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SMARTSUN PROJEKAT: MULTIDISCIPLINARNI PRISTUP U POTRAZI
ZA “KLIMATSKI PAMETNIM” SUNCOKRETOM

Sandra Cveji¢!, Aleksandra Radanovi¢', Ankica Kondi¢ Spika‘, Dragana Miladinovi¢', Jadranka Lukovié?,
Jelena Jockovi¢', Bosko Dedi¢', Milan Jockovi¢!, Olivera Hrnjakovi¢?, Sonja Gvozdenac', Nemanja Cuk!,
Nada Hladni!, Sini$a Joci¢!

! Institut za ratarstvo i povrtarstvo, Institut od nacionalnog znacaja za R. Srbiju, MaksimaGorkog 30,
21000 Novi Sad, Srbija
? Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg Dositeja Obradovica 3, Novi Sad
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Klimatske promene negativno uti¢u na proizvodnju ratarskih useva, posebno tokom
dugih susnih perioda. Jedan od klju¢nih pristupa za ublazavanje uticaja ekstremnih klimat-
skih uslova je oplemenjivanje useva kako bi se poboljsala njihova prilagodljivost razli¢itim
uslovima gajenja. Medutim, tradicionalne metode oplemenjivanja su ¢esto dugotrajne,
radno intenzivne i rezultati evaluacije mogu biti pristrasni. U cilju dubljeg razumevanja
adaptivnog odgovora suncokreta na susne stresove uzrokovane klimatskim promenama,
SmartSun projekat primenjuje holisticki pristup koji obuhvata digitalnu fenotipizaciju korena
suncokreta, analizu epigenetskih mehanizama i integraciju dobijenih podataka masinskim
ucenjem. Do sada je razvijen protokol za rani rast korena suncokreta kroz fenotipizaciju u
rizotronima pod razli¢itim uslovima zalivanja (70, 42 i 50% zapreminskog sadrzaja vode).
Testirane su inbred linije suncokreta sa Instituta za ratarstvo i povrtarstvo kako bi se identifi-
kovali tolerantni i osetljivi genotipovi. Identifikovane su klju¢ne morfoloske osobine korena
koje su pouzdane u razlikovanju osetljivosti na susu. Dodatno, sprovedena je anatomska
karakterizacija vaskularnih tkiva korena, uo¢avaju¢i prisustvo kseromorfnih elemenata koji
ukazuju na potencijalno vecu toleranciju na susu. Analizom epigenetskih mehanizama, kao
$to su posttranskripcione modifikacije histona, metilacija DNK i ekspresija malih RNK i
IncRNA, istrazuje se potencijal za preno$enje adaptivnih promena na naredne generacije.
Kroz integraciju statistickih metoda i tehnika masinskog ucenja, SmartSun projekat pove-
zuje rezultate dobijene iz fenotipizacije i epigeneticke analize, kako bi se kreirali prilagodeni
genotipovi suncokreta koji mogu efikasno odgovoriti na nestabilne, promenljive i su$ne
uslove gajenja. Znacaj SmartSun projekta ogleda se u identifikaciji genotipova suncokreta
sa ve¢om tolerancijom na susu, §to moze znacajno doprineti ublazavanju uticaja klimatskih
promena na poljoprivrednu proizvodnju. Ovaj projekat ima perspektivu da obezbedi odrzivu
buduc¢nost za nasu planetu, koja se suocava sa sve izrazenijim izazovima klimatskih promena.

Kljucne reci: suncokret, susa, fenotipizacija, tolerantnost, epigenetika, masinsko ucenje
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ugovor broj 451-03-47/2023-01/200032, Fonda za nauku R. Srbije, program IDEJE, broj 7732457 (SmartSun)
i Evropske komisije kroz program “Twinning Western Balkans” projekat broj 101059784 (CROPINNO), Cen-
tra izuzetnih vrednosti za inovacije u oplemenjivanju biljaka tolerantnih na promene klime - Climate Crops,
Instituta za ratarstvo i povrtarstvo, Novi Sad.
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Climate change has a negative impact on the production of field crops, especially
during extended periods of drought. One of the key strategies to mitigate the effects
of extreme climate conditions is crop breeding aimed at enhancing their adaptability
to various growing conditions. However, traditional breeding methods are often ti-
me-consuming, labor-intensive, and the evaluation outcomes may be biased. To gain a
deeper understanding of the adaptive response of sunflowers to drought stress caused
by climate change, the SmartSun Project employs a holistic approach encompassing
digital root phenotyping, analysis of epigenetic mechanisms, and the integration of
acquired data through machine learning. A protocol for early sunflower root growth
has been developed using phenotyping in rhizotrons under different watering condi-
tions (70%, 42%, and 50% volumetric water content). Inbred sunflower lines from the
Institute of Field and Vegetable Crops (IFVCNS) were tested to identify tolerant and
sensitive genotypes. Key morphological root traits that reliably differentiate drought
sensitivity have been identified. Furthermore, an anatomical characterization of root
vascular tissues has been conducted, observing the presence of xeromorphic elements
indicative of potential increased drought tolerance. Epigenetic mechanisms analysis, such
as post-transcriptional histone modifications, DNA methylation, and the expression of
small RNAs and IncRNAs, explores the potential for transmitting adaptive changes to
subsequent generations. Through the integration of statistical methods and machine
learning techniques, the SmartSun Project connects results obtained from phenotyping
and epigenetic analysis to create customized sunflower genotypes capable of effectively
responding to unstable, variable, and dry growing conditions. The significance of the
SmartSun Project lies in the identification of sunflower genotypes with higher drought
tolerance, which can significantly contribute to mitigating the impact of climate change
on agricultural production. This project holds the perspective of securing a sustainable

future for our planet, facing increasingly pronounced challenges posed by climate change.
Key words: sunflower, drought, phenotyping, tolerance, epigenetics, machine learning
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