7,33+0,6 2,72+0,1 58,92+ 0,5
I 88,42+0,3 11,8+0,6 2,6°+0,1 6,3*+0,7 20°+£0,0 604°+0,6
Luoke | 87,2°+0,2 116+0,7 25+0,1 6,8+04 242+0,1 58,7+ 0,6
1] 86,7°+0,4 115°+0,5 24°+0,1 56°+02 25+0,1 64,1%+03
I 87,4°+0,1 12,9+0,1 2,3°+02 522+04 17°+0,0 62,2°+0,4
Laureate 1 88,82+0,3 1322+0,3 32°+02 55°+04 192+0,1 60,4°+0,6
2021 1] 89,12+ 0,1 124°+0,1 3,12+0,1 57°+0,1 2,12+0,1 60,4°+0,1
| 876°+04 1392+0,6 2,0°+0,1 6,9°+02 1,7°+0,0 57,00+1,1
Luoké ] 88,7+0,2 13,7°+0,4 3,0°+03 6,9+0,6 2,0+0,1 556°+0,9
1] 88,82+0,1 12,6°+0,1 3,72+0,1 59°+0,1 21*+0,1 60,42+0,1
| 88,1°+0,3 10,00+0,5 15°+02 59+1,0 24°+0,1 62,12+ 1,1
Laureate ] 88,6°+02 10,3*+03 1,8%+03 51°+02 24®+0,2 599°+14
i 88,62+0,1 10,42+0,3 218+03 492+02 26%+£02 59,7°+1,1
2022 | 88,1°+0,4 10,9%+0,2 1,6%+£0,1 6,9%+0,6 2,9%+02 558122
Luoké 1 88,92+04 11,00+0,2 1,82+03 6,6°+08 2,6°+0,1 555°+1,7
i 88,72+0,1 11,32+0,2 1,8*+03 6,4*+0,5 25°+03 5532+0,9

Pastaba. Skirtingos maZosios raidés rodo mitybinés vertés rodiklio statistiskai reikSmingus skirtumus tarp derliaus
nuéemimo laiky tais paciais tyrimo metais tos pacios veislés griaduose. / Note. Different lowercase letters indicate
statistically significant differences in nutritive value between harvests within the same year and variety grains.

Pastebima, jog 2020 metais Laureate veislés graduose SM Kiekis Il derliaus nuémimo
metu buvo reik§mingai sumazéjes (P < 0,05), taciau Il derliaus nuémimo metu nesiskyré nuo
| derliaus nuémimo. Taip pat vélinant derliaus nuémima pastebimas reik§mingas ZR (tik
Il derliaus nuémimo metu P < 0,05) ZL (P < 0,01) ir ZP (P < 0,001) padidé¢jimas, o Kr
sumazéjimas (tik Il derliaus nuémimo metu P < 0,001). Luoké veislés griduose SM kiekis
reikSmingai mazéjo Il (P < 0,001) ir Il derliaus nuémimo metu (P < 0,001). Skirtingai nei
Laureate veislés griiduose ZR (tik 111 derliaus nuémimo metu P < 0,01) ir ZL (lyginant 11 ir 11|
derliaus nuémimus P < 0,01) kiekis reik§mingai sumazéjo, 0 Kr (tik 11l derliaus nuémimo metu

P < 0,001) ir ZP kiekis (P < 0,001) padidéjo.
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Analizuojant 2021 mety rezultatus pastebima, jog vélinant derliaus nuémima abiejy veisliy
griiduose didéja SM (P < 0,01), ZR (P < 0,01) ir ZP (P < 0,05), ta¢iau reik§mingai mazéja ZB
kiekis (P < 0,05). Abiejy veisliy griduose vél buvo pastebimos skirtingos ZL ir Kr kiekiy
tendencijos vélinant derliaus nuémima. ZL kiekis Laureate veislés griiduose isliko nepakites, kai
tuo tarpu Luoké veislés griduose reik§mingai sumazéjo (P < 0,05), o Kr kiekis Laureate veislé
reikSmingai sumazg¢jo, kai tuo tarpu Luoké veislés griduose reik§mingai padidéjo (P < 0,01).

Rezultatai gauti 2022 metais parodé, jog abiejy veisliy griaduose pastebimas SM (P < 0,05),
kiekio padidéjimas, 0 ZR (P < 0,01) ir ZP (P < 0,05) kiekis reik§mingai didéjo tik Laureate veislés
griiduose, Kai tuo tarpu Luoké veislés griduose ZR kiekis reik§mingai nekito, o ZP kiekis
sumazéjo (P < 0,05). ZB ir ZL abiejy veisliy griiduose nepakito, o Kr kiekis sumaz¢jo tik Laureate
veislés graduose (P < 0,05).
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Pastaba. Skirtingos maZosios raidés rodo mitybinés vertés rodiklio statistiskai reikSmingus skirtumus tarp derliaus
nuéemimo laiky tais paciais tyrimo metais tos pacios veislés griduose. / Note. Different lowercase letters indicate
statistically significant differences in nutritive value between harvests within the same year and variety grains.

5 pav. Mg, Ca, P (A), Zn ir Fe (B) kiekio kitimas skirtingy veisliy mieziy griduose 2020-2022
metais vélinant derliaus nuémima

Fig. 5. Changes in Mg, Ca, P (A), Zn and Fe (B) content in grains of different barley varieties at
delayed harvest in 2020-2022
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Mineraliniy medziagy (Mg, Ca, P, Zn, Fe) kiekiai nustatyti skirtingy veisliy mieziy
griiduose vélinant derliaus nuémima pateikti 5 paveiksle. Luoké veislés gruduose 2020 metais Mg
kiekio sumazéjimas 0,026 proc. SM pastebétas 11 derliaus nuémimo metu (P < 0,05), o Ca kiekio
sumazejimas 0,069-0,081 proc. SM pastebétas II ir I1I derliaus nuémimo metu (P < 0,05). Vis délto
Zn kiekis 11T derliaus nuémimo metu padidéjo16,17 mg kg (P < 0,01). Vélesniais tyrimo metais
vélinant derliaus nuémima Luoké veislés griuduose II ir III derliaus nuémimo metu pastebétas Zn
kiekio sumazéjimas. Pastebéta, jog Zn kiekis 2021 metais sumazéjo 23-25 mg kg? (P < 0,05), o
2022 metais sumazéjo 8—11 mg kg™ (P < 0,05). Laureate veislés griiduose 2020 metais P kiekis
IT ir III derliaus nuémimo metu 0,072-0,126 proc. SM reikSmingai padidéjo, 2021 metais
nustatytas Zn kiekio sumazéjimas 19-27 mg kg! (P < 0,001), o 2022 metais Mg kiekio
sumazéjimas 0,014 proc., Ca kiekio sumazéjimas 0,063 proc. SM (P < 0,001) ir Fe kiekio
sumazéjimas 19-52 mg kg™ 111 derliaus nuémimo metu (P < 0,001).

Ivertinus bendrg abiejy veiksniy (veislés ir derliaus nuémimo laiko) poveikj mitybinés
vertés rodikliy pokyciams, pastebéta, kad jy bendras poveikis jvairiais metais skyrési, todél

nebuvo aiskiy ir nuosekliy tendencijy.

Apibendrinimas ir diskusija. Tyrimy metais kuomet mieZiy vegetacijos laikotarpiu Vyravo
sausesni ir Siltesni orai nustatytas maziausias 7P kiekis ir didziausias ZB kiekis, 0 vyraujant
lietingesniems orams nustatytas maziausias ZB ir ZR Kiekis, taciau didziausias Kr kiekis. Kanados
ir Amerikos mokslininkai taip pat pastebi, kad sausry metu esant aukstoms temperatiiroms, baltymy
ir mineraliniy medziagy kiekis mieziy ir kity rusiy griduose gali reikSmingai padideti, o krakmolo
kiekis sumazeti (I1zydorczyk et al. 2021; Ben Mariem et al. 2021). Luoké veislés griudai pasizyméjo
didesniais ZB ir ZL kiekiais bei mazesniais Kr kiekiais lyginant su Laureate. Sie skirtumai gali biiti
paaiskinami tUo, jog jprastai salyklinés veislés griudai pasizymi didesniu krakmolo ir maZesniu
baltymy kiekiu (Deme et al. 2019). Tyrimui pasirinkta Laureate veisle priskiriama salykliniams
griidams. Mineraliniy medZiagy kiekis griiduose skyrési tarp mety: vyraujant orams, artimiems
daugiameciam vidurkiui buvo didesni Mg ir Fe kiekiai, vyraujant sausesniems orams Ca ir Zn
kiekiai, o lietingesniais metais P kiekis. Tarp veisliy buvo pastebéti tik labai nedideli pavieniai
mineraliniy medziagy kiekiy skirtumai. Vélinant derliaus nuémimg buvo pastebétos kelios
tendencijos: SM, ZR ir ZP kiekio didéjimas, o ZB Kiekis daugeliu atveju nekito arba reiksmingai
mazéjo. Skirtingy veisliy reakcijq j derliaus vélinimg ZL ir Kr atveju issiskyré: ZL kiekis Laureate
veislés griiduose didéjo arba nekito, o Luoké veislés griiduose mazéjo arba nekito, Kr kiekis Laureate
veislés griiduose mazéjo, o Luoké veislés griduose didéjo arba nekito. Mg, Ca ir P kiekiai abiejy
veisliy griiduose daugeliu atveju vélinant derliaus nuémimgq isliko nepakite, taciau Zn ir Fe kiekiuose
vélinant derliaus nuémimq pastebima mazéjimo tendencija, ypac lietingesniais tyrimo metais.
Lietuvoje vertinant kvieciy griidus, vélinant derliaus nuémimq dazniausiai pastebimi didesni SM, ZR

ir ZP kiekiai ir mazZesni mineraliniy medziagy , tokiy kaip Ca ir P kiekiai (Kochiieru 2020).
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3.1.2. Kukuriizy griidai

Mitybinés vertés rodikliai nustatyti skirtingy hibridy kukuriizy graduose pateikti
7 lenteléje. Duxxbury hibrido griiduose SM kiekis 2020 metais buvo vidutiniskai 1,3 proc.
reikSmingai didesnis nei 2021 (P < 0,05) ir 2022 (P < 0,01) metais, kai tuo tarpu Lapriora hibrido
gruduose SM kiekis buvo vidutini§kai 1,6 proc. didesnis ir 2020 (P < 0,001), ir 2021 metais
(P <0,01). Didziausias ZB kiekis abiejuy hibridy griduose buvo nustatytas 2021 metais, 0
maZiausias 2022 metais. ZB kiekis 2021 metais buvo beveik 2 kartus didenis nei 2022 metais
(P < 0,01). Reik§mingai mazenis (apie 1,3 proc. SM) ZR kiekis buvo nustatytas tik 2021 metais
Duxxbury hibrido griiduose. ZL ir ZP kiekis reik$mingai nekito nei tarp metu, nei tarp veisliy.
Abiejy hibridy griduose 2021 metais pastebétas reiSmingai mazesnis VTA Kiekis — apie 0,7 proc.
SM (P < 0,01 Duxxbury hibrido graduose ir apie 0,4 proc. SM (P < 0,05) Lapriora hibrido
gruduose. Didziausias NDF kiekis nustatytas Lapriora hibrido griiduose 2021 metais. NDF Kiekis
buvo 1 proc. SM didesnis nei 2020 metais (P < 0,01) ir net 2,1 proc. SM didesnis nei 2022 metais
(P < 0,001). Duxxbury hibrido griduose NDF Kiekis buvo reik§mingai didesnis (vidutiniskai
1 proc. SM) tiek 2020 (P < 0,01), tiek 2021 metais (P < 0,001). ADF ir Kr kiekiai Duxxbury
hibrido griduose 2021 metais buvo atitinkamai mazdaug 0,5 (P < 0,001) ir 2,5 (P < 0,01) proc.
ADF kiekis Lapriora hibrido griiduose taip pat 0,5 proc. SM buvo didesnis 2021 metais
(P <0,01), taciau didesnis Kr Kkiekis (apie 1,4 proc. SM) pastebétas buvo 2022 metais (P < 0,01).

7 lentelé. Sausy medziagy (SM), zaliy baltymy (ZB), zaliy riebaly (ZR), Zalios lastelienos (ZL), zaliy
peleny (ZP), vandenyje tirpiy angliavandeniy (VTA, neutraliame (NDF) ir riigitiniame (ADF) tirpale
tirpios lgstelienos ir krakmolo (Kr) kiekis skirtingy hibridy kukuriizy griduose 2020-2022 metais.

Table 7. Dry matter (SM), crude protein (ZB), crude fat (ZR), crude fiber (ZL), crude ash (ZP), water
soluble carbohydrates (VTA), neutral (NDF) and acid (ADF) detergent fiber and starch (Kr) contents in
different hybrids of maize grains in 2020-2022.

Metai/  Hibridas / 7B 7R 7L zp VTA NDF ADF Kr
Year Hybrid Sl % SM
Duxxbury | 88,0%+0,9 7,6"+0,3 4,2°+0,5 3,4%4+0,5 1,4%+0,1 3,2%8+0,2 8,9%4+0,6 2,7%%+0,274,1%°+0,7
2020 Lapriora | 88,0+0,7 8,2%%+0,5 4,9%+0,5 3,0%+03 1,4*+0,1 3,2°+0,6 8,5®+0,5 2,68+0,473,4°5+£0,9
Duxxbury | 86,7%%+1,2 10,0°4£0,5 3,0°+0,2 3,2%4+0,6 1,3*'+0,2 2,6°°+0,3 9,0°+0,6 3,1+0,277,7%x1,5
2021 Lapriora | 87,5%+1,0 11,4%+04 4,8%+0,2 3,3*+0,3 1,4*+0,1 2,8%¥+02 9,5*+0,9 3,1%4+0,473,9°5+1,0
Duxxbury | 86,7812 6,1°+0,3 4,3°A+0,1 3,0“+0,5 1,5"+0,2 3,4*+0,5 8,0%+0,5 2,6®°+0,3 76,3%+1,1
2022 Lapriora | 86,1%8+1,5 54%+0,3 5,2%4+0,7 3,0*+0,5 1,4%+0,2 3,2%4+0,3 7,4%°+0,7 2,6%5+0,375,0°+0,5

Pastaba. Skirtingos maZosios raidés rodo mitybinés vertés rodiklio statistiSkai reikSmingus skirtumus tarp hibridy
tais paciais tyrimo metais. Skirtingos didZiosios raidés rodo mitybinés vertés rodiklio statistiskai reikSmingus
skirtumus tarp mety to pacio hibrido griaduose. / Note. Different lowercase letters indicate statistically significant
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nutritive value differences between hybrids within the same study year. Different uppercase letters indicate
statistically significant nutritive value differences between years within the same hybrid grains.

Vertinant kokybinés sudéties skirtumus tarp hibridy pastebéta, jog Lapriora hibrido griadai
2020 ir 2021 metais turéjo vidutiniskai 1 proc. SM didesnj ZB kiekj (P < 0,01), ta¢iau 2022 metais
0,7 proc. SM didesnis ZB kiekis jau buvo nustatytas Duxxbury hibrido griiduose (P < 0,001).
Vertinant Kity rodikliy skirtumus pastebima, kad per visg tyrimo laikotarpj Duxxbury hibrido
griiduose buvo nustatytas vidutinigkai 1,1 proc. SM didesnis ZR kiekis (P < 0,01), o Kr kiekis
2021 ir 2022 metais buvo vidutiniSkai 2,6 proc. SM mazesnis nei Lapriora hibrido graduose.

Mineraliniy medziagy (Mg, Ca, P, Zn, Fe) kiekiais nustatyti skirtingy hibridy kukurtizy
griduose pateikti 6 paveiksle. Mg kiekis svyravo nuo 0,099 iki 0,189 proc. SM, Ca nuo 0,134 iki
0,260 proc. SM, P nuo 0,215 iki 0,392 proc. SM, Zn nuo 8,9 iki 25,4 mg kg, Fe nuo 31,8 iki
84,4 mg kg™
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Pastaba. Skirtingos maZosios raidés rodo mitybinés vertés rodiklio statistiSkai reiksmingus skirtumus tarp hibridy
tais paciais tyrimo metais. Skirtingos didZiosios raidés rodo mitybinés vertés rodiklio statistiSkai reiksSmingus
skirtumus tarp mety to pacio hibrido griduose. / Note. Different lowercase letters indicate statistically significant
nutritive value differences between hybrids within the same study year. Different uppercase letters indicate
statistically significant nutritive value differences between years within the same hybrid grains.

6 pav. Mg, Ca, P (A), Zn ir Fe (B) kiekis skirtingy hibridy kukurtizy griiduose 2020-2022 metais

Fig. 6. Mg, Ca, P (A), Zn and Fe (B) contents in different hybrids of maize grains in 2020-2022

Maziausi P ir Ca kiekiai abiejy hibridy gruduose nustatyti 2020 metais. P kiekis Duxxbury
hibrido griduose lyginant su 2021 metais buvo mazesnis 0,077 proc. SM (P < 0,001), o lyginant
su 2022 metais 0,176 proc. SM (P < 0,001). P kiekis Lapriora hibrido griduose 2020 metais buvo
vidutiniskai 0,149 proc. SM mazesnis nei 2021 ir 2022 metais (P < 0,001). Ca kiekis 2020 metais
Duxxbury hibrido griiduose buvo 0,073 proc. SM, o Lapriora hibrido griduose 0,083 proc. SM
mazesnis nei 2021 ir 2022 metais (P < 0,001).
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Vieni didziausiy mineraliniy medziagy kiekiai fiksuojami 2021 metais. ReikSmingai
mazesnis (apie 0,100 proc. SM) nustatytas tik P kiekis Duxxbury hibrido griiduose lyginant su
2022 metais (P < 0,001) ir mazesnis (apie 14 mg kg?) Zn kiekis Lapriora hibrido griiduose
lyginant su 2020 metais (P < 0,05).

Maziausi Mg, Zn ir Fe kiekiai abiejy hibridy graduose nustatyti 2022 metais. Lyginant su
2020 ir 2021 metais Mg kiekis Duxxbury hibrido griduose buvo mazesnis 0,072 proc. SM
(P <0,001), Lapriora hibrido griduose 0,089 proc. SM (P < 0,001), Zn kiekis Duxxbury hibrido
griiduose buvo mazesnis 13 mg kg' (P < 0,001), Lapriora hibrido griiduose 15 mg kg*
(P < 0,001), Fe kiekis Duxxbury hibrido griidduose buvo mazZesnis 37 mg kg* (P < 0,001), Lapriora
hibrido griiduose 41 mg kg™ ( < 0,001).

Ivertinus skirtumus tarp hibridy tais paciais metais pastebéta, jog Mg kiekis 2020 ir
2021 metais buvo didesnis Lapriora hibrido griduose (P < 0,001). Ca kiekis didesnis nustatytas
2020 metais Lapriora hibrido griduose (P < 0,01), taciau 2022 didesnis kiekis jau pastebétas
Duxxbury hibrido griiduose (P < 0,05). P kiekis taip pat neturé¢jo pastovumo — 2021 metais
didesnis kiekis buvo Lapriora hibrido griiduose (P < 0,001), 0 2022 metais Duxxbury hibrido
griduose (P < 0,05). Reik$mingai didesnj Fe kiekj turéjo Lapriora hibrido grudai 2021 metais
(P <0,01), o vertinant Zn kiekj skirtumy tarp veisliy pastebéta nebuvo.

Mitybinés vertés rodikliai nustatyti skirtingy hibridy kukuriizy griiduose vélinant derliaus
nuémimg pateikti 8 lenteléje. Pastebima, jog visa tyrimo laikotarpj abiejy hibridy griduose SM
kiekis didéjo vélinant derliaus nuémimg. Duxxbury hibrido griiduose SM kiekis didéjo 1,8—
2,4 proc. (P <0,01), Lapriora hibrido graduose 1,3-3,1 proc. (P < 0,001).

8 lentelé. Sausy medziagy (SM), Zaliy baltymy (ZB), Zaliy riebaly (ZR), Zalios lastelienos (ZL), Zaliy
peleny (ZP), vandenyje tirpiy angliavandeniy (VTA, neutraliame (NDF) ir riigitiniame (ADF) tirpale
tirpios lastelienos ir krakmolo (Kr) kiekio kitimas skirtingy hibridy kukuriizy griduose 2020-2022 metais
vélinant derliaus nuémima

Table 8. Changes in dry matter (SM), crude protein (ZB), crude fat (ZR), crude fiber (ZL), crude ash (ZP),
water soluble carbohydrates (VTA), neutral (NDF) and acid (ADF) detergent fiber and starch (Kr) content
in different hybrids of maize grains at delayed harvest in 2020-2022

Metai/ Hibridas/ Derliaus . 7B ZR 7L VA4 VTA NDF ADF Kr
Year Hybrid nu:ll:rlv];l:t“ SM, % % SM
I 87,2°40,7 7,5%0,2 3,7°402 3,0°403 1,3+0,1 3,1%+02 8403 25°+0,1 74,4%+0,5
Duxxbury It 87,6°+0,2 7,9%£0,4 4,6£0,6 34%+0,2 1540,1 34%03 9540,7 2,902 73,4%+0,8
2020 1 89,040,3 7,640,3 44%0,1 370,6 14°+0,1 3,0°+0,2 8,8%+0,3 2,7%+0,3 74,60,2
I 87,6°+0,3 8,640,3 4404 29403 13=0,1 3,940,5 81°+0,3 23%+0,2 72,6'+0,1
Lapriora It 87,6°£0.4 7,940,6 4,902 30=0,3 14%0,2 2,7°+0,1 8,6%+0,2 25'+0,2 74,503
1 88,903 8,1%0,4 5540,1 3204 13=0,1 31402 8840,6 3,1%0,2 73,2'+0,9
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Metai/ Hibridas/ Derliaus . 7B ZR ZL Zp VTA  NDF  ADF Kr
Year Hybrid nuémimas /| SM, %

Harvest % SM
| 85,2°40,2 10,1%+0,6 3,02+0,2 3,74+0,5 1,5°+0,1 2,9%£0,2 8,6°+0,6 3,0°+0,1 77,4*13
Duxxbury I 87,3%£0,2 9,9%0,7 3,04:02 2,9°:0,5 12%£0,1 2,6°40,1 9,6%:0,3 3,4%:0,2 77,413
I 87,64£0,7 10,0404 3,04:0,2 3,0°:04 1.2%0,1 24°:0,1 8,9%+0,6 3,1°+0,2 78,3%2,1
I 86,2°60,6 11,1°402 4,6°+0,1 3,1%0,1 1,3°+0,1 27°40,2 8,9°+0,5 2,8°+0,1 73,5%0,9
Lapriora I 87,8°40,2 11,4%+0,2 4,9%:0,1 3,1%0,3 1,3°40,1 2,8°+0,1 9,0°:04 29°40,1 74,7%1,3
I 88,4%£0,2 11,7405 4,840,1 35404 15%0,1 2,9%0,1 10,540,5 3,604 73,60,2
I 86,1°1,1 6,1%0,5 420,01 2,9+0,1 1,7%0,1 4,1%0,1 7,704 2,5'0,1 76,014
Duxxbury 1 86,0°£0,8 6,04£0,2 4,3%+0,2 2,6°+0,2 1,4%£0,2 3,2°+0,2 7,9%0,5 2,5°+0,1 76,5%1,1
I 88,0402 6,3+0,4 4,3+0,1 35404 14%0,1 3,0°40,1 8403 2,903 765%1,1
I 84,541,0 53402 46%1,0 29402 14%+0,1 3,640,2 7,1%0,6 25403 74,705
Lapriora ] 86,3°+0,2 5,40,3 53%*0,2 3,3%+0,6 1,60,1 3,1°+0,1 7,6+0,8 2,6*0,3 75,2%£0,6
1T 87,6402 5640,3 560,01 27404 1,302 31%+0,1 7,5%12 2,803 752%0,6
Pastaba. Skirtingos maZosios raidés rodo mitybinés vertés rodiklio statistiskai reikSmingus skirtumus tarp derliaus

nuémimo laiky tais paciais tyrimo metais to pacio hibrido griduose. / Note. Different lowercase letters indicate
statistically significant differences in nutritive value between harvests within the same year and hybrid grains.

2021

2022

7B kiekis vélinant derliaus nuémima daugeliu atveju isliko stabilus, tik $ioks toks
padidéjimas (apie 0,2 proc. SM) pastebimas 2021 metais Lapriora hibrido griiduose (P < 0,05).
Ryskiausias ZR kiekio pokytis pastebimas 2020 metais.

Duxxbury hibrido griiduose ZR kiekis reik§mingai padidéjo 0,9 proc. SM (P < 0,05)
Il derliaus nuémimo metu, Lapriora hibrido griduose Il derliaus nuémimo metu padidéjo
0,5 proc. SM (P < 0,05), o 111 1,1 proc. SM (P < 0,001) lyginant su | derliaus nuémimu. ZR kiekio
nedidelis padidéjimas (apie 0,3 proc. SM) Lapriora hibrido griiduose pastebimas ir 2021 metais
lyginant | derliaus nuémima su vélesniais (P < 0,05).

7L kiekis Lapriora hibrido griiduose isliko stabilus vélinant derliaus nuémima, ta¢iau
Duxxbury hibrido griiduose pastebéti tam tikri pokyciai. Kiekis 2020 ir 2022 metais turéjo
tendencijg didéti — nustatytas padidéjimas lyginant | ir Il derliaus nuémimus 2020 metais
(P < 0,05), bei lyginant pirmus du derliaus nuémimus su 11 2022 metais (P < 0,01).

Vertinant ZP kiekj tam tikro désningumo pastebéta nebuvo: 2020 metais Duxxbury hibrido
gruduose Il derliaus nuémimo metu nustatytas nedidelis (0,2 proc. SM) padidéjimas, taciau 11
derliaus nuémimo metu ZP kiekis vél sumazéjo (P < 0,05), 2021 metais Duxxbury hibrido
gruduose pastebimas 0,3 proc. SM sumazéjimas lyginant su | derliaus nuémimu (P < 0,001), tac¢iau
Lapriora hibrido griiduose atvirksciai pastebimas 0,4 proc. SM padidéjimas lyginant su | ir 1l
derliaus nuémimu (P < 0,001), 2022 metais Lapriora hibrido griduose pastebimas 0,3 proc. SM
sumazéjimas lyginant Il ir 11l derliaus nuémimus.

VTA vélinant derliaus turéjo tendencija mazéti. Duxxbury hibrido griiduose 2020 metais
nedidelis sumaz¢jimas pastebimas tik Il derliaus nuémimo metu (P < 0,05), 2021 metais
Il (P<0,05) ir Il (P <0,001) derliaus nuémimo metu, 2022 metais VTA kiekis reik§mingai
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maz¢jo su kiekvienu derliaus nuémimu (P < 0,01). Lapriora hibrido griiduose 2020 ir 2022 metais
reikSmingas sumaz¢jimas pastebimas Il ir Il derliaus nuémimo metu (P < 0,01), tadiau
2021 metais pastebimas nedidelis padidéjimas |11 derliaus nuémimo metu (P < 0,05).

NDF ir ADF kiekiai 2020 metais Duxxbury hibrido griduose atitinkamai padidéjo 1,1 ir
0,4 proc. SM Il derliaus nuémimo metu (P < 0,05), ta¢iau Il derliaus nuémimas reikSmingai
nesiskyré nuo pirmy dviejy derliaus nuémimy. Lapriora hibrido griduose NDF ir ADF kiekiai I11
derliaus nuémimg lyginant su pirmuoju padidéjo atitinkamai 0,7 (P < 0,05) ir 0,8 (P <0,001) proc.
SM. Sekangciais tyrimo metais Duxxbury hibrido graduose pastebima ta pati tendencija. Il derliaus
nuémimo metu NDF ir ADF atitinkamai padidéjo 1 (P < 0,05) ir 0,4 (P < 0,01) proc. SM, ta¢iau
I11 derliaus nuémimo metu Kiekiai nesiskyré nuo | derliaus nuémimo, o Lapriora hibrido griduose
NDF ir ADF kiekiai atitinkamai didéjo 1,6 ir 0,8 proc. SM (P < 0,01). 2022 tyrimo metais vélinant
derliaus nuémima NDF abiejy hibridy griiduose reik§mingai nekito, 0 ADF padidéjo 0,4 proc. SM
tik Duxxbury hibrido graduose Il derliaus nuémimo metu (P < 0,05).

Kr kiekio pokyciai buvo pastebimi abiejy hibridy graduose tik 2020 metais 11 derliaus
nuémimo metu. Duxxbury hibrido griduose Kr kiekis sumazéjo 1 proc. SM (P < 0,05), Lapriora
hibrido griiduose padidéjo 1,9 proc. SM (P < 0,01), taciau Il derliaus nuémimo metu Kr kiekis
abiejy hibridy griiduose buvo vél toks pat kaip ir | derliaus nuémimo metu.

Mineraliniy medziagy poky¢ius vélinant derliaus nuémima matomi 7 paveiksle.

