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Podziekowania

Sktadam najserdeczniejsze podzigkowania mojej promotor

Pani dr hab. inz. Monice Bieniasz, profesor UR za wiare we mnie, za wsparcie i zarazliwy
entuzjazm oraz 7 lat fantastycznej wspotpracy. Dziekuje za czas, ktorego zawsze miata dla
mnie tyle, ile potrzebowatam. Dzigkuje za cenne wskazowki, inspiracje, pomysty, nieoceniong
pomoc i przekazang wiedze, oraz za wprowadzenia mnie do swiata nauki. To dzieki Niej,
nauka stata si¢ dla mnie pasjq.

Serdecznie dzigkuje mojej Pani promotor pomocniczej dr inz. Annie Kosteckiej-Gugata za
pomoc merytoryczng w pracy, cenne wskazowki i przekazang wiedze.

Serdecznie dzigkuje Pani prof. dr hab. inzZ. Bozenie Pawlowskiej za wsparcie i motywacje

do pracy.

Bardzo dziekuje Pani dr. inZ Ewie Dziedzic i mgr Eli Kaczmarczyk za pomoc,
wsparcie i zZyczliwoS¢, oraz za stworzenie Swietnej atmosfery w katedrze podczas moich
studiow doktoranckich.

Najwigksze podzigkowania kieruje do mojego Meza, ktory zawsze jest dla mnie najwiekszym
oparciem. Dzigkuje za jego site w bardzo trudnych chwilach, wiare we mnie, wyrozumiatoscé,
wielkq cierpliwosé, jak rowniez jego obecnos¢ w tej pracy. Dziekuje mojej mlodszej corce,
ktora w ostatnich swoich stowach motywowata mnie do osiggniecia tego celu, jak rowniez
starszej corce za dume z mamy i rodzicom za dume z corki. Bez tego wszystkiego ta praca
nigdy by nie powstala.

Serdecznie dziekuje wszystkim Zyczliwym osobom, ktore spotkatam podczas studiow
doktoranckich za otuche, wsparcie i motywacje do pracy.
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1. Wykaz dorobku naukowego

1.1 Wykaz oryginalnych prac bedacych przedmiotem rozprawy doktorskiej

Publikacja nr 1

Publikacja nr 2

Publikacja nr 3

Kowalczyk B., Bieniasz M., Btaszczyk J., Banach P. 2022. The effect
of rootstocks on the growth, yield and fruit quality of hybrid grape
varieties in cold climate conditions. Horticultural Science. 58/2021.
https://doi.org/10.17221/58/2021-HORTSCI

IF2022 - 0,833; MNiSW2022 - 70 pkt

Kowalczyk B., Bieniasz M., Kostecka-Gugata. 2022. Flowering
Biology of Selected Hybrid Grape Cultivars under Temperate Climate
Conditions. Agriculture (Switzerland) 12(5): 1-18 nr 655

IF2022 - 2,925; MNiSW2022 - 100 pkt

Kowalczyk B., Bieniasz M., Kostecka-Gugata. 2022. The Content
of Selected Bioactive Compounds in Wines Produced from Dehydrated

Grapes of the Hybrid Variety ‘Hibernal’ as a Factor Determining
the Method of Producing Straw Wines. Foods 11(7): 1-14

IF2022 - 4,350; MINiSW2022 - 100 pkt

Sumaryczny IF — 8,108
Sumaryczna punktacja MNiSW - 270 pkt
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1.2 Wykaz pozostatych oryginalnych prac

Dziedzic E., Bieniasz M., Kowalczyk B. 2019. Morphological and physiological features
of sweet cherry floral organ affecting the potential fruit crop in relation
to the rootstock. Scientia Horticulturae 251: 127-135

IF2019 - 2,925; MNiSW2019 - 140 pkt

Gondek K., Mierzwa-Hersztek M., Kope¢ M, Zaleski T., Bogdat S., Bieniasz M., Blaszczyk
J., Kaczmarczyk E., Kowalczyk B., Knaga J., Nawrocki J., Pniak M., Jarosz R.
2020. “Mineral composition of fruits and leaves of San Andreas® everbearing
strawberry in soilless cultivation” Journal of Elementology” 25(4): 1333-1347

IF2020 - 0,781; MNiSW2020 - 70 pkt

Sumaryczny IF — 3,706

Sumaryczna punktacja MNiSW — 210 pkt
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1.3 Prezentacje na konferencjach naukowych

29.07 - 1.08 2017, Krakow-Wieliczka:
The XLVI Esna Annual Meeting:
e Kruczek M., Bieniasz M., Kaszycki P., Kostecka-Gugala A., Kowalczyk B. 2017.
Straw wine as a noble Polish sweet wine. Production techniques and their impact on the
bioactivity of product.

20.09 —21.09.2017, Krakow:
Ogo6lnopolska Ogrodnicza Konferencja Naukowa ,,Ziemia-Ros$lina-Cztowiek™.
e Btaszczyk J., Bieniasz M., Kowalczyk B. 2017. Wpltyw podktadek na wzrost,
plonowanie 1 jako$¢ owocow kilku odmian winorosli, 87

16.09 -18.09.2019, Warszawa:
V Zjazd PTNO:
e Kowalczyk B., Bieniasz M. 2019. Morfologia kwiatow hybrydowych odmian
winorosli, 5

07.11.2019, Jachranka:
III Migdzynarodowa Konferencja Kamczacka:
o Kowalczyk B. Wina i nalewki z jagody kamczackiej. Referat.

20.06 — 21.06.2020 Krakow:
Nowe Trendy w Badaniach Naukowych:
e Kowalczyk B. 2020. Sposoby wykorzystania i potencjal prozdrowotny Jagody
Kamczackiej (Lonicera caerulea L.), nowego gatunku uprawianego w Polsce.

1.4 Staze i wyjazdy naukowe, szkolenia

02-08.03.2018 Staz naukowy - Katedra Chemii Analitycznej Wydziatu Chemii
Uniwersytetu Mikotaja Kopernika w Toruniu.

2018/2019 Program Erasmus plus — ,Wykorzystanie nowoczesnych
technologii do wspierania branzy enologiczne;j
w Europie”:

13-18.04.2018 Czechy
17-24.06.2018 Cypr
22-28.07.2018 Stowenia
01-06.09.2019 Polska.

2020 Mi¢dzynarodowy kurs — Sommelier Il stopnia — Wine & Spirit
Education Trust.
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2021

04.04.2022
13.05.2022
02.06.2022
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Kurs Pedagogiczny dla doktorantow i asystentow — Politechnika
Krakowska.
Szkolenie ,,Dachy zielone — aspekty prawne inwestycji”. Abrys.
Szkolenie ,,Plac zabaw w pigutce” Abrys.

Szkolenie ,,Zielen Przyuliczna, Technologie, Praktyka,
Przysztos¢”. Abrys.
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2. Streszczenie

Cechy biologiczne i uzytkowe wybranych hybrydowych odmian winorosli.
mgr inz. Barbara Kowalczyk

Katedra Ogrodnictwa, Wydziat Biotechnologii i Ogrodnictwa,
Uniwersytet Rolniczy im. H. Koltlgtaja w Krakowie

Odmiany hybrydowe winorosli, ze wzgledu na wigkszg tolerancj¢ niskich temperatur,
uprawiane s3 w strefie klimatu zimnego, do ktoérego zakwalifikowana jest takze Polska.
W badaniach przeanalizowano trzy etapy zwigzane z cechami biologicznymi i uzytkowymi
hybrydowych odmian winoro$li.

Przeanalizowano wptyw pieciu podktadek na jakos¢ i wielkos¢ plonu trzech odmian
hybrydowych winoro$li. W wynikach odnotowano brak wplywu podktadek na wielko$¢ plonu,
natomiast znaczaco poprawily jego jako$¢. Zastosowana podkladka moze zmienié
W zaszczepionej na niej odmianie parametry fizykochemiczne jagod tj. zawartos¢ ekstraktu
i kwasowos$¢. Wybor podktadki moze takze podkresli¢ lub zniwelowa¢ wptyw mikroklimatu
na cechy fizykochemiczne uzyskanego plonu.

W kolejnym etapie badano biologie kwitnienia, zapylenia i zawigzania owocOw i nasion
wybranych jedenastu odmian hybrydowych winoro$li. Wykazano réznice w budowie kwiatéw
odmian hybrydowych w poréwnaniu do kwiatow winorosli wiasciwej, w szczegdlnosci
w odniesieniu do liczby pylnikow i ptatkow korony. Stwierdzono rowniez, ze liczba pytku
w kwiecie jest zalezna od odmiany i1 sezonu wegetatywnego oraz moze podlega¢ duzym
wahaniom.

W trzecim etapie dotyczacym wykorzystania owocoéw odmian hybrydowych
analizowano, jak metoda produkcji win stomkowych wpltywa na zawartos¢ wybranych
zwiazkéw bioaktywnych. Wyprodukowane trzema réznymi metodami wina stomkowe,
poréwnano pod wzgledem fizyko-chemicznym. Dzigki wynikom okreslono optymalng metodg
produkcji pod wzgledem zwigzkéw bioaktywnych tj. metodg produkeji dla win typu passito
z dodatkowa maceracja winogron. Przeprowadzona analiza sensoryczna tych win réwniez
potwierdzita, ze dzigki tej metodzie wyprodukowane wino, byto najbardziej zbalansowane
w poréwnaniu do pozostatych. Badanie to pokazato, ze w Polsce produkcja win typu passito
z hybrydowych odmian winoro$li, jest alternatywa dla tradycyjnego procesu produkcji
1 z powodzeniem moze by¢ wykorzystywana w chtodnym klimacie.

Stowa kluczowe: podktadka, kwitnienie, jako$¢ pytku, liczba pytku, polifenole, wino stomkowe
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3. Summary

Biological and functional traits of selected hybrid grape cultivars
mgr inz. Barbara Kowalczyk

Department of Horticulture, Faculty of Biotechnology and Horticulture,
University of Agriculture in Krakéw

Hybrid grapevine cultivars, due to their higher tolerance for low temperatures, can be
grown in the cold climate zone, which includes Poland. The research concerned the three stages
of grapevine growth and fruiting related to the biological and functional features of hybrid
grapevine cultivars.