Veélinant derliaus nuémima 2020 metais pastebimi tik Fe kiekio pokyciai abiejy hibridy
griuduose. Duxxbury hibrido griduose Fe kiekis II derliaus nuémimo metu sumazéjo 60 proc.
(P < 0,05), taciau III derliaus nuémimo metu padidéjo ir reik§mingai nesiskyré nuo pirmyjy dviejy
derliaus nuémimo laiky. Lapriora hibrido griiduose Fe kiekis sumazéjo 55 proc. tik III derliaus
nuémimo metu (P < 0,05).

Véluojant nuimti derliy 2021 metais Duxxbury hibrido griiduose kito visy mineraliniy
medziagy kiekiai. P, Ca, Mg, ir Zn kiekis atitinkamai sumazéjo 0,019 (P < 0,05), 0,053 (P <0,01),
0,015 (P < 0,001) proc. SM ir 2,4 mg kg (P < 0,01) II derliaus nuémimo metu, ta¢iau P, Ca ir
Mg vel padidéjo IIT derliaus nuémimo metu, o Zn kiekis i§liko toks pat. Fe kiekis atvirk$¢iai turéjo
tendencijg didéti ir véliausios derliaus nuémimo metu Fe kiekis buvo beveik 13 mg kg™ didesnis
(P <0,05). Lapriora hibrido griduose 2021 tyrimo metais Ca kiekis sumazéjo 0,038 proc. SM 111
derliaus nuémimo metu (P < 0,05), Zn kiekis sumazéjo 3,6 mg kg™* jau II derliaus nuémimo metu
(P <0,001), III derliaus nuémimo metu kiekis $iek tiek padidéjo (apie 0,9 mg kg™), tadiau vis tiek
buvo reik§mingai mazesnis nei I derliaus nuémimo metu (P < 0,05). Fe kiekis, kaip ir Duxxbury
hibrido griiduose turéjo tendencija didéti ir III derliaus nuémimo metu buvo daugiau kaip

19 mg kg* didesnis (P < 0,01).
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Pastaba. Skirtingos maZosios raidés rodo mitybinés vertés rodiklio statistiskai reikSmingus skirtumus tarp derliaus
nuémimo laiky tais paciais tyrimo metais to pacio hibrido griduose. / Note. Different lowercase letters indicate
statistically significant differences in nutritive value between harvests within the same year and hybrid grains.

7 pav. Mg, Ca, P (A), Zn ir Fe (B) kiekio kitimas skirtingy hibridy kukuriizy griduose 2020-2022

metais vélinant derliaus nuémima

Fig. 7. Changes in Mg, Ca, P (A), Zn and Fe (B) content in grains of different maize hybrids from
2020 to 2022 at different harvest times

Derliaus nuémimo vélinimas 2022 metais Duxxbury hibrido griduose 1émé Fe kiekio
sumazéjima 8,4 mg kgt 111 derliaus nuémimo metu lyginant su Il derliaus nuémimu (P < 0,05),
taciau | derliaus nuémimas reikSmingai nesiskyré¢ nuo vélesniy. Tais paciais tyrimo metais
Lapriora hibrido griiduose pastebimas tik Zn kiekio sumazéjimas apie 2,5 mg kg™ Il ir 111 derliaus
nuémimo metu (P < 0,01).

Ivertinus bendra abiejy veiksniy (hibrido ir derliaus nuémimo laiko) poveikj mitybinés vertés

rodikliy pokyciams, pastebéta, kad jy bendras poveikis jvairiais metais skyrési. 2021 metai iSsiskyre,
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nes hibrido ir derliaus nuémimo laiko sgveika, turéjo jtakos daugeliui mitybinés vertés rodikliy.
Atlikus dviejy faktoriy dispersing analizg¢ (ANOVA) 2021 metais paaiskéjo, kad tarp hibrido ir
derliaus nuémimo laiko pasirinkimo buvo statistiskai reik§minga saveika vertinant ZL (P < 0,05), ZP

(P < 0,001), VTA (P < 0,001), NDF (P < 0,001), ADF (P < 0,001) ir Ca (P < 0,05) kiekius.

Apibendrinimas ir diskusija. Palyginus mitybinés vertés rodikliy skirtumus tarp mety,
pastebéta, kad abiejy hibridy griiduose jie kito labai panasiai. Labiausiai iSsiskyré metai, Kai
kukuriizy Zydéjimo laikotarpiu vyravo labai sausi ir Silti orai. Abiejy hibridy griiduose nustatyti
did?iausi ZB, NDF ir ADF kiekiai, maZiausias VTA kiekis, bei vieni didZiausiy mineraliniy
medziagy kiekiai. Duxxbury hibrido griiduose tais paciais metais nustatytas ir maziausias ZR
kiekis, bei didziausias Kr kiekis, Lapriora hibrido griiduose 7R kiekis reik§mingai nekito, o
didziausias Kr kiekis vis tik nustatytas lietingesniais tyrimo metais. Kinijoje atliktas tyrimas
parodé, jog sausros metu sumazéjus dirvozemio drégnumui, tai turi jtakos kukuriizy Sakny
formavimuisi, o tai lemia mazesnj derliy ir mazesnj ZR kiekj, taciau neturi jtakos Kr kiekiui (Bi et
al. 2019). Kito tyrimo metu pastebima, kad aukstesné temperatiira lemia didesnj baltymy ir
lgstelienos kiekj (Liu et al. 2023). Vertinant mineraliniy medziagy kiekiy skirtumus tarp veisliy
tam tikry désningumy pastebéta nebuvo. Nezymiai didesni kiekiai buvo fiksuojami tai vieno, tai
kito hibrido griduose. Kity Saliy mokslininkai tyrinédami, kur kas platesnj spektrq kukuriizy
hibridy, besiskirianciy spalva ir tipu pastebi, kad skirtumai tarp mitybinés vertés rodikliy ir
mineraliniy medziagy gali biiti kur kas didesni — miltiniai ir saldiis kukuriizai turi kur kas daugiau
baltymy ir riebaly, kai tuo tarpu dantytojo tipo, violetiniai ir sodriai raudonos spalvos kukuriizai
turi daugiau Kr, baltieji daugiau Zn, o geltonieji Fe (Oas and Adams 2022; Subrin et al. 2022).
Miisy tyrime naudoti kukuriizy hibridai, su skirtingu FAO skaiciumi, kurie Lietuvoje jprastai
auginami griidams, todél to pacio tipo kukuriizy hibridy griidai galéjo turéti maziau skirtumy
tarpusavyje. Vélinant derliaus nuémimg abiejy hibridy griiduose pastebétas SM didéjimas, 7B,
7R, ZL, ZP, Kr, NDF ir ADF kiekiai daugeliu atveju reiksmingai nekito, taciau vélinant derliaus
nuémimq hibridy griiduose mazéjo VTA kiekis. Kinijoje atliktas tyrimas taip pat pastebéjo, kad
30 dieny po siilly pasirodymo laikotarpio derliaus nuémimo laiko vélinimas neturéjo jtakos
baltymy, riebaly, lgstelienos kitimui, o 50 dieny po siilly pasirodymy neturéjo jtakos ir krakmolo
kiekiui (Zhao et al. 2023). Didesni mineraliniy medziagy svyravimai taip pat pastebéti tyrimo
metais, kuomet vyravo sausi ir Silti orai. Duxxbury hibrido griiduose P, Ca, Mg kiekiai sumazéjo
Il derliaus nuémimo metu, taciau |1l derliaus nuémimo metu vél buvo didesni, Zn kiekis sumazéjo,
0 Fe kiekis padidéjo, Lapriora hibrido griduose pokyciai buvo pastebéti tik vertinant Ca, Zn ir
Fe kiekj — Ca ir Zn kiekiai mazéjo, o Fe didéjo. Lenkijos mokslininkai taip pat pastebi, kad
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mineralinés medziagos, tokios kaip Na, K, Mg, Ca, kukuriizy griiduose buvo reik§mingai

mazesnés, kai derlius buvo nuimtas véliau (Wojcieszak et al. 2020).

3.2. Mieziy veislés bei derliaus nuémimo vélinimo jtaka mikroskopiniu grybuy paplitimui ir
mikotoksiny koncentracijoms mieziy griiduose

3.2.1. Fusarium spp. paplitimas mieZiy griiduose vélinant derliaus nuémima

Bendrg uzsikrétimas Fusarium spp. grybais mieziy gridy méginiuose skirtingose veislése
pateiktas 8 paveiksle. Pastebéta, jog abiejose veislése didziausias gridy méginiy uzterStumas
nustatytas 2020 metais — uzsikrétusiy méginiy kiekis sieké 67,8 proc. Laureate veislés griduose
2021 metais nustatytas labai panasus uzsikrétusiy méginiy kiekis, taciau 2022 metais uzsikrétusiy
méginiy skai¢ius buvo beveik 2,5 karto mazesnis, nei 2020 ir 2021 metais (P < 0,001). Luokeé
veislés gruduose 2021 metais uzsikrétusiy méginiy kiekis buvo 17,7 proc. mazesnis (P < 0,05), 0
2022 metais kiekis buvo beveik 2,5 karto mazZesnis nei 2020 metais (P < 0,001) ir 1,8 karto
mazesnis nei 2021 metais (P < 0,05). Nors Luoke veislés griiduose skirtingai nei Laureate veislés
griduose buvo pastebimas reik§mingai mazesnis uzsikrétusiy méginiy kiekis 2021 metais, Vvis tik

skirtumy tarp veisliy nei vienais i§ tyrimo mety nustatyta nebuvo.
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Pastaba. Skirtingos maZosios raideés rodo reiksmingus Fusarium spp. kiekio skirtumus tarp veisliy tais paciais tyrimo
metais. Skirtingos didZiosios raides rodo reikSmingus Fusarium spp. kiekio skirtumus tarp mety tos pacios veisles
graduose. / Note. Different lowercase letters indicate statistically significant differences in Fusarium spp. infection
between varieties within the same study year. Different uppercase letters indicate statistically significant differences
in Fusarium spp. infection between years within the same variety grains.

8 pav. Fusarium spp. uzsikrétusiy méginiy kiekis skirtingy veisliy mieziy griduose 2020-2022
metais

Fig. 8. Different varieties of barley grain samples infected with Fusarium spp. in 2020-2022.

Pastebima bendra tendencija — vélinant derliaus nuémimag bendras gridy uzsikrétimas
Fusarium spp. grybais didéja (9 pav.).
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Pastaba. Skirtingos maZosios raidés rodo reiksmingus Fusarium spp. kiekio skirtumus tarp derliaus nuémimo laiky
tos pacios veislés griaduose tais paciais tyrimo metais. / Note. Different lowercase letters indicate statistically
significant differences in Fusarium spp. infection between harvests within the same year and variety grain samples.

9 pav. Fusarium spp. uzsikrétusiy mieziy gridy méginiy kiekis skirtingose veislése, vélinant
derliaus nuémimo laikg 2020-2022 metais
Fig. 9. The amount of barley grain samples infected with Fusarium spp. in different barley

varieties and at delayed harvest time in 20202022

Laureate veislés griiduose 2020 metais uzsikrétimas padidéjo 24 proc. Il derliaus
nuémimo metu lyginant su | derliaus nuémimu (P < 0,01). Vélesniais tyrimo metais reik§mingai
didesnis uzsikrétimas buvo nustatytas jau Il derliaus nuémimo metu (P < 0,01), o Il derliaus
nuémimo metu uzsikrétimas buvo dar didesnis lyginant su | derliaus nuémimu (P < 0,001)
(2021 metais Il ir Il derliaus nuémimo metu uzsikrétimas padidéjo mazdaug 3 kartus, o
2022 metais 2 kartus). Luoké veislés gruduose 2020 ir 2021 metais uzsikrétimas reikSmingai
didéjo su kiekviena derliaus nuémimu. UzZsikrétimas | derliaus nuémimo metu 2020 metais sieké
49 proc., Il derliaus nuémimo metu uzsikrétimas buvo padidéjes iki 70 proc. (lyginant su I derliaus
nuémimu P < 0,01), o Il derliaus nuémimo metu jau sieké 84 proc. (lyginant su | derliaus
nuémimu P < 0,001, lyginant su Il P < 0,05). 2021 tyrimo metais | derliaus nuémimo metu

Fusarium spp. grybais uzsikrétusiy gridy buvo aptikta tik 18 proc., taciau vélinant derliaus
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nuémimga uzsikrétimas padidéjo 3 Kartus (lyginant su | derliaus nuémimu (P < 0,01), o paskutinio
derliaus nuémimo metu uzsikrétimas jau buvo 5 kartus didesnis (lyginant su | derliaus nuémimu
P < 0,001, lyginant su Il P < 0,05). 2022 tyrimo metais uzsikrétimas Luoké veislés griiduose
lyginant su | derliaus nuémimu padidéjo mazdaug 2 kartus tiek Il (P < 0,05), tiek Il (P < 0,01)
derliaus nuémimo metu.

Risiné jvairove tyrimo laikotarpio metu beveik nekito ir kiekvienais metais buvo aptikty
tam tikra rasimi uzsikrétusiy griidy. Kasmet buvo buvo aptiktos Sios Fusarium raisys:
F. avenaceum, F. culmorum, F. graminearum, F. poae, F. sporotrichioides, F. tricinctum,
F. langsethiae, F. equiseti. Kai kurie griidai buvo uzsikréte net keliomis Fusarium rasimis.
F. langsethiae nebuvo aptikta tik 2022 metais abejy veisliy griduose. DaZniausiai mieZiy

griduose vélinant derliaus nuémimg aptiktos Fusarium raSys pavaizduotos 10 paveiksle.
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Pastaba. Skirtingos maZosios raidés rodo reiksmingus tam atskiry Fusarium spp. kiekiy skirtumus tarp derliaus
nuemimo laiky tos pacios veislés griduose tais paciais tyrimo metais. / Note. Different lowercase letters indicate
statistically significant differences in particular Fusarium spp. infection between harvests within the same year and
variety grain samples.

10 pav. Fusarium spp. gryby rasinés sudéties kitimas skirtingy veisliy mieziy griduose vélinant
derliaus nuémimag 2020-2022 metais
Fig. 10. The amount of barley grain samples infected with particular Fusarium spp. across

different varieties and harvest times in 2020-2022
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Abiejy veisliy griduose 2021 metais nustatytas didesnis uzsikrétimas F. culmorum. Tais
paciais metais Luoké veislés griuduose Il derliaus nuémimo metu pastebimas ir reik§mingas
uzsikrétimo padidéjimas lyginant su | ir 1l derliaus nuémimais (P < 0,001).

Pastebimas gan daznas uzsikrétimas F. poae mikroskopiniais grybais. 2020 metais
Laureate veislés gruduose uzsikrétimas Il derliaus nuémimo metu buvo didesnis 5 kartais
lyginant su | derliaus nuémimu ir 3 Kkartais lyginant su Il (P < 0,05). Luoké veislés griduose
uzsikrétimas Il derliaus nuémimo metu buvo didesnis 6 kartais lyginant su | derliaus nuémimu ir
3 kartais lyginant su Il (P < 0,01). 2021 tyrimo metais skirtumai tarp derliaus nuémimo laiky
Laureate veislés gruduose pastebimi tik lyginant | ir 1l derliaus nuémimus. Laureate veislés
gruduose Il derliaus nuémimo metu uzsikrétimas buvo 4 kartus didesnis (P < 0,05). Skirtumai
tarp juciy Luoké veislés gruduose pastebimi tik lyginant I ir 1l derliaus nuémimus. Luoké veislés
gruduose uzsikrétimas buvo 5 kartus didesnis (P < 0,01) Il derliaus nuémimo metu. 2022 tyrimo
metais skirtumy tarp derliaus nuémimo laiky pastebéta nebuvo.

Taip 2021 metais nustatytas ir didesnis uzsikrétimas F. sporotrichioides. Pastebéta, kad
Laureate veislés gruduose 2020 metais uzsikrétimas Ill derliaus nuémimo padidéjo 4,5 karto
lyginant su | derliaus nuémimu ir 2 kartus lyginant su Il (P < 0,001), o0 2021 metais uzsikrétimas
buvo 4 kartus didesnis jau Il derliaus nuémimo metu (P < 0,05). Luoké veislés griiduose
uzsikrétima staip pat didéjo vélinant derliaus nuémima. Pastebéta, kad 2020 metais uzsikrétimas
I11 derliaus nuémimo metu padidéjo 8 kartus lyginant su | derliaus nuémimu (P < 0,01) ir 2 kartus
lyginant su Il (P < 0,05). 2021 tyrimo metais nustatyta ta pati tendencija kaip ir Laureate veislés
griduose, kai uzsikrétimas beveik 4 kartus reikSmingai didéjo jau Il derliaus nuémimo metu (P <
0,05). 2022 tyrimo metais, uzsikrétimas buvo nedidelis visais derliaus nuémimo laikais ir buvo
aptinkama iki 6,5 proc. F. sporotrichioides uzsikrétusiy gridy méginyje, todél reikSmingy
skirtumy tarp derliaus nuémimo laiky nepastebéta.

Abiejy veisliy griduose 2020 metais daugiausiai griddy buvo uzsikrétusiy F. tricinctum.
Visais derliaus nuémimo laikais uzsikrétimas vidutiniskai sieké 35 proc., o skirtumy tarp juciy
pastebéta nebuvo. 2021 tyrimo metais pastebétas reikSmingas padidéjimas tik Luoké veislés
gruduose Il derliaus nuémimo metu lyginant su I ir Il derliaus nuémimais. Luoké veislés griduose
padidéjo nuo 1,8 proc. | derliaus nuémimo metu iki 44 proc. Il derliaus nuémimo metu (P <
0,001). 2022 tyrimo metais, uzsikrétimas buvo nedidelis visy derliaus nuémimy metu ir buvo
aptinkama iki 7,8 proc. F. tricinctum uzsikrétusiy gridy méginyje, todél reikSmingy skirtumy tarp
derliaus nuémimy nepastebéta.

Iki 1,3 proc. gridy méginyje 2020 ir 2022 buvo uzsikréte F. equiseti. ISsiskyré tik 2021

metai, kai 1l derliaus nuémimo metu Laureate veislés griiduose uzsikrétimas sieké 16 proc., 0
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Luoké veislés gruduose 11 proc. ir buvo reikSmingai didesnis nei | (P < 0,001) ir 1l (P < 0,01)
derliaus nuémimo metu.

Pastebimas reikSmingas grudy uzterStumo didéjimas F. avenaceum grybais. Grudy
uzkréstumas reikSmingai didéjo 2020 metais abiejy veisliy gruduose. Laureate veislés griduose
uzsikrétimas Il ir 111 derliaus nuémimo metu vidutiniSkai buvo 8,0 proc. didesnis (P < 0,05), o
Luoké veislés griiduose Il derliaus nuémimo metu vidutiniskai 11,5 proc. didesnis (P < 0,05).
Taip pat reikSmingas uzsikrétimo padidéjimas pastebimas ir 2022 metais Luoké veislés griduose.
I1ir 11 derliaus nuémimo metu uzsikrétimas buvo vidutiniskai 5,5 proc. didesnis (P < 0,05).

Buvo aptinkami tik pavieniai uzsikrétimai F. graminearum (iki 2 proc. gridy méginyje)
ir F. langsethiae (iki 3,8 proc. gridy méginyje), 0 tarp derliaus nuémimo laiky uzsikrétimas

reikSmingai nekito.

Apibendrinimas ir diskusija. Intensyviausias uzsikrétimas Fusarium sSpp. grybais abiejy
veisliy griduose pastebimas vegetacijos metu vyraujant sausesniems ir Siltesniems orams, o
derliaus nuémimo metu lietingesniems orams, taciau uzsikrétimo intensyvumas tarp veisliy
nesiskyré. Vélinant derliaus nuémimg, méginiy, Kurie buvo uzsikréte Fusarium spp. grybais kiekis
didéjo. Stebint rusing sudeétj abiejy veisliy griiduose vyravo uzsikrétimas F. culmorum, F. poae,
F. sporotrichioides, F. tricinctum ir F. equiseti, o vélinant derliaus nuémimg pastebimas
intensyvesnis mieziy grudy uZsikrétimas Siais mikroskopiniais grybais. Vélinant derliaus
nuémimq pastebimas reiksmingas F. poae, F. sporotrichioides, F. equiseti, F. culmorum bei
F. tricinctum uzsikrétimo padidéjimas. Vegetacijos laikotarpiu vyraujant lietingesniems orams,
taicau derliau nuémimo metu vyraujant sausiems ir Siltiems orams uzsikrétimas Fusarium Spp.
buvo nedidelis ir pokyciy tarp derliaus nuémimo laiky nepastebéta. Anksciau vykdytuose
tyrimuose taip pat teigiama, jog vienos is dazniausiai aptinkamy Fusarium Spp. miezZiuose yra
F. poae, F. culmorum, F. sporotrichioides, F. equiseti, taciau gana daznai aptinkama ir
F. avenaceum bei F. graminearum (Hietaniemi et al. 2016; Islam et al. 2022; Piacentini et al.
2019). Kanadoje atliktas tyrimas patvirtino, kad vélinant derliaus nuémimq mieZiy griduose
didéja uzsikrétimas Fusarium Spp. grybais. Jy tyrimo metu uzsikrétimas padidéjo nuo 6,9 iki
13,9 proc. (Xue et al. 2013).

3.2.2. DON, T-2, HT-2, ZEA ir AFLBgi+B2+c1+G2 paplitimas mieziy griiduose vélinant
derliaus nuémima
DON koncentracijos visg tyrimo laikotarpj buvo buvo zemiau aptikimo ribos (9 lentelé).
Panasi tendencija pastebima ir vertinant T-2 toksino koncentracijas, taicau $iuo atveju T-2 buvo
aptinkamas tik 2020 metais Luoké veislés griiduose. Didesnés koncentracijos nustaytos tik

vertinant uzterStumg HT-2 ir ZEA mikotoksinais. HT-2 didZiausios koncentracijos buvo
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aptinkamos 2020 metais, 0 ZEA 2021 metais. HT-2 koncentracijos Laureate veislés griduose
buvo 3 kartus didesnés nei 2022 metais ir 2021 metais (P < 0,01). Luoké veislés griduose HT-2
koncentracija buvo beveik 5 kartus didesné nei 2021 metais (P < 0,001), o 2022 metais HT-2
kiekis buvo Zemiau aptikimo ribos. Vidutiné ZEA koncentracija 2020 metais buvo Zemiau
aptikimo ribos, o0 2021 metais abiejy veisliy graduose koncentracijos buvo beveik 11 karty
didesnés nei 2022 metais (P < 0,001). Ivertinus bendrg AFLg1+g2+G1+62 Koncentracijag 2022 metais
Ji buvo zemiau aptikimo ribos, o 2020 ir 2021 aptiktos koncentracijos buvo labai nedidelés - Siek

tiek vir§ Zemiausios aptikimo ribos.

9 lentelé. Deoksinivalenolio (DON), T-2, HT-2, zearalenono (ZEA) ir aflatoksiny (AFLg1+B2+G1+G2)
koncentracijos skirtingy veisliy mieziy griduose 2020-2022 metais
Table 9. Concentrations of deoxynivalenol (DON), T-2, HT-2, zearalenone (ZEA) and aflatoxins

(AFLg1+g2+c1+62) in different varieties of barley grains in 2020-2022

Vear  Vamey | DON T2 T2 ZEA e
2020 Laureate <LOD <LOD 47°A £ 10 <LOD 1,844 +0,3
Luoke <LOD 35+8 11284+ 21 <LOD 2,04+£0,6
2021 Laureate <LOD <LOD 1628 + 5 4334+ 138 1,844+ 0,2
Luoké <LOD <LOD 238+ 8 4884+ 110 1,824+ 0,1

Laureate <LOD <LOD 158+ 4 358+ 6 <LOD

2022 Luoke <LOD <LOD <LOD 492 + 15 <LOD

Pastaba. Skirtingos maZosios raidés rodo mikotoksino koncentracijy statistiskai reikSmingus skirtumus tarp veisliy
tais paciais tyrimo metais. Skirtingos didZiosios raidés rodo mikotoksiny koncentracijy statistiskai reikSmingus
skirtumus tarp mety tos pacios veislés griduose. / Note. Different lowercase letters indicate statistically significant
differences in mycotoxin concentration between varieties within the same study year. Different uppercase letters
indicate statistically significant differences in mycotoxin concentration between years within the same variety
grains.

Vertinant skirtumus tarp veisliy, pastebéta, kad T-2 toksino 2020 metais Laureate veislés
griduose vidutiné koncentracija buvo Zemiau aptikimo ribos, tuo tarpu Luokeé veislés griduose
$io toksino buvo aptikta apie 35 pg kgt. HT-2 koncentracija 2020 metais buvo 2 kartus didesné
Luoké nei Laureate veislés griiduose (P < 0,05), taciau 2022 metais, kai Luoké veislés griduose
vidutiné HT-2 koncentracija buvo zemiau aptikimo ribos, Laureate veislés griiduose ji sieké
15 ug kgt. Vertinant DON, ZEA ir AFLgi+ga+ci+c2 koncentracijas skirtumy tarp veisliy
nepastebéta.

Mikotoksiny koncentracijy skirtumai tarp derliaus nuémimo laiky pateikti 10 lenteléje.
Vertinant skirtumus tarp derliaus nuémimo laiky vidutiné DON koncentracija Siek tiek aukstesné
nei Zemiausia aptikimo riba buvo nustatyta tik Laureate veislés gruduose 2020 metais I11 derliaus

nuémimo metu, T-2 toksino tik 2020 metais Laureate veislés griiduose | derliaus nuémimo metu
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ir Luoke veislés gruduose | ir Il derliaus nuémimo metu, todél reikSmingy skirtumy tarp derliaus

nuémimo laiky nebuvo.

10 lentelé. Deoksinivalenolio (DON), T-2, HT-2, zearalenono (ZEA) ir aflatoksiny (AFLg1+2+G1+G2)
koncentracijy kitimas skirtingy veisliy mieziy griduose 20202022 metais vélinant derliaus nuémima

Table 10. Changes in concentration of deoxynivalenol (DON), T-2, HT-2, zearalenone (ZEA) and
aflatoxins (AFLg1+s2+c1+G2) at different harvest times and different varieties of barley grains in 2020-2022

Harvest
I <LOD 27+7 852+ 33 <LOD <LOD
Laureate I <LOD <LOD 428+ 15 <LOD 1,8°+0,1
n 53+19 <LOD 142+ 7 <LOD 2,58+0,3
2020 | <LOD 532+ 17 1592+ 96 <LOD <LOD
Luoké I <LOD 362+9 1262+ 42 <LOD <LOD
n <LOD <LOD 502 +23 <LOD 4,7+0,2
I <LOD <LOD 142+ 8 3622+ 187 <LOD
Laureate 1] <LOD <LOD 252+ 10 4272+ 309 2,22+0,3
n <LOD <LOD <LOD 5112+ 52 2,12+0,1
2021 I <LOD <LOD 292+ 7 4692+ 103 1,7°+0,1
Luokeé ] <LOD <LOD 242 £ 20 3932+ 239 1,7°+0.2
n <LOD <LOD 112+ 1 7192+ 250 2,42+ 0,1
| <LOD <LOD <LOD 472 £ 11 <LOD
Laureate I <LOD <LOD 143+ 5 368+ 7 <LOD
1 <LOD <LOD 228+ 8 228+ 17 <LOD
2022 | <LOD <LOD <LOD 252+ 18 <LOD
Luoké I <LOD <LOD <LOD 522+ 49 <LOD
1" <LOD <LOD <LOD 712+ 38 <LOD

Pastaba. Skirtingos maZosios raidés rodo mikotoksino koncentracijy statistiskai reikSmingus skirtumus tarp derliaus
nuémimo laiky tais paciais tyrimo metais tos pacios veislés graduose. / Note. Different lowercase letters indicate
statistically significant differences in mycotoxin concentration between harvests within the same year and variety
grains.

HT-2 2020 metais buvo aptinkamas visais derliaus nuémimo laikais. Nors nustatytos
koncentracijos kai kuriuose méginiuose buvo didelés, tac¢iau dél dideliy koncentracijy skirtumy
tarp pakartojimy, vélinant derliaus nuémimg poky¢iy nepastebéta. HT-2 koncentracijos 2021
metais daugeliu buvo Siek tiek didesnés nei Zemiausia aptikimo riba, taciau skirtumy tarp derliaus
nuémimo laiky taip pat nepastebéta. 2022 tyrimo metais didesnés koncentracijos nei Zemiausia
aptikimo riba nustatytos tik I ir 11l derliaus nuémimo metu Laureaté veislés gruduose, tai¢au jos
reikSmingai tarp derliaus nuémimo laiky nesiskyre.

Didziausios ZEA koncentracijos buvo fiksuojamos 2021 metais abiejy veisliy griiduose,
taciau d¢l dideliy koncentracijy skirtumy tarp pakartojimy, skirtumy tarp derliaus nuémimo laiky
pastebéta nebuvo. 2022 ZEA koncentracijos buvo tik Siek tiek didesnés uz maziausig aptikimo

riba, 0 2020 metais vidutinés koncentracijos $ios ribos nesieke.
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Bendra AFLg1+B2+G1+G2 KOncentracija nustatyta tyrimo metu buvo nedidelé ir koncentracijos
virSijusios Zemiausig aptikimo ribg buvo nustatytos tik 2020 ir 2021 metais. 2020 metais abiejy
veisliy griiduose | derliaus nuémimo metu nustatytos koncentracijos buvo Zemiau aptikimo ribos,
vélinant derliaus nuémima Laureate veislés gruduose didesnés koncentracijos fiksuojamos jau po
Il derliaus nuémimo, 0 Il derliaus nuémimo metu koncentracija reikSmingai padidéjo dar 0,7 ug
kg? lyginant su Il derliaus nuémimu (P < 0,05). Luoké veislés griiduose koncentracija virsijusi
7emiausia aptikimo riba nustatyta tik 111 derliaus nuémimo metu ir sieké 4,7 pg kg*, koncentracija
buvo beveik 2 kartus didesné nei Laureate veislés griaduose Il derliaus nuémimo metu (P < 0,05).
2021 tyrimo metais Laureate veislés griiduose | derliaus nuémimo metu koncentracija buvo
zemiau aptikimo ribos, tac¢iau Il ir 11l derliaus nuémimo metu koncentracija virsijo §ig ribg ir sieké
apie 2,2 ng kgl Luoke veislés griiduose | ir Il derliaus nuémimo metu koncentracija buvo ant
aptikimo ribos (1,7 pg kg?), o 1l derliaus nuémimo metu reik§mingai padidéjo iki 2,4 ng kg™
(P <0,05).

Ivertinus bendrg abiejy veiksniy (veislés ir derliaus nuémimo laiko) poveikj mikotoksiny
koncentracijy pokyc¢iams, pastebéta, jog 2020 ir 2021 metais pasirinktos veislés ir derliaus
nuémimo laiko sgveika turéjo reikSmingos jtakos bendrai AFLgi+s2+c1+c2 koncentracijai (2020
metais P < 0,001, 2021 metais P < 0,05).

Analizuoty mikotoksiny koncentracijos nevirSijo Europos Komisijos nustatyty didZiausiy

leistiny kiekiy gyviiny paSaruose (1 lentelé).

3.2.3. MON, NIV ir eniatiny paplitimas mieZiy griiduose vélinant derliaus nuémima

Taip pat buvo nustatytas uzterStumas mikotoksinais, kuriy didziausiy leistiny kiekiy
Europos Komisija nereglamentuoja (MON, NIV, ENN B, B1, A, Al) (11 lentelé¢). Nedidelés
koncentracijos MON buvo aptiktos 2020 metais, o 2021 ir 2022 metais uzterStumo Siuo
mikotoksinu nepastebéta. Reik§mingai iSsiskyré NIV ir ENN B, B1 ir A koncentracijos 2022
metais. Laureate veislés griduose NIV koncentracijos buvo atitinkamai 9 ir 21 karty, 0 ENN B1
koncentracijos 3 ir 10 karty didesnés nei 2020 ir 2021 metais (P < 0,001). Luoké veislés griduose
NIV koncentracijos buvo atitinkamai 5 ir 11 karty, o ENN B1 koncentracijos 1,7 ir 2,6 karto
didesnés nei 2020 ir 2021 metais (P < 0,001). ENN B ir A koncentracijos 2021 metais nesieké
zemiausios aptikimo ribos. Lyginant ty paciy mikotoksiny koncentracijas 2020 ir 2022 metais,
nustatyta, jog 2022 metais Laureate veislés griduose ENN B ir A koncentracijos atitinkamai buvo
3,6 Kkarto ir 5 kartus didesnés, 0 Luoke veislés griduose 1,5 ir 1,8 karto didesnés nei 2020 metais
(P <0,001).
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Vertinant skirtumus tarp veisliy, nustatyta, jog 2020 metais Laureate veislés gruduose
buvo 10 pg kgt didesné MON koncentracija (P < 0,01), tagiau 14 ir 13 pg kg' mazesné
atitinkamai lyginant NIV (P < 0,05) ir ENN A (P < 0,05) koncentracijas. 2021 tyrimo metais tarp
veisliy iSsiskyré ENN B1 koncentracijos — Laureate veislés griiduose koncentracija buvo 2 kartus
mazesné¢ (P < 0,01) ir sieké 23 pg kg?. 2022 tyrimo metais didesnés ENN koncentracijos
pastebimos Laureate veislés griduose. ENN B, B1 ir Al koncentracijos atitinkamai buvo 128
(P <0,01), 87 (P <0,05) ir 11 (P < 0,05) pug kg™ didesnés.

11 lentelé. Moniliformino (MON), nivalenolio (NIV) ir ENN B, B1, A, Al koncentracijy kitimas skirtingy
veisliy mieziy griiduose 2020-2022 metais

Table 11. Changes in concentration of moniliformin (MON), nivalenol (NIV) and ENN B, B1, A, Al in
different varieties of barley grains in 2020-2022

Metai/  Veisle/ MON NIV ENN B ENN B1 ENNA  ENN AL
Year Variety
Laureate 122+ 29PB + 4 818 +9 8928 + 10 16PB + 2 <LOD
2020
Luoke 26+ 1 438 4+ 4 10628 + 9 878 + 12 2928 + 5 5A+ 2
2021 Laureate < LOD 138 + 4 <LOD 23°C .+ 4 <LOD <LOD
Luoke <LOD 208 + 5 <LOD 5788 + 8 <LOD <LOD
Laureate < LOD 2742 +£39 28987+ 32 23584+ 29 8434 4+ 13 212+ 4
2022
Luoke <LOD 217%A £ 25  161PA+20 148PA + 21 532A 1+ 9 10°A + 3

Pastaba. Skirtingos maZosios raidés rodo mikotoksino koncentracijy statistiSkai reikSmingus skirtumus tarp veisliy
tais paciais tyrimo metais. Skirtingos didZiosios raidés rodo mikotoksiny koncentracijy statistisSkai reikSmingus
skirtumus tarp mety tos pacios veislés griduoes. / Note. Different lowercase letters indicate statistically significant
differences in mycotoxin concentration between varieties within the same study year. Different uppercase letters
indicate statistically significant differences in mycotoxin concentration between years within the same variety
grains.

Vertinant MON, NIV ir ENN B, B1, A ir Al koncentracijy skirtumus tarp derliaus
nuémimo laiky 2020 ir 2021 metais reik§mingy poky¢iy vélinant derliaus nuémima nepastebéta
(12 lentelé). Tuo tarpu 2022 metais, kai buvo nustatytos didziausios NIV ir ENN koncentracijos,
vélinant derliaus nuémimg reikSmingas koncentracijy padidéjimas Ill derliaus nuémimo metu.
Laureate veislés griiduose NIV, ENN B, B1, A, Al koncentracijos Il derliaus nuémimo metu
padidéjo atitinkamai 205, 120, 132, 62 ir 23 pg kg lyginant su | derliaus nuémimu (P < 0,05).
Luokeé veislés griduose ENN B, B1, A, Al koncentracijos Il derliaus nuémimo metu padidéjo
vidutiniskai apie 72, 100, 46 ir 14 ug kg lyginant su pirmaisiais dviem derliaus nuémimais
(P <0,05).

ReikSmingy saveiky, jvertinus bendra abiejy veiksniy (veislés pasirinkimo ir derliaus
nuémimo laiko) poveiki MON, NIV ir eniatiny B, B1, A ir Al koncentracijy pokyc¢iams,

nepastebéta.
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12 lentelé. Moniliformino (MON), nivalenolio (NIV) ir eniatiny (ENN) B, B1, A, Al koncentracijy kitimas
skirtingy veisliy mieziy griiduose 2020-2022 metais vélinant derliaus nuémima

Table 12. Changes in concentration of moniliformin (MON), nivalenol (NIV) and enniatins (ENN) B, B1,
A, Al at different harvest times and different varieties of barley grains in 2020-2022

Metai/ Veisle/  Derhiaus
Year Variety nuémimas /| MON NIV ENN B ENN B1 ENN A ENN Al
Harvest
| 10,78+ 3,3 262+ 8 832+ 15 902+ 21 152 +£2 <LOD
Laureate | 14,08+ 5,9 312+7 842+ 16 882+ 15 162 +£2 <LOD
2020 1l 10,98+ 3,3 302+ 9 742+ 18 892+ 19 162+ 4 <LOD
| 2,9%+26 402+ 5 1012+ 19 8924+ 23 342+ 9 72+ 1
Luoké 1 3,12+ 2,6 512+ 9 1142+ 16 882 £ 25 258+ 9 43+ 1
1l 0,72+0,5 392+ 5 1032 +£13 852421 292+ 11 42+ 1
I <LOD 92+3 <LOD 212+ 5 <LOD <LOD
Laureate 1 <LOD 172 £ 8 <LOD 268+ 9 <LOD <LOD
2021 1l <LOD 128+ 8 <LOD 212+ 11 <LOD <LOD
| <LOD 168+ 7 <LOD 578+ 16 <LOD <LOD
Luoke I <LOD 232+9 <LOD 592+ 15 <LOD <LOD
1l <LOD 212+ 11 <LOD 518+ 17 <LOD <LOD
I <LOD 196°+42 219°+24 171°+ 18 56° + 7 115+ 4
Laureate I <LOD 225°+31 299%+76  232%+49 77+ 18 182 + 4
Il <LOD 401°+78 3392+50 3032+ 58 1182+ 29 342+ 7
2022 I <LOD 2322+70 155°+24 137°+29 49+ 13 8h+5
Luokeé I <LOD 1872+ 14 1192+ 32 93°+ 10 26+ 4 40+3
Il <LOD 2312+33 209°+30 2152+ 35 832+ 13 202+ 3

Pastaba. Skirtingos maZosios raidés rodo mikotoksino koncentracijy statistiskai reikSmingus skirtumus tarp derliaus
nuémimo laiky tais paciais tyrimo metais tos pacios veislés griduose. / Note. Different lowercase letters indicate
statistically significant differences in mycotoxin concentration between harvests within the same year and variety grains.

Apibendrinimas ir diskusija. Mieziy griiduose kiekvienais tyrimo metais buvo aptinkamas
skirtingas mikotoksiny spektras. Tyrimo metais, kuomet krituliy kiekis ir temperatiira buvo artimi
Vidutiniam krituliy kiekiui ir temperatirai, reikSmingai didesnés buvo HT-2 toksino
koncentracijos. Vegetacijos metu vyraujant sausiems ir Siltiems orams, o derliaus nuémimo metu
lietingiems ir vésiems orams buvo aptinkamos reikSmingai didesnés ZEA koncentracijos.
Vegetacijos metu vyraujant lietingiems orams, o derliaus nuémimo metu sausiems ir Siltiems
orams, aptiktos reiksmingai didesnés NIV ir ENN B, B1, A ir Al koncentracijos. Tokias pacias
tendencijas pastebi ir kiti mokslininkai. Vokietijoje, Pranciizijoje ir Norvegijoje atlikti tyrimai
parodeé, kad po ilgesniy lietingy periody dazniau pastebimas didesnis uzterstumas F. avenaceum
ir tuo paciu stipresnis mieziy ir avizy griudy uzterstumas ENN (Hofgaard et al. 2016; Hoheneder
et al. 2022; Orlando et al. 2019). Estijos mokslininkai taip pat pastebi, kad vyraujant jprastiems
orams, be sausry ar labai lietingy dieny, aptinkamos didesnés T-2 ir HT-2 koncentracijos.
Vegetacijos laikotarpiu vyraujant sausiems ir Siltiems orams, taciau lietingiems ir vésiems orams

derliaus nuémimo metu T-2 ir HT-2 mieziy griduose aptinkami tik pédsakai, 0 ZEA
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koncentracijos gali reiksmingai padideti (Karron et al. 2020; Sertova 2021). Skirtingy
Mikotoksiny koncentracijos pastebimos didesnés tai vienos, tal Kitos veislés griiduose, taciau
tendencija, kuri parodyty vienos veislés didesnj griudy uzterstumq, nepastebéta. \lélinant derliaus
nuémimgq aptikty DON, T-2, HT-2 ir ZEA mikotoksiny koncentracijos reikSmingai nekinto, taciau
metais kuomet buvo aptinkami AFLg1+g2+c1+G2, NIV ir ENN B, B1, A, A1 mikotoksinai, pastebima,
jog koncentracijos turéjo tendencijg didéti. Svedijos mokslininkai tirdami DON, ZEA, T-2 ir HT-
2 toksiny koncentracijy pokycius mieZiy griiduose, savaite vélindami derliaus nuémimg, pokyciy
taip pat nepastebéjo, taciau buvo nustatytas DON ir ZEA koncentracijy didéjimas kukuriizy ir
kvieciy griduose (Karlsson, Mellgvist, and Persson 2023).

3.3. Kukuriizy hibrido bei derliaus nuémimo vélinimo jtaka mikroskopiniu gryby
paplitimui ir mikotoksiny koncentracijoms kukuriizy griidduose

3.3.1. Fusarium spp. ir puaslétyjy kiliy (Ustilago maydis) paplitimas kukuriizy griduose
vélinant derliaus nuémimg
Meéginiy uzsikrétimas Fusarium spp. grybais pateiktas 11 paveiksle. Tyrimas parodé, jog
2021 metais meteorologinés salygos buvo kur kas palankesnés Fusarium spp. plitimui. Lapriora
hibrido griduose uzsikrétimas Fusarium spp. buvo 4 kartus didesnis nei 2020 metais ir 16 karty
didesnis 2022 (P < 0,001).
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Pastaba. Skirtingos maZosios raidés rodo reikSmingus Fusarium spp. kiekio skirtumus tarp hibridy tais paciais tyrimo
metais. Skirtingos didZiosios raidés rodo reiksmingus Fusarium spp. kiekio skirtumus tarp mety to pacio hibrido
graduose. / Note. Different lowercase letters indicate statistically significant differences in Fusarium spp. infection
between hybrids within the same study year. Different uppercase letters indicate statistically significant differences
in Fusarium spp. infection between years within the same hybrid grains.

11 pav. Fusarium spp. grybais uzsikrétusiy méginiy kiekis skirtingy hibridy kukurtizy graduose
2020-2022 metais

Fig. 11. Different hybrids of maize grain samples infected with Fusarium spp. fungi in 20202022
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Duxxbury hibrido griiduose uzsikrétimas Fusarium spp. buvo 12 karty didesnis nei 2020
metais ir 10 karty didesnis nei 2022 metais (P < 0,001). Vertinant skirtumus tarp hibridy 2020
metais abiejy hibridy gruduose uzsikrétimas nustatytas labai panaSus, taciau 2021 metais
Duxxbury hibrido gradai buvo uzsikréte 4 kartus (P < 0,01), o 2022 metais 5 kartus (P < 0,01)
labiau nei Lapriora hibrido griidai.

Nustatyty Fusarium spp. gryby rasiné sudétis pateikta 12 paveikle. Maziausia jvairoveé
pastebéta 2020 metais Duxxbury hibrido griduose ir 2022 metais abiejy hibridy graduose, 0
didZiausia jvairové nustatyta 2020 metais Lapriora hibrido griiduose ir 2021 metais abiejy hibridy
gruduose. 2021 metai pasizyméjo didesniu F. graminearum, F. culmorum, F. sporotrichioides,

F.avenaceum bei F. verticillioides uzkrésty grudy kiekiu.
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2-o0ji pjutis / 2nd harvest = a
3-oji pjutis / 3rd harvest I—— N 3
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2021
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2022
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® F. graminearum F. culmorum F. sporotrichioides = F. oxysporum

uF. poae = F. avenaceum mF, verticillioides ®F. equiseti

Pastaba. Skirtingos maZosios raidés rodo reikSmingus bendro Fusarium spp. kiekio skirtumus tarp derliaus nuemimo
laiky to pacio hibrido griduose tais paciais tyrimo metais. / Note. Different lowercase letters indicate statistically
significant differences in total Fusarium spp. infection between harvests within the same year and hybrid grains.

12 pav. Fusarium spp. gryby rasinés sudéties kitimas skirtingy hibridy kukuriizy griiduose
vélinant derliaus nuémimag 2020-2022 metais

Fig. 12. The amount of maize grain infected with particular Fusarium spp. across different
hybrids and harvest times in 2020-2022
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Vertinant atskiry Fusarium rasiy pokycCius tarp derliaus nuémimo laiky reikSmingy
skirtumy nebuvo, tafiau pastebéta, jog 2021 metais Duxxbury hibrido griduose III derliaus
nuémimo metu bendras Fusarium spp. gryby kiekis buvo 3 kartus didesnis nei I derliaus nuémimo

metu (P < 0,01) ir 2 kartus didesnis nei II derliaus nuémimo metu (P < 0,05).

2021 metai buvo labai palnkiis puislétosioms kiiléms (Ustilago maydis) plisti. 2020 ir 2022
tyrimy metais uzsikrétusiy burbuoliy nepastebéta. Puslétyjy kiliy paplitimas buvo jvertintas
burbuolse suskirstant | pazeistas, sveikas ir neiSsivyséiusias. Rezulatai pateikti 13 paveiksle.
Vertinant uzsikrétusiy, sveiky ir neiSsivyséiysiy burbuoliy skaiCiy nustatyta, kad Duxxbury
hibrido pasélis buvo 4 kartus labiau uzterstas nei Lapriora hibrido pasélis (P < 0,001). Lapriora

hibrido pasélyje aptikta 3 kartus daugiau neissivys¢iusiy burbuoliy (P < 0,01).

Lapriora Duxxbury
12%
47% 44%
26%
62%
9%.
Pazeistos / Infected Pazeistos / Infected
Neissivysciusios / Undeveloped Neissivysciusios / Undeveloped
A Sveikos / Healthy B Sveikos / Healthy

13 pav. Ustilago maydis plitimas Lapriora (A) ir Duxxbury (B) kukurtizy hibridy paséliuose 2021

metais

Fig. 13. The number of cobs damaged by Ustilago maydis in Lapriora (A) and Duxxbury (B)
maize hybrids in 2021

Apibendrinimas ir diskusija. Tai nebuvo prognozuota, taciau kukuriizy Zydéjimo metu
vyraujant sausiems ir Siltiems orams, o derliaus nuémimo metu vyraujant lietingiems orams
kukuriizy paséliuose isplito puslétosios kiilés. Tais paciais tyrimo metais nustatytas ir didziausias
uzsikrétimas Fusarium spp. grybais bei didelé siy gryby risiy jvairove abiejy hibridy griduose.
Tokius rezultatus galéjo lemti siems patogenams palankios meteorologinés sglygos. Naujausi
moksliniai tyrimai atlikti Lenkijoje ir Ukrainoje taip pat atskleidé, kad Ssiltesnés ir sausesnés
vasaros gali lemti Fusarium spp. ir puslétyjy kiiliy isplitimq (Szulc et al. 2020; Ilocnenos et al.
2021). Kalbant apie Fusarium spp. gryby rusine jvairove, Kiti mokslininkai taip pat pastebi, jog

Kukuriizy gradai gali biti uzkrésti placiu rusiy spektru (Bertero et al. 2018; Jani¢ Hajnal et al.
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2023). Lenkijoje atlikti tyrimai tik patvirtina, jog vienos is dazniausiai pasitaikanciy risiy yra
sios: F. verticillioides, F. culmorum, F. graminearum, F. sporotrichioides (Czarnecka et al. 2022;
Pfordt et al. 2020). Misy tyrime analizuoti hibridai anksciau nebuvo tirti dél atsparumo
U. maydis, taciau tyrimo rezultatai rodo, kad Duxxbury hibrido paséliy burbuolés buvo net kelis
kartus labiau wuzsikrétusios lyginant su Lapriora hibrido paséliy burbuolémis. Kinijos
mokslininkai teigia, kad kukuriizy atsparumas U. maydis gali biiti susijes su tam tikrais augaly
medziagy apykaitos procesais, pavyzdziui, aminorigsciy ir reaktyviy deguonies formy apykaita
(Radocz et al. 2023). Vokietijoje atliktas tyrimas parode, kad selekcija ir geny inZinerijos
naudojimas, konkreciai geny redagavimo metodus nukreipiant j jautrumo faktoriy lipoksigenaze
3 ir dirbant su hibridais turinciais didesnj atsparumg Siam sukéléjui, atrodo kaip perspektyvus
budas sumazinti kukurizy uzsikrétimq ir simptomy pasireiskimg (Pathi et al. 2020). Pislétyjy
kiiliy vyravimas kukuriizy paséliuose galéjo turéti reiksmingos jtakos Fusarium gryby plitimui
griduose. Amerikos mokslininkai teigia, kad uzsikrétimas puslétosiomis kiiléemis ir pisleliy
formavimasis pazeidzia kukuriizy gridy luksto vientisumgq ir tai lemia greta esanciy besimptomiy

gridy sumazéjusj atsparumgq kitiems mikroskopiniams grybams (Abbas et al. 2015).

3.3.2. DON, 3-ADON, 15-ADON, T-2, HT-2, ZEA ir AFLsi+B2+G1+G2 mikotoksinai

kukuriizy griiduose vélinant derliaus nuémimg

Iverting A ir B tipo trichoteceny koncentracijas pastebéjome, jog 2020 metais 3-ADON ir
15-ADON atveju nustatyty koncentracijy vidurkis buvo zemiau aptikimo ribos, ta pati tendencija
pastebima ir 2022 metai, taciau 2021 metai buvo i$skirtiniai 3-ADON ir 15-ADON koncentracijos
buvo vir§ Zemiausios aptikimo ribos (13 lentelé). Duxxbury hibrido griiduose DON, T-2 ir HT-2
2021 metais buvo atitinkamai 37, 65 ir 20 karty didesnés nei 2020 metais (P < 0,001), 0 2022
metais §iy mikotoksiny koncentracijos buvo Zemiau aptikimo ribos. Lapriora hibrido griiduose
reikSmingai i$siskyré tik DON koncentracija — ji 2021 metais buvo 5 kartus didesné nei 2020
(P <0,05). ZEA buvo aptinkamas kiekvienais metais, ta¢iau ir vél didesnémis koncentracijomis
pasizyméjo 2021 metai. Duxxbury hibrido graduose ZEA koncentracijos buvo 22 ir 7 kartus
atitinkamai didesnés nei 2020 ir 2022 metais (P < 0,01). Lapriora hibrido griduose ZEA
koncentracijos buvo 4 ir 3 kartus atitinkamai didesnés nei 2020 ir 2022 metais (P < 0,001).
Kukurtizy griiduose vertinant bendrag AFLsi+s2+c1+G2 kieki buvo aptinkami tik pédsakai arba
koncentracijos Zemiau aptikimo ribos.

D¢l nustatyty dideliy koncentracijy 2021 metais, pastebimi ir skirtumai tarp hibridy.
Duxxbury hibrido griidai pasizyméjo kelis kartus didesnémis DON, 3-ADON, 15-ADON, T-2,
HT-2 ir ZEA koncentracijomis. DON ir 3-ADON koncentracijos buvo 6 kartus (P < 0,05), 15-
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ADON 4 kartus (P < 0,05), T-2 toksino 25 kartus (P < 0,01), HT-2 toksino 15 karty (P < 0,001),
0 ZEA 3 kartus (P < 0,05) didesnés nei Lapriora hibrido griiduose.

13 lentelé. Deoksinivalenolio (DON), 3-acetyl-deoksinivalenolio (3-ADON), 15-acetyl-deoksinivalenolio
(15-ADON), T-2, HT-2, zearalenono (ZEA) ir aflatoksiny (AFLgi+s2+c1+G2) Koncentracijos skirtingy
hibridy kukuriizy griduose 2020-2022 metais

Table 13. Concentrations of deoxynivalenol (DON), 3-acetyl-deoxynivalenol (3-ADON), 15-acetyl-
deoxynivalenol (15-ADON), T-2, HT-2, zearalenone (ZEA) and aflatoxins (AFLgi+g2+c1+c2) in different
hybrids of maize grains in 2020-2022

“ﬂiﬁ” Hﬁ;&?i&(‘f | DON 3-ADON  15-ADON T-2 HT-2 ZEA Bl+:2\+FGL1+G2
2020 Duxxbury 19528 + 13 <LOD <LOD 288 +3 48%8 1+ 3 208+ 5 <LOD
Lapriora 2338 + 18 <LOD <LOD 3924+ 8 6224 + 12 378 +3 <LOD
2021 Duxxbury [7118*+2158 1318+50 4152+ 148 1824* +561 9714+ 137 4352+ 148 <LOD
Lapriora | 1220°A+562 21°P+12 95°+39  720A4+49  64°A+44 1404 +24 <LOD
2022 Duxxbury <LOD Suma/Sum < LOD* <LOD <LOD  60%®+28 <LOD
Lapriora <LOD Suma/Sum < LOD <LOD <LOD 478 £ 16 <LOD

Pastaba. Skirtingos maZosios raidés rodo mikotoksino koncentracijy statistiskai reikSmingus skirtumus tarp hibridy
tais paciais tyrimo metais. Skirtingos didZiosios raidés rodo mikotoksiny koncentracijy statistiskai reiksmingus
skirtumus tarp mety to pacio hibrido griduose. *2022 metais naudojant efektyvigjq skysciy chromatografijq susietq
su masiy spektrometrija nustatyta bendra 3 ir 15-ADON koncentracija. / Note. Different lowercase letters indicate
statistically significant differences in mycotoxin concentration between hybrids within the same study year. Different
uppercase letters indicate statistically significant differences in mycotoxin concentration between years within the
same hybrid grains. *In 2022, the total concentration of 3 and 15-ADON was determined using high-performance
liquid chromatography coupled to mass spectrometry.

Kaip mikotoksiny koncentracijos pasiskirsté hibridy griiduose skirtingais derliaus
nuémimo laikais galime matyti 14 lenteléje. Visuose kukuriizy gridy méginiuose, kurie buvo
iStirti 2020 ir 2021 metais buvo aptikta DON, T-2 ir HT-2 toksiny, o 2022 metais DON ir HT-2
toksiny pédsaky buvo aptikta atitinkamai tik 21 proc. ir 8 proc. méginiy. Mikotoksinai 3-ADON
ir 15-ADON 2020 ir 2022 metais nebuvo aptikti, tac¢iau 2021 metais 3-ADON buvo aptinkamas
46 proc. gridy méginiy, 0 15-ADON 75 proc. gridy méginiy. ZEA 2020 metais buvo aptinkamas
83 proc. méginiy, 2021 metais 100 proc. méginiy, o 2022 metais 71 proc. meéginiy. AFLg1+B2+G1+G2

pédsakai buvo aptikti tik 6 kukuriizy méginiuose per visa tyrimo laikotarpi.
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14 lentelé. Deoksinivalenolio (DON), 3-acetyl-deoksinivalenolio (3-ADON), 15-acetyl-deoksinivalenolio
(15-ADON), T-2, HT-2, zearalenono (ZEA) ir aflatoksiny (AFLg1+s2+c1+62) Koncentracijy kitimas skirtingy
hibridy kukuriizy griiduose 2020-2022 metais vélinant derliaus nuémima

Table 14. Changes in concentration of deoxynivalenol (DON), 3-acetyl-deoxynivalenol (3-ADON), 15-
acetyl-deoxynivalenol (15-ADON), T-2, HT-2, zearalenone (ZEA) and aflatoxins (AFLgi+g2+c1+c2) at

different harvest times and different hybrids of maize grains in 2020-2022

Metai/ Hibridas/ Deriiaus ) AFL
Year Hybrid nuémimas DON 3-ADON 15-ADON T-2 HT-2 ZEA B1+B2+
Harvest G1+G2

| 150 + 16 <LOD <LOD 232 +2 502 +3 42+1 <LOD

Duxxbury 1 202+ 11 <LOD <LOD 362 +4 532+ 10 <LOD <LOD

2020 11 2332+ 22 <LOD <LOD 243 £ 5 418+ 1 <LOD <LOD

| 1982+ 18 <LOD <LOD 272+ 4 500+ 5 432+1 < LOD

Lapriora 1 2292+ 14 <LOD <LOD 282+9 350+ 7 372+1 <LOD

11 2732+ 44 <LOD <LOD 632+ 16 1022 £ 25 40°+1 <LOD

| 1880°+£920  31P+ 15 1092+ 40  19602+976 884°+209 237°+75 <LOD
Duxxbury I 4456° + 1387 40° 20 1692+ 60 2099°+ 1518 831°+299 68°+10 <LOD
11 150192+ 4018 3222+83 9682+201 1413*+346 11972+215 10012+268 <LOD

2021 | 227"+ 84 <LOD <LOD 250 £ 11 22°+ 10 1922+ 49 <LOD
Lapriora 1l 5180 + 203 <LOD 35°+ 16 16°+3 17°+4 862+20 <LOD

1 34812+ 1463 64 +24 2462+ 69 1742+ 145 154°+ 131 1428+46 <LOD

| 3462 + 86 Suma/Sum < LOD* <LOD <LOD 982+25 <LOD

Duxxbury 1l 1922+ 48 Suma/Sum < LOD <LOD <LOD 582+ 11 <LOD

2022 1 <LOD Suma/Sum < LOD <LOD <LOD 252+ 10 <LOD
| <LOD Suma/Sum < LOD <LOD <LOD 442+29 <LOD

Lapriora 1l <LOD Suma/Sum < LOD <LOD <LOD 702+34 <LOD

11 69 +41 Suma/Sum < LOD <LOD <LOD 252+19 <LOD

Pastaba. Skirtingos maZosios raidés rodo mikotoksino koncentracijy statistiskai reikSmingus skirtumus tarp derliaus
nuémimo laiky tais paciais tyrimo metais to pacio hibrido griiduose. *2022 metais naudojant efektyvigjq skysciy
chromatografijg susietq su masiy spektrometrija nustatyta bendra 3 ir 15-ADON koncentracija. / Note. Different
lowercase letters indicate statistically significant differences in mycotoxin concentration between harvests within
the same year and hybrid. *In 2022, the total concentration of 3 and 15-ADON was determined using high-
performance liquid chromatography coupled to mass spectrometry.