Firstly, the effect of five rootstocks on the quality and yield of three hybrid grapevine
cultivars was analyzed. The results showed that rootstocks had no effect on yield, while they
significantly improved yield quality. The used rootstock can change the physicochemical
parameters of berries i.e. soluble solids content and acidity of the cultivar grafted on it. The
choice of rootstock can also enhance or eliminate the influence of microclimate on
physicochemical characteristics of the obtained yield.

In the next stage, the biology of flowering, pollination and setting of fruit and seeds of
selected eleven hybrid grape cultivars was studied. The differences in the flower structure of
hybrid cultivars in comparison to flowers of grapevine proper were demonstrated with respect
to the number of anthers and corolla petals, in particular. It was also found that the number of
pollen in the flower depends on the cultivar and growing season and can fluctuate widely.

In the third stage of studies concerning the use of fruit of hybrid varieties, it was
analyzed how the method of producing straw wines influences the content of selected bioactive
compounds. The straw wines were produced by three different methods, and were compared in
terms of physicochemical aspects. Based on the results obtained, the optimum production
method in terms of bioactive compounds was determined, i.e. the production method for passito
type wines with additional maceration of grapes. Sensory analysis of these wines also confirmed
that thanks to this method the produced wine was the most balanced compared to the others.
This study showed that in Poland, the production of passito-type wines from hybrid grape
varieties is an alternative to the traditional production process and can be successfully used in
cold climates.

Keywords: rootstock, flowering, pollen quality, pollen number, polyphenols, straw wine
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4. Wstep

Winoro$l wlasciwa ‘Vitis vinifera’ L. jest waznym gospodarczo gatunkiem uprawianym
w wielu krajach na $wiecie. W ponad 90 krajach powierzchnia uprawy wynosi okoto 8 min
hektaréw, a roczna globalna produkcja wynosi okoto 67 mln ton owocéw, z czego 12 panstw
reprezentuje 80% catej produkcji na $wiecie. Winogrona sa spozywane na $§wiezo i suszone,
przetwarzane sg na wino 1 inne napoje fermentowane, uzywane jako niesfermentowany sok
i koncentrat. Wino jest jednak najwazniejszym zastosowaniem winogron zaréwno pod
wzgledem tonazu, jak i obszaru produkcji (Reisch et al., 2012).

Udomowienie winoro$li sigga czasow prehistorycznych. Produkty powstate z ‘Vitis
vinifera’ wpisywaly si¢ w zycie codzienne, ale takze w zwiazki kulturowe czy religijne (Censi
etal., 2014).

W drugiej potowie XIX wieku przypadkowo sprowadzona z Ameryki Pétnocnej mszyca
filoksera winiec ‘Phylloxera vastatrix’, zdziesiatkowata europejskie winnice, a pdzniej takze
winnice na innych kontynentach. Takze inne choroby ne¢katy winnice jakie jak mgczniak
prawdziwy ‘Erysiphe necator’, maczniak rzekomy ‘Plasmospora viticola’ i czarna zgnilizna
Guignaria bidwellii. Odbudowa upraw winorosli, po innych nieudanych probach, oparta si¢ na
metodzie szczepienia szlachetnych odmian ‘Vitis vinifera’ na odpornych na filoksere
podktadkach autochtonicznych gatunkow potnocnoamerykanskich. Poczatkowo byty to “Vitis
riparia’, ‘Vitis rupestris’, pdzniej takze ‘Vitis labrusca’i ‘Vitis berlandieri’ (Mijowska et al.,
2017; Ollat et al., 2016; Reisch et al., 2012; Vrsi€ et al., 2015). Zwrdcono wowczas tez uwage
na inne cechy, mozliwe do uzyskania dzigki stosowaniu podktadek, takie jak np.
przystosowanie winoro$li do warunkow glebowych i klimatycznych (Ferlito et al., 2020;
Hoover et al., 2004; Walker and Clingeleffer, 2009; Zhang et al., 2016). Badania wykazaty
takze, ze oddzialywanie podkladki na ro$ling moze wptywaé na pobieranie sktadnikow
pokarmowych z gleby, a tym samym na wzrost roslin, dlugo$¢ okresu wegetacji, wielko$¢
plonu. Wszytko to przektada si¢ na cechy jakosciowe owocoéw i w efekcie koncowym na jakos¢
uzyskanych z nich produktéw i co za tym idzie: stwarza to mozliwo$¢ sterowania rosling
w celu osiggnigcia zatozonych cech produktu koncowego (da Silva et al., 2019; Walker and
Clingeleffer, 2009).

Winogrona ‘Vitis vinifera’ zazwyczaj uprawia si¢ w regionach o odpowiednich
warunkach dla wegetacji, czyli w zakresie od 30°N do 50°N oraz od okoto 30°S do 40°S (Fig.1).
Oczywiscie praktyki uprawy winoros$li pozwalaja na upraw¢ poza nig, chociazby przez
stosowanie odmian odpornych na niskie temperatury nawet do -35°C lub czesciej odmian
hybrydowych.

10
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Fig. 1. Obszary uprawy winorosli wiasciwej ‘Vitis vinifera’. ( http://viniculture.pl/wino/regiony-
winiarskie-na-swiecie/)

‘Vitis vinifera’ w chlodniejszych krajach ma niewielkie szanse na rozw6j 1 prawidlowa
plennos$¢, dlatego tez, zdecydowano si¢ na krzyzowanie ré6znych odmian z gatunku winoros$li
wlasciwej, czyli 'Vitis vinifera’ z odmianami innych gatunkow, jak na przyktad amerykanska
Vitis labrusca i Vitis rupestris, lub dalekowschodniq Vitis amurensis. Hybrydyzacja winorosli
rozpoczeta sie¢ w XIX wieku w Stanach Zjednoczonych (Teissedre, 2018). P6zniej powstato
kilka programow realizowanych juz na catym $wiecie, gdzie uzyskano przede wszystkich
odpornos$¢ na choroby i szkodniki, ale takze taka ceche jak odporno$¢ na niskie temperatury.
Hybrydy jednak nadal sg Zle postrzegane przez winiarzy, poniewaz zbyt duzo niepozadanych
cech sensorycznych dziedzicza po gatunkach amerykanskich czy azjatyckich. Sg to m.in. zbyt
wysoka kwasowo$¢, mata ilo$¢ cukrow, tanin, nadmiernie ziolowe lub inne, niepozadane
aromaty. Z tego wzgledu, tylko niewielka liczba odmian hybrydowych winorosli jest w krajach
europejskich dozwolona do produkcji win (Council of the European Union, 2008). By¢ moze
wprowadzane coraz szerzej ograniczenia zuzycia pestycydow w ramach ekologicznych
programow, ktore stato si¢ podstawowym spotecznym zadaniem (Barnaba et al., 2017
Montaigne et al., 2016; Teissedre, 2018), zwroci uwage winiarzy w kierunku odporniejszych
na choroby hybryd winorosli. Tym bardziej, ze w literaturze mozna znalez¢ doniesienia poparte
badaniami genetycznymi, ktoére dowodza, iz obecne odmiany ‘Vitis vinifera’ to w wigkszosci
krzyzowki z dzikimi gatunkami europejskimi Vitis silvestris (Migicovsky et al., 2016).

W Polsce winoro$l pojawita si¢ razem z nastaniem chrze$cijanstwa i do potowy
XVII w. byta uprawiana z r6znym efektem. Silne ochtodzenie klimatu, rozwijajacy si¢ eksport
win wegierskich oraz liczne wojny, skutecznie zniechecity polskich ogrodnikéw do kontynuacji
wymagajacej uprawy ‘Vitis vinifera’ (Kapusta et al., 2018; Mysliwiec et al., 2018). W latach
80 XX wieku w okolicach Jasta powstala winnica, ktora przede wszystkim uwzgledniata
realizacj¢ programu przydatno$ci réznych odmian winoros$li do polskich warunkow
klimatycznych. Dzigki ich do§wiadczeniu zaczeto powoli odbudowywaé¢ w naszym kraju areat
winnic. Obecnie w Polsce mamy ponad 400 winnic, na okoto 500 hektarach. W stosunku do
krajow europejskich jest to bardzo mala liczba. Nadal duza przeszkoda w rozwoju upraw w
Polsce 1 konkurowaniu z innymi krajami winiarskimi, majagcymi duzo wigksze tradycje
winiarskie, jest wysoki koszt produkcji win.

W wigkszos$ci, w winnicach polskich kroluja odmiany hybrydowe winoroéli, a jedynie
w winnicach potozonych w cieplejszych rejonach, winogrodnicy ryzykuja nasadzenia

11
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winorosla wlasciwa ‘Vitis vinifera’. Najwigkszy jednak rozwoj upraw, mozna obserwowac
w potudniowo-wschodniej Polsce, ktory jest efektem zaréwno globalnego ocieplenia, zmian
kulturowych wynikajacych z przystapienia do Unii Europejskiej, jak i dywersyfikacji upraw
sadowniczych oraz poszukiwania alternatywnych zrodet dochodéw (Kapusta et al., 2018).

Pomimo licznych badan na temat kwitnienia ‘Vitis vinifera’ pod wptywem czynnikéw
srodowiskowych i kulturowych, proces ten pozostaje stabo poznany (Boss et al., 2003; Carmo
Vasconcelos et al., 2009; Garcia-Breijo et al., 2020; Heazlewood et al., 2005; Heazlewood and
Wilson, 2004; Kimura et al., 1998; Lebon et al., 2008; Meneghetti, 2006; Panchenko et al.,
1975; Pratt, 1971; Sabir et al., 2020; Sabir and Kucukbasmaci, 2020). Badania wskazuja, ze
winogrona maja dos¢ ztozong biologie zapylania, brakuje natomiast doniesien na ten temat dla
odmian hybrydowych. Kwitnienie winorosli, szczegdlnie w chtodnym klimacie, wykazuje duze
sezonowe zroznicowanie. Wigze si¢ to przede wszystkim z interakcja migdzy genotypem
rosliny, srodowiskiem i praktykami jej uprawy. Na jako$ pyltku sktadaja si¢ takie cechy jak:
zywotnos¢ pytku, zdolnosé kietkowania oraz wzrost tagiewki pytkowej. Cechy te wptywaja na
wielko$¢ i jakos¢ produkcji winogron. Sam proces zapylenia moze odbywaé si¢ przez
samozapylenie lub zapylenie krzyzowe, dla niektorych odmian niezbedne ze wzgledu na
budowg¢ kwiatow.