Velinant derliaus nuémimg pastebéta, jog koncentracijos arba iSlieka nepakitusios arba
reikSmingai did¢ja. ReikSmingi mikotoksiny koncentracijy padidéjimai fiksuojami tik veliausio
derliaus nuémimo metu. Vélinant derliaus nuémimag 2020 metais DON koncentracija reikSmingai
didéjo Duxxbury hibrido griiduose (P < 0,05), 0 HT-2 koncentracija reikSmingai didéjo Lapriora
hibrido graduose (P < 0,05). 2021 tyrimo metais reikSmingi koncentracijy padidéjimai jau
pastebimi abiejy hibridy graduose vertinant DON, 3-ADON, 15-ADON ir HT-2 koncentracijas.
Duxxbury hibrido griduose DON koncentracija didéjo 8 kartus lyginant su | derliaus nuémimu
(P <0,01) ir 3 kartus lyginant su Il derliaus nuémimu (P < 0,05), 3-ADON koncentracija didéjo
3 kartus (P <0,01), 15-ADON 7 kartus (P <0,01), o HT-2 1,4 karto (P < 0,05) lyginant su pirmais
dviem derliaus nuémimais. Lapriora hibrido griiduose DON koncentracija didéjo 9 kartus
(P <0,05), 15-ADON 12 karty (P < 0,01), o HT-2 8 kartus lyginant su pirmais dviem derliaus
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nuémimais. 11 derliaus nuémimo metu T-2 koncentracija Lapriora hibrido griduose buvo didesné
nei | ir 11 derliaus nuémimo metu atitinkamai 7 ir 11 karty (P < 0,05). Tuo tarpu ZEA koncentracija
reikSmingai padidéjo tik Duxxbury hibrido griduose ir Il derliaus nuémimo metu buvo
atitinkamai 4 ir 15 karty didesné nei | ir Il derliaus nuémimo metu (P < 0,01). Taip pat pastebéta,
jog DON koncentracija 42 proc. méginiy, T-2 ir HT-2 bendra koncentracija 50 proc. méginiy ir
ZEA koncentracija viename i$ méginiy virSijo Europos Komisijos nustatyta didziausig leisting

kiekj gyviny pasaruose.

Reiksmingy sgveiky jvertinus bendrg abiejy veiksniy (hibrido pasirinkimo ir derliaus

nuémimo laiko) poveikij mikotoksiny koncentracijy pokyc¢iams pastebéta nebuvo.

3.3.3. Alir B tipo trichotecenai puslétosiomis kiilémis (Ustilago maydis) uzsikrétusiuose
kukuriizy gruduose

Analizuojant 2021 metais surinktas ir vizualiai j 4 grupes (besimptomés, uzsikréstos
U. maydis, uzsikrétusios Fusarium spp. ir uzsikrétusios abiem patogenais) suskirstytas kukurtizy
burbuoles, nustatyta, kad DON, 3-ADON ir 15-ADON koncentracijos reik§mingai didesnés buvo
abiem patogenais uzsikrétusiose burbuolése (15 lentel¢). DON koncentracija buvo atitinkamai
110 ir beveik 15 karty didené nei Fusarium spp. arba U. maydis uZsikrétusiuose griduose
(P <0,001). Tiriant 15-ADON koncentracijg, pastebéta, kad ji buvo atitinkamai 60, 67 ir 43 kartus
didesné nei besimptomiuose arba Fusarium spp. ar U. maydis uzsikréstusiuose griiduose
(P <0,001). Taip pat tiriant abiejais patogenais uzsikrétusias burbuoles nustatytos ir didelés
3-ADON koncentracijos, kai tuo tarpu kituose grupése mikotoksino koncentracija buvo Zemiau
aptikimo ribos (P < 0,001). Keletas méginiy uzsikrétusiy vien tik U. maydis turéjo 3-ADON
pédsaky iki 28 pg kg™, Skirtingai nei pries tai aptarty mikotoksiny, didesnés T-2 ir HT-2 toksiny
koncentracijos buvo aptiktiktos vien tik Fusarium spp. uzsikrétusiose burbuolése. Taciau
U. maydis uzsikrétusios burbuolése vis tiek buvo aptinkama T-2 ir HT-2 pédsaky atitinkamai iki
23 ir 24 ug kgt. Be to, 50 proc. kukuriizy méginiy, paimty i$ abiejais patogenais uzsikrétusiy
burbuoliy taip pat turéjo T-2 ir HT-2 toksiny, kuriy koncentracijos atitinkamai sieké iki 24 ir
57 ug kg

66



15 lentelé. Deoksinivalenolio (DON), 3-acetyl-deoksinivalenolio (3-ADON), 15-acetyl-deoksinivalenolio
(15-ADON), T-2, HT-2 koncentracijos kukuriizy griiduose, surinktuose i§ besimptomiy, uzsikrétusiy vienu
1§ patogeny ir uzsikrétusiy abejais patogenais burbuoliy

Table 15. Concentrations of deoxynivalenol (DON), 3-acetyl-deoxynivalenol (3-ADON), 15-acetyl-
deoxynivalenol (15-ADON), T-2, HT-2 in maize grains harvested from asymptomatic cobs and from

visually infected with U. maydis, Fusarium spp., or both pathogens

Uzsikrétimas / Infection DON 3-ADON 15-ADON T-2 HT-2
Besimptomiai / Asymptomatic <LOD <LOD 49+ 6 <LOD <LOD
Ustilago maydis 285 + 73 <LOD 44° + 12 <LOD <LOD
Fusarium spp. 38°+ 15 <LOD 64°+9 132+47  722£25
Abu patogenai / Both pathogens 41752+ 32 993 + 125 29292 + 381 <LOD 31°+9

Pastaba. Skirtingos maZosios raidés rodo mikotoksino koncentracijy statistiskai reikSmingus skirtumus tarp grupiy. /
Note. Different lowercase letters indicate statistically significant differences in mycotoxin concentration between
groups.

Apibendrinimas ir diskusija. Didesnés mikotoksiny koncentracijos buvo nustatytos tyrimo
metais, kuomet kukuriizy pasélivose buvo isplitusios pislétosios kiilés, o griidai buvo stipriai
uzsikrete Fusarium spp. grybais. Duxxbury hibrido gridai buvo uztersti net kelis kartus labiau
nei Lapriora hibrido griidai. Kiti mokslininkai taip pat pastebéjo, kad kukuriizy derliaus nuémimo
vélinimas gali lemti didesnj uzsikrétimg Fusarium spp. grybais ir paskatinti mikotoksiny, tokiy
kaip AFL ir FUM produkavimg (da Costa et al. 2018; Kaaya et al. 2005). Italijoje atliktas tyrimas
atskleide meteorologiniy sqlygy jtakq, kuomet daznesni krituliai ir Zemesnés temperatiros taip
pat lemé intensyvesnj uzsikrétimg Fusarium Spp. grybais ir padidéjusias DON, AFLg1, FUMg ir
FUMg2 bei ZEA koncentracijas (Leggieri et al. 2019). Tyrimas Serbijos Respublikoje patvirtino,
kai drégnesni ir lietingesni studijy metai padidino DON ir jo derivaty koncentracijas (Kos et al.
2020). Taigi tyrimo metais pries | derliaus nuémimgq ir visq likusi laikotarpj iki paskutinio derliaus
nuémimo vyrave vésesni ir lietingesni orai galéjo lemti mikotoksiny koncentracijy padidéjimg jau
ir taip stipriai uzsikrétusiuose griduose. Nustatyta, kad kukuriizy griduose, kurie buvo surinkti
is Fusarium spp. ir U. maydis uzsikrétusiy burbuoliy turéjo Zymei didesnes DON ir jo derivaty 3-
ADON ir 15-ADON koncentracijas. Nors pacios piislétosios kiilés neisskiria toksiniy medziagy,
taciau Graikijos mokslininkai pastebéjo, kad ant isdZiovinty piisleliy gali augti Aspergillus spp.
mikroskopiniai grybai ir todél susidaro galimybé susiformuoti AFL (Agriopoulou et al. 2020).
JAV mokslininkai taip pat pastebi, jog AFL, FUM ir DON gali biti aptinkami $vieZiose ir
komerciskai konservuotose puslétosiose kiilése (Abbas et al. 2017). Kitas Amerikoje atliktas
tyrimas parodé, kad U. maydis uzsikrétusios kukuriizy burbuolés turéjo 45 kartus didesnes AFL
ir daugiau nei 5 kartus didesnes FUM koncentracijas (Abbas et al. 2015). Tai pagrindzia ir miisy

tyrime aptiktas aukstas koncentracijas abejais patogenais uzsikrétusiose burbuolése.
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3.4. Fusarium spp. gryby ir mitybinés vertés rodikliy koreliaciniai rysiai su mikotoksinais
3.4.1. Koreliaciniai rysiai mieZiy griiduose

Jvertinome kaip mikotoksiny koncentracijos tyrimo metu koreliavo su Fusarium spp.

gryby rasimis (16 lentelé).

16 lentelé. T-2, HT2, zearalenono (ZEA), moniliformino (MON), nivalenolio (NIV) ir eniatiny (ENN) B,
B1, A, Al ir skirtingy rasiy Fusarium spp. gryby tarpusavio rySiai mieziy griduose.
Table 16. T-2, HT-2, zearalenone (ZEA), moniliformin (MON), nivalenol (NIV) and enniatins (ENN) B,
B1, A, Al correlations with different species of Fusarium spp. fungi in barley grain.

il s T culrr|1:6rum o [PoE sporotrli:éhioides triciE.ctum eqL'J:ilseti IangsFéthiae avenla?ceum
T-2 0,071 -0,078 -0,152 0,538*** .0150 0,208 0,089
HT-2 0,121  -0,142 -0,187 0,594*** 0172 0,205 0,109
ZEA 0,266*  0,248* 0,423*** -0,221  0,241* 0,031 -0,101
MON -0,068  -0,028 -0,087 0,523*** 0073 0,011  0,449%**
NIV -0,094 0,148 0,015 0,106 -0,151  -0,214 0,122
Enniatin B -0,057 0,185 -0,110 -0,087  -0,147  -0,230  0,374**
Enniatin B1 -0,003 0,186 -0,143 -0,108  -0,176  -0,210  0,412%*=
Enniatin A 0,000 0,103 -0,180 -0,091  -0,167  -0,220  0,394**
Enniatin A1 -0,004 0,101 -0,116 -0,079  -0,136  -0,200  0,434%*=

Pastaba / Note. * - P < 0,05, **- P< 0,01, ***-P<0,001.

Skirtingais metais ir skirtingy veisliy griduose reikSmingy koreliacijy nepastebéta, taciau
matomos tam tikros tendencijos vertinant visy mety rezultatus bendrai. Pastebétos labai stiprios
teigiamos koreliacijos tarp T-2 ir F. tricinctum (r = 0,538, P < 0,001), tarp HT-2 ir F.tricinctum
(r=0,594, P < 0,001), tarp ZEA ir F. sporotrichioides (r = 0,423, P < 0,001), tarp MON ir
F. tricintum (r = 0,523, P < 0,001) bei F. avenaceum (r = 0,449, P < 0,001) ir tarp F. avenaceum
ir ENN B1 (r=0,412, P <0,001) ir Al (r = 0,434, P < 0,001). Silpnesnés teigiamos koreliacijos
pastebimos tarp F. avenaceum ir ENN B (r = 0,374, P <0,01) ir A (r =0,394, P <0,01). ZEA taip
pat turéjo ne tokias stiprias taciau statistiskai reikSmingas teigiamas koreliacijas su F. culmorum
(r=0,266, P <0,05), F. poae (r = 0,248, P < 0,05) ir F. equiseti (r = 0,241, P <0,05).

Kadangi DON koncentracijos buvo dazniausiai nustatytos Zemiau aptikimo ribos arba Siek
tiek virSijancios §ig riba, koreliacijy su mitybinés vertés rodikliais ir mineralinémis medziagomis
apskaiCiuoti nepavyko, taCiau keletas koreliacijy nustatyta tiriant kitus mikotoksinus
(17 lentelé).T-2 silpnai neigiamai koreliavo su ZL (r = -0,655, P < 0,05) 2020 metais Laureate
veislés gruduose. Taip pat ir HT-2 tais paciais metais toS pacios veislés griduose neigiamai, taciau
stipriau koreliavo su ZL (r = -0,764, P < 0,01), pastebima ir stipri neigiama koreliacija su ZP
(r=-0,798, P <0,01). ZEA turéjo nestiprig neigiamg koreliacija su Kr (r =-0,635, P < 0,05) 2022

metais Luoké veislés gruduose. Daugiausia neigiamy koreliacijy nustatyta su AFLp1+B2+G1+G2.
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Nestiprios neigiamos koreliacijos nustatytos 2020 metais Luoké veislés griduose su ZB (r = -
0,627, P < 0,05), Laureate veislés griduose su ZL (r = -0,634, P < 0,05), 0 2021 metais Luoké
veislés griiduose su ZB (r=-0,663, P < 0,05) ir ZL (r=-0,722, P < 0,05). Labai stiprios neigiamos
AFLg1+g2+c1+c2 Koreliacijos nustatytos 2020 metais Luokeé veislés griiduose su SM (r = -0,858, P
< 0,001) ir ZR (r = -0,851, P < 0,001), 2021 metais Laureate veislés griduose su Kr (r = -0,878,
P <0,001). Vertinant MON, NIV ir ENN B, B1, A ir Al koreliacijas su mitybinés vertés rodikliais
nenustatyta jokiy teigiamy ar neigiamy koreliacijy.

17 lentelé. T-2, HT2, zearalenono (ZEA\), aflatoksiny (AFL) ir sausy medziagy (SM), zaliy baltymy (ZB),
zaliy riebaly (ZR), zalios lastelienos (ZL), zaliy peleny (ZP) ir krakmolo (Kr) tarpusavio rysiai skirtingy
veisliy mieziy griiduose 2020-2022 metais

Table 17. Correlations between T-2, HT-2, zearalenone (ZEA), aflatoxins (AFL) and dry matter (SM),
crude protein (ZB), crude fat (ZR), crude fiber (ZL), crude ash (ZP), starch (Kr) in different barley grain
varieties in 2020-2022

Metai  Veislé/ Mikotoksinas - y \ \
/Year  Variety / Mycotoxin S A5 e zL ¥ i
T2 0,475 0,216 -0,511 -0,655* -0,525 0,207
HT2 0,006 0,207 -0,507 -0,764** -0,798** 0,525
Laureate
ZEA - - - - - -
202 AFL 0,453 -0,627* -0,003 0,433 0,483 -0,448
020 T2 0,422 0,160 0,161 0,402 -0,525 -0,419
HT2 0,452 0,245 0,306 0,455 -0,522 -0,521
Luoke
ZEA - - - - - -
AFL -0,858*** -0,209 -0,851*** -0,634* 0,525 0,522
T2 -0,148 0,362 -0,071 -0,091 0,116 -0,097
HT2 -0,095 0,501 -0,004 -0,201 0,121 -0,085
Laureate
ZEA 0,049 0,575 0,039 -0,044 -0,341 -0,024
2001 AFL 0,57 0,265 0,525 0,572 0,526 -0,878***
T2 ,056 -0,310 0,115 0,387 0,028 0,003
Luoké HT2 -0,264 -0,191 -0,313 0,571 -0,365 -0,066
Hote ZEA 0010 -0312 0,157 0,109 -0,113 0,327
AFL 0,518 -0,663* 0,520 -0,722* 0,602 0,525
T2 - - - - - -
HT2 0,318 0,108 0,233 -0,433 0,570 -0,315
Laureate
ZEA 0,203  -0,336  -0,296 0,130 -0,466 0,522
AFL - - - - - -
2022
T2 - - - - - -
HT2 - - - - - -
Luoke
ZEA 0,510 0,344 -0,282 0,086 -0,313 -0,635*
AFL - - - - - -

Pastaba. ,-“ paZymeéti

langeliai, kuriuose koreliacijos apskaic¢iavimas buvo nejmanomas, nes méginiuose

mikotoksino kiekiai buvo per maZi arba visai neaptinkami. / Note. Cells where the correlation could not be calculated
because mycotoxin levels were too low or not detectable in the samples are marked “-“. * - P < 0,05, ** - P < 0,01,

***_pP<0,001.
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Neigiamos mikotoksiny koreliacijos su mineralinémis medziagomis pastebimos tik 2020
ir 2021 metais (18 lentel¢). T-2 stirpiai neigiamai koreliavo su P kiekiu (r =-0,780, P < 0,01) 2020
metais Laureate veislés griduose. Taip pat ir HT-2 tais paciais metais toS pacios veislés griiduose
silpniau, ta¢iau Vvis tiek neigiamai koreliavo su P kiekiu (r = -0,587, P < 0,05). Dar viena HT-2
neigiama koreliacija su pastebima ir 2021 metais Laureate veislés griiduose su Ca (r = -0,793,
P <0,01). ZEA neturéjo reikSmingy koreliacijy su mineralinémis medziagomis. AFLp1+82+G1+G2
2020 metais Laureate veislés griduose neigiamai koreliavo su Fe (r = -0,611, P < 0,05), Luoké
veislés gruduose neigiamai koreliavo su Ca (r = -0,584, P < 0,05), 2021 metais Laureate veislés
griduose stipriai neigiamai koreliavo su Zn (r = -0,774, P < 0,01), 0 Luoké veislés griduose

neigiamai koreliavo su P (r = -0,760, P < 0,05).

18 lentelé. T-2, HT2, zearalenono (ZEA), aflatoksiny (AFLgi+g2+c1+62) if mineraliniy medziagy (P, Ca, Zn,
Fe, Mg) tarpusavio rysiai skirtingy veisliy mieziy griiduose 2020-2022 metais

Table 18. Correlations between T-2, HT-2, zearalenone (ZEA), aflatoxins (AFLgi1+g2+c1+c2) and minerals
(P, Ca, Zn, Fe, Mg) in different barley grain varieties in 2020-2022

Metai/ Veislé/ Mikotoksinas /
Year Variety Mycotoxin i €z 2L 5 HE
T2 20,780%*  -0,009 20,281 0,292 20,092
HT2 -0,587* 20,029 -0,337 0,518 -0,219
Laureate
ZEA - ; ; - ;
AFLgi+B2+G1+G2 0,196 -0,290 0,016 -0,611* -0,124
2020 T2 20,070 0,205 20,316 0265 -0021
, HT2 0,058 0,195 -0,451 0258  -0,022
Luoke
ZEA - ; ; - ;
AFLg1:62+61+G2 0,106 -0,584* 0,510 0,542 -0,375
T2 20,063 20,483 20,185 0510  -0271
HT2 0228 -0,793** -0,293 0461  -0,542
Laureate
ZEA 20,144 20,048 0,115 0260  -0,233
po1 AFLg1:82:61462 -0,531 -0,073 -0,774%* 0,052 -0,375
T2 0141 20,065 0,225 0,148 -0,009
L HT2 0,395 -0,173 0,631 -0,041 0,053
uore ZEA 0,164 -0,153 0,305 0023 -0.230
AFLgisosciscy | -0760% 0,159 -0,321 0,039 0,018
T2 - - - - -
HT?2 -0,117 -0,399 -0,244 0426 -0,459
Laureate
ZEA -0,457 0,503 0,162 0,307 0,360
AFLg1:62+G1+ - ; ; - .
2022 B1+B2+G1+G2
T2 - - - - -
HT?2 - ] ; - )
Luokeé
ZEA 0,396 0,260 20,025 -0,514 0,135
AFLg1+B2+G1+G2 - - - - -

Pastaba. — paZymeéti langeliai, kuriuose koreliacijos apskaiciavimas buvo nejmanomas, nes méginiuose mikotoksino
kiekiai buvo per maZi arba visai neaptinkami. / Note. Cells where the correlation could not be calculated because
mycotoxin levels were too low or not detectable in the samples are marked “-“. * - P < 0,05, **- P < 0,01.
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Neigiamos NIV ir ENN B, B1, A ir Al koreliacijos su mineralinémis medziagomis
pastebimos tik 2022 metais Laureate veislés griduose (19 lentelé). Ca neigiamai koreliavo su NIV
(r = -0,601, P < 0,05) ir ENN Al (r = -0,652, P < 0,05), Fe neigiamai koreliavo su NIV
(r=-0,629, P < 0,05) ir ENN B1 (r = -0,607, P < 0,05), A (r =-0,637, P < 0,05), Al (r = -0,702,
P < 0,05), 0 Mg neigiamai koreliavo su NIV (r =-0,580, P < 0,05) ir ENN Al (r =-0,633, P < 0,05).

19 lentelé. Nivalenolio (NIV) ir eniatiny (ENN) B, B1, A, Al ir mineraliniy medziagy (P, Ca, Zn, Fe, Mg)
tarpusavio rySiai skirtingy veisliy mieziy griduose 2022 metais

Table 19. Correlations between nivalenol (NIV), enniatins (ENN) B, B1, A, A1 and minerals (P, Ca, Zn,
Fe, Mg) in different barley grain varieties in 2022

T ey VewersT [ e w  m e wm
NIV -0,346 -0,601* 0,202 -0,629* -0,580*
Enniatin B 0,012 -0,360 -0,278 -0,476 -0,322
Laureate Enniatin B1 -0,034 -0,454 -0,246 -0,607* -0,408
Enniatin A -0,072 -0,495 -0,197 -0,637* -0,451
Enniatin Al 0,073 -0,652* -0,223 -0,702* -0,633*
2022 NIV 0,087 0,126 0,349 -0,170 0,118
Enniatin B -0,216 0,079 -0,010 -0,274 -0,050
Luokeé Enniatin B1 -0,327 -0,086 0,052 -0,342 -0,144
Enniatin A -0,333 -0,141 0,162 -0,370 -0,199
Enniatin Al -0,099 0,118 0,208 -0,355 -0,016

Pastaba. / Note. * - P < 0,05, ** - P < 0,01.

Apibendrinimas ir diskusija. Nustatytas stiprus tarpusavio rysys tarp MON, T-2 ir HT-2
ir F. tricinctum, tarp MON, ENN B, B1, A, Al ir F. avenaceum ir tarp ZEA ir F. sporotrichioides,
taip pat pastebimos silpnesnés teigiamos ZEA koreliacijos su F. culmorum, F. poae ir F. equiseti.
Tokias pacias teigiamas koreliacijas tarp mikotoksiny ir Fusarium spp. gryby pastebi ir kiti
mokslininkai. Vokietijos mokslininkai pastebi stiprig ENN koreliacijq su F. avenaceum (r=0,746,
P < 0,001) (Hoheneder et al. 2022). Cekijos Respublikoje atlikto tyrimo metu pastebéta, jog esant
didesniam uzsikrétimui F. tricintum, aptinkamos didesnés T-2 ir HT-2 koncentracijos (Pernica et
al. 2022). Mokslinéje literatiiroje pastebima, kad MON, ir ENN taip pat daznai produkuoja ir
F. tricinctum, o ZEA F. sporotrichioides, F. culmorum, F. poae ir F. equiseti (Atef, Noha, and
Manal 2019; Cowger et al. 2020; Nahle, El Khoury, and Atoui 2021). Vertinant kaip mikotoksiny
koncentracijos koreliavo su mitybinés vertés rodikliais pastebima, kad vyravo neigiamos
koreliacijos. Daugiausiai neigiamy koreliacijy su mitybinés vertés rodikliais turéjo
AFLg1+p2+c1+G2. Dazniausiai nustatytos neigiamos mikotoksiny koreliacijos su ZL, P, Ca ir Fe
kiekiu, taciau skirtingais metais, skirtingose veislése jos nepasikartojo. Su kitais mitybinés vertés
rodikliais ir mineralinémis medziagomis taip pat buvo nustatytos pavienés neigiamos koreliacijos,

todél desningumo pastebéti nepavyko. Nors moksliniy tyrimy néra daug, taciau dazniausiai
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aptinkamas neigiamas mikotoksiny poveikis — pastebimos T-2 neigiamos koreliacijos su ZB, Ca,
P (Wei et al. 2019). Mokslininkai tirdami kity risiy gridus uzfiksavo neigiamas skirtingy AFL
koreliacijas su ZL ir kitais rodikliais (Awuchi, Owuamanam, and Ogueke 2019). Lietuvoje
kvieciuose tiriant rysius tarp mikotoksiny ir mitybinés vertés rodikliy, taip pat buvo pastebétos

pavienés désningumo neturincios neigiamos koreliacijos (Kochiieru et al. 2021).

3.4.2. Koreliaciniai rySiai kukuriizy griduose

Kukuriizy griiduose buvo aptinkamos didesnés DON, 3-ADON, 15-ADON, T-2, HT-2 ir
ZEA koncentracijos, todél jvertinome kaip $iy mikotoksiny koncentracijos tyrimo metu koreliavo su
Fusarium spp. gryby rasimis (20 lentel¢). F. graminearum nestipriai, taciau reikSmingai teigiamai
koreliavo su T-2 (r = 0,290, P < 0,05) ir dar stipriau su HT-2 toksinais (r = 0,339, P < 0,01).
F. culmorum labai stipriai teigiamai koreliavo su DON (r = 0,731, P < 0,001), 3-ADON (r = 0,809,
P <0,001), 15-ADON (r = 0,831, P < 0,001) ir ZEA (r = 0,719, P < 0,001), taip pat silpniau, taciau
vis tiek stipriai koreliavo su HT-2 (r = 0,365, P < 0,01). F. sporotrichioides teigiamai koreliavo su
visais mikotoksinais. Labai stirpiai teigiamai koreliavo su DON (r = 0,559, P < 0,001) ir HT-2
(r=0,445, P <0,001) mikotoksinais, siek tiek silniau su 3-ADON (r = 0,333, P < 0,01) ir 15-ADON
(r=0,358, P < 0,01) mikotoksinais, o silpniausiai, bet vis tiek reik§mingai su T-2 toksinu (r = 0,272,

P <0,05). F. poae netur¢jo stistiskai reiksmingy koreliacijy nei su vienu mikotoksinu.

20 lentelé. Deoksinivalenolio (DON), 3-acetyl-deoksinivalenolio (3-ADON), 15-acetyl-deoksinivalenolio
(15-ADON), T-2, HT-2, zearalenono (ZEA) ir skirtingy rasiy Fusarium spp. gryby tarpusavio rySiai
kukurtizy griiduose

Table 20. Deoxynivalenol (DON), 3-acetyl-deoxynivalenol (3-ADON), 15-acetyl-deoxynivalenol (15-

ADON), T-2, HT-2 and zearalenone (ZEA) correlations with different species of Fusarium spp. fungi in

maize grain
Mikotoksinas / F. C

Mycotoxin graminearum F.culmorum  F. sporotrichioides F. poae
DON 0,192 0,731*** 0,559*** -0,063
3-ADON 0,067 0,809*** 0,333** -0,064
15-ADON 0,110 0,831*** 0,358** -0,064

T2 0,290* 0,161 0,272* -0,031

HT2 0,339** 0,365** 0,445*** 0,026

ZEA -0,017 0,719*** 0,337** -0,100

Pastaba. / Note. * - P< 0,05, **- P < 0,01, ***-P<0,001.

Mikotoksiny koreliacijos su mitybinés vertés rodikliais kukuriizy griduose pateiktos 21
lenteléje. ReikSmingos neigiamos koreliacijos pastebimos tik 2020 metais su ZEA. Jis stipriai
neigiamai koreliavo su SM (r = -0,799, P < 0,01) ir silpnai, bet statistiskai reikSmingai su 7L
(r=-0,634, P < 0,05) Duxxbury hibrido graduose.
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21 lentelé. Deoksinivalenolio (DON), 3-acetyl-deoksinivalenolio (3-ADON), 15-acetyl-deoksinivalenolio (15-ADON), T-2, HT-2, zearalenono (ZEA) ir sausy
medziagy (SM), Zaliy baltymy (ZB), zaliy riebaly (ZR), Zalios lastelienos (ZL), Zaliy peleny (ZP), vandenyje tirpiy angliavandeniy (VTA), neutraliame (NDF) ir
rugtiniame (ADF) tirpale tirpios lastelienos, krakmolo (Kr) tarpusavio rysiai skirtingy hibridy kukurtizy griduose 2020-2022 metais

Table 21. Deoxynivalenol (DON), 3-acetyl-deoxynivalenol (3-ADON), 15-acetyl-deoxynivalenol (15-ADON), T-2, HT-2, zearalenone (ZEA) correlations with dry
matter (SM), crude protein (ZB), crude fat (ZR), crude fiber (ZL), crude ash (ZP), water soluble carbohydrates (VTA), neutral (NDF) and acid (ADF) detergent fiber,
starch (Kr) in different maize grain hybrids in 2020- 2022

Metai  Hibridas Mikotoksinas SM 7B ZR ZL ZP VTA NDF ADF Kr
DON 0,564 0,512 0,555 0,525 0,125 0,142 0,156 0,273 20,217
3-ADON ; ; ; - - - - - -
15-ADON ; ; ; - - - - - -
Duxxbury T-2 -0,365 0,036 0,039 -0,164 0,393 0,304 0,463 0,320 -0,325
HT-2 0,253 0,618* 0,418 -0,086 0,242 0,455 0,286 0,012 -0,410
2020 ZEA 0799%*  -0066  -0531  -0,634* 0,267 0,182 0375 0,384 -0,060
DON 0,381 -0,485 0,525 -0,008 20,220 20,454 0,369 0,362 0,424
3-ADON - - - ; - - - - ;
. 15-ADON - - - ; - - - - ;
Lapriora
T-2 0,508 0,024 0,532 0,564 -0,049 0,017 0,318 0,438 -0,166
HT-2 0,648" 0,058 0,459 0,564 0271 0,078 0,398 0,397 -0,332
ZEA 0,070 0,376 0,442 0,004 0580% 0,625  -0315  -0337  -0,777%*
DON 0,564 0,145 20,107 20416 20,442 20,499 0,051 0,010 20,222
3-ADON 0,564 0,285 0,016 -0,429 0,338 0459  -0239  -0,134 -0,228
Dudbury 15-ADON 0,568 0,281 -0,035 -0,420 -0,355 0436  -0180  -0,135 -0,261
T-2 -0,040 0,490 0,526 -0,228 0,168 0,153 -0,084 0,192 0,228
HT-2 0,184 0,185 0,607" -0,203 0,016 0334  -0178  -0,012 0,240
2021 ZEA 0,415 0,232 0,036 0,179 0,215 048  -0381  -0,337 0,309
DON 0,548 0,502 0,115 0,288 0,541 0,539 0,592 0,578 20,174
3-ADON 0,578 0,264 0,151 0,555 0,550 0,429 0,526 0,580 -0,245
Lspriora 15-ADON 0,564 0,381 -0,031 0,568 0,564 0,504 0,570 0,564 -0,202
T-2 0,328 0,525 -0,007 -0,061 0,525 0,370 0,546 0,531 -0,082
HT-2 0,331 0,555 -0,091 -0,067 0,515 0,366 0,534 0,524 -0,074
ZEA 0,318 0436  -0,518 0,259 -0,052 0,095  -0,005 0,021 -0,262
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DON 0,246 0,084 -0,294 -0,240 -0,018 0,383 0,300 -0,389 -0,125
3-ADON - - - - - - - - -
15-ADON - - - - - - - - -
Duxxbury To2 ) ) ) ) ) ) ) ) )
HT-2 -0,381 -0,570 0,080 0,016 0,556 0,437 -0,261 -0,192 0,202
2022 ZEA 0,179 0,119 -0,041 -0,166 0,132 0,352 0,227 -0,312 -0,269
DON 0,328 0,175 0,039 0,020 -0,422 -0,468 0,437 0,570 0,333
3-ADON - - - - - - - - -
Lapriora 15-ADON ) ) ) ) ) ) ) ) )
T-2 - - - - - - - - -
HT-2 0,336 0,077 0,212 -0,189 0,041 -0,202 0,349 0,479 0,331
ZEA -0,340 -0,206 -0,503 0,118 0,572 -0,199 0,092 -0,167 -0,023

Pastaba. — paZyméti langeliai, kuriuose koreliacijos apskaiciavimas buvo nejmanomas, nes méginiuose mikotoksino kiekiai buvo per maZi arba visai neaptinkami. / Note.
the correlation could not be calculated because mycotoxin levels were too low or not detectable in the samples are marked “-“. * - P < 0,05, ** - P <0,01.
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Taip pat stipriai neigiamai koreliavo su Kr (r =-0,777, P <0,01) ir silpnai, bet reikSmingai
su ZP (r = -0,589, P < 0,05) Lapriora hibrido griiduose. Ta¢iau buvo pastebima ir teigiamy
koreliacijy. 2020 mety Lapriora hibrido griidy méginiuose HT-2 nestipriai teigiamai koreliavo su
7B (r=0,618, P < 0,05) ir su SM (r = 0,648, P < 0,05), 0 2021m. Duxxbury hibrido griduose su
ZR (r= 0,625, P < 0,05). 2022 tyrimo metais koreliaciniy ry$iy nepastebéjome.

Mikotoksiny koreliacijos su mineralinémis medziagomis kukurtizy griuduose pateiktos
22 lentel¢je. Tyrimo metu pastebétos vos kelios neigiamos koreliacijos su mineralinémis
medziagomis. Lapriora hibrido graduose T-2 neigiamai koreliavo su Fe (r = -0,581, P < 0,05)
2020 metais, o 15-ADON neigiamai koreliavo su Ca (r = 0,632, P < 0,05) 2021 metais. 2022

tyrimo metais reik§Smingy koreliacijy nepastebéjome.

22 lentelé. Deoksinivalenolio (DON), 3-acetyl-deoksinivalenolio (3-ADON), 15-acetyl-deoksinivalenolio
(15-ADON), T-2, HT-2, zearalenono (ZEA) ir mineraliniy medziagy (P, Ca, Zn, Fe, Mg) tarpusavio rySiai
skirtingy hibridy kukurtizy griduose 2020-2022 metais

Table 22. Deoxynivalenol (DON), 3-acetyl-deoxynivalenol (3-ADON), 15-acetyl-deoxynivalenol (15-
ADON), T-2, HT-2, zearalenone (ZEA) correlations with minerals (P, Ca, Zn, Fe, Mg) in different maize
grain hybrids in 2020-2022

Metai / Hibridas / Mikotoksinas /
Year Hybrid Mycotoxin o = A s ilg
DON 0,362 -0,305 -0,204 -0,307 -0,438
3-ADON - - - - -
15-ADON - - - - -
Duxxbury
T-2 0,158 -0,015 -0,127 -0,436 0,104
HT-2 0,011 0,528 -0,138 -0,561 0,451
2020 ZEA -0,286 0,409 0,462 0,344 0,431
DON -0,421 -0,255 -0,379 -0,413 -0,355
3-ADON - - - - -
. 15-ADON - - - - -
Lapriora
T-2 0,182 -0,204 -0,226 -0,581* -0,139
HT-2 0,110 -0,005 -0,238 -0,440 0,001
ZEA 0,513 0,564 0,409 0,109 0,560
DON 0,326 -0,124 -0,446 0,469 -0,089
3-ADON 0,442 -0,009 -0,415 0,405 0,048
15-ADON 0,415 -0,047 -0,414 0,392 0,014
Duxxbury
T-2 -0,161 -0,221 0,138 -0,403 0,020
HT-2 0,152 0,019 -0,238 0,046 0,135
2021 ZEA 0,407 0,349 -0,385 0,437 0,238
DON 0,062 -0,534 -0,283 0,564 -0,243
3-ADON -0,121 -0,539 -0,249 0,560 -0,261
. 15-ADON -0,038 -0,632* -0,349 0,568 -0,183
Lapriora
T-2 0,558 -0,112 -0,024 0,555 0,394
HT-2 0,559 -0,128 -0,023 0,530 0,381
ZEA -0,476 0,056 0,479 -0,104 -0,332
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Metai / Hibridas / Mikotoksinas /
Year Hybrid Mycotoxin P & Zn = Mg
DON -0,207 -0,048 0,057 0,214 -0,483
3-ADON - - - - -
15-ADON - - - - -
Duxxbury
T-2 - - - - -
HT-2 0,072 -0,283 0,126 -0,064 -0,282
2022 ZEA -0,051 -0,155 -0,098 0,162 -0,355
DON 0,098 -0,302 -0,203 0,040 -0,057
3-ADON - - - - -
. 15-ADON - - - - -
Lapriora
T-2 - - - - -
HT-2 -0,037 -0,435 -0,376 -0,037 -0,028
ZEA 0,188 0,191 -0,031 -0,294 -0,125

Pastaba. —paZymétilangeliai, kuriuose koreliacijos apskaiciavimas buvo nejmanomas, nes méginiuose mikotoksino
kiekiai buvo per maZi arba visai neaptinkami. / Note. Cells where the correlation could not be calculated because
mycotoxin levels were too low or not detectable in the samples are marked “-“. * - P < 0,05.

Apibendrinimas ir diskusija. Visy analizuoty mikotoksiny koncentracijos teigiamai
koreliavo su F. sporotrichioides. F. culmorum taip pat teigiamai koreliavo su visy mikotoksiny
koncentracijomis, iSskyrus T-2 t0ksino, F. gramineurum teigiamos koreliacijos pastebétos tik su
T-2 ir HT-2 toksinais. Kiti tyréjai taip pat pastebi reiksmingas teigiamas koreliacijas tarp
F. culmorum, F. graminearum ir 4 bei B tipo trichoteceny, taip pat pastebimas rysys ir tarp
didéjanciy F. sporotrichioides uzsikrétimy bei padidéjusiy T-2 ir HT-2 koncentracijy (Meyer
et al. 2022; Somma et al. 2022; Vandicke et al. 2019). Vertinant koreliacijas su mitybinés vertés
rodikliais ir mineralinémis medziagomis, net ir esant dideliam uZterstumui mikotoksinais
pastebimos tik pavienés teigiamos ir neigiamos koreliacijos, kurios nesikartojo ir neturéjo
desningumo. Brazilijoje pastebima, kad kartu su didesnemis AFLg1, FUMg: ir FUMg> bei ZEA
koncentracijomis kukuriizy griiduose pastebimi didesni ZB svyravimai (Tyska et al. 2023). Kito
tyrimo metu pastebétos neigiamos AFLgi+s2+c1+62 if FUMa1+s2 koreliacijos su ZL ir drégniu,
taciau teigiama FUM koreliacija su ZB (Batista et al. 2023). Siy tyrimy metu nustatytos tik Sios
pavienés koreliacijos, 0 su Kitals mitybinés vertés rodikliais mikotoksinai reikSmingai
nekoreliavo. Tai patvirtina misy tyrimo metu gautus rezultatus. NOIS reikSminga mikotoksiny
jtaka kukurizy gridy kokybinei sudéciai tyrimo metu nebuvo jrodyta, faciau didesnés DON, ZEA,
AFLpi+p2+c1+c2, NIV ir FUMgi+s2 koncentracijos aptinkamos prastesnés isvaizdos ir
organoleptiniy savybiy griduose — griidai bina pajuodave, turi juody démiy, bei duobuciy, ant
gridy aptinkamas pelésis (Aoun et al. 2020; Lauren, Jensen, and Smith 2006).
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3.5. Sandéliavimo sglygy jtaka mikotoksiny koncentracijy kitimui ir mitybinés vertés
rodikliams kukuriizy griidduose

AFL B1+B2+c1+G2 koncentracijy pokyciai parodyti 14 paveiksle. Jvertinus kaip kinta bendra
AFL sumos koncentracija sandéliuojant skirtingomis salygomis, nustatyta, kad po 3 ménesiy
sandéliavimo koncentracija iSliko beveik tokia pati ir reikSmingai nesiskyré vertinant
koncentracijas tarp skirtingy sandéliavimo salygy. Prag¢jus 6 ménesiams, koncentracija padidéjo
mazdaug tris kartus visose sandéliavimo vietose (P < 0,001). Laikant 4 °C ir 12 °C temperatiiroje
bendra koncentracija didéjo nuo 1,5 iki 4,1 pg kg?, laikant 20°C temperatiiroje didéjo nuo 1,5 iki
4,7 ug kg, o sandélyje, kur temperatiira buvo kintanti nuo 1,5 iki 4,5 pg kg™. Koncentracija
skirtingomis sandé¢liavimo salygomis didéjo labai panaS$iai, todél skirtumy tarp skirtingy

sandéliavimo viety nepastebéta.

Eksperimento pradzia / Po 3 ménesiy/  ==@==Po 6 ménesiy /
Start of the experiment After 3 months After 6 months
4°C
5 Ba

Sandélis/ Ba

Storage room 89 12°C

Pastaba. Skirtingos maZosios raidés rodo statistiskai reik§mingus mikotoksino koncentracijy skirtumus tarp skirtingy
laikymo sqlygy tame paciame laikotarpyje. Skirtingos didZiosios raidés rodo statistiSkai reik§mingus mikotoksino
koncentracijy skirtumus tarp laikotarpiy toje pacioje laikymo vietoje. / Note. Different lowercase letters indicate
statistically significant differences in mycotoxin concentrations between different storage conditions within the
same time period. Different uppercase letters indicate statistically significant differences in mycotoxin
concentrations between time periods within the same storage location.

14 pav. AFL sumos koncentracijy pokyciai kukuriizy griuduose sandé¢liuojant skirtingomis

salygomis
Fig. 14. Total AFL concentration in maize grain under different storage conditions

CIT koncentracijy pokyc€iai parodyti 15 paveiksle. Ekperimento pradzioje kukuriizy
griidai nebuvo uzsikréte CIT. Po 3 ménesiy sandéliavimo buvo pastebéta, jog sandélyje, kuriame
aplinkos temperatiira buvo kintanti, CIT koncentracija padidéjo iki 56,9 + 21,4 pg kg (P < 0,01),

0 sandéliuojant 4 °C, 12 °C ir 20 °C temperatiiroje koncentracija buvo didesné nei eksperimento
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pradzioje, tac¢iau reik§Smingai nuo jos nesiskyré. Po 6 ménesiy sandéliavimo koncentracija 4 °C,
12 °C ir 20 °C reikSmingai didé¢jo ne tik lyginant su koncentracija eksperimento pradzioje, bet ir
lyginant su koncentracija po 3 ménesiy sandéliavimo. Koncentracija 4°C temperatiiroje padidéjo
iki 93,1+ 17,6 pgkg* (P <0,001), 12°C temperatiiroje iki 172,3 +41,7 ng kg™ (P < 0,001), 20 °C
iki 184,5+49,0 ng kg* (P <0,01). Lyginant skirtingas sandéliavimo vietas tarpusavyje, pastebéta,
jog sandéliuojant 20°C temperatiiroje koncentracijos po 3 ménesiy buvo 5 kartus didesnés nei
sandéliuojant 4°C temperatiroje (P < 0,01). Daugiau reikSmingy koncentracijy skirtumy tarp
skirtingy sandéliavimo viety po 3 ir po 6 ménesiy méginiy laikymo nepastebéta.

Eksperimento pradzia / Po 3 ménesiy/  ==@==Po 6 ménesiy /
Start of the experiment 40%ﬂer 3 months After 6 months

200

150

Sandélis /
Storage room

20°C

Pastaba. Skirtingos maZosios raidés rodo statistiskai reiksmingus mikotoksino koncentracijy skirtumus tarp skirtingy
laikymo sqlygy tame paciame laikotarpyje. Skirtingos didZiosios raidés rodo statistiskai reikSmingus mikotoksino
koncentracijy skirtumus tarp laikotarpiy toje pacioje laikymo vietoje. / Note. Different lowercase letters indicate
statistically significant differences in mycotoxin concentrations between different storage conditions within the
same time period. Different uppercase letters indicate statistically significant differences in mycotoxin
concentrations between time periods within the same storage location.

15 pav. CIT koncentracijy poky¢iai kukurtizy gruduose sandéliuojant skirtingomis sglygomis
Fig. 15. CIT concentration in maize grain under different storage conditions

DON koncentracijy pokyciai parodyti 16 paveiksle. Nustatyta, kad po 3 ménesiy
sandéliavimo 4°C temperatiiroje DON koncentracija sumazéjo 2,7 karto — nuo 746 + 112 pg kg*
iki 276 + 20 pg kg (P < 0,01), tadiau po 6 ménesiy laikymo koncentracija vél padidéjo iki 593 +
110 pg kgt (P < 0,01). Sandéliuojant 12°C temperatiiroje ir sandélyje su kintan¢ia aplinkos
temperatiira po 3 ménesiy koncentracija taip pat atitinkamai sumazé&jo iki 280 + 23 pg kg? ir
283 +28 ng kg™ (P <0,01), tadiau §j karta po 6 ménesiy koncentracijos isliko panasios ir nedidéjo.
Sandéliuojant 20 °C temperatiiroje DON koncentracija reik§mingai sumazéjo iki 288 + 15 pg kg tik
po 6 ménesiy laikymo (P < 0,05).
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Pastebéta, jog po 3 ménesiy kukuriizy grady laikymo 20 °C temperatiroje DON
koncentracija vis dar buvo 2 kartus didesné, palyginti su kitomis laikymo salygomis (P < 0,01).
Taciau po 6 méneiy DON koncentracija 4 °C temperatiiroje buvo 1,6 ir 2 kartus atitinkamai
didesné nei sandéliuojant 20 °C temperatiiroje ir sandélyje su kintancia aplinkos temperattra

(P <0,01).

Eksperimento pradzia / Po 3 ménesiy/  ==@=Po 6 ménesiy /
Start of the experiment After 3 months After 6 months

Sandélis/ B

B
Storage room \h @ 12°C

Pastaba. Skirtingos maZosios raidés rodo statistiskai reiksmingus mikotoksino koncentracijy skirtumus tarp skirtingy
laikymo sqlygy tame paciame laikotarpyje. Skirtingos didZiosios raidés rodo statistiSkai reik§mingus mikotoksino
koncentracijy skirtumus tarp laikotarpiy toje pacioje laikymo vietoje. / Note. Different lowercase letters indicate
statistically significant differences in mycotoxin concentrations between different storage conditions within the
same time period. Different uppercase letters indicate statistically significant differences in mycotoxin
concentrations between time periods within the same storage location.

16 pav. DON koncentracijy pokyc¢iai kukuriizy griiduose sandéliuojant skirtingomis salygomis
Fig. 16. DON concentration in maize grain under different storage conditions

Ekperimento metu ZEA ir OTA koncentracijos daznai nesieké zemiausios aptikimo ribos
(23 lentelé). Todél sandéliavimo metu nubuvo aptinkama jokiy statistiskai reik§mingy pokyciy
tarp sandéliavimo laikotarpiy ir sandéliavimo viety.

Mitybines vertes rodikliy pokyciai kukuriizy griiduose po 3 ir 6 ménesiy sandéliavimo
pateikti 24 lenteléje. Po 3 ir 6 ménesiy méginiy sandéliavimo 20°C temperatiiroje pastebéti
reikmingi mitybinés vertés rodikliy poky¢iai. Po 3 ménesiy SM ir Kr kiekiai padidéjo atitinkamai
2,2 ir 3,6 proc. (P < 0,01), o po 6 ménesiy SM ir Kr kiekiai padidéjo atitinkamai 3,9 ir 4,6 proc.
(P < 0,001). Laikant méginius sandélyje su kintancia aplinkos temperatiira pastebéta, jog po 3
ménesiy SM kiekis sumazéjo 3,7 proc. (P < 0,001), taciau po 6 ménesiy vel buvo toks pat kaip ir
ekperimento pradzioje. ZB, ZP, ZL ir ZR kiekis per visa ekperimentinj laikotarpj reikimingai

nekito.
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23 lentelé. Zearalenono (ZEA) ir ochratoksino A (OTA) koncentracijy pokyc¢iai kukuriizy griiduose
sandéliuojant skirtingomis saglygomis
Table 23. Zearalenone (ZEA) and ochratoxin A (OTA) concentration in maize grain under different

storage conditions

Eksperimento

Mikotoksinas / Salygos / .. Po 3 ménesiy / Po 6 ménesiy /
Mycotoxin Conditions il S_tart R After 3 months After 6 months
experiment

4°C 24.8%4 <LOD

_ 12 °C A 71.8%4 <LOD

ZEA (LOD =17.5) 20 °C 17.9 25 23A <LOD

Sandélis <LOD <LOD

4°C <LOD <LOD

: 12 °C A <LOD <LOD

OTA (LOD=1.3) 20 °C 1.4 15A 16A
Sandélis <LOD <LOD

Pastaba. Skirtingos maZosios raidés rodo statistiskai reikSmingus mikotoksino koncentracijy skirtumus tarp skirtingy
laikymo sqlygy tame paciame laikotarpyje. Skirtingos didZiosios raidés rodo statistiskai reiksmingus mikotoksino
koncentracijy skirtumus tarp laikotarpiy toje pacioje laikymo vietoje. / Note. Different lowercase letters indicate
statistically significant differences in mycotoxin concentrations between different storage conditions within the
same time period. Different uppercase letters indicate statistically significant differences in mycotoxin
concentrations between time periods within the same storage location.

24 lentelé. Sausy medziagy (SM), zaliy baltymy (ZB), Zaliy riebaly (ZR), Zalios lastelienos (ZL), Zaliy
peleny (ZP) ir krakmolo (Kr) poky¢iai kukuriizy griiduose po 3 ir 6 ménesiy sandéliavimo

skirtingomis salygomis

Table 24. Dry matter (SM), crude protein (ZB), crude fat (ZR), crude fiber (ZL), crude ash (ZP) and starch
(Kr) content of maize grains after 3 and 6 months of storage at different storage conditions

~ ~ 2 2

.. 7B 7P ZL Kr ZR
Salygos / Conditions SM, % % SM

Eksperimento pradzioje / Start of the experiment 88.8 9.3 056  0.49 64.3 4.3
4°C 88.3 9.2 0.50 0.32 64.9 4.4
Po 3 ménesiy / 12 °C 87.7 9.2 0.43 0.28 64.8 4.4
20 °C 91.1** 8.8 0.78 0.11 67.9*%* 4.5

After 3 months Sandélvie /
Y 852%** 92 026 081 626 42

Storage room

4°C 89.5 9.4 0.67 0.18 64.3 4.4
Po 3 ménesiy / 12 °C 89.2 9.3 0.42 0.20 64.2 4.4
20 °C 92.8*** 8.8 0.78 0.11 68.9*** 4.4

After 3 months Sandélvie /
V) 88.2 93 042 046  63.1 43

Storage room
Pastaba. Reiksmingas skirtumas lyginant su kiekiu eksperimento pradZioje: / Note. Significant difference compared
to the nutritive value at the start of the experiment: * - P < 0,05, ** - P < 0,01, ***- P < 0,001.

Apibendrinimas ir diskusija. Kukuriizy gridy sandéliavimas 6 ménesius 4, 12, 20 °C ir
sandélyje, kurio temperatira priklauso nuo lauko sqlygy, parodé, kad didZiausiq jtakq
AFLg1+B2+G1+G2 formavimuisi turéjo laikymo trukmé — po 6 ménesiy laikymo, nepriklausomai nuo

laikymo sqlygy, jo vidutiné koncentracija padidéjo mazdaug tris kartus. Kiti mokslininkai taip pat
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pastebi, kad sandéliavimo sezono metu bendra AFL koncentracija biina didesné, nei derliaus
nuémimo metu, o po 6 ménesiy sandéliavimu koncentracijos reikSmingai padidéja (Ezekiel et al.
2021; Sasamalo et al. 2018). Daznai AFLpi+s2+c1+G2 didéjimas yra siejamas su prasta griidy
sandéliavimo praktika, kai sandéliuojami nepakankamai isdziovinti griidai arba sandéliuvojama
nehermetiskuose maisuose (Walker et al. 2018). Laikymo trukmé turéjo reiksmingos jtakos ir CIT
kaupimuisi, nes pries eksperimentq kukuriizy griidy méginiuose jo nebuvo aptikta, o po 6 ménesiy
laikymo jo koncentracija svyravo nuo 93 iki 184 ug kg*. Taip pat pastebéta, jog sandélivojant
aukstesnéje temperatiroje susidaré didesnés CIT koncentracijos. Mokslininkai taip pat pastebi,
kad po 5 ménesiy sandéliavimo CIT koncentracijos biina didesnés nei derliaus nuémimo metu
(Ezekiel et al. 2021). Kity mokslininky tyrimai rodo, kad temperatira nuo 25 °C iki 42 °C, bei
didesné santykiné drégmé skatina Aspergillus ir Penicillium Spp. augimg, o kartu ir CIT gamybg
(Z. Li et al. 2020; Workneh, Muga, and Marenya 2019). DON koncentracijos kukuriizy griiduose
ekperimento metu sumazéjo. Labai panasius rezultatus pavyko gauti ir Kinijos mokslininkams
kvieciy griiduose. Jie pastebéjo, jog sandéliuojant kviecius ilgiau nei 28 dienas 15 °C ir 20 °C
temperatiroje, kai griidy drégnis nesiekia 15 proc. §i0 toksino rizika sumazéja (Pei et al. 2022).
Kity mokslininky atliktas tyrimas padaré prielaidq, kad DON gali suirti arba skilti j kitus
metabolitus kvieciy gridus laikant kambario temperatiroje, todél koncentracijos gali mazéti
(Zhang et al. 2016). Kukurizy gridy sandéliavimo sqlygos ZEA ir OTA koncentracijoms
reiksmingos jtakos neturéjo. Tai patvirtina ir kity mokslininky tyrimai, kuriy metu ZEA ir OTA
koncentracijos neturéjo tendencijos keistis (Carbas et al. 2021; Worku et al. 2019). Pastebétas
reik§mingas SM ir KR kiekio didéjimas sandéliuojant kukuriizy gridus 20 °C. Manoma, jog tali
galéjo lemti mazesné aplinkos drégmé (37,6 proc.) ir didelé temperatiira (20 °C) — sios sqlygos
palankesnés kukuriizy gridams isdziuti, todél didéjo SM kiekis. Kadangi Kr yra pagrindiné
kukuriizy gridy maistiné medziaga, o jo nustatymas glaudziai susijes su SM kiekiu, jo kiekis taip
pat didéjo. Sandélyje kintantis SM kiekis taip pat gali biiti siejamas su aplinkoje buvusiu drégmés
Kiekiu. Pirmuosius 3 ménesius drégmé sandélyje sieké apie 79 proc., o likusius 3 ménesius apie
67 proc. Slovakijoje atlikti tyrimai taip pat parodeé, kad aplinkos sqlygos gali turéti jtakos gridy
drégmés kiekiui. Sandélivodami kukuriizy griidus tris ménesius -4,7°C temperatiiroje, kai
aplinkos drégmeé sieké 94 proc., jie pastebéjo, kad kukuriizy gridy drégnis padidéjo nuo 13 iki
13,9 proc. (Angelovic et al. 2018). Kito tyrimo metu pastebéta, kad drégnis gali gerokai sumazéti
kukuriizy gridus laikant polipropileno maiselivose 26 °C temperatiiroje ir 54 proc. drégméje

(Likhayo et al. 2018).
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ISVADOS

Laureate mieziy veislés gridai turé¢jo mazesni baltymy, taciau didesnj krakmolo kiekj nei
Luoké mieziy veislés gridai, o vélinant derliaus nuémima abiejy veisliy griiduose didéjo
sausy medziagy, zaliy riebaly ir zaliy peleny kiekis.

Mieziy grady uzsiterSimas Fusarium spp. grybais iSrySkéjo derliaus nuémimo metu
vyraujant lietingesniems orams. UzsiterSimas Fusarium spp. grybais sieké iki 92 proc. ir
buvo aptinkamos didZiausios reglamentuojamy mikotoksiny (zearalenono, HT-2)
koncentracijos.

Derliaus nuémimo vélinimas turéjo jtakos mikotoksiny koncentracijy didéjimui mieziy
griidy méginiuose: pastebimas reikSmingas aflatoksiny B1+B2+G1+G2 ir eniatiny B, B1,
A, Al koncentracijy didéjimas.

Vertinant kukurtizy gridy kokybés rodiklius skirtumy tarp analizuoty hibridy nenustatyta,
taciau vélinant derliaus nuémimg, sumaz¢jo vandenyje tirpiy angliavandeniy kiekis.
Didele jtaka kukurizy grudy uzsiterSimui mikotoksinais turéjo kukurtizy pasélius
kolonizave Ustilago maydis patogenai. Analizuoti kukurtizy grudai buvo gausiau uZztersti
Fusarium spp. grybais ir jy produkuojamais mikotoksinais, o Duxxbury hibrido gridai
patogenais ir mikotoksinais buvo uztersti kelis kartus labiau nei Lapriora hibrido gridai.
Derliaus nuémimo vélinimas 1émé deoksinivalenolio, 3 ir 15 acetyl-deoksinivalenoliy, T-2,
HT-2 toksiny bei zearalenono koncentracijy didé¢jimg kukurtizy griiduose.