W ostatnich latach zwigkszyto si¢ zainteresowanie zywnoscia funkcjonalna, czyli taka,
ktora oprocz waloréw smakowych i odzywczych, ma takze dziatanie prozdrowotne i jest
naturalng alternatywa dla sztucznych substytutow. Wykorzystujac nasza dotychczasowsa
wiedz¢, mozemy znalez¢ 1 opracowac substancje, ktore beda wspomagaé nasz system
antyoksydacyjny organizmu. Kierunkiem najbardziej pozadanym jest pozyskiwanie roslinnych
metabolitow (Cybul and Nowak, 2008).

Wino zostalo docenione przez wspotczesne nauki medyczne jako jeden z produktow
prozdrowotnych 1 jedno z najwazniejszych zrodel pod wzgledem ilosci przeciwutleniaczy,
ktorymi w winie sg przede wszystkim zwiazki fenolowe (Martin and Rasmussen, 2011). Oprocz
dzialania przeciwutleniajgcego, maja takze dzialanie przeciwdrobnoustrojowe oraz
kardioprotekcyjne. Wykazano dzialanie ochronne przeciwutleniaczy biologicznych
m.in. w stosunku do raka, chorob serca, miazdzycy, cukrzycy, reumatoidalnego zapalenia
stawow, choroby Parkinsona i Alzheimera (Cory et al., 2018; Di Lorenzo et al., 2021).
Pozytywne wilasciwosci polifenoli, jak rowniez rosngce obawy, iz syntetyczne polifenole moga
mie¢ niepozadane skutki uboczne dla naszego zdrowia, spowodowaly zwigkszenie ich rangi
(Hooper and Frazier, 2012; Mazzanti et al., 2015). Calkowita zawarto$¢ zwigzkow fenolowych
w biatym winie wynosi od 100 do 400 m/l. W winach r6zowych od 400 do 800 mg/1, a w winach
czerwonych wynoszg one od 1000 do 2000 mg/1 (Kennedy, 2008).

Polskie wina gronowe sg 1 beda w najblizszej przysztosci produktem niszowym, dlatego
tez przede wszystkim winiarze powinni skupia¢ si¢ na osiggni¢ciu jak najlepszej jakosci win
regionalnych. W warunkach klimatycznych Polski, winogrona w peini dojrzale osiagaja
poziom cukru w granicach 17-23%. Efektem tego jest niska zawarto$¢ alkoholu w winach
i wysoka kwasowos$¢, a takze niski poziom zwigzkéw polifenolowych. W winach
produkowanych z winogron uprawianych w potudniowej Polsce, w badaniach wykazano
poziom polifenoli srednio: w winach czerwonych 1210,4mg/L a w winach biatych 96,42 mg/L
(Kapusta et al., 2018; Lisek, 2008). Wzrost antyoksydantoéw mozemy osiggna¢ przez maceracje
lub fermentacje moszczu winogronowego razem ze skorkami 1 pestkami.
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W  przypadku technologii produkcji win czerwonych maceracja jest norma,
w przeciwienstwie do win biatych, gdzie fermentowany jest czysty moszcz zaraz po ttoczeniu.
Rownoczesne zwigkszenie zawarto$ci cukrow oraz polifenoli mozna uzyskaé poprzez
produkcj¢ win technologiami specjalnymi tj. np. metodami passito, Tokajska czy win
lodowych. Metody te w Polsce s mato znane, natomiast na $wiecie, szczegdlnie w Europie
potudniowej, ciesza si¢ duza popularnoscig. We Wtoszech, wino w stylu passito ma 10%
udziatu w rynku win i jest produkowane w 17 regionach. Korzystajac ze sprawdzonych metod
produkcji lub dostosowujac ja do polskich warunkéw, mozna uzyska¢ zmiang stabych
parametrow biochemicznych, w tym zwigkszenie zawarto$ci zwigzkow fenolowych
Kilkukrotnie.

Hybrydowe odmiany winorosli zyskuja coraz wicksza popularnos¢ w krajach klimatu
chtodnego. Agrotechnika i przeznaczenie tych odmian jest analogiczna do odmian ‘Vitis
vinifera”, jednakze szczepy hybrydowe cechuje szereg r6znic anatomicznych
i agrotechnicznych w poréwnaniu do ‘Vitis vinifera’. W zwiazku z tym podj¢to badania
dotyczace biologicznych 1 uzytkowych hybrydowych odmian winoro$li.

5. Hipoteza badawcza i cel pracy

Po przeprowadzeniu analizy danych literaturowych postawiono trzy hipotezy dotyczace
wykorzystania odmian hybrydowych w uprawie winorosli.

1. Zastosowanie réznych podktadek dla odmian winorosli hybrydowych ma wptyw na
wzrost roslin, plonowanie i jako§¢ owocow.

2. Odmiany winoros$li réznig si¢ od siebie pod wzgledem heterogenicznosci liczby
pylnikow, jakosci pytku, liczby i jakosci pytku w kwiecie.

3. Metoda produkcji win z podsuszanych winogron wplywa na wzrost substancji
biologicznie aktywnych w winie.

Odmiany hybrydowe, przewyzszajac w niektorych aspektach winoro§l wiasciwa
‘Vitis vinifera’ np. w aspekcie ekonomicznym, powinny by¢ bardziej rozpropagowane, nie
tylko w krajach klimatu zimnego. Co wigcej, wykorzystujac techniki produkcji win metodami
specjalnymi, ktore sg stosowane na catym $wiecie, mozna bedzie tworzy¢ wina o niezwyktych
warto$ciach prozdrowotnych.

Celem pracy bylo okre§lenie najwazniejszych cech biologicznych wybranych
hybrydowych odmian winoro$li: wzrost roslin, biologia kwitnienia, plonowanie, jako$¢
owocow, oraz ocena wptywu produkcji win z podsuszanych winogron na zawarto$¢ wybranych
substancji biologicznie aktywnych.

Szczegotowo:
» w doswiadczeniu oceniano trzy odmiany, z ktorych kazda byta zaszczepiona na pigciu
podktadkach,
» przeprowadzono ocen¢ biometryczng krzewow 0raz parametry uzytkowe owocow,
» przeprowadzono analize¢ roznic w budowie kwiatow pomiedzy jedenastoma
hybrydowymi odmianami winorosli,
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» 0ceniono zapylenie oraz zawigzywanie OwocOw i nasion,
» wprowadzono metody produkcji win zwigkszajace koncentracj¢ moszczu i tym samym
zwigzkéw w nim zawartych,
» okreslono wybrane cechy uzytkowe i wartosci prozdrowotne win z podsuszanych
winogron,
» przeprowadzono analize organoleptyczng win z podsuszanych winogron.
Zaplanowane i zrealizowane zadania badawcze przedstawiono w tabeli 1.

Tabela 1. Badane czynniki i cele badawcze przeprowadzonych eksperymentow w publikacjach
wchodzacych w sktad pracy doktorskie;.

Etapy Badany czynnik Pomiary
Wzrost roslin Wplyw podktadki na: | - biometria krzewow
- morfologi¢ winorosli | - zawigzywanie
1 - jako$¢ owocow kwiatostanow
- plon winorosli
- parametry chemiczne
soku z jagod
= Kwitnienie - biologia kwitnienia | - biometria kwiatow
S - wydajnos¢ zapylania | - liczbe i jako$¢ ziaren
_SZ‘JS pytku w kwiatach
é 2 - zapylanie i przerastanie
a tagiewki pytkowej przez
szyjke stupka
- jako$¢ owocow
Owocowanie - cechy chemiczne - cechy fizykochemiczne win
3 i enologiczne win - cechy organoleptyczne win
z podsuszanych
winogron

6. Materialy i metody

6.1 Material roslinny

Do badan przeprowadzonych w publikacji 1 w 2013 roku, w winnicy Uniwersytetu
Rolniczego w Krakowie ,,Garlicki Lamus” w Garlicy Murowanej, posadzono trzy odmiany
hybrydowe winorosli ‘Solaris’, ‘Seyval Blanc’ i ‘Johanniter’ zaszczepionych na pigciu
podktadkach 125AA, SBB, SO4, 5BB i Bérner. Materiat roslinny pobrano w 2016 i 2018 roku.
W roku 2017 wiosenne przymrozki uszkodzity kwiaty, eliminujac sezon z badan.

Do badan przeprowadzonych w publikacji 2 wykorzystano kwiaty i owoce winoros$li
pochodzace z winnicy Uniwersytetu Rolniczego w Krakowie ,,Garlicki Lamus”. Materiat
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pobrano w 2018 i 2019 roku z dwunastoletnich krzewéw odmian hybrydowych winoro$li:
‘Aurora’, ‘Bianca’, ‘Hibernal’, ‘Jutrzenka’, ‘Leon Millot’, ‘Marechal Foch’, ‘Muscat
Odesskij’, ‘Regent’, ‘Rondo’, ‘Seyval Blanc’ oraz ‘Solaris’.

Do badan przeprowadzonych w publikacji 3 wykorzystano wina z podsuszanych
winogron hybrydowej odmiany ‘Hibernal’, pochodzacych z winnicy Uniwersytetu Rolniczego
w Krakowie ,,Garlicki Lamus”. Trzy wina wykonano trzema r6znymi metodami opisanymi
w publikacji.

6.2 Stosowane metody

W tabeli 2 przedstawiono wykaz stosowanych w badaniach metod. Szczegdétowy opis
metod stosowanych w badaniach znajduje si¢ w publikacjach wchodzacych w sktad rozprawy
doktorskiej.

Tabela 2. Wykaz stosowanych metod przeprowadzonych eksperymentéw w publikacjach wchodzacych
w sktad pracy doktorskiej

Analizowane Metoda

parametry

przyrost pola powierzchni przekroju podstawy pnia
(ITCSA) [cm?]