Kukuriizy grudy sandéliavimo trukmé (iki 6 mén.) turéjo reikSmingos jtakos citrinino ir

aflatoksiny B1+B2+G1+G2 koncentracijy padidéjimui.
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Abstract

The aim of this study was to determine how citrinin (CIT), aflatoxins (AFL, .. . ..), ochratoxin A (OTA),
zearalenone (ZEA), and dcoxynivalcnol (DON) concentrations vary under different maize grains storage conditions
and how they affect grain quality. Analyses of mycotoxins: AFL, . . CIT, DON, ZEA, and OTA, and grain
quality: dry matter (DM) content, crude protein (CP), crude ash (CA) cmdc fibre (CF), crude fat, and starch, were
performed at the beginning of the experiment and then after 3 and 6 months of storage. The results of the experiment
showed that the duration of storage had the greatest influence on the formation of AFL, .. . . when an average
concentration increased about three times after 6 months of storage, regardless of storage conditions. The duration
of storage also had a significant effect on CIT accumulation, as it was not detected in the maize grain samples
before the experiment, and after 6 months of storage, the concentration ranged from 93 to 184 pg kg. It was also
noted that there is no risk of an increase in the concentrations of DON, ZEA, and OTA in maize grains when dried
grains are stored well (up to 7% moisture content). The DON concentration after 6 months of storage at 12°C and
20°C and in the warehouse decreased about two times, while at 4°C after 3 months of storage it also decreased, and
then after 6 months it increased to the same concentration as at the beginning of the experiment. Throughout the
experimental period, ZEA and OTA concentrations were slightly above or below the limit of detection (LOD). The
nutrient composition after 6 months of storage was only different after storage at 20°C temperature. The increase
in starch content was accompanied by an increase in the DM content. Strong positive correlations were observed:
as the concentrations of AFL, ... . . and CIT increased, so did the DM content, while the crude protein content
increased with increasing the DON concentration.

Keywords: aflatoxins (B1+B2+G1+G2), citrinin, deoxynivalenol, zearalenone, ochratoxin A, maize grain.

Introduction

Maize (Zea mays L.) is one of the most important
food staples and one of the most widely consumed cereal
crops worldwide (OECD/FAO, 2019). Maize grains are
composed of ~9% protein, ~4% fat, ~71-74% starch and
fibre as well as microelements (beta-carotene, vitamin B
complex) and minerals (magnesium, phosphorus, zinc,
copper, etc.) (Kumar, Jhariya, 2013; Lu et al., 2019).
Global warming offers new opportunities for maize
production, especially in the northern parts of Europe
(Hakala et al., 2011). In Lithuania, over the last decade
maize grain production increased more than two times
from 47.5 to 104.7 thousand tonnes (Official Statistics
Portal, 2022).

However, maize is also a target for toxigenic
fungal infections. Infections can occur during the
growing season or after harvest, storage, and transport,
often leading to mycotoxin contamination (Eskola et al.,
2020). In addition, due to global warming, many plant
pathogens, insect pests and other harmful and beneficial
organisms will also find new opportunities in Northern

Please use the following format when citing the article:

Europe (Hakala et al., 2011; Miedaner, Juroszek, 2021a).
Insects feed on maize plants and create wounds through
which fungal species can invade and produce mycotoxins
(Miedaner, Juroszek, 2021b).

Species of Aspergillus, Penicillium, Monascus,
and Fusarium produce mycotoxins that are of the greatest
concern worldwide: aflatoxins (AFL), ochratoxin A
(OTA), deoxynivalenol (DON), zearalenone (ZEA), and
citrinin CIT) (He, Cox, 2016; Carbas etal.,2021; Peietal.,
2022; Zingales et al., 2022). Some species need tropical
/ subtropical climatic regions, while others can grow
and produce mycotoxins at temperate climatic regions
(Zingales et al., 2022). Increased climate variability
is expected to increase the likelihood of mycotoxin
accumulation in the ficld as well as in post-harvest
storage (FAO, 2020). It is known that good agricultural
and storage practices can reduce fungal development as
well as mycotoxin contamination (Perrone et al., 2020).
Therefore, to prevent over-contamination of food and
feed with mycotoxins, it is important to monitor changes

Venslovas E., Mankevi¢iené¢ A., Kochiieru Y., Merkevi¢itite-Venslové L., Janaviciene S. 2022. Effect of storage conditions
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in mycotoxin concentrations and ensure favourable
storage conditions.

Research in China indicates that DON, ZEA,
OTA, tenuazonic acid, alternariol, alternariol monomethy]l
cther, fumonisin B1, and fumonisin B2 can be found in
cereal crops intended for infant foods and chronic dietary
risk for some of them was not acceptable (Ji et al., 2022).
Researchers in Poland and Latvia also detected mycotoxins
in food samples of cereals and flour, and some samples
exceeded the maximum allowable level. Researchers state
that it is necessary to continue monitoring mycotoxin
occurrence in food samples (Kowalska, Kowalski, 2021;
Reinholds et al., 2021). Mycotoxins can have carcinogenic,
mutagenic, teratogenic, hepatotoxic, and estrogenic effects
in humans or animals (Khodaei et al., 2021). Due to the
risk to human and animal health when mycotoxins are
ingested with food or feed, the European Commission has
set a limit for the mycotoxin content of maize and maize-
based products (European Commission, 2006 a; b; 2007).

Efforts to control mycotoxin contamination in
food should cover the whole industry from agricultural
practices to the table (Ji et al., 2022). Atanda et al. (2011)
state that storing grains with the moisture content higher
than 13% at 10-40°C temperature can lead to a higher
mycotoxin contamination. However, there is still a lack
of detailed information on the storage of maize grains
and the associated risk of mycotoxins contamination
(Phokane et al., 2019). Storage facilities are control points
that should be continuously evaluated to ensure a good
value for agricultural products (Phokane et al., 2019).

Therefore, the aim of this study was to determine
how CIT, AFL, OTA, ZEA, and DON concentrations
vary under different maize grains storage conditions and
how they affect grain quality.

Material and methods

Samples collection. In 2019, maize (Zeamays L.)
grain samples were collected from five different regions
of Lithuania: Sakiai, Kédainiai, Radviliskis, Pasvalys,
and Plunge districts. Storage facilities were chosen by
region and where grain maize hybrids were grown. All
samples were taken according to the standard procedures
(European Commision, 2009). Incremental samples
were taken from five different randomly selected places
of storage facility immediately after the grain was put
into storage after the harvest. All incremental samples
were mixed into one aggregate sample (approx. 4 kg).
The final sample (approx. 500 g) was made from the
homogenised aggregate sample. All samples were dried
to ~7% and stored in paper bags for 6 months at 4°C,
12°C, and 20°C in constant temperature incubators and
in the warechouse where environmental conditions varied
(Table 1). Conditions were selected to cover a wide range
of possible variations in temperate climate regions and
to provide the missing scientific information in this area.
Grain quality and mycotoxin analyses were performed at
the beginning of the experiment and then after 3 and 6
months of storage.

Mpycotoxin analysis. For the analyses to evaluate
grain contamination with CIT, AFL, a6 OTA, and
ZEA, enzyme-linked immunosorbent assay (ELISA)
was used. All samples were analysed in duplicate. The
mycotoxins were quantified using Ridascreen® test kits
Nos. R5402, R6302, R5202, and R5502 (R-Biopharm,
Germany), as instructed by the manufacturer. The
manufacturer validated analytical methods with the
sample matrices for maize grains. The limit of detection
(LOD) of CIT, AFL, OTA, and ZEA was 15, 1.5, 1.3,
and 17 pg kg, respectively. This method for mycotoxin

Table 1. Sample of maize grains storage conditions (temperature and humidity)

Storage conditions

Experimental period

Placc Parameter 18 October 2020 — 18 May 2021 A¥erdge
Storage room temperaturc °C 2.3-11.8 57
(depends on outdoor conditions) humidity % 54-86 73
temperature °C 18.3-22.5 19.9
Laboratory humidity % 2249 37.6
. temperature °C 3.0-5.4 4.0
RERE s humidity % 2970 44
. . temperature °C 11.9-12.5 12.1
Binder thermostat humidity % 4475 58

analysis has been approved by the AOAC Research
Institute (Certificate No. 950702). The optical densities
of the samples and controls from a standard curve
were estimated using a 450 nm filter by a multichannel
photometer Multiskan Ascent (Thermo Electron Corp.,
Finland) supplied with the internal software.

To determine the sample contamination
with DON, the HPLC (high-performance liquid
chromatography) system (Shimadzu, Japan) was used.
The system consists of a LC20 AT pump equipped with a
FCV-10AL quaternary valve, an autosampler SIL-20A, a
degasser DCU-20AS, a column oven CTO-20A, and aUV
detector (Shimadzu), wavelength of 218 nm, equipped
with a YMC-Pack Pro CI8, 3 pm (4.0 x 150 mm)
column. Data were evaluated using the computer program
LCsolution LC/GC, version 5.42 (Shimadzu).

Nutrientcomposition. Nearinfrared spectroscopy
was used to determine the nutrient composition: crude
protein (CP % DM), crude ash (CA % DM), crude fibre
(CF % DM), crude fat (% DM), and starch (% DM).
Maize grains were ground in an ultra-centrifugal mill
ZM 200 (Retsch, Germany) to pass a | mm screen. The
samples were scanned with a NIRS-6500 device with
a sample spinning module (Foss-Perstorp, USA) using

wavelengths between 400 and 2500 nm in reflectance. All
samples were analysed in triplicate. The obtained spectra
were processed with equations installed in the device
(for maize grains — equation from VDLUFA Laboratory,
Germany). To determine the dry matter (DM) content,
the samples were dried at 105°C temperature until the
weight was stable.

Statistical analysis was conducted using the
SPSS Statistics, version 25 (IBM Inc.). Significant
differences between mycotoxin concentrations and
between the nutrient composition in the samples were
calculated using the one-way ANOVA (LSD post-hoc
test). The Pearson correlation analysis was performed
to examine the quantitative relationship between the
mycotoxins and nutrient composition. The differences and
correlations with P < 0.05 were considered significant.

Results and discussion

Aflatoxins (AFL). Evaluating how the
AFL, 0. . concentration depends on the storage
period, 1t was determined that after 3 months of storage,
the concentration remained almost the same (P > 0.05).
After 6 months, the concentration increased about 3 times

from 1.5+ 0.1 to 4.1 +0.4 pg kg ! storing at 4°C and 12°C
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and from 1.5+0.1t04.7+0.6 and 4.5+ 0.5 pgkg storing .
at 20°C and in the storage room, respectively (Figure 1). * z’fe‘g}::':::mmem SO
The concentration increased similarly under all simulated /
conditions; therefore, there were no significant differences :j:;m 2 m"mlhs 50
between the AFL,, . .. . concentration when different or 6 months 100 B ~
storage conditions were compared (P > 0.05). P B/O/A“\

* Beginning . 4°C Storage room <. Ba¥ D Aab \ Bal2°C

of the experiment 5 Ba .

—e—After 3 months ‘}//
—+—After 6 months / Ax

/2
y \
Ba “
Storage room - < Aa—*<p /AarBa 12°CG
a

A

Ba
20°C
Note. Different lowercase and uppercase letters show significant
differences (P < 0.05) between storage conditions within the
same storage period and between storage periods within the
same storage conditions, respectively.

Figure 1. Concentration (pg kg') of aflatoxins
(B1+B2+G1+G2) in maize grains during storage in
different storage conditions

There is a lack of scientific information on
changes in the AFL concentration during storage in Europe
and in temperate climate. However, studies in tropical and
subtropical climate regions have shown similar results.
Research in Tanzania has also showed a significant
increase of AFL,, . . . after 6 months of maize grains
storage (Sasamalio et al., 2018). Study in North-Central
Nigeria confirmed that maize grains have a significantly
higher AFL_ . concentration at the storage season
than at the harvest (Ezekiel et al., 2021). The increased
AFL contamination in maize most commonly is an effect
of poor storage practices like poor drying and storing in
non-hermetic bags (Walker et al., 2018).

Citrinin (CIT). Before the experiment, maize
grains were not contaminated with CIT, while in the storage
room where environmental conditions are changing, the
CIT concentration after 3 months of storage increased
from <LOD to 56.9 + 21.4 ug kg! (P < 0.05) and after 6
months to 92.9 + 17.5 pg kg™ (P < 0.01); however, after
samples storing at 4°C, 12°C, and 20°C for 3 months, the
CIT concentration did not increase significantly (> 0.05)
(Figure 2). Nevertheless, at the end of the experiment, the
CIT concentration at 4°C, 12°C and 20°C increased from
<LOD1093.1+17.6 (P<0.001),172.3+41.7 (P<0.001),
and 184.5 + 49 (P < 0.01) pg kg™, respectively. Ezekiel
et al. (2021) have also noticed that the CIT concentration
in maize grains after the 5 months storage session is
significantly higher than at the harvest time. It is known
that CIT production occurs during drying and storage, and
the major producers are the fungi of the genera Penicillium,
Aspergillus, and Monascus. Penicillium citrinum occurs
most comonly in all kinds of food and feed in almost all
climatic conditions (Kamle et al., 2022). The presence
of these fungi in stored maize samples might explain the
obtained results. Comparing different storage conditions
within the same storage period, it was observed that after
3 months the CIT concentration was 5 times higher after
samples storing at 20°C than at 4°C. However, there were
no significant differences ( > 0.05) between the CIT
concentration comparing other storage conditions after 3
and 6 months of storage.

There is a lack of information about maize
grains contamination with CIT during different storage

Explanation under Figure 1

Figure 2. Concentration (pg kg™) of citrinin (CIT)
in maize grains during storage in different storage
conditions

conditions. Muga et al. (2019) and Li et al. (2020) state
that temperature between +25°C and +42°C, higher
relative humidity and moisture content facilitate the
reproduction and growth of Aspergillus and Penicillium
species and consequently CIT production. The results of
the experiments show that CIT is nephrotoxic and may
interact with other mycotoxins present in the sample
(EFSA, 2012). However, the lack of scientific experiments
does not allow one to determine exactly what level of this
mycotoxin is already becoming a health risk for humans
or animals; therefore, to show the risk of its formation in
maize grains during storage, studies on the occurrence of
this mycotoxin are needed.

Deoxynivalenol (DON) analysis of stored
maize grains did not reveal any significant concentration
exceeding the maximum permitted levels (European
Commission, 2007) — they were mainly up to 800 pg kg™
(Figure 3). However, during storage, there was a tendency
for different temperature regimes and storage exposures
to influence the concentration changes of this mycotoxin.
It was determined that after 3 months of storage at 4°C,
the DON concentration decreased by 2.7 times from 746
+ 112 to 276 + 20 pg kg'; however, the concentration
increased again after 6 months of storage to 593 +
110 pg kg™ (P < 0.01). At 12°C and in the storage room,
after 3 months the DON concentration also significantly
decreased (2 < 0.001) to 280 + 23 and 283 + 28 pug kg,
respectively. When determining the concentration again
after 6 months, it was observed that they remained similar
to those after 3 months (P > 0.05). At 20°C, the DON
concentration significantly decreased (£ < 0.05) to 288 +
15 png kg ' only after 6 months of storage.

* Beginning 9
of the experiment 800 B
—e—After 3 months 600 Bb

——After 6 months

B
Storage room “®

Explanation under Figure |

Figure 3. Concentration (pg kg') of deoxynivalenol
(DON) in maize grains during storage in different storage
conditions

107



108

362 Lffect of storage conditions on the occurrence of mycotoxins and nutrient composition in maize grains

There are not many studies on DON
concentration changes in maize grains during storage.
Other researchers evaluated DON concentration changes
and it was observed that wheat samples storing for 28
days, in samples with moister content <15% and at 15°C
and 20°C there is no toxin production by ¥ graminearum
(Pei et al., 2022). Zhang et al. (2016) have noticed that
when wheat grains were stored for 180 days at 4°C and
at room (18-27°C) temperature, the DON concentration
averagely decreased by 40-50%. It was noticed that
after 3 months of maize grains storage at 20°C the
DON concentration was still 2 times higher compared
to other storage conditions (£ < 0.01). However, after
6 months the DON concentration was 1.6 and 2 times
higher at 4°C than at 20°C and in the storage room,
respectively (P < 0.01). Research with wheat grain also
showed that the greatest decrease of DON concentration
was at room temperature, and this observation led to the
assumption that DON may decompose during storage
(Zhang et al., 2016). Other researchers also state that
DON concentration decrease might be explained due
to its conjugation to masked forms of the mycotoxin
or its conversion to other forms such as the acetylated
derivative 15-ADON (Bolanos-Carriel et al., 2020).

The results of the experiment showed that there
was no risk of an increase in the DON concentration in
well-dried (up to 7% moisture content) maize grains,
regardless of storage conditions.

Zearalenone (ZEA) and ochratoxin A
(OTA). Throughout the storage period, ZEA and OTA
concentrations were often below the LOD (Table 2).
Therefore, no significant differences were noticed in
the ZEA and OTA concentrations in all the storage
conditions and between them (P > 0.05). The data of our
experiment confirms the previous results where ZEA and
OTA concentrations during the storage did not have any
tendency to change (Worku et al., 2019; Carbas et al.,
2021). Thisusually depends on whether the meteorological
conditions during the growth season before the harvest
and storage were favourable for Fusarium fungi infection
(Carbas et al., 2021). Gaél etal. (2020) found out that
during storing maize grains for longer time in the triple
bagging system with a different amount of biopesticides,
the concentrations of ZEA and OTA mostly started to
increase significantly after 10 months of storage. The
results of our experiment showed that there was no risk
of formation of ZEA and OTA in low moisture (around
7%) maize grains, regardless of storage conditions.

Table 2. Concentration (png kg™) of zearalenone (ZEA) and ochratoxin A (OTA) in maize grains during storage in

different storage conditions

At the beginning

Mycotoxin Conditions of the experiment After 3 months After 6 months
4°C 248 <LOD
ZEA 20 179 553 <Ton
S 3 3
om ke i ik
storage room <LOD <LOD

LOD - limit of detection

Nutrient composition. Significant nutrient
composition changes were noticed after 3 and 6 months
in the samples that were placed at 20°C (Table 3). After 6
months of storage, the dry matter (DM) and starch content
increased by 3.9% and 4.6%, respectively (P < 0.001);
this may have been because conditions (37.6% humidity
and 20°C) were much more favourable for maize grains
to dry out. Starch is the main nutrient that accumulates in
maize grain and its determination is closely linked to the
DM content. In the samples that were placed in the storage
room after 3 months, DM decreased by 3.7% (P <0.001);
however, after 6 months it has returned to the original
DM content. For the first 3 months, the environment in
the storage room was more humid ~79%, and for the next
3 months it was about 67%; this might explain the DM
loss after the first 3 months. The CP, CA, CF, and crude
fat content did not change significantly during the whole
experimental period, regardless of storage conditions.

The research in Slovakia has also showed that
environmental conditions can have an impact on moisture

content. For the first 3 months of storage in the warehouse
where the environment temperature was ~ —4.7°C and
humidity ~94%, the moisture of maize grains increased
from 13% to 13.9% (Angelovi¢ et al., 2018). A slightly
different study by Bruce et al. (2018) has showed that the
moisture content can significantly decrease when maize
grains are stored in polypropylene bags at 26°C and 54%
of humidity; these results confirm our findings.

Correlation. Strong positive correlations (P <
0.01) were observed between the AFLy o0 cico and CIT
concentrations and the DM content as well as between
the DON concentration and the CP content (Table 4).

As the concentrations of ZEA and OTA were
very low, no correlations (P > 0.05) between these
mycotoxins and the grain nutritive value were observed.
Other research also supports a negative correlation
betweenthe AFL, . and moisture content (Walker
et al., 2018). However, more studies (Garcia-Cela et al.,
2018 Kochiieru et al., 2021; Janaviciené et al., 2022)
were carried out using other types of grains and flours to

Table 3. Nutrient composition of maize grains after 3 and 6 months of storage at different storage conditions

Moisture CP CA CF Starch Crude fat

= DM -

% % in DM
At the beginning of the experiment 7.21 92.82 9.294 0.558 0.49 64.26 4.284
After 3 months at 4°C 7.74 92.26 9.19 0.50 0.32 64.85 4.42
After 3 months at 12°C 8.31 91.69 9.19 0.43 0.28 64.80 435
After 3 months at 20°C 4.95%* 95.05%* 8.82 0.78 0.11 67.88%* 4.50
After 3 months in storage room 10:83%%%  '8§9.17%%% 9.18 0.26 0.81 62.58 4.18
After 6 months at 4°C 6.50 93.50 9.36 0.67 0.18 64.28 442
After 6 months at 12°C 6.80 93.20 9.32 0.42 0.20 64.22 435
After 6 months at 20°C 3.24%%% 96,76 ** 8.81 0.78 0.11 68.86** 4.40
After 6 months in storage room 7.78 92.22 9.30 0.42 0.46 63.10 4.30

DM — dry matter, CP — crude protein, CA — crude ash, CF — crude fibre; significant difference compared with the value at the

beginning of the experiment: * — P <0.05, ** — P <0.01, and *** —

P=<0.001
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Table 4. Correlations between mycotoxins concentration and nutrient composition

AFL ZEA CIT OTA DON
Moisture —0.388%* 0.207 —0.414%* —0.166 —0.139
Dry matter (DM) 0.387%* -0.207 0.413%* 0.166 0.142
Crude protein (CP) —0.194 0.271 —0.164 —0.192 0.381%*
Crude ash (CA) 0.225 0.289 0.089 0.105 0.164
Crude fibre (CF) -0.209 0.344 —0.159 —0.146 0.062
Starch 0.123 -0.259 0.266 0.278 -0.204
Crude fat 0.195 —-0.283 0.370* 0.281 —0.255

AFL - aflatoxins (B1+B2+G1+G2), ZEA — zearalenone, CIT — citrinin, OTA — ochratoxin A, DON — deoxynivalenol; significant

at*—P<0.05and ** - P<0.01

find out how the nutrient composition correlates with the
mycotoxins concentration.

Conclusions

1. The duration of storage showed the greatest
influence on the formation of aflatoxins (AFL, ... .. ..)
whenanaverage concentration increased about 3 times after
6 months of storage, regardless of storage conditions.

2. The duration of storage had a significant
effect on the citrinin (CIT) accumulation, as it was not
detected in the maize grain samples at the beginning of
the experiment; however, after 6 months of storage, the
concentration ranged from 93 to 184 pg kg !, regardless
of storage conditions.

3. There is no risk of an increase in the
concentrations of deoxynivalenol (DON), zearalenone
(ZEA), and ochratoxin A (OTA) in maize grains when
stored well dried (up to 7% moisture content), regardless
of storage conditions.

4. The nutrient composition after 6 months
of storage was only different at 20°C temperature.
The increase in starch content was accompanied by an
increase in dry matter (DM) content.

5. Strong positive correlations were observed:
as the concentrations of AFL, . . and CIT increased,
so did the DM content, while the 'crude protein content
increased with increasing the DON concentration.
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Laikymo salygu itaka mikotoksiny kiekiui kukuruzy gruduose

ir ju mitybinés vertés Kitimui

E. Venslovas, A. Mankeviciené, Y. Kochiieru, L. Merkevicitté-Venslove, S. Janavi¢iené

Lietuvos agrariniy ir miSky moksly centras

Santrauka

Tyrimo tikslas — nustatyti, kaip citrinino (CIT), aflatoksiny (AFL

5161 ochratoksino A, zearalenono (ZEA) ir

deoksinivalenolio (DON) koncentracijos kinta skirtingomis kukuruzy grudy laikymo salygomis ir kaip tai paveikia

griidy kokybe. Mikotoksiny AFL

“B2HGIHG:

s CIT, DON, ZEA bei OTA ir grudy kokybeés: sausyjy medziagy, Zaliy

baltymy, Zaliy peleny, Zalios lastelienos, Zaliy riebaly bei krakmolo, analizés buvo atliktos eksperimento pradzioje

ir po 3 bei 6 ménesiy laikymo.

Tyrimo rezultatai parodé, kad didZiausig jtaka AFL,

rig1-q, formavimuisi turéjo laikymo trukmé — po 6 ménesiy

laikymo, nepriklausomai nuo laikymo salygy, jo vidutiné koncentracija padidéjo mazdaug tris kartus. Taip pat
laikymo trukmé turéjo reikSmingos jtakos CIT kaupimuisi, nes prie§ eksperimenta kukuriizy griidy méginiuose jo
nebuvo aptikta, o po 6 ménesiy laikymo jo koncentracija svyravo nuo 93 iki 184 pgkg'. Sandéliuojant gerai (iki 7 %
drégnio) isdziovintus kukurtizy gridus néra pavojaus dél DON, ZEA ir OTA koncentracijy padidéjimo juose. DON
koncentracija po 6 ménesiy laikymo 12 ir 20 °C temperatiiroje sandélyje sumazéjo mazdaug du kartus, o griodus
laikant 4° C temperatiiroje po 3 ménesiy taip pat sumaz¢jo, ta¢iau po 6 ménesiy padidéjo iki pradinés koncentracijos.
Viso eksperimento laikotarpiu ZEA ir OTA koncentracijos buvo Siek tiek didesnés uz Zemiausia aptikimo riba arba
jos nesieké. Griidy mitybiné verté po 6 ménesiy laikymo skyrési tik juos laikant 20° C temperatiiroje. Méginius
laikant Siomis salygomis, sausyjy medziagy ir krakmolo kiekis reik$mingai padidéjo. Nustatytos stiprios teigiamos

koreliacijos: padidéjus AFL, . .
kiekis didéjo didéjant DON koncentracijai.

ir CIT koncentracijai, did¢jo ir sausyjy medziagy kiekis, o zaliy baltymy

Reik3miniai Zodziai: aflatoksinai (B1+B2+G1+G2), citrininas, deoksinivalenolis, zearalenonas, ochratoksinas A,

kukuriizy grudai.
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Abstract: The aim of this study was to investigate whether, in the context of a higher incidence
of Ustilago maydis and Fusarium spp. at optimal and delayed harvest times, a higher incidence of
mycotoxin contamination in maize grains could be expected. The field experiment was carried
out at the Lithuanian Research Centre for Agriculture and Forestry experimental fields over three
consecutive years (2020-2022). Two maize hybrids (Duxxbury and Lapriora) with different FAO
numbers were used. The experimental design in the field was a randomized complete block design.
Harvesting took place at three different times: first at physiological maturity, and then 10 (+2) and
20 (£2) days after the first harvest. Each hybrid had four repetitions at different harvest times. The
U. maydis infection was only detected in 2021 and after the first harvest cobs were further divided
into four different groups with four repetitions: healthy cobs, cobs visually infected with Fusarium
spp., cobs visually infected with common smut, and cobs visually infected with both pathogens. No
U. maydis-damaged maize cobs were found in 2020 and 2022. The levels of Fusarium microscopic
fungi in maize grains were also from 4 to 16 times higher in 2021 than in 2020 and 2022. Harvest delays
in 2020 led to a significant deoxynivalenol concentration increase in the Duxxbury hybrid and an
HT-2 concentration increase in the Lapriora hybrid. In 2021, deoxynivalenol, 3-acetyl-deoxynivalenol,
15-acetyl-deoxynivalenol, and HT-2 concentrations significantly rose in both hybrids, but the T-2
concentration significantly increased only in the Lapriora hybrid. Deoxynivalenol concentrations
were, respectively, 110 and 14.6 times higher than in cobs only infected with Fusarium spp. or
U. maydis. Concentrations of 15-acetyl-deoxynivalenol were, respectively, 60, 67, and 43 times
higher than in asymptomatic cobs and cobs only infected with Fusarium spp. or U. maydis. Cobs
contaminated with both pathogens also had higher concentrations of 3-acetyl-deoxynivalenol. T-2
and HT-2 were detected in maize grains harvested from cobs infected only with Fusarium spp. The
presence of U. maydis and Fusarium fungi in maize cobs, along with harvest delays, led to significant
increases in mycotoxin concentrations, highlighting the importance of timely harvesting and pathogen
management to mitigate mycotoxin contamination in maize grains.

Keywords: common smut; Fusarium spp.; field experiment; maize hybrids; deoxynivalenol; 3-acetyl-
deoxynivalenol; 15-acetyl-deoxynivalenol; T-2 toxin; HT-2 toxin

1. Introduction

Maize (Zea mays L.) is one of the most adaptable crops, able to thrive in a variety of
environments, and used for human food and animal feed [1]. According to recent research,
maize is the world’s second most extensively farmed crop after wheat [2]. Globally, it is
expected for grain production to increase over the next decade by 12%, and almost half of
this increase will come from maize. The global grain consumption for feed is also expected
to be dominated by maize [3]. Maize yields in Europe, and especially in northern Europe,
are expected to grow even further, despite climate change [4]. Over the last decade, maize
yields in Lithuania have already gone up from 78.8 to 99.8 thousand tons [5].

J. Fungi 2023, 9, 794. https:/ /doi.org/10.3390/jof9080794
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Common smut is caused by the basidiomycete fungus, Ustilago maydis [6]. It is a
common biotrophic phytopathogenic fungus, which specifically infects maize organs by
forming galls filled with teliospores [7]. Unfavorable meteorological conditions, such as
high temperatures and droughts in the period of pollen scattering and filament spreading,
have an impact on the spread of common smut. The disease is also more intense when
young tissue is damaged by mechanical damage, wind, or hail [8,9]. This disease can
impede plant development and diminish production, resulting in economic losses of up to
10% [6,7].

Considering the varying degrees of resistance exhibited among different maize hybrids,
it is recommended to prioritize the selection of less susceptible hybrids to effectively protect
the crop [10]. Resistance to U. maydis is believed to be a quantitative trait influenced
by multiple minor gene effects. However, the specific genes and intricate mechanisms
underlying maize resistance to U. maydis remain largely uncharacterized [11]. Hence,
considerable efforts are being devoted to the development of novel hybrids that exhibit
enhanced resilience, while also recognizing the importance of identifying existing hybrids
that already demonstrate higher levels of resistance [12].

U. maydis does not produce dangerous metabolites; however, smut galls on maize cobs
rupture the husks and offer a path for other fungi to infect exposed, unsmutted kernels [9,13]. More
recent studies have reported that maize smut galls can also be colonized by mycotoxigenic
fungi and contaminated with mycotoxins [14]. Other researchers claim that mycotoxins
can also be detected in varying amounts in canned smut galls [15]. However, in some
countries, such as Mexico, it is considered a delicacy and an important protein (~12%)
source that has several names: “maize mushroom”, “corn truffle”, “cuitlachoche”, and
“huitlacoche” [16,17].

One of the most important mycotoxin producers is Fusariun fungi. Species such as F.
graminearum and F. culmorum mainly produce type B trichothecenes deoxynivalenol (DON),
3-acetyl-deoxynivalenol (3ADON), and 15-acetyl-deoxynivalenol (15ADON). Species such
as F. langsethiae, F. poae, F. equiseti, and F. sporotrichioides mainly produce type A tri-
chothecenes T-2, HT-2 [18,19]. Research shows that DON can be detected in almost half of
the samples tested, and maize is among the crops with the highest concentrations of DON.
More data should also be collected on 3BADON and 15ADON to better characterize their
potential contribution to the overall impact of DON [20]. Further collection of analytical
data on T-2 and HT-2 in relevant food and feed commodities, with particular focus on
analyzing both individual toxins in the same sample, is also encouraged [21].

Grain can be influenced by unfavorable environmental conditions (temperature, hu-
midity, drought, and rainfall) at any stage of the production process: pre-harvest, at harvest,
and during storage [22,23]. Higher precipitation and lower temperatures before harvest
and the delayed harvest of maize in different climate zones than ours have been observed
to result in higher levels of Fusarium spp. and elevated mycotoxin contamination [24-26].
However, there is still a lack of information about the impact of delayed harvest time on
maize grain infestation in our region.

The consumption of grains that are contaminated with high levels of mycotoxins can
cause chronic, acute illness or even death in both humans and animals [27]. The Euro-
pean Commission has therefore set maximum limits for certain mycotoxins in food and
feed [28-30]. As heavily infested grains are unsuitable for consumption and the detoxifica-
tion/decontamination of such grains is a global problem, both practically and scientifically,
it can also lead to serious economic losses [31]. It is therefore very important to continuously
monitor, assess, and avoid conditions that may increase mycotoxin concentrations [19].

The fast expansion of maize farming areas, the use of ineffective crop rotation, and the
global warming environment have all contributed to a rise in the occurrence of Fusarium
spp. and common smut (U. maydis) [32]. Therefore, the aim of this study was to investigate
whether, in the context of a higher incidence of common smut and Fusarium spp. at optimal
and delayed harvest times, a higher incidence of mycotoxin contamination in maize grains
is expected.
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2. Materials and Methods
2.1. Field Trial Experimental Design

The research was carried out in the experimental fields of the Lithuanian Research
Centre for Agriculture and Forestry between 2020 and 2022. The experimental design
in the field was a randomized complete block design. Two corn hybrids, Lapriora (FAO
190) and Duxxbury (FAO 170), for three different planned harvest times were sown. Each
treatment was replicated in four blocks (twenty-four blocks in total). To control weeds,
maize was sprayed with herbicide ESTET® 600 EC (active substance 2.4 D acid 600 g L~1)
0.6 L ha~! one month after the seeding and repeatedly after two weeks with Nicogan®
(active substance nicosulfuron 40g L~ 1)0.75 L ha ! (BBCH 13-19). No other plant protection
products were used. The first harvest was carried out when the maize reached physiological
maturity (BBCH 87). The second maize harvest took place 10 (4-2) days and the third harvest
took place 20 (42) days after the first harvest. The corn cobs were harvested and shelled by
hand. Grains were dried to a moisture content of around 13%, and some grains were milled
using Ultra Centrifugal Mill ZM 200 (Retsch, Haan, Germany) with 0.8 mm sieve. The
milled and whole grains were frozen in a freezer at —20 °C until further laboratory analyses.

2.2. Meteorology

In 2020, temperatures at the beginning of the maize growing season in June were
above the long-term average (Figure 1a). However, temperatures were cooler during
flowering compared to the other years in the study. The late summer and early autumn
were warmer than usual. Precipitation at the beginning of the maize growing season was
higher; however, during flowering, late summer and autumn rainfalls were lower than the
long-term average (Figure 1b). The year of 2021 was exceptional, with temperatures well
above the long-term average and very low precipitation at the beginning of the summer,
as well as during flowering and silking of maize. The end of the growing season was
much cooler and wetter compared to the 2020 and 2022 meteorological data. In 2022, the
temperature at the beginning of the maize growing season was close to the long-term
average, and the precipitation was higher compared to the other years in the study. The
end of the summer was exceptionally warm and dry, and early autumn was also drier
than usual.
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Figure 1. The average monthly air temperature (a) and precipitation (b) during the 2020-2022 maize
growing seasons (May-October) and long-term average (1924-2022).

2.3. Ustilago Maydis Rating

Infection with U. maydis was assessed before the first harvest. U. maydis was evaluated
by counting diseased and healthy maize cobs on five 2 m lengths of the row selected
randomly for each hybrid [33]. During the whole study period, U. maydis infection was
only noticed in 2021, and in turn, in 2020 and 2022, no maize cobs were infected. Therefore,
in 2021, the first harvest cobs were further divided into four different groups: healthy cobs,
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cobs visually infected with Fusarium spp., cobs visually infected with common smut, and
cobs visually infected with both pathogens. Cobs visually infected with common smut
had tumor-like galls, and cobs infected with Fusarium spp. had white to pink, salmon-
colored, cottony mold on multiple grains. Each group had four replicates; each replicate
was prepared in two repetitions. Grains were dried and milled, and mycotoxin analyses
were carried out.

2.4. Fusarium spp. Rating

An agar plate method was used for the estimation of internal grain infection. The
grain surface was sterilized for 3 min in 1% NaOCI solution, then 100 grains per sample
were plated in Petri dishes with a potato dextrose agar (PDA) and incubated for 7 days at
26 & 2 °C in the dark [34]. The overgrown Fusarium colonies were isolated and purified.
To identify the colonies, the manuals of Nelson et al. [35] and Leslie et al. [36] were used.
An optical microscope Nikon Eclipse E200 (Nikon, Tokyo, Japan) was used to identify
the Fusarium spp. fungus, and the contaminated grains were calculated in percent (0%
represents all healthy grains; 100% represents all infected grains).

2.5. Mycotoxin Analyses

In 2020 and 2021, for the sample clean-up step and dilution (in case of high concen-
trations), Vicam DONtest™ WB and T-2/HT-2™ LC immunoaffinity columns (Milford,
MA, USA) were used, according to the manufacturer’s procedures. DON test antibodies
cross-react with BADON and 15ADON and succeed in retaining DON and the two other
conjugates with good recoveries [37]. Therefore, the DONtest™ WB columns were also
used to determine 3ADON and 15ADON.

The mycotoxin analyses were carried out using Shimadzu (Kyoto, Japan) high-performance
liquid chromatography (HPLC) system. The system consists of an autosampler SIL-20A,
a degasser DCU-20A5, a LC20 AT pump equipped with a FCV-10AL quaternary valve,
a degasser DCU-20A5, a column oven CTO-20A equipped with a YMC-Pack Pro C18,
(150 mm x 4.0 mm, 3 um) column, an FLD detector, and a UV detector (Shimadzu). Data
were evaluated using the computer program LCsolution LC/GC, version 5.42 (Shimadzu).

The quantitation of DON, 3ADON, and 15ADON in the sample was performed by
measuring the peak area at DON and its derivates’ retention time and comparing it with
the standard curves. For DON and 3ADON, calibration curve standard solutions were
prepared with concentrations of 0.1, 0.2, 0.5, 1, 2, 3.125, and 5 ug mL~!, for 15ADON,
concentrations of 0.1, 1, 3.4, 5, 10, 34, and 50 pg mL~ 1 and for T-2 and HT-2, concentrations
of 0.01, 0.05, 0.1, 0.25, and 0.5 pg mL~1. Coefficient of determination (r2) was not less than
0.999 in all cases. The lower limit of detection (LOD) and limit of quantification (LOQ) in
ng g_1 were calculated for DON (LOD = 37, LOQ = 112), 3ADON (LOD = 19, LOQ = 64),
15ADON (LOD = 19, LOQ = 63), T-2 (LOD = 15, LOQ = 50), and HT-2 (LOD =19, LOQ = 62).

Grain samples in 2022 were analyzed using the instrumental method based on HPLC
coupled to tandem quadrupole mass spectrometry (MS/MS) [38]. The mycotoxin analyses
in 2022 were carried out using UltiMate 3000 HPLC system (Waltham, MA, USA) coupled
with Thermo TSQ Quantiva triple quadrupole mass spectrometer (Waltham, MA, USA).
Positive and negative ion modes were used to monitor ions, and selected reaction monitor-
ing mode was used for the mass analysis. Xcalibur™ and TraceFinder software were used
to process the data.

For DON, calibration curve standards with concentrations of 10, 50, 100, 250, and
500 ng g~ !, and for 3ADON, 15ADON, T-2, and HT-2, concentrations of 10, 20, 50, 100,
and 200 ng g~ ! were used. The coefficient of determination (r?) was not less than 0.999 in
all cases. The LOD and LOQ in ng g_l were calculated for DON (LOD = 48; LOQ = 144);
sum of 3ADON and 15ADON (LOD = 17; LOQ = 51), T-2 (LOD = 17; LOQ = 52), and HT-2
(LOD = 10; LOQ = 31).
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The performance characteristics of both analytical procedures in terms of sensitivity,
precision, and accuracy were similar, as the presented data reveals that methods offer very
similar LOD and LOQ values.

2.6. Statistical Analysis

Statistical analysis was conducted using SPSS Statistics, version 25 (IBM Inc., Armonk,
NY, USA). To assess the assumptions of homoscedasticity, Levene’s test was applied, and
data normality was checked using the Shapiro-Wilk test. These tests confirmed that the data
met the assumptions required for conducting ANOVA, ensuring the validity and reliability
of our statistical analysis. Significant differences of Fusarium spp. infection and mycotoxin
concentrations between treatments were calculated using one-way ANOVA (Duncan’s post
hoc test). Significant differences of common smut infection between maize hybrids were
calculated using T-test. Pearson’s correlation coefficient was used to determine positive
and negative correlations and their significance between Fusarium species and mycotoxins.

3. Results

Common smut and Fusarium infection were observed in maize cobs and grains in
Lithuania in each of the years from 2020 to 2022. The study showed that in 2021, the
meteorological conditions were much more favorable for the spread of both Fusarium fungi
and U. maydis.

The U. maydis infection was only detected in 2021, and no damaged maize cobs were
found in 2020 and 2022 (p < 0.001). Differences between maize hybrids were observed
in the year of disease incidence, and the Duxxbury hybrid had almost four times more
smut-infected cobs than the Lapriora hybrid (p < 0.001). In 2021, the levels of Fusarium
microscopic fungi in both hybrids were from 4 to 16 times higher than in 2020 and 2022
(p < 0.001) (Figure 2). In 2021 and 2022, it was observed that Fusarium microscopic fungi
were approximately four times more abundant in the Duxxbury hybrid than in the Lapriora
hybrid (p < 0.01); however, in 2020, no significant differences were observed between
the hybrids.
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Figure 2. Percentage of grains infected with Fusarium spp. in Lapriora and Duxxbury maize hybrids
over a three-year period (2020-2022). Note. Values with different lowercase and uppercase letters
indicate significant differences among maize hybrids in different years for the same infection.

While examining the species composition of Fusarium fungi in maize hybrids at
different harvest times, we observed differences in the diversity of microscopic fungi
detected in maize grain (Figure 3). The lowest diversity of Fusarium fungi was found in the
grains of the Duxxbury hybrid in 2020 and in the grains of both hybrids in 2022. The highest
diversity was observed in the Lapriora hybrid in 2020 and both hybrids in 2021. In 2021, the
number of infected grains in both hybrids was much higher compared to the results of the
other two years. Duxbury hybrid grains in 2021 were 12 and 10 times more infected than in
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2020 and 2022, respectively, and Lapriora hybrid grains were 4 and 16 times more infected
than in 2020 and 2022, respectively (p < 0.001). The microscopic fungi that dominated
were F. graminearum, F. culmorum, F. sporotrichioides, F. avenaceum, and F. verticillioides. A
statistically significant increase in total microscopic fungi was only observed in the third
harvest of Duxxbury in 2021, when the amount of infected grain was found to be three times
higher than in the first harvest and two times higher than in the second harvest (p < 0.01).
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Figure 3. Variation in percentage of grains infected with different Fusarium species in two maize
hybrids (Lapriora and Duxxbury) harvested at physiological maturity, then 10 (42) and 20 (+2) days
after the first harvest over a three-year period (2020-2022).

In 2020 and 2021, DON, T-2, and HT-2 toxins were detected in all maize grain samples,
whereas in 2022, traces of DON and HT-2 toxins were detected in only 21% and 8% of
samples (Table 1). 3ADON and 15ADON were not detected in 2020 and 2022; however, in
2021, 3BADON was found in 46% of grain samples and 15ADON was found in 75% of grain
samples. Comparing the mycotoxin concentrations detected in maize grain between the
years, it was observed that DON, 3ADON, and 15ADON concentrations in both hybrids
(p < 0.05) and T-2 and HT-2 concentrations only in Duxxbury hybrid (p < 0.001) were
significantly higher in 2021 than in 2020 and 2022. In the same year, differences between the
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hybrids also became apparent. It was observed that the concentrations of DON, 3ADON,
T-2, and HT-2 were 5 (p < 0.01), 6 (p < 0.05), 4 (p < 0.05), 26 (p < 0.05), and 15 (p < 0.001)
times higher in the Duxxbury hybrid than in the Lapriora hybrid, respectively. With delayed
harvesting, the concentrations were observed to increase or remain stable. Significant
increases in concentrations are usually observed at the third harvest. In 2020, harvest
delay led to a significant DON concentration increase in the Duxxbury hybrid and a HT-2
concentration increase in the Lapriora hybrid (p < 0.05). In 2021, a significant concentration-
increasing tendency in delayed harvesting was observed in DON, 3ADON, 15ADON, and
HT-2 concentrations in both hybrids (p < 0.05), while the T-2 concentration significantly
increased only in the Lapriora hybrid (p < 0.05). In 2021, the DON concentration in 42% of
samples and the T-2 and HT-2 concentration sums in 50% of samples were above the levels
set by the European Commission for animal feed.

Table 1. A- and B-type trichothecenes concentration in Lapriora and Duxxbury maize hybrids har-
vested at physiological maturity, then 10 (+2) and 20 (£2) days after the first harvest over a three-year
period (2020-2022).

Lapriora Hybrid Duxxbury Hybrid

Year First Second Third First Second Third

Harvest Harvest Harvest Harvest Harvest Harvest

DON
2020 1982 229.32 272,52 149.82 202.3 3P 23250
2021 Pl 5182 3481° 1880 2 4456 2 15019 b
2022 132 <LOD 692 3462 1922 <LOD
3ADON
2020 <LOD <LOD <LOD <LOD <LOD <LOD
2021 <LOD <LOD 64 31 402 3220
15ADON
2020 <LOD <LOD <LOD <LOD <LOD <LOD
2021 <LOD 352 246" 1092 1692 968 b
Sum of 3ADON and 15ADON
2022 <LOD <LOD <LOD <LOD <LOD <LOD
HT-2
2020 4992 3487 101.9° 5022 5267 4193
2021 2212 16.62 15420 8842 83092 1196.8°
2022 <LOD <LOD <LOD <LOD <LOD <LOD
T2

2020 2732 2782 6252 2324 36.12 2362
2021 2462 1632 17441 1960.12 2098.52 1413.22
2022 <LOD <LOD <L.OD <LOD <LOD <LOD

Mycotoxin concentrations with different lowercase letters indicate significant differences among harvest times in
the same maize hybrid and year.

Table 2. A- and B-type trichothecenes correlation with Fusarium spp. species in maize grains.

DON 3ADON 15ADON T-2 HT-2
F. graminearum 0.192 0.07 0.110 0.290 * 0.339 **
F. culmorum 0.731 *+* 0.809 ** 0.831** 0.161 0.365 **
F. sporotrichioides 0.559: %+ 0,333 ** 0.358 ** 0.272* 0.445 ***
F. poae —0.063 —0.064 —0.064 —0.031 0.026

*—p < 0.05, *—p < 0.01, **—p < 0.001.

Several positive correlations were observed between type A and B trichothecenes
and Fusarium spp. fungi (Table 2). The levels of DON, 3ADON, and 15ADON indicated
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the strongest positive correlations with F. culmorum and F. sporotrichioides (p < 0.001). The
content of T-2 weakly but statistically significantly positively correlated with F. graminearum
and F. sporotrichioides (p < 0.05). For HT-2, the strongest correlation was noticed with
F. sporotrichioides (p < 0.001); it also strongly correlated with F. graminearum and F. culmorum
(p <0.01).

By analyzing cobs collected in 2021 and visually distributed by asymptomatic, infected
with U. maydis, infected with Fusarium spp., and infected with both pathogens, it was
determined that grains harvested from cobs infected with both had the highest DON,
3ADON, and 15ADON concentrations (Table 3). DON concentrations were, respectively,
110 and 14.6 times higher than in cobs that were only infected with Fusarium spp. or
U. maydis (p < 0.001). 15ADON concentrations were, respectively, 60, 67, and 43 times
higher than in asymptomatic cobs and cobs only infected with Fusarium spp. or U. maydis
(p < 0.001). High concentrations of 3ADON were also detected in cobs contaminated
with both pathogens, and some only U. maydis-infected cob samples had traces of up
to 28 ng g~ 1. Unlike the mycotoxins discussed above, higher concentrations of T-2 and
HT-2 were detected in maize grains harvested from cobs infected only with Fusarium spp.
However, concentrations of T-2 and HT-2 up to 23 and 24 ng g‘] were detected in grains
harvested from cobs contaminated only with U. maydis. Moreover, 50% of the grain samples
harvested from cobs infected with both pathogens also had T-2 and HT-2 concentrations of
up to 24 and 57 ng g1, respectively.

Table 3. A- and B-type trichothecenes concentration in maize grains harvested from asymptomatic
cobs and from visually infected with U. maydis, Fusarium spp., or both pathogens.

95% Confidence
Positive Interval for Mean
Infection N Samples, Mean SE ————————————  Min. Max.
% Lower Upper
Bound Bound
Asymptomatic 8 0% <LOD NA NA NA <LOD <LOD
DON Ustilago maydis 8 100% 2850 73.3 128.6 4409 92 896
Fusarium spp. 8 50% <LOD NA NA NA <LOD 88
Both pathogens 8 100% 4175¢ 324 4097.8 4251.2 4060 4280
Asymptomatic 8 % <LOD NA NA NA <LOD <LOD
3ADON Ustilago maydis 8 25% <LOD NA NA NA <LOD 28
Fusarium spp. 8 0% <LOD NA NA NA <LOD <LOD
Both pathogens 8 100% 993 124.6 697.8 1287.2 652 1344
Asymptomatic 8 100% 49 6.4 34.0 64.0 20 76
- Ustilago maydis 8 50% 442 11.6 19.4 68.6 <LOD 120
AGATION Fusarium spp. 8 100% 682 8.5 479 88.1 40 9%
Both pathogens 8 100% 2929 381.3 2027.3 3830.7 1872 4028
Asymptomatic 8 0% <LOD NA NA NA <LOD <L.OD
T2 Ustilago maydis 8 25% <LOD NA NA NA <LOD 23
B Fusarium spp. 8 50% 132 47.0 21.0 2432 <LOD 259
Both pathogens 8 50% <LOD 29 6.7 203 <LOD 24
Asymptomatic 8 0% <LOD NA NA NA <LOD <LOD
HT2 Ustilago maydis 8 19% <LOD NA NA NA <LOD 24
% Fusarium spp. 8 50% 72.b 25.2 12.6 131.9 <LOD 143
Both pathogens 8 50% 314 9.4 8.5 527 <LOD 57

LOD—limit of detection; NA—not available; mycotoxin concentrations, with different lowercase letters indicate
significant differences among groups.

4. Discussion

In recent years, there has been an upward trend in the temperature background, sharp
fluctuations in humidity, and the occurrence of extreme weather events. This stresses the
plants and makes them less resistant to pests [39]. Any mechanical plant damage from
pests, wind, or hail leads to a higher infestation with pathogens, and maize cobs are often
infected when the spores of any pathogen are dispersed by wind onto the cob silks [9]. The
most recent research, conducted in Poland and Ukraine, has also shown that warmer and
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drier summers can lead to a higher incidence of Fusarium diseases and common smut [8,39].
Therefore, in 2021, dry, hot, and windy weather during the flowering and silking of maize
may have led to higher infestations of Fusarium fungi and common smut.

Several methods can be employed to protect maize from pathogens. These include
implementing crop rotation and tillage practices to reduce inoculum from plant debris,
ensuring an appropriate planting population, maintaining optimal watering from silk
to late-dough stage, and achieving optimal nitrogen fertilization [9]. Nevertheless, the
degree of infection is also influenced by hybrid resistance to specific pathogens. The
research conducted in Hungary indicated that common smut infection exhibits divergent
effects on various maize hybrids, particularly emphasizing the higher impact on sweet
maize hybrids [10]. Therefore, developing hybrids that are resistant to pathogens through
breeding or genetic engineering is crucial to establishing a foundation for sustainable
agriculture [12].

The findings from researchers in China suggest that the resistance to maize common
smut may be attributed to intricate gene co-expression and metabolism networks associated
with amino acids and reactive oxygen species metabolism [10]. German research demon-
strates that breeding or engineering maize hybrids with enhanced resistance, specifically
targeting the susceptibility factor lipoxygenase 3 through gene-editing techniques, holds
promise for reducing disease symptoms and fungal infections caused by U. maydis [12].
The hybrids included in our study had not undergone previous testing for resistance to U.
maydis. However, our findings indicate that the Lapriora hybrid exhibited greater resistance
to this pathogen under the same growth conditions, highlighting its potential as a valuable
candidate for further investigation and utilization in disease management strategies.

Maize grains can be infected with various species of Fusarium fungi, such as F. gramin-
earum, F. culmorum, F. langsethiae, F. poae, F. equiseti, F. sporotrichioides, and F. verticil-
lioides [18,19]. The studies conducted in Poland confirmed that F. verticillioides, F. culmorum,
F. graminearum, F. sporotrichioides, and F. poae are among the most common Fusarium species
in maize [40,41].

There is still a lack of information about the impact of a delayed harvest time on
maize grain infestation in our region for mycotoxins. However, in sub-tropical / tropical
Brazil and Uganda climate zones, it was noticed that delays in maize harvest can increase
disease severity and Fusarium spp. and mycotoxins, such as total aflatoxin and fumonisin,
contamination [24,25]. Research in Italy showed that higher precipitation and lower tem-
peratures can lead to higher Fusarium incidence and mycotoxins such as DON, aflatoxin
B1, fumonisin Bl + B2, and zearalenone [26]. A study in Serbia also showed that a wet
and rainy climate in one of the study years led to an increase in the concentrations of
DON and its derivatives [22]. Therefore, in 2021, more rainy and cooler weather in maize
pre-harvest and harvest periods might have led to higher contamination of already heavily
infested grain. As trichothecenes of types A and B are mainly produced by F. graminearum,
F. culmorum, F. langsethiae, F. poae, and F. sporotrichioides [18,19]. Other researchers have also
noticed a positive correlation between F. culmorum, F. graminearum occurrence, and type A
and B trichothecenes concentrations and between F. sporotrichioides occurrence and T-2 and
HT-2 concentrations in maize and other cereals [42-44].

There are still no studies on whether Fusarium fungi together with common smut
infecting the same cob can lead to higher levels of trichothecenes in maize grain. However,
research conducted in the USA has shown that grains harvested from common smut-
infected cobs have 45 times higher aflatoxin and more than 5 times higher fumonisin
concentrations than smut-free cobs [13]. As common smut does not produce mycotoxins,
researchers found that Aspergillus spp. could grow on dried common smut galls, and there
is a potential for aflatoxin contamination [31]. Mycotoxins such as aflatoxin, fumonisin, and
DON can be found in commercially canned and fresh common smut galls [15]. Moreover,
a loss of husk integrity caused by U. maydis makes the adjacent asymptomatic grains
susceptible to attack by other fungi [13]. This may have led to a higher increase in the
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concentrations of some trichothecenes in maize grains harvested from cobs infected by
both Fusarium fungi and common smut.

5. Conclusions

This study reveals that the presence of Ustilago maydis and Fusarium fungi in maize
cobs is associated with significant increases in mycotoxin concentrations in maize grains.
Additionally, harvest time delays further exacerbate mycotoxin contamination. Dry and
warm weather during the flowering and silking seasons of maize can lead to a significantly
higher infestation rate with Fusarium fungi and common smut. If the environmental
conditions are favorable for the infection of maize cobs, the delay in harvesting during
rainy and cooler weather may increase the infestation and the concentrations of DON,
3ADON, 15ADON, T-2, and HT-2 mycotoxins. The infection of cobs with common smut
may lead to easier infection with other mycotoxigenic fungi and a significant increase in
DON, 3ADON, and 15ADON concentrations in maize grains harvested from such cobs.
These findings underscore the critical importance of timely harvesting and implementing
effective pathogen management strategies to mitigate mycotoxin contamination in maize
production. Given the diversity and quantity of the mycotoxins detected in this study, it is
appropriate to carry out a more extensive survey of maize crops where common smut and
Fusarium fungi predominate.
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SUMMARY

INTRODUCTION

Forage crops are one of the most abundant groups of valuable plants in Lithuania. Most of
them grow in meadows and pastures, and many species are cultivated on farms involved in crop
and livestock production. Various cereals are widely used as feed materials. However, wheat is
the most analysed in terms of quality and safety (Janaviciene et al. 2018; Kochiieru 2020;
Kochiieru et al. 2019; Mesterhazy et al. 2011). Globally, maize (Zea mays L) is second in terms
of importance (Erenstein et al. 2022), but in Lithuania it only started to be cultivated as a silage
crop around 1960. As the climate warmed, cultivation techniques improved and breeders
developed early maturing maize hybrids, it became possible to grow maize for grain, and maize
for grain is now being grown in increasing numbers in Lithuania. Worldwide, maize is one of the
most important cereals in the human and animal diet. It is a source of food, feed and processed
products, and its nutritional value and quality are of great importance (Oliveiraetal. 2017; Pereyra
et al. 2011).

Barley (Hordeum vulgare) is the 4th most important crop in the world after wheat, maize
and rice. In northern Europe, barley is frequently affected by ear fusariosis caused by F.
graminearum, F. culmorum, F. poae, F. sporotrichioides, F. langsethiae, F. tricinctum and F.
avenaceum (Liatukas et al. 2019; Rodrigues et al. 2014). This severely compromises the quality
of the grain and renders it unsuitable for either human consumption or animal feed (Hietaniemi et
al. 2016).

Recently, mycotoxins have become a problem in countries with high maize and barley
grain production due to climate change, and new approaches and prevention strategies are being
developed to control them (Badr et al. 2016; Oliveira et al. 2017; Pereyra et al. 2011). Climate
change may provide favourable conditions for the spread of Aspergillus and Fusarium fungi. The
increasing accumulation of aflatoxins and deoxynivalenol by these fungi in final products poses
a feed and food safety risk for both humans and animals. It is also predicted that the potential for
Fusarium species to become more widespread in new environments will lead to the risk of
accumulation of new mycotoxins in specific regions (Miedaner and Juroszek 2021; Moretti et al.
2019; Zingales et al. 2022).

Another significant issue is that the current European Union regulations for mycotoxin
levels in animal feed are only guidelines (European Commission 2006; European Parliament
2002). Much of the research on mycotoxin contamination in animal feed focuses on finding the

best ways to grow, harvest, process, and store crops to reduce the risk of mycotoxin contamination
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(Jestoi et al. 2004; Kochiieru et al. 2021; Mannaa and Kim 2017; Sasamalo et al. 2018; Zhang et
al. 2016). Sometimes, when researchers test individual mycotoxins, they observe different effects
on mycotoxin levels. Even if they find a reduction in mycotoxin levels, there's a concern that
mycotoxins might break down into other equally harmful substances (Agriopoulou et al. 2020;
Karlovsky et al. 2016; P. Li et al. 2020). So, it's crucial to continuously watch for and assess
conditions that could lead to higher mycotoxin levels and take steps to prevent them (Jani¢ Hajnal
et al. 2023).