Biometria k )
FEEWOW T dtugosé pedow [cm]

masa gron w 5 stopniowej skali [gr]

Zawigzywanie

Publikacja nr

kwiatostanow

liczba kwiatostanow [Szt.]

Plon winorosli

masa plonu i $redniej masa grona [gr]

Cechy
fizykochemiczne
OWOCOW

pH - pehametr Janway 3020

TA - miareczkowanie kwasowo-zasadowe [g/L]

TSS — refraktometr [°Brix]

TSS/ITA — wskaznik dojrzatosci zbiorczej

Biometria kwiatow

liczba pylnikow [szt.]

liczba zalazkéw w zalgzni- mikroskop steroskopowy
Carl Zeiss Discovery [szt.]

receptywno$¢ znamienia — mikroskop steroskopowy
Carl Zeiss Discovery 2.0 (Dafni et al., 2005; Dafni and
Maués, 1998)

liczba ziaren w pylniku — mikroskop Carl Zeiss Image
M2 AXIO przy dziesigciokrotnym powigkszeniu w
$wietle biatym (Dziedzic et al., 2019) [szt.]

Jakos¢ i liczba ziaren
pytku w kwiatach

wielko$¢ ziaren pytku - oprogramowanie Axio vs. 40V
[um]
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zywotnos$¢ ziaren pytku — metoda barwienia Alexandra
(Alexander, 1969) [%]

Zapylenie znamion i barwienie bi¢kitem anilinowym kalozy zawartej
przerastanie tagiewki | obecnej w ziarnach pytku i tagiewce pytkowe;j,
pytkowej przez szyjke¢ | mikroskop fluorescencyjny Carl Zeiss Image M2 Axio

stupka (Bieniasz et al., 2017)
Parametry jakos$ci biometria jagdd — masa, dtugos$¢ i szerokosc¢ jagod,
OWOCOW liczba nasion 1 powierzchnia kulisto$ci jagod

podstawowe parametry chemiczne

- pH - pehametr Janway 3020

- TA - miareczkowanie kwasowo-zasadowe [g/L]
- TSS —refraktometr [°Brix]

zawartos$¢ etanolu — metoda referencyjna [%]

profil kwasowy —izotachoforeza kapilarna (Farkas and
Parametry Koval, 1982) [g/L]

fizykochemiczne win calkowita zawartos$¢ fenoli, zdolnos¢

2 przeciwutleniajaca (test FRAP i CUPRAC) i1 zdolnos¢
do usuwania wolnych rodnikoéw — metoda
spektrofotometryczna (Apak et al., 2007; Benzie and
Strain, 1996; Brand-Williams et al., 1995; Defouquette
et al., 2001; Sanchez-Rangel et al., 2013; Singleton et
al., 1999) [g/L]

analiza polifenoli — metoda wysokosprawnej
chromatografii cieczowej (HPLC) [g/L]

Parametry ocena w oparciu o materiaty The Wine & Spirit

organoleptyczne win Education Trust (WSET).

7. Omowienie uzyskanych wynikow

7.1Publikacja 1

Kowalczyk B., Bieniasz M., Btaszczyk J., Banach P. 2022. The effect of rootstocks
on the growth, yield and fruit quality of hybrid grape varieties in cold climate conditions.
Horticultural Science. 58/2021. https://doi.org/10.17221/58/2021-HORTSCI

Wykorzystanie podktadek u uprawie winorosli stosowane jest na szerokg skale od XIX
wieku. Rozpoczeto ten proces w celu ochrony winorosli przed filoksera, ale znalazto to rowniez
zastosowanie w przystosowaniu winorosli do istniejacych warunkéw biotycznych
1 abiotycznych. W badaniu skupiono si¢ na wptywie pieciu podktadek 125A A, 5BB, SO4, 5SBB
i Bérner na wzrost ro$lin, plonowanie i jako$¢ owocow, trzech odmian hybrydowych winoro$li
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‘Solaris’, ‘Seyval Blanc’ i ‘Johanniter’ w warunkach klimatu chtodnego. Wykonano pomiary
biometryczne winoro$li i chemiczne moszczu. Z analiz biometrycznych analizowano przyrost
powierzchni przekroju pnia (ITCSA), przyrost pedow, liczbe kwiatostandéw na winorosli, plon
ogollny, s$rednig mas¢ kisci oraz parametry chemiczne, takie jak catkowita zawarto$¢
rozpuszczalnej substancji stalej (TSS) 1 kwasowos¢ miareczkowa winogron (TA). Mase gron
poszczegblnych odmian oceniano rowniez w pigciu kategoriach wagowych (0-700 g).

Dla odmiany Solaris w analizie ITSCA stwierdzono, ze najbardziej stymulujaca
przyrost pola powierzchni przekroju podstawy pnia jest podkladka Bérner (281.8mm?).
Ta sama podktadka w pierwszym roku obserwacji zmniejszyta (91.0g) a w drugim roku
zwigkszyla §rednig mase¢ grona (127.99). W pozostalych parametrach biometrycznych roéznice
nie wystapity, badz byly nieznaczne. W analizach chemicznych rowniez podktadka Bérner
miata najwigkszy wpltyw na poprawg¢ parametrow jakosciowych, w obu latach TSS (25.2°B,
23.3°B) i w drugim roku TA (6.8g/L).

Dla odmiany Seyval Blanc podktadka 5SBB miata wptyw na najwickszy przyrost ITCSA
(226.6mm?), zmniejszyt sie $redni przyrost pedow (91cm), natomiast zwickszyta sie $rednia
liczba kwiatostanow (31.7szt/win.). Zauwazono takze pozytywny wplyw tej podktadki na
poprawe jakosci owocow, W obu latach zwickszylta si¢ zawartos¢ TSS (20.8°B 1 19.5°B) jak
réwniez obnizyla si¢ kwasowos$¢ moszczu (26.6 1 7.5g/L) i tym samym stosunek TSS/TA (3.15
1 2.60).

W odmianie Johanniter, podobnie jak w odmianie Solaris, podktadka Borner
pozytywnie wptyneta na parametry biometryczne i na parametry chemiczne. Zwigkszyt si¢
przyrost ITCSA (140.6mm?) i zanotowano mniejszy $redni przyrost pedow (80.0cm).
W stosunku do innych podktadek TSS w drugim roku zwigkszyt si¢ (20.1g/L), przy wyzszej
zawarto$ci TA (9.0g/L) co spowodowato rownoczesnie obnizenie stosunku TSS/TA (2.24).
Wyzsze wartosci TSS/TA zanotowano dla podktadek R101-14M, 5BB i SO4 (2.62, 2.64
I 2.56). W do$wiadczeniu grona w plonie podzielono na pig¢ klas wielkosci dla kazdej
z kombinacji. Nie odnotowano wptywu podktadki na zréznicowanie masy w udziale w klasach,
natomiast widoczna jest prawidtowos$¢ rozktadu masy gron dla kazdej z odmian. Dla odmiany
Solaris masa grona byta w zakresie od 60 do 200g, w odmianie Johanniter od 100 do 200g,
w odmianie Seyval Blanc od 200 do 300 g.

7.2 Publikacja 2

Kowalczyk B., Bieniasz M., Kostecka-Gugata. 2022. Flowering Biology of Selected Hybrid
Grape Cultivars under Temperate Climate Conditions. Agriculture (Switzerland) 12(5): 1-18
nr 655

Kwitnienie jest kluczowym procesem, wplywajagcym na jako$¢ plonu, w uprawie
wszystkich gatunkow owocowych, w tym winoro$li. W dos§wiadczeniu skupiono si¢ na analizie
biologii kwitnienia i zapylenia wybranych jedenastu hybrydowych odmian winorosli.
Analizowano parametry biometryczne i1 jako$¢ kwiatow, jako$¢ 1 liczbe ziaren pylku
w kwiatach, oceniono zapylanie i przerost tagiewki pytkowej przez szyjke¢ stupka, oraz
oceniono jako$¢ owocow.

17



18:9305847922

Rozprawa doktorska

W analizie liczby pylnikow wykazano, ze wickszo$¢ odmian hybrydowych, podobnie
jak “Vitis vinifera’, ma 5-krotng struktur¢ kwiatow (5 pylnikéw i pie¢ ptatkow), natomiast
odnotowano zr6znicowanie pomi¢dzy odmianami i sezonami, Najwicksze w odmianie ‘Seyval
Blanc’, gdzie stwierdzono od 4 do 11 pylnikow w kwiecie. Najwicksza Srednig liczbe pylnikow
w obu latach do$§wiadczenia miata odmiana ‘Solaris’ (6.0, 5.9). Analizujac liczbe zalgzkow
w zalgzni zaobserwowano od 3 do 7 zalazkow, gdzie statystycznie najwigcksza liczbe miata
odmiana 'Solaris' (6.1), a najmniej 'Jutrzenka' (4.3) i 'Marechal Foch' (4.2). Receptywnos$é¢
znamienia przedstawiono w czterech etapach rozwoju i nie stwierdzono istotnych réznic
pomi¢dzy odmianami. Obliczono liczbe pytku w pylniku i w kwiecie, ktore byly bardzo
zréznicowane w zalezno$ci od odmiany oraz warunkdw pogodowych podczas
mikrosporogenezy.

Najmniejsza $rednig z dwoch lat liczbg pytku w pylniku jak i w kwiecie
charakteryzowata si¢ odmiana ‘Hibernal’ (1410.6, 7054.9) a najwickszg odmiana ‘Solaris’
(5979.7, 34950.9). Wielkos¢ pytku podzielono na dwie gltdwne grupy: ponizej i powyzej
20 um. W grupie odmian powyzej 20 um znalazty si¢ tylko cztery odmiany: ‘Aurora’ (21.3,
21.3), ‘Bianka’ (22.2, 22.2), ‘Leon Millot’ (21.6, 21.8) i ‘Muscat Odeskij’ (20.5, 20.5).
Nastepnym badanym parametrem byta zywotnos¢ pytku, ktéra réznita si¢ w zaleznosci od roku
i odmiany. Odmiana 'Muscat Odesskij' charakteryzowata si¢ niskg zywotno$cig pytku w 2018
roku (25.5%), natomiast odmiany 'Bianka’, 'Aurora’, 'Rondo’ i 'Solaris' zaliczono do grupy
o wysokiej zywotnosci pytku (89.5%, 78.0%, 81.5%, 84.0%). W 2019 odmiana 'Seyval Blanc'
nalezata do grupy o niskiej zywotnos$ci pytku (37.0%), a odmiany 'Regent’ i ‘Aurora’ do grupy
o bardzo wysokiej zywotnosci pytku (91.7%, 93.3%).