Grain safety indicators include the level of undesirable impurities, contamination with
pests and microscopic fungi, which produce mycotoxins that pose a risk to animal and human
health and the environment (EFSA 2014; Jani¢ Hajnal et al. 2017; Medina et al. 2015; Pleadin
2015). According to the scientists at the German Centre for Biological Research in Agriculture
and Forestry, damage to grain by harmful organisms leads to significant yield losses, reduced
grain quality, and as a result using such poor quality grain for animal feed (Beyer et al. 2005). In
Lithuania, spring cereals have higher mycotoxin contamination and lower nutritional value than
winter cereals (Mankevic¢iené et al. 2011), and are therefore less used for human consumption and
constitute the largest percentage of feed rations. Worldwide, about 70% of common barley is used
for feed and about 27% for brewing (Janssen et al. 2018). However more scientific information is
available on the quality and safety of malting barley (Bauer et al. 2016; Bélakova et al. 2014;
Morcia et al. 2016; Piacentini et al. 2018; Varga et al. 2013). In Lithuania, the development of
new spring barley varieties and their quality assessment also focuses on malting characteristics,
the quality of the seed itself and the factors that determine it (Liatukas et al. 2019; Masauskiené
et al. 2007). A similar scenario is evident in the case of maize grain, where a significant portion
is allocated for animal feed, although the primary focus remains on the food industry (Aoun et al.
2020; Lalage et al. 2023; Stathers et al. 2020).

Different countries around the world where maize is grown for cereals face different
challenges (Bakoye et al. 2017; Hanvi et al. 2019), which are analysed from a national perspective,
taking into account the specific needs of the countries. There are few researches on mycotoxin
contamination of maize and barley grain used for feed in Lithuania, however mostly analysing the
final product - the produced feed and its nutritional value (Baliukoniené et al. 2003; Mankevi¢iené
and Auskalniené 2004).
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Research hyphothesis

It is expected that delaying the harvest time and changing storage conditions will change

the nutritional value of the grain of forage crops (maize, barley) and increase the spectrum of

mycotoxins.

Research objective

The aim of this study was to evaluate the nutritional value and mycotoxin contamination

of maize and barley grains and to investigate how natural and anthropogenic factors may influence

nutritional value and safety parameters.
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To achieve the research objective, the following tasks were set:

1. To identify the most important nutritional parameters of maize and spring barley
grains and to assess the patterns of their changes depending on the growing conditions and
the time of harvesting.

2. To determine mycotoxin contamination and how their concentrations change in
spring barley grain as the harvest time is delayed.

3. To investigate the most commonly found mycotoxins in maize grain and how their
concentrations change over time during harvest.

4. To investigate mycotoxin contamination in maize and spring barley grain delaying
harvest time and determine if there is a correlation between mycotoxin concentrations and
nutritional value parameters of the grain.

5. To determine changes in key nutritional parameters in stored maize grain and
investigate the factors that contribute to the increase in mycotoxin concentrations.

Propositions to be defended:

1. The choice of spring barley variety and maize hybrid, the delay in harvesting time
and the meteorological conditions during the growing season determine the
changes in the nutritive value of maize and barley grain.

2. The increase in mycotoxin contamination of barley grain is due to the delay in
harvesting time.

3. Mycotoxin contamination of maize grain depends on the choice of hybrid, and
delaying the harvesting time leads to an increase in mycotoxin concentrations.

4. The duration and conditions of storage of maize grain have an influence on the

changes in mycotoxin concentrations and nutritive value.



Relevance of the research work

Feed safety is a significant concern in the EU, but the raw materials used for compound
feed production often lack good quality and may not meet the standards for food grains. European
Union guidelines on mycotoxin contamination in animal feed, as outlined in the European
Commission Recommendation (2006), are often disregarded. Consequently, insufficient attention
Is given to this issue. This is especially relevant for small farms that cultivate their own feed crops.
Neglecting nutritional value and safety parameters of feed can lead to various animal diseases.
There is a noticeable shortage of comprehensive studies on maize and barley grains in Lithuania
and other countries worldwide, assessing both their nutritional value and mycotoxin
contamination. Additionally, information on the safety compliance of feed grains with EU
recommendations on mycotoxin levels is lacking. Specifically, there is limited scientific
knowledge about how mycotoxin concentrations change when harvesting times are delayed due
to natural conditions or other factors. Furthermore, the changes in mycotoxin concentrations and
nutritional value during the storage of maize grain under our region's typical climatic conditions
have been minimally explored. This research therefore provides new insights into the optimal
timing of maize and barley grain harvesting and the optimal storage conditions for maize grain to

avoid increased mycotoxin contamination.
Novelty of the research work

We conducted comprehensive studies on the nutritional value of commonly grown forage
crops in Lithuania, including various barley and maize varieties and hybrids, as well as field
pathogens and a wide range of mycotoxins. This represents the first such research and analysis
conducted in Lithuania, with limited availability of similar studies in Europe and worldwide. In
most cases, only individual indicators have been evaluated in a fragmented way, which does not
always provide answers to the questions raised. Our analyses included deoxynivalenol and its
derivatives, T-2 and HT-2 toxins, moniliformin, nivalenol, enniatins B, B1, A, and Al in feed
grains, contributing to the existing knowledge in this field. We also conducted a novel
investigation into changes in citrinin concentrations during a storage experiment with maize grain
grown in Lithuania. Additionally, our research explored correlations between grain nutritional

value, mineral content, and mycotoxins, providing valuable new scientific insights.
Practical relevance

This study provides information on the prevalence of mycotoxins in barley and maize
grains for feed in Lithuania. It helps to understand what conditions lead to higher mycotoxin
concentrations when harvesting is delayed and how maize grain should be stored to reduce the
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risk of mycotoxin contamination. The analyses could contribute to EU documents and

recommendations related to feed quality and safety.
Approval of the research results

Two scientific articles related to the dissertation topic were published in citation indexed
journals. Additionally, nine abstracts were published in conference proceedings, and the research
findings were presented at nine scientific conferences — four with oral presentations and five with
poster presentations. Furthermore, two recommendations based on the research outcomes were

published.
Contents and volume of the dissertation

The dissertation, written in Lithuanian language, and includes a total of 144 pages. It
consists an abstract, introduction, literature review, research methods, results and discussion,
conclusions, references, a list of publications, recommendations, and copies of publications. The

dissertation includes 24 tables, 16 figures, and cites a total of 185 references.
EXPERIMENTAL METHODS
Field experiments

A total of 142 samples of spring barley and maize grain were collected. Maize hybrids
used for the experiment were Lapriora and Duxxbury, and the barley varieties were Luoké and
Laureate. For each harvest, maize and barley grains were sown in 4 replicates in a random order
for three different harvest times. Harvesting was conducted in three stages: maize at physiological
maturity, barley at hard maturity, and 10 (+2) days after the first harvest, as well as 20 (+2) days
after the first harvest.

Laboratory experiments

The study was carried out on the basis of the experimental design shown in Figure 1. The
laboratory analyses were divided into 3 stages: nutritional value analyses, mycotoxin analyses,

and storage experiment.
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The first stage involved analyses of nutritional value indicators. Dry matter (DM) was
determined by drying to constant weight at 105°C. Crude protein (ZB) by Kjeldahl method. Crude
fat (ZR) by Soxhlet extraction. Crude ash (ZP) by weight (gravimetric) method. Crude fibre (ZL)
by gravimetric and reference methods. Starch by polarimetric method. Calcium, zinc, iron and
magnesium content by atomic absorption spectrometry. Phosphorus content by
spectrophotometric method. Neutral and acidic detergent fibore (NDF, ADF) by the Van Soest
method. Water-soluble carbohydrates (VTA) using anthrone reagent.

In the second stage, mycotoxin analyses were conducted. In 2020 and 2021,
deoxynivalenol (DON), 3-acetyl-deoxynivalenol (3-ADON), 15-acetyl-deoxynivalenol (15-
ADON), T-2, and HT-2 toxins in maize grain were determined using a Shimadzu Prominence
high-performance liquid chromatography system. During the internship at the BIOR Institute in
Latvia concentrations of DON, 3-ADON, 15-ADON, T-2, HT-2 toxins, and zearalenone (ZEA)
were measured in 2022 maize grain samples and 2020-2022 barley grain samples. Additionally,
with previously mentioned mycotoxins, in 2020 — 2022 barley grain samples moniliformin
(MON), nivalenol (NI1V), and enniatins (ENN) B, B1, A, Al, were determined. The analyses were
performed using an UltiMate 3000 high-performance liquid chromatography system coupled to a
Thermo TSQ Quantiva triple quadrupole mass spectrometer. Quantitative analyses of aflatoxins
(AFLp1+B2+c1+c2), ZEA, ochratoxin A (OTA), and citrinin (CIT) were performed using

commercially available ELISA Kits.

In the third step, all samples were dried to approximately 13% moisture content and stored
for 6 months. Storage conditions included constant temperature incubators set at 4 °C, 12 °C, and
20 °C, as well as a warehouse with varying environmental conditions. Tests assessing the
nutritional value of the grains and mycotoxin levels were conducted at the start of the experiment,

and then again after 3 and 6 months of storage.

Infection of Ustilago maydis rating

It is assessed by counting infected and healthy maize cobs in five randomly selected maize
crop rows of 2 m in length, separately in each hybrid. The cobs are inspected to assess whether
there is any visual evidence of common smut. Cobs infected with common smut were only found

in 2021, while in 2020 and 2022 the maize cobs were not infected.
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Fig. 2. The total monthly air temperature during the 2020-2022 growing seasons and the long-
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Fig. 3. The total monthly precipitation during the 2020-2022 growing seasons and the long-term
average (1924-2022)

In 2020, precipitation and temperature were close to the annual averages. In contrast, 2021
had very dry and warm conditions during the barley and maize growing seasons, with cool and
rainy weather occurring during the harvest. In 2022, cool and rainy weather persisted during the
growing season, however during delayed harvest times there were dry and warm meteorological

conditions.
Statistical analysis methods

We conducted statistical analysis using IBM SPSS Statistics (IBM Inc., Armonk, NY,
USA) and Excel (Microsoft, USA). To determine significant differences in nutritive value content,

Fusarium spp. infection, and mycotoxin concentrations, we employed one-way ANOVA with
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Duncan's post hoc test. For comparisons between barley varieties and maize hybrids, the Student's
t-test was used. Results are presented as 'mean + standard deviation'. Pearson's correlation
coefficient was applied to assess correlations between Fusarium spp. fungi and mycotoxin
concentration, as well as between nutritive value content and mycotoxin concentration. The

statistical significance 'p' is indicated in parentheses.
RESULTS AND DISCUSSION
Nutritive value content in barley and maize grains

Barley grains. When looking at the differences in the nutritional value content between
years, the highest starch content was found in 2020, the highest crude protein content and the

lowest crude ash content was found in 2021 and the lowest crude fat content was found in 2022.

Differences between barley varieties were found in terms of crude protein and starch
content. In 2021 and 2022, Laureate variety grains had a lower crude protein and higher starch

content compared to Luoke variety grains.

Several trends were observed at later harvests: an increase in dry matter, crude fat and
crude ash, while the crude protein content remained unchanged or decreased significantly in most

cases.

Maize grains. In terms of differences in nutritional value content between years, 2021 was
the most exceptional year. Both hybrids recorded the highest levels of crude protein and neutral
and acid detergent fiber, but the lowest levels of water soluble carbohydrate.

There were no significant differences between the maize hybrids and harvest delay showed
the same trend with a significant increase in dry matter but a decrease in water-soluble

carbohydrate in both hybrids.
Fusarium spp. fungi and mycotoxin infection in barley grain

Figure 4 illustrates the total Fusarium spp. infection in barley grain samples of different
varieties. In both varieties, the highest contamination of grain samples was observed in 2020, with
an infestation rate of 67.8%. In the case of the Laureate variety, a similar number of infested
samples was observed in 2021, but in 2022, the number of infested samples reduced significantly,
being almost 2.5 times lower than in 2020 and 2021 (P < 0.001). For the Luoke variety, the number
of infected samples was 17.7% lower in 2021 (P < 0.05), and in 2022, it decreased almost 2.5
times compared to 2020 (P < 0.001) and 1.8 times lower than in 2021 (P < 0.05). While Luoke
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exhibited significantly lower infection rates compared to Laureate in 2021, there were no

significant differences between the two varieties in any other study years.
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Note. Different lowercase letters indicate statistically significant differences in Fusarium spp. infection between
varieties within the same study year. Different uppercase letters indicate statistically significant differences in
Fusarium spp. infection between years within the same variety grains.

Fig. 4. Different varieties of barley grain samples infected with Fusarium spp. in 2020-2022

HT-2 mycotoxin was present in all harvests in 2020 (Table 1), with some samples showing
high concentrations. However, no significant changes were observed in delayed harvesting due to
concentration variations between replicates. In 2021, HT-2 concentrations were mostly slightly
higher than the limit of detection (LOD), with no significant differences between harvests.

The highest concentrations of ZEA were recorded in 2021 for both grain varieties.
Nevertheless, due to substantial concentration variations between replicates, no significant

differences were observed between harvests.

Total AFLgi+B2+c1+c2 concentrations detected in the study were generally low, with
concentrations above the LOD observed only in 2020 and 2021. In both grain varieties in 2020
and 2021, concentrations at 1% harvest were below the detection limit, while higher concentrations
in Laureate grain were detected after 2" and 3" harvests. For Luoké variety, concentrations above
the LOD were only found at the 3™ harvest, significantly increasing to 4.7 pg kg™ in 2020 and to
2.4 ngkgtin 2021 (P < 0.05).
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Table 1. Changes in concentration of deoxynivalenol (DON), T-2, HT-2, zearalenone (ZEA) and aflatoxins

(AFLg1+s2+c1+G2) at different harvest times and different varieties of barley grains in 2020-2022.

Year Variety Harvest DON T-2 HT-2 ZEA G
B1+B2+G1+G2
| <LOD 27+7 852+ 33 <LOD <LOD
Laureate I < LOD <LOD 428+ 15 <LOD 1,8°+0,1
Il 53+19 <LOD 142+ 7 <LOD 2,58+0,3
2020 | <LOD 532+ 17 1592 + 96 <LOD <LOD
Luoke 1 <LOD 362+9 1262 £ 42 <LOD <LOD
Il <LOD <LOD 502+ 23 <LOD 4,7+0,2
| <LOD <LOD 142+ 8 3622+ 187 <LOD
Laureate 1 <LOD <LOD 252+ 10 4272+ 309 2,22+0,3
2091 Il <LOD <LOD <LOD 5112+ 52 2,12+ 0,1
| <LOD <LOD 298+ 7 4692+ 103 1,7°+0,1
Luoké | <LOD <LOD 242+ 20 3932+ 239 1,7°+0,2
1l <LOD <LOD 118+ 1 7192+ 250 2,42+ 0,1
| <LOD <LOD <LOD 478 £ 11 <LOD
Laureate 1 <LOD <LOD 142+ 5 368 £7 <LOD
2022 1l <LOD <LOD 228+ 8 228+ 17 <LOD
| <LOD <LOD <LOD 252+ 18 <LOD
Luoke 1 <LOD <LOD <LOD 522+ 49 <LOD
Il <LOD <LOD <LOD 712+ 38 <LOD

Note. Different lowercase letters indicate statistically significant differences in mycotoxin concentration between
harvests within the same year and variety grains.

No significant changes were observed in the differences in the concentrations of MON,
NIV, and enniatins B, B1, A, and Al between the barley harvests in 2020 and 2021 as a result of
delayed harvesting (Table 2).

However, in 2022, when the highest concentrations of NIV and enniatins were found, a
significant increase in concentrations occurred in 3" harvest. Specifically, in Laureate variety
grains, the concentrations of NIV and enniatins B, B1, A, Al at 3" harvest increased by 205, 120,
132, 62, and 23 pg kg?, respectively, compared to 1t harvest (P < 0.05). For the Luoké variety
grains, the concentrations of enniatins B, B1, A, Al increased on average by 72, 100, 46, and

14 ug kgt in harvest 111 compared to the first two harvests (P < 0.05).
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Table 2. Changes in concentration of moniliformin (MON), nivalenol (NIV) and enniatins B, B1, A, Al at

different harvest times and different varieties of barley grains in 2020-2022

Ve Variety Harvest MON NIV Ennéatln Englftm Enrjal\atm En'r&lftm
I 10,72+ 3,3  26%+8 832+ 15 902+ 21 152+ 2 <LOD
Laureate | 14,02+ 5,9 312+ 7 842+ 16 882+ 15 168 +£2 <LOD
2020 1l 10,9%+33 30°+9 742+ 18 892+ 19 162+ 4 <LOD
| 2,98+26 402+ 5 1012+ 19 892+ 23 342+ 9 72+ 1
Luoké I 3,12+2,6 512+ 9 1142+ 16 882+ 25 252+ 9 42+ 1
] 0,72+ 0,5 392+ 5 1032 £13 852421 2924+ 11 42+ 1
I <LOD 9243 <LOD 212 +5 <LOD <LOD
Laureate 1 <LOD 172+ 8 <LOD 268+ 9 <LOD <LOD
2021 1l <LOD 122+ 8 <LOD 212+ 11 <LOD <LOD
| <LOD 168+ 7 <LOD 572 £ 16 <LOD <LOD
Luoké I <LOD 232+ 9 <LOD 592+ 15 <LOD <LOD
1l <LOD 212+ 11 <LOD 512+ 17 <LOD <LOD
I <LOD 196°+42 2192 +24 1710+ 18 56 + 7 110+ 4
Laureate I <LOD 225°+31 299®+76  232%+49 77+ 18 18% + 4
Il <LOD 401*+78 3392+50 3032+ 58 1182+ 29 342+ 7
2022 I <LOD 2322+70 155"+24 137°+29 490+ 13 8+5
Luoke I <LOD 1872+ 14  119°+32 93+ 10 260+ 4 45+ 3
Il <LOD 2312+33 2092+ 30 2152+ 35 832+ 13 202+ 3

Note. Different lowercase letters indicate statistically significant differences in mycotoxin concentration between
harvests within the same year and variety grains.

Fusarium spp. fungi and mycotoxin infection in maize grain

Figure 5 displays the infection of samples with Fusarium spp. The study revealed that the
meteorological conditions in 2021 were significantly more favorable for the spread of Fusarium
spp. In Lapriora hybrid grain samples, the incidence of Fusarium spp. was 4 times higher in 2020
and 16 times higher in 2022 (P < 0.001). For the Duxxbury hybrid grain samples, the incidence of
Fusarium spp. in grain was 12 times higher than in 2020 and 10 times higher than in 2022
(P <0.001). Regarding differences between hybrids, in 2020, infestation levels were similar in
the grains of both hybrids. However, in 2021, the Duxxbury hybrid grain samples showed a 4-fold
(P <0.01), and in 2022, a 5-fold (P < 0.01) higher infestation compared to the Lapriora hybrid

grain samples.
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Note. Different lowercase letters indicate statistically significant differences in Fusarium spp. infection between
hybrids within the same study year. Different uppercase letters indicate statistically significant differences in
Fusarium spp. infection between years within the same hybrid grains.

Fig. 5. Different hybrids of maize grain samples infected with Fusarium spp. fungi in 2020-2022

In 2021, meteorological conditions were also favourable for the spread of the common
smut (Ustilago maydis). To assess the incidence of common smut, cobs were categorized as
damaged, healthy, or undeveloped, and the results are shown in Figure 6. When evaluating the
infected, healthy, and undeveloped cobs, it was evident that the Duxxbury hybrid crop was 4 times
more infested than the Lapriora hybrid crop (P < 0.001). Additionally, the Lapriora hybrid crop
had 3 times more undeveloped cobs (P < 0.01). The prevalence of common smut in the maize
crop in 2021 may have significantly contributed to the spread of Fusarium spp. fungi in the grain.

Lapriora Duxxbury
12%
26% 47% 44%
62%
9%
A Infected = Undeveloped  Healthy B Infected ~ Undeveloped  Healthy

Fig. 6. The number of cobs damaged by Ustilago maydis in Lapriora (A) and Duxxbury (B) maize
hybrids in 2021

In 2021, significantly higher concentrations of mycotoxins were detected in grain, with
notable differences between hybrids (Table 3). The Duxxbury hybrid grains exhibited several-fold
higher concentrations of DON, 3-ADON, 15-ADON, T-2, HT-2, and ZEA. Specifically,
concentrations of DON and 3-ADON were 6-fold higher (P < 0.05), 15-ADON was 4-fold higher
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(P < 0.05), T-2 toxin was 25-fold higher (P < 0.01), HT-2 toxin was 15-fold higher (P < 0.001),
and ZEA was 3-fold higher (P < 0.05) in Duxxbury hybrid grain than in Lapriora hybrid grain.

Delaying harvest concentrations either remained stable or increased significantly, with
significant increases observed primarily at the latest harvest. In 2020, DON concentrations
significantly increased in Duxxbury hybrid grain (P < 0.05), and HT-2 concentrations significantly
increased in Lapriora hybrid grain (P < 0.05).

In 2021, significant concentration increases were observed in both hybrids for DON,
3-ADON, 15-ADON, and HT-2. In Duxxbury hybrid grains, DON concentrations increased
8-fold (P < 0.01) and 3-fold (P < 0.05) compared to 1% harvest, 3-ADON concentrations increased
3-fold (P < 0.01), 15-ADON concentrations increased 7-fold (P < 0.01) and HT-2 concentrations
increased 1.4-fold (P < 0.05) compared to the first two harvests. In Lapriora hybrid grains, the
concentration of DON increased 9-fold (P < 0.05), 15-ADON 12-fold (P < 0.01) and HT-2 8-fold
compared to the first two harvests. At 3" harvest, the concentration of T-2 in Lapriora hybrid
grain increased 7-fold and 11-fold compared to the 1% and 2" harvests, respectively (P < 0.05).
In contrast, the concentration of ZEA increased significantly only in Duxxbury hybrid grains and
was 4-fold and 15-fold higher at 3" harvest than at 1%t and 2" harvests, respectively (P < 0.01).

Table 3. Changes in concentration of deoxynivalenol (DON), 3-acetyl-deoxynivalenol (3-ADON), 15-
acetyl-deoxynivalenol (15-ADON), T-2, HT-2, zearalenone (ZEA) and aflatoxins (AFLgi+g2+c1+c2) at
different harvest times and different hybrids of maize grains in 2020-2022.

Year Hybrid Harvest DON 3-ADON 15-ADON T-2 HT-2 ZEA A
B1+B2+G1+G2
I 150° + 16 <LOD <LOD 232 +2 50+ 3 42 £ 1 <LOD
Duxxbury I 2023 + 11 <LOD <LOD 36+4 532+ 10 <LOD <LOD

2020 Il 2332+ 22 <LOD <LOD 242+ 5 412+ 1 <LOD <LOD

I 1982+ 18 <LOD <LOD 270+ 4 50° + 5 432+ 1 <LOD
Lapriora I 229°+ 14 <LOD <LOD 282+ 9 3B +7 377+ 1 <LOD
" 2732+ 44 <LOD <LOD 63+16 1022+25 40*°+1 <LOD

| 1880°+920 31°+£15 109°+40 19602+ 976 884°+209 237°+75 <LOD
Duxxbury ] 4456° + 1387 40°+£20 169°+ 60 20992+ 1518 831°+299 68°+ 10 <LOD
Il 150192 + 4018 3222+ 839682+ 201 14132+ 346 11972+21510012+268 < LOD

2021
I 227° + 84 <LOD <LOD 25°+11 22°£10 1922 +49 <LOD
Lapriora ] 518"+203 <LOD 35°+16  16°+3 17°+4  86°+20 <LOD
Il 34812+ 1463 64 +£24 246+ 69 1742+ 145 1542+ 131 1428+ 46 <LOD
| 3462 + 86 Sum < LOD* <LOD <LOD 982+ 25 <LOD
Duxxbury I 1922 + 48 Sum < LOD <LOD <LOD 58 +11 <LOD
2022 Il <LOD Sum < LOD <LOD <LOD 258+ 10 <LOD
| <LOD Sum < LOD <LOD <LOD 442 + 29 <LOD
Lapriora 1 <LOD Sum < LOD <LOD <LOD 702+ 34 <LOD
" 69 £ 41 Sum < LOD <LOD <LOD 25%+19 <LOD

Note. Different lowercase letters indicate statistically significant differences in mycotoxin concentration between
harvests within the same year and hybrid. *In 2022, the total concentration of 3 and 15-ADON was determined using
high-performance liquid chromatography coupled to mass spectrometry.
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It was also observed that DON concentrations in 13% of the samples, T-2 and HT-2
concentrations in 50% of the samples and ZEA concentrations in one of the samples exceeded the

maximum guidance levels established by the European Commission for animal feed.

Maize grain storage experiment

Figure 7 shows changes in the total AFLgi+s2+G1+G2 concentratio. The evaluation of total
AFL concentration under various storage conditions revealed that after 3 months of storage,
concentrations remained nearly constant and did not significantly differ among the different
storage conditions.

However, after 6 months, concentrations increased approximately 3-fold across all storage
locations (P < 0.001). Specifically, at 4°C and 12°C, the total concentration increased from 1.5 to
4.1 pgkg?, at 20°C, it increased from 1.5 to 4.7 pg kg, and at the storage room where conditions
depend on outdoor conditions, it increased from 1.5 to 4.5 ug kgt. This increase in concentration
was similar across the different storage conditions, resulting in no significant differences between

storage place.

Start of the experiment After 3 months  ==@= After 6 months

Ba
Storage room

Note. Different lowercase letters indicate statistically significant differences in mycotoxin concentrations between
different storage conditions within the same time period. Different uppercase letters indicate statistically significant
differences in mycotoxin concentrations between time periods within the same storage location.

Fig. 7. Total AFL concentration in maize grain under different storage conditions.

In Figure 8, changes in CIT concentrations are displayed. Initially, the maize grains were
free of CIT contamination. After 3 months of storage in storage room where conditions depend
on outdoor conditions, CIT concentrations increased to 56.9 + 21.4 ug kg (P < 0.01). After 3

months of storage at 4°C, 12°C, and 20°C concentrations were higher, but significantly different.
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Following 6 months of storage at 4°C, 12°C, and 20°C, concentrations significantly
increased, surpassing both the initial levels and the concentrations after 3 months. Specifically,
concentrations reached 93.1 = 17.6 pg kg (P < 0.001) at 4°C, 172.3 £ 41.7 pg kg* (P < 0.001)
at 12°C, and 184.5 + 49.0 ug kg™ (P < 0.01) at 20°C.

Comparing the different storage places, concentrations at 20°C were 5 times higher after
3 months than at 4°C (P < 0.01). However, no further significant differences in concentrations
were observed between the different storage locations after 3 and 6 months of storage.

Start of the experiment After 3months  ==@= After 6 months
4°C
200

150

Storage room

Ba
20°C

Note. Different lowercase letters indicate statistically significant differences in mycotoxin concentrations between
different storage conditions within the same time period. Different uppercase letters indicate statistically significant
differences in mycotoxin concentrations between time periods within the same storage location.

Fig. 15. CIT concentration in maize grain under different storage conditions.

CONCLUSIONS

1. The barley grains of the Laureate variety exhibited reduced protein levels but higher starch
content compared to the Luoké variety barley grains. Furthermore, both varieties displayed
an increase in dry matter, crude fat, and crude ash content when the harvest was delayed.

2. The infestation of Fusarium spp. in barley grain became significantly more severe when the
weather was rainy during the harvest period. During this time, Fusarium spp. contamination
reached as high as 92%, with the detection of the highest concentrations of regulated
mycotoxins, including zearalenone and HT-2.

3. The delay in harvesting influenced the increase in mycotoxin concentrations in the barley
grain samples, with a significant increase in the concentrations of aflatoxins B1+B2+G1+G2
and eniatins B, B1, A, Al.

139



140

No differences were found in the quality parameters of maize grain between the hybrids
analysed, however the delay in harvesting resulted in a decrease in water-soluble
carbohydrates.

The presence of Ustilago maydis pathogens in maize crops had a significant impact on
mycotoxin contamination in maize grain. Maize grains, were also more heavily contaminated
with Fusarium spp. fungi and their mycotoxins. Notably, the Duxxbury hybrid grains were
several times more contaminated with pathogens and mycotoxins compared to the Lapriora
hybrid grains.

Delaying the harvest resulted in higher concentrations of deoxynivalenol, as well as 3 and 15
acetyl-deoxynivalenols, T-2, HT-2 toxins, and zearalenone in maize grains.

The duration of maize grain storage, which extended up to 6 months, had a significant impact
on increasing citrinin and aflatoxins B1+B2+G1+G2 concentrations.
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