W ocenie zapylenia obliczono liczbe kietkujacych ziaren pytku na znamig oraz liczbe
fagiewek pytkowych u podstawy stupka. Statystycznie najwigcej kietkujacych ziaren pytku
bylo w odmianach 'Solaris' (43.5%), 'Marechal Foch' (40.5%), 'Aurora’ (40.8%), 'Bianca’
(40.9%) i 'Muscat Odesskij' (32.2%). Najmniej kietkujacych na znamig¢ ziaren pytku
odnotowano dla odmian 'Hibernal' (0.8%) i 'Leon Millot' (1.7%). W ocenie liczby tagiewek
u podstawy stupka najmniej odnotowano dla odmian ‘Hibernal® (0.1), ,Seyval Blanc’ (1.3),
‘Leon Millot’ (1.7), ‘Rondo’ (0.3) i ‘Jutrzenka’ (2.1) , a najwiecej zaobserwowano dla odmian
‘Aurora’ (30.1), 'Bianca' (24.2) i 'Solaris' (21,7).

W doswiadczeniu oceniono takze jako$s¢ owocow. Wielko$¢ jagod 1 ich ksztalt
w omawianych odmianach zalezy od odmiany a masa winogron zazwyczaj jest zalezna od
liczby nasion. Odmiana ‘Regent’ miata jedna z najnizszych zanotowanych mas jagod (1.69),
najmniejsza wielko$é (1.8cm?), najmniejsza liczbe nasion (1.6) i najwyzszy procent jagdd
z jednym nasionem (50%). Odnotowano natomiast odstepstwo dla odmiany ‘Solaris’:
statystycznie jagody mialy najwyzsza $rednig liczbe nasion, najwigkszy procent jagod
z 4 nasionami (45%), natomiast nie spowodowato to zwigkszenia masy (1.99) i wielkosci jagdd
(2.0cm?). Odmiany o najwigkszej powierzchni kuli w niniejszym eksperymencie to 'Seyval
Blanc' (2.2 cm?), ‘Bianca’ (2.2 cm?) i ‘Marechal Foch’ (2.1 cm?), a najnizszej ‘Regent’ (1.8cm?)
i ‘Leon Millot’ (1.8 cm?).
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7.3Publikacja 3

Kowalczyk B.A., Bieniasz M., Kostecka-Gugata. 2022. The Content of Selected Bioactive
Compounds in Wines Produced from Dehydrated Grapes of the Hybrid Variety ‘Hibernal’
as a Factor Determining the Method of Producing Straw Wines. Foods 11(7): 1-14

W trzeciej publikacji analizowano, jak metoda produkcji wina z podsuszanych
winogron z hybrydowej odmiany ‘Hibernal”, wptywa na zawarto$¢ zwigzkéw bioaktywnych
w nich zawartych. Wprowadzono metody produkcji win zwiekszajgce koncentracje moszczu.
W pierwszym etapie podsuszono dojrzate winogrona, nast¢pnie wykonano trzy wina, trzema
r6znymi metodami: wino A - metodg passito, wino B — zmodyfikowang przez autoréw metoda
passito i wino C - metodg Tokajska. Nastepnie dokonano analizy, podstawowych dla win,
parametrow chemicznych.

Poziom pH analizowanych win ro6znit si¢ pomiedzy sobg i nie byt Scisle skorelowany
z kwasowoscig miareczkowa win. Najnizsze pH zanotowano dla wina C (3.1) przy $redniej
kwasowosci miareczkowej TA (8.950/L) a najwyzsze pH dla wina A (3.91) przy najnizszym
TA (8.18g/L). Zawarto$¢ ekstraktu wykazata podobng tendencje do pH wina: wina A i B
zakwalifikowano do win bardzo stodkich powyzej 150g/1 (182 1 159g/L) z zawarto$cig etanolu
18%, a wino C do win stodkich tj. w zakresie od 60 do 90g/L (69g/L) i 15% alkoholu.
Wykonano takze analize zawartosci gldownych kwasow organicznych metodg izotachoforezy.
W doswiadczeniu prébka B miata najwyzsza zawarto$¢ kwasu winowego (4.61g/L),
jablkowego (2.99g/L), bursztynowego (2.40g/L), a takze kwasu cytrynowego (0.55g/L).
W winie C oznaczono najmniejsze zawarto$ci kwaséw winowego (2.27g/L), cytrynowego
(0.28g/L), jabtkowego (1.25g/L), bursztynowego (0.57g/L) i octowego (0.19g/L). Kwas
octowy nie jest pozadany w winie, ale wysoka zawarto§¢ winie A 1.50 g/L miesci si¢
w granicach dla win z odwodnianych winogron.

W winach analizowano takze catkowitg zawarto$¢ polifenoli, testy okreslajace zdolnosé
przeciwutleniajagcg win 1 zdolno§¢ do usuwania wolnych rodnikow metoda
spektrofotometryczng. Najwyzsze wartosci uzyskalo wino B, najnizsza wino C. Sklad
polifenolowy probek wina analizowano za pomocg wysokosprawnej chromatografii cieczowe]
(HPLC). Tu rowniez najwyzsze wartosci uzyskato wino B poza stylbenem (trans -resweratrol),
ktorego nie wykryto w probce, natomiast wystapit w pozostalych dwoch. Polifenole
zidentyfikowano jako flawonole ((+)katechina 64.29mg/L, kwercetyna 0.32g/L), kwasy
hydroksybenzoesowe (kwas wanilinowy 2.83mg/L i kwas syryngowy 2.25¢/L), kwasy
hydroksycynamonowe (kwas p-kumarowy 3.00g/L, kwas kawowy 7.10g/L, kwas
chlorogenowy 0.57g/L, kwas ferulowy 2.68g/L, kwas trans-cynamonowy 0.43g/L).

Wykonano takze analize¢ organoleptyczng win przez grupe 30 respondentow, w ktorej
oceniono ich wyglad, aromat, smak i jako$s¢. Wina A i B zostaly ocenione jako wina
o intensywnie bursztynowej barwie, petnym smaku 1 dlugim finiszu. Zaréwno pod wzgledem
aromatu, jak i smaku dominowaly smaki okreslane jako typowe dla win passito (tj. gtownie
suszone owoce, miod, karmel i orzechy. Wysoka zawarto$¢ alkoholu w tych winach (18%) byta
w petni wyczuwalna, a takze widoczna przez ,,tzy” na §ciankach kieliszka. Sposréd dwoch win
wyzej oceniono wino B. Wino C, pod wzgledem aromatow, odpowiadato charakterystyce
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odmianowej, ktdra przypominata Rieslinga, z lekkim dodatkiem wanilii, miodu 1 kwiatow lipy.
Smak sktadat si¢ gléwnie ze smakow zielonych owocow, grejpfruta i cytryny. Wino to zostato
dobrze przyjete i ocenione jako bardzo dobre pod wzgledem jakosci.

8. Podsumowanie i wnioski

Przeprowadzone badania zaprezentowane w przedstawionych publikacjach przyblizaja
cechy biologiczne i uzytkowe wybranych hybrydowych odmian winorosli.

Wykorzystanie ich w warunkach klimatu umiarkowanego pozwala na zaktadanie
winnic, a dzigki mozliwosci wyboru podktadek, mozna osiggac¢ plony 0 dobrych parametrach
fizykochemicznych. W przeprowadzonym badaniu wykazano, ze podktadki, w zalezno$ci od
odmiany, nie determinuja wielkosci plonu, ale znaczaco poprawiaja jego jakosc.

Oceniono takze biologie kwitnienia, i wydajnos¢ zapylania jedenastu hybrydowych
odmian winoro$li. Pomimo odmiennej budowy kwiatow od budowy kwiatow Vitis vinifera,
badane odmiany wykazaty si¢ duza liczba pytku, co $wiadczy o mozliwosci zapylenia nawet
przy bardzo niskich wskaznikach zywotnos$ci pytku.

Zawarto$¢ zwigzkow bioaktywnych w produkowanych winach, mozna zwigkszy¢
poprzez modyfikacj¢ metody produkcji win, wykorzystujac koncentracje moszczu. W pracy
przeanalizowano trzy wina, wyprodukowane z podsuszanych winogron trzema odmiennymi
metodami. Zaréwno analizy chemiczne win, jak i ich ocena sensoryczna pokazuja, ze produkcja
win typu passito z hybrydowych odmian winoro$li, jest skuteczng alternatywa dla tradycyjnego
procesu produkcji 1 z powodzeniem moze by¢ wykorzystywana w chtodnym klimacie.

Whioski szczegolowe - Publikacja 1
Parametry biometryczne

1. Podktadka BOrner miata pozytywny wptyw na odmiany ‘Solaris’ oraz ‘Johanniter’.
Przyczynita si¢ do zwigkszenia parametru ITCSA, zmniejszenia przyrostow oraz
zwigkszenia $redniej masy grona.

2. Podktadki SO4 i SBB wykazaty dobrg kompatybilno$¢ z odmiang ‘Seyval Blanc’.

3. Podktadki nie miaty wptywu na wielko$¢ plonu.

Jakosé owocow

1. Podktadki miaty wplyw na jakos¢ owocoOw 1 mogg istotnie zmieni¢ parametry
fizykochemiczne tj. zawarto$¢ ekstraktu i kwasowosc.

2. W odmianie ‘Solaris’ podktadka Bérner przyczynita si¢ do zwigkszenia zawartosci
ekstraktu oraz zmniejszenia kwasowosci. W mniejszym stopniu podobna zalezno$¢ byta
dla podktadki 5BB.

3. Podktadki R101-14 M, 5BB i SO4 pozytywnie wplynely na zawarto$¢ ekstraktu
I kwasowos$ci odmian 'Seyval Blanc' i ‘Johanniter'.
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Whioski szczegétowe - Publikacja 2

Biologia kwitnienia

1. Odmiany winoro$li r6znig si¢ od siebie pod wzgledem heterogenicznosci liczby
pylnikow, jakosci pytku, liczby i jakosci pytku w kwiecie.

2. Odmiany hybrydowe pod wzgledem budowy kwiatéw odbiegaja od Vitis Vinifera.

3. Odnotowano anomalie w liczbie pylnikow w wigkszoéci analizowanych odmian
od 4 do 7, a w przypadku odmiany ‘Seyval Blanc’ od czterech do jedenastu.

Wydajnosé¢ zapylania

1. Liczba pytku w kwiecie jest zalezna od odmiany i sezonu wegetatywnego oraz moze
podlega¢ sezonowym wahaniom.

2. Odmiany ‘Rondo’ i ‘Solaris’ charakteryzowaly si¢ najwyzszymi warto$ciami takimi

4.

jak: liczba pytku w kwiatach, zywotno$¢ pytku, liczba zalazkow w zalazni, oraz liczbg
zawigzywanych nasion.

Odmiana ‘Regent’ ma zdolno$¢ w niewielkim procencie do zawigzywania owocoOw
partenokarpicznych.

Masa jagdd nie jest skorelowana z liczbg zawigzanych nasion.

Whioski szczegolowe - Publikacja 3

Analizy chemiczne

1.

Metoda produkcji wina w typie passito z siedmiodniowg maceracja, akumuluje
najwigcej bioaktywnych zwiazkow (3 748.5 mg/L GAE), wplywajacych pozytywnie na
zdrowie cztowieka. Catkowita zwarto$¢ polifenoli, jego zdolno$¢ antyrodnikowa
1 antyoksydacyjna byta poréwnywalna z winami czerwonymi.

Analiza sensoryczna

1.

Wino w typie passito z siedmiodniowa maceracja, pomimo wysokiej kwasowosci, byto
najbardziej zbalansowane.

Wino w typie passito z siedmiodniowg maceracja oraz wino wyprodukowane metoda
Tokajska oceniono jako wina o bardzo dobrej jakosci.

Aromaty w winach w typie passito, jak i ich smak okreslono jako typowe dla win passito
tj. gtdwnie suszone owoce, midd, karmel 1 orzechy.

Wino wyprodukowanym metoda Tokajska pod wzgledem aromatow, odpowiadato
charakterystyce odmianowej z lekkim dodatkiem wanilii, miodu i kwiatow lipy. Smak
sktadat si¢ gtéwnie ze smakéw zielonych owocow, grejpfruta i cytryny.
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Abstract: Viniculture in colder countries requires the use of rootstocks adapted to the climatic and soil conditions,
which influence the essential characteristics of the vine yield in terms of the physiological and morphological features.
The current study was carried out in 2015-2018 in southern Poland to examine the impact of the ‘5BB) ‘125A A,
‘101-14M;, ‘SO4’ and ‘Borner’ rootstocks on the growth, yield and fruit quality of three grape varieties: ‘Seyval Blanc;
‘Johanniter’ and ‘Solaris’ The following biometric parameters were compared: the increment in the trunk cross-sectional
area, number of inflorescences on the vine, total yield, mean weight of a cluster and chemical parameters, such as
the total soluble solid (TSS) content and grape titratable acidity (TA). The cluster weight of the individual varieties
was also assessed in eight categories by weight (0-700 g). The results showed that ‘Solaris‘ and ‘Johanniter’ grafted
onto ‘Borner’ and ‘Seyval Blanc’ onto ‘5BB’ had significantly increased trunk diameters. For the ‘Solaris‘ cultivar, the
‘Borner’ rootstock increased the TSS volume by 8.2%. In the ‘Seyval Blanc’ cultivar, ‘125AA’ and ‘Bérner’ reduced
the TSS content and increased the content of TA in the berries. In the ‘Johanniter’ cultivar, the ‘Bérner’ rootstock

led to an increase in the TSS content with a concomitant increase in the TA.

Keywords: berry quality; grape ripeness; strength of growth; TA; TSS; grape size

The domestication of grapevines goes back to pre-
historic times. Products made of Vitis vinifera were
part of everyday life as well as cultural and religious
celebrations (Censi et al. 2014). In Poland, the grape-
vine appeared with the advent of Christianity (10"
century) and was cultivated until the middle of the
16" century with various results. The cooling of the
climate effectively discouraged Polish gardeners from
continuing the demanding cultivation of V. vinifera.
In the second half of the nineteenth century, an ac-
cidentally imported aphid — Grape phylloxera (Dak-
tulosphaira vitifoliae) — from North America, deci-
mated European vineyards, and afterwards vineyards
on other continents also, excluding only a few coun-
tries. The reconstruction and saving the remaining
grapevines, after other unsuccessful attempts, was
based on the grafting of noble varieties of V. vinif-
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era onto resistant rootstocks of North American
species or interspecies hybrids: V. labrusca, V. ri-
paria, V. rupestris and V. berlandieri (Vr$i¢ et al.
2015; Ollat et al. 2016; Mijowska et al. 2017). Graft-
ing is one of the oldest horticultural practices, al-
ready in use 9 000 years ago in China and now used
in most commercial crops worldwide (Mudge et al.
2009; Gautier et al. 2019). The combination of in-
dependent progeny and rootstock traits adapts the
grapevine to the existing biotic and abiotic condi-
tions. The selection of appropriate rootstocks has
become a protective tool against phylloxera, but the
adaptability to climatic and soil conditions can also
be taken into account (Gu 2001; Walker, Clingeleffer
2009; Somkuwar et al. 2011; Zhang et al. 2016; Ferli-
to et al. 2020). Rootstocks should be selected both in
terms of the characteristics of a given variety and the
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clone (growth rate, yield, nutrient requirements), as
well as the soil conditions (soil moisture, soil fer-
tility, active calcium content, etc.). Rootstocks af-
fect the nutrient uptake from the soil, and thus the
plant growth, length of the growing season and yield
(Reynolds, Wardle 2001; Mijowska et al. 2017).

Climate change, which has a destabilising effect on
wine-growing, is setting new limits for viticulture
around the world. Poland, as a zone A country, could
become a good region for the production of quality
wine, provided that the material is adapted to the
environmental conditions (Duchéne 2016). The aim
of this study that was conducted in 2015-2018 was
to investigate the influence of ‘5BB; ‘125AA; ‘101-
14M; ‘SO4’ and ‘Borner’ rootstocks on the growth,
yield and fruit quality of three grape varieties: ‘Sey-
val Blanc) ‘Johanniter’ and ‘Solaris’. The results will
provide information to growers that will help to bet-
ter select rootstocks for the above varieties, grown
under “cool climate” conditions.

MATERIAL AND METHODS

Description of the area. Field research was car-
ried out in a vineyard at the Experimental Station
of the University of Agriculture in southern Poland
(50°08'29.4"N 19°55'50.7"E). The experiment was
established in 2013 and data were collected during
three growing seasons. Plants were planted from
two-season potted cuttings, one year after inocula-
tion on individual rootstocks. The plants had a well-
developed root system.

Characteristics of the varieties. ‘Seyval Blanc’ is an
interspecific hybrid: 43.75% V. vinifera, 28.15% V. ru-
pestris, 12.5% V. berlandieri, 12.5% V. riparia and
3.1% V. licencumi.

‘Solaris’, a German variety that is a cross of Mer-
zling x Geisenheim 6493 (‘“Zarya severa’ x ‘Muskat
Ottonel’), registered as Vitis vinifera (73.4% V. vin-
ifera + 7% V. rupestris + 3.1% V. berlandieri + 3.1%
V. riparia + 0.8% V. lincecumi) (Julius Kithn-Institut).

‘Johanniter;, a cross of Riesling and Freiburg 589-54
[Seyve-Villard 12.481 x (‘Rulédnder’ x ‘Gutedel’)] (Ju-
lius Kithn-Institut).

Rootstocks used. ‘Kober 5BB’ V. berlandieri x V. ri-
paria: rootstock often used in Europe due to its very
high tolerance to the soil conditions. ‘Kober 5BB’
transfers a short growing season to the grafted varie-
ties. Frost resistance is highest in the group V. ber-
landieri x V. riparia, but with a tendency to negative-
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ly affect the effectiveness of the flowering (Mijowska
et al. 2017).

‘Kober 125AA’ V. berlandieri x V. riparia: (interme-
diate rootstock between ‘5BB’ and S04). Like ‘5BB; it
tolerates a wide range of soils, except dry soils. It is
characterised by medium growth and high resistance
to freezing. It has a good effect on both the flowering
and fruit setting (Shaffer 2004).

Arnold Bérner V. riparia 183 G x V. cinerea: shows
high drought tolerance to the contribution from V. ci-
nerea in the species cross. It may also shorten the
growing period (Zhang et al. 2009).

‘Selection Oppenheim No. 4’ (‘SO4’) V. berland-
ieri x V. riparia: rootstock developed in Germany. It
requires light, fertile soils, and is not suitable for dry
soils. It is characterised by a short growing season
having high resistance to phylloxera and weak frost
resistance. It has a beneficial effect on the flowering
and fruit setting (Shaffer 2004).

‘R101-14M’ V. riparia x V. rupestris: a widely

used rootstock, especially in the northeast US and
Ukraine. It shows a high sensitivity to a water deficit
in the substrate. It is characterised by the early ripen-
ing of fruits and the weakening of the growth of the
grafted varieties. It has a very beneficial effect on the
yield (Shaffer 2004).
Arrangement of the experiment. The cultivation
system used in this study is the most common sys-
tem used in vineyards in Poland, i.e., permanent turf
in inter-row spaces and 80 cm wide herbicide strips.
Irrigation was not installed, and point watering was
used only in the period immediately after planting.
Spraying against fungal diseases was performed ac-
cording to the Fruit Plant Protection Programme, val-
id for a given year. During the experiment, no “green
harvest” was carried out and the shortening of the
shoots was carried out in the veraison phase.

Vines were grown 2.5 m x 1 m apart and were
trained in a single Guyot system. The experiment
included ‘Seyval Blanc; ‘Johanniter’ and ‘Solaris’
varieties grafted onto five rootstocks: ‘Kober 5BB;
‘Kober 125AA] ‘Bérner;, ‘SO4’ and ‘101-14.

The measurements of each combination of root-
stock and variety were conducted in three replicates,
one replicate being comprised of five vines (Figure 1).
Weather data. Meteorological data was collected
from the iMetos go IMT meteorological station lo-
cated next to the vineyard in Garlica Murowana in
2015-2018. The average air temperatures during
the growing season in two consecutive years, 2016
and 2017, did not differ from each other, while the
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temperature in 2018 was 12% higher than in 2016
and 2017 (Figure 2A). The temperatures dropped
below 0 °C in April and May in 2016 and 2017 and
caused the freezing of the young shoots and flower
buds. The highest total precipitation was recorded
in 2017 (Figure 2B), which was 50% higher than the
average total precipitation for 1951-2010 in Poland
and was optimal for viticulture. The lowest rainfall
was recorded in 2016 and was 100% lower than the
minimum cultivation requirements. The highest air
humidity was recorded in 2016, while the lowest
was recorded in 2018 (Figure 2C).

Methods. The assessed indices included the incre-
ment in the trunk cross-sectional area (ITCSA),
number of inflorescences on a vine, total yield, av-
erage weight of one cluster, total soluble solid (TSS)
content and grape titratable acidity (TA).

Vine measurements and biometric assessment of
the ITCSA. The vine trunk diameter at a height of
30 cm from the base was measured in spring (bud
break phase) and autumn (leaf fall phase) in 2015
and 2018, using electronic callipers. The cross-sec-
tional area of the trunk (mm?) was calculated ac-
cording to the formula:

n x d’
pP= = (1)
where: d — the trunk diameter.

The following measurements and calculations
were performed for the tested combinations: num-
ber of inflorescences/plants (pieces), total yield
(kg), and average cluster weight (g).

In order to determine the qualitative parameters
at harvest maturity, ten clusters were collected
for each combination, from which ten completely
healthy berries with intact skin (total of 100 ber-
ries) were randomly selected.

Cluster evaluation. The grape weight was as-
sessed according to the scale of the individual varie-
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* rootstock 12AA
o rootstock 5BB

O rootstock SO4
0 rootstock 5BB

® rootstock Bérner

Figure 1. Combination of the vine
plantings in the experiment

ties, and divided into five categories by the cluster
weight. The percentage of each class was calculated
for all the combinations: 0-59 g, 60-100 g, 101-
200 g, 201-300 g, 301-700 g.

Chemical measurements. The total TA was de-
termined by the acid-base titration method using
0.1 mol/L NaOH to pH 8.1. A Jenway 3020 pH meter
(Jenway Ltd., Dunmow, UK) was used for this pur-
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pose. Measurements were performed in three repli-
cates. The results are expressed as tartaric acid (g/L).

The content of the TSS and soluble substances
was tested at room temperature using an ATAGO
PR-100 digital refractometer (ATAGO, PR-100, To-
kyo, Japan) with a measuring range of 0.0-32.0%.
Measurements were performed in three replicates
and the results were expressed on a scale (°B).

The fruit harvest maturity index was calculated as
the ratio of the TSS to the TA and expressed in °B/g/L.
Statistics. All the statistical calculations were per-
formed for each year and for each variety separate-
ly. The results were analysed using one-way analy-
sis of variance (ANOVA). Tukey’s test was used to
assess the significance of the differences between
the means at a significance level of P < 0.05.

RESULTS AND DISCUSSION

This study provides information on the effects of
five rootstocks on the quality and yield of three hy-
brid grape varieties. There are few reports in the
literature regarding the influence of rootstocks
on the fruit quality and grapevine morphology in
zone A conditions. Fruits obtained from grape-
vines grown in a “cool climate” are characterised by
lower sugar levels, and thus a lower alcohol content
is obtained from them with a high acidity and poly-
phenol content (Izajasz-Parchanska et al. 2014).
Vine analysis — biometric assessment. The ITC-
SA variable (Figure 3) is a direct tool applied in the
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dendrological evaluation of the growth rate. The
measurements were performed in 2015 and 2018.
Figure 3 shows the results of the cross-sectional
area increments for the three discussed varieties
on the five rootstocks. After three growing sea-
sons of the ITSCA experiment, the increment for
the varieties ‘Solaris‘ and ‘Johanniter’ was similar,
regardless of the applied rootstocks, and averaged
109.6 mm? and 87.6 mm?, respectively. The highest
trunk increment for ‘Seyval Blanc’ was recorded on
the ‘SO4’ and ‘5BB’ rootstocks, although Whiting
(2004) pointed to frequently arising compatibility
problems of these two rootstocks with noble va-
rieties. In this study, symptoms of incompatibility
were not recorded for the observed varieties, and
the rootstocks stimulated the growth of the stem
base, similar to the study by Clingeleffer and Em-
manuelli (2006) on the variety ‘Sunmuscat’ In 2018,
the highest increment of the stem base of the varie-
ties ‘Solaris‘ and ‘Johanniter’ was observed on the
‘Borner’ rootstock.

It was found, that the rootstocks influenced the
shoot length of the grapevine varieties (Tables
1, 2, 3). In 2016, significant differences in the shoot
lengths were recorded for the variety ‘Solaris® de-
pending on the rootstock (Table 1). The longest
shoots were recorded for the grapevine grafted on
the ‘SO4’ rootstock, while the shortest ones were
recorded for the grapevine grafted on the ‘125AA’
rootstock. No statistical differences in the length of
the shoots were recorded in 2016 for the varieties
‘Seyval Blanc’ and ‘Johanniter’ (Tables 1, 2), and in
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Figure 3. Increment in the trunk base cross-sectional area (mm?) in the two seasons, 2015 and 2018 for the variet-

ies: (A) ‘Solaris’, (B) ‘Seyval Blanc, (C) ‘Johanniter’

All the statistical calculations were performed for each year and for each variety separately. *>Mean values followed by

different letters are significantly different (P < 0.05)
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Table 1. Biometric characteristics of the vine and quality parameters of the ‘Solaris‘ must depending on the rootstock

Biometric assessment

Quality parameters of the juice

Number of .
Rootstock Shoot length inflorescences Y1e%d Average clus- pH TSS (°B) TA (g/L) TSS/TA
(cm) . (kg/vine) ter weight (g)
(pcs /vine)

2016 2018 2016 2018 20162018 2016 2018 2016 2018 2016 2018 2016 2018 2016 2018
125AA 106.9" 110.0° 17.0* 24.7* 0.1* 2.8* 108.0°122.4*®> 3.41> 3.16> 22.2¢21.8> 7.5 7.6° 2.96° 2.86%¢
R101-14M 128.1*126.0* 15.7* 25.5* 0.3* 2.7° 305.0°122.2*°> 3.49* 3.20% 24.0%22.0>¢ 7.5%> 7.5 3.20° 2.93¢
5BB 137.6°°138.0* 16.7° 22.9* 0.4 2.2 196.0"> 114.6"> 3.43* 3.21*> 23.8*<22.8> 7.9° 7.4* 3.01° 3.08"
SO4 139.0° 136.0° 14.0° 19.0* 0.3* 2.0* 347.0*119.0% 3.49% 3.22?> 24.1*> 21.4° 6.6 7.7 3.65*° 2.78¢
Bérner  127.6%106.0° 17.9° 21.2* 0.1° 2.4* 91.0°127.9° 3.42° 3.25° 2522 23.3*° 8.1* 6.8 3.11° 3.432

a-dMean values followed by different letters are significantly different (P < 0.05)

All the statistical calculations were performed for each year separately; TSS — total soluble solid; TA - titratable acidity

2018 for the variety ‘Solaris". In 2018, differences in
the shoot length in relation to the rootstock were
noted for the varieties ‘Seyval Blanc’ and ‘Johannit-
er. The ‘Seyval Blanc’ variety produced the longest
shoots on the ‘SO4’ and ‘Bérner’ rootstocks, while
for ‘Johanniter, the longest shoots were recorded
for the ‘5BB’ and ‘SO4’ rootstocks. Li et al. (2019)
investigated eight rootstocks, including ‘R101-14M;
‘5BB’ and ‘SO4;, but they found no effect of the root-
stocks on the grapevine Marselan shoot length.
The three grapevine varieties varied depending
on the dates of flowering and the number of inflo-
rescences (Tables 1, 2, 3). In terms of the flowering
dates, ‘Solaris® was the first to bloom, followed by
‘Seyval Blanc’ and ‘Johanniter’ These findings were
in agreement with other studies described in Pol-
ish climatic conditions (Mysliwiec et al. 2018). In
the first year of full fruiting (2016 year), no differ-

ences in the number of inflorescences related to the
rootstock for any of the varieties were recorded. In
the next season (2017), the spring frost damaged
100% of the inflorescences. The first differences
in the number of inflorescences were recorded in
2018. For the variety ‘Seyval Blanc; a significantly
greater number of inflorescences were recorded for
the ‘5BB’ and ‘Borner’ rootstock, while the grape-
vines on the ‘SO4’ and ‘R101-14M’ rootstocks
showed a tendency to have a greater number of in-
florescences (Table 2). For the variety ‘Johanniter;
the ‘Borner’ rootstock also showed a positive effect
on the number of inflorescences, and a tendency
towards having more inflorescences was noted for
the ‘125AA’ and ‘5BB’ rootstocks (Table 3). Gen-
erally, it was found that the grapevines grafted on
the ‘5BB’ and ‘Borner’ rootstocks produced up to
28.3% more inflorescences per plant in comparison

Table 2. Biometric characteristics of the vine and quality parameters of the ‘Seyval Blanc’ must depending on the

rootstock
Biometric assessment Quality parameters of the juice
Number of .
Rootstock Shoot length inflore-cences Y@d Average clus- pH TSS (°B) TA (g/L) TSS/TA
(cm) . (kg/vine)  ter weight (g)
(pcs /vine)

2016 2018 2016 2018 2016 2018 2016 2018 2016 2018 2016 2018 20162018 2016 2018
125AA 120.9* 81.0° 13.52 23.1° 2.9 4.9 110.0° 161.4° 3.26* 3.18> 20.1°¢17.0"> 7.22 8.6 2.80* 1.98¢
R101-14M 108.2* 90.0> 9.8* 264 3.1*° 4.8° 162.0* 168.2* 3.29* 3.20% 19.8° 19.1*° 6.7* 7.4> 2.95®> 258
5BB 109.0° 91.0° 10.1*° 31.7° 2.8° 54* 740" 164.6* 3.29° 3.23° 20.8* 19.5° 6.6° 7.5 3.15° 2.60°
SO4 113.6*110.0° 10.2* 24.1*> 3.1* 4.7* 73.0° 169.3° 3.28° 3.24* 20.7*> 19.2* 7.0* 7.6> 2.95% 2.522
Borner 113.9118.0° 12.3* 32.0° 3.8 5.3* 151.0° 161.0° 3.24* 3.17°> 20.2* 17.7* 8.0* 7.9 2.52" 2.24°

2~°Mean values followed by different letters are significantly different (P < 0.05)

All the statistical calculations were performed for each year separately; TSS — total soluble solid; TA — titratable acidity
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Table 3. Biometric characteristics of the vine and quality parameters of the ‘Johanniter’ must depending on the root-

stock

Biometric assessment Quality parameters of the juice

Number of .
Rootstock Sh"‘(’t le)“gth inflorescences Y/‘el.d) Avera.gehfl(“s)ter pH TSS(B)  TA(g/L)  TSS/TA

cm (pcs /vine) kg/vine weight (g
2016 2018 2016 2018 2016 2018 2016 2018 2016 2018 2016 2018 2016 2018 2016 2018

125AA 98.7° 90.0* 15.7% 29.6®> 0.6* 3.2* 232.0*° 2055 3.26* 3.32* 18.8» 19.5%> 7.1?> 932 2,642 2.10¢
R101-14M 99.3* 92.0°> 15.0*° 24.8> 0.6 3.9° 231.0° 214.6*> 3.31* 3.31* 20.0* 19.6*> 7.7°* 7.1> 2.58* 2.62*
5BB 101.9* 101.0* 15.7* 31.5®> 0.4 3.7*@ 242.0* 201.9> 3.31* 3.30* 19.8* 18.9> 7.6* 7.2° 2.61* 2.64*
SO4 110.32 101.0* 17.0* 25.4° 0.4* 3.6 254.0*° 222.6° 3.33* 3.30* 17.8" 19.5% 7.6*> 7.6" 2.34> 2.56*
Borner 107.7* 80.0> 12.8* 34.6* 1.1* 3.9* 331.0° 199.9> 3.28* 3.33* 17.8" 20.1* 6.7° 9.0* 2.65* 2.24°

“bMean values followed by different letters are significantly different (P < 0.05)

All the statistical calculations were performed for each year separately; TSS — total soluble solid; TA - titratable acidity

to the other rootstocks. The tendency of having
a different number of inflorescences on the shoots
depending on the rootstock was also observed in
other species, e.g., the kiwi (Wang et al. 1994),
apple trees (Tworkoski, Miller 2007), pear trees
(Almeida et al. 2020), peach trees (Bussi et al. 1995)
and sweet cherry trees (Long et al. 2019; Dziedzic
et al. 2019). Keller et al. (2001), studying the effect
of the rootstock on the number of flowers in inflo-
rescences, found that the ‘SO4’ rootstock stimulat-
ed a greater number of flowers in the inflorescence
in the variety Miller-Thurgau. Overall, there are
very few studies on the effect of the rootstock on
the number of inflorescences in grapevines.

The yield of the grapevine fruit was obtained
in 2016 and 2018 (Tables 1, 2, 3). In both years of
the experiment, no significant differences in the
yield related to the applied rootstock were observed.
The low yield of the varieties ‘Solaris’ and ‘Johan-
niter’ in 2016 was associated with the spring frost
damage to the flowers (Tables 1, 3). No significant
differences in the yield between the rootstocks were
found in 2018. Stevens et al. (2008), Wooldridge
et al. (2010) and Wang et al. (2019) reached simi-
lar findings and showed no rootstock effects on the
grapevine yield. Pulko et al. (2012) also used three
rootstocks (‘5BB; ‘Borner’ and ‘SO4’) in their experi-
ment with the variety ‘Sauvignon Blanc’ The authors
noted an increase yield on the ‘Borner’ rootstock
(13% to 35%) in comparison to the other rootstocks
analysed. Wooldridge et al. (2010) and Bou Nader
et al. (2019) found that the yield was dependent on
a clear interaction between the noble variety, root-
stock and soil type. Lovisolo et al. (2016) and Rome-
ro et al. (2018) demonstrated that rootstocks had an
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effect on the water uptake from the soil, and thus on
the vigour, productivity and berry quality. However,
other studies reported no significant effect of the
rootstocks on the grapevine yield, probably due to
differences in the experimental and edaphoclimatic
conditions (Kidman et al. 2014; Zhang et al. 2016).
The results of the experiment have suggested that
further studies on the effect of the rootstocks on
the yield are necessary.

The weight of a single fruit cluster was assessed
to determine the yield quality (Tables 1, 2, 3). In
2016, for the variety ‘Solaris; the greatest impact on
the cluster weight was obtained on the ‘SO4’ and
‘R101-14M’ rootstocks. The smallest clusters were
observed on the ‘Borner’ rootstock (Table 1). For
the variety ‘Seyval Blanc; the largest clusters were
recorded on the ‘125AA, ‘R101-14M’ and ‘Borner’
rootstocks (Table 2). No significant differences in
the cluster weight were noted for the variety ‘Johan-
niter’ (Table 3). In 2018, rootstock did not signifi-
cantly affect average cluster weight. The rootstocks
showed a different effect on the average cluster
weight depending on the year. The difference in the
average cluster weight for all cultivars in 2016 was
very large and ranged from 73 g (‘Seyval Blanc’) to
347 g (‘Solaris’), while more uniform results were
only observed in 2018. The ‘Solaris’ cultivar with
the Borner rootstock had a higher average cluster
weight compared to the other rootstocks, similarly
for the ‘Johanniter’ cultivar with the ‘SO4’ root-
stock. In the cultivar ‘Seyval Blanc’ there were no
significant differences in the mean cluster weight.
The study of Romero et al. (2018) demonstrated
a very high variation in the average cluster weight
depending on the applied rootstock.
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In the presented experiment, the cluster weights
were divided into five weight classes for each combi-
nation. Figure 4 shows the percentage of each class
in the yield. Many authors have reported that the
average cluster weight of V. vinifera varieties varied
between 100 and 200 g (Gatti et al. 2012; Bogicevic
et al. 2015; Sabir et al. 2020). In the discussed ex-
periment, no statistical differences in the average
cluster weight were found between the rootstocks,
but a regularity in the cluster weight distribution
was visible for each cultivar. For the variety ‘Sola-
ris’, the cluster weight most often ranged from 60 to
200 g (Figure 4A). For the variety ‘Johanniter, the
clusters weighing from 100 to 200 g represented
the highest percentage (Figure 4B). For the variety
‘Seyval Blanc, the cluster weight most often ranged
from 200 g to 300 g (Figure 4C). This last variety
was very heterogeneous with regard to the cluster
weight, with a large proportion of small clusters
below 60 g, as well as five other weight categories.
Chemical measurements. The total soluble solid
(TSS), organic titratable acid (TA) contents and
the pH value of the grape must are the most im-
portant indicators of the grapevine fruit maturity
and harvest date. The values depend primarily on
two variables: the climatic conditions between
the flowering and harvest and also on the fruit to
leaf ratio of the plants (Duchéne 2016; Lampif,
Zaloudek 2018).

To assess the effect of the variety and rootstock
on the inner characteristics of the grape must, the
grape must quality parameters were assessed (Ta-
bles 1, 2, 3). The quantitative measure of the acid-
ity of grape must is the pH level, known as an im-
portant factor affecting the must and wine stability
(Mpelasoka et al. 2003). Zhang et al. (2015). In the
discussed work, the authors noted a comparable pH
range of the must for the same variety. For the vari-
ety ‘Solaris’, the pH value ranged from 3.09 to 3.43
(Table 1). The lowest pH parameters were recorded
for the ‘125AA’ rootstock in both years and for the
‘Borner’ rootstock in the first year of the experiment.
Pulko et al. (2012) observed the highest pH on the
‘Borner’ rootstock. In 2018, higher pH was recorded
for ‘Seyval Blanc’ cultivar grafted on ‘5BB’ and ‘SO4’
rootstocks compared to other rootstocks. Signifi-
cant differences, depending on the rootstock, were
not observed for the cultivar Johannite (Table 3).

In a region with relatively cool conditions for viti-
culture, such as Poland, the TSS during harvesting
is the main parameter determining the later wine
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quality, conditioning the lack of additional treat-
ments before fermentation (Zhang et al. 2015). The
TSS depends on the variety and climatic conditions
occurring in the period between the flowering and
fruit harvest (Duchéne 2016). In the present experi-
ment, a high difference in the TSS values was ob-
served for three cultivars on five rootstocks (Tables
1, 2, 3). No recurring relationship was observed for
the effect of the rootstock on the TSS; however, the
TSS for the varieties ‘Solaris’ and ‘Seyval Blanc’ was
the highest for the ‘SO4’ and ‘Bérner’ rootstocks in
2016. For the variety ‘Seyval Blanc, the ‘5BB’ root-
stock was also present in the same significance
101-200 g

(A) 301-700g 60-100g 0-59 g

100% -

201-300 g

90% -
80% -
70% -
60%

50% -

N

40%

30% -

20% -

10% 4

0% J
(B)
90%
80% -
70%
60%
50% -
40%
30% 4
20% 4
10% 4
0% J

(C)
90% |
80% |
70% |
60% |

50% -

40%

30% -

20% -

10% 4

NN
N\

N\ 7%

0%

o
w
>
S

5BB SO4 101-14M Borner

Figure 4. Yield share in the five cluster weight categories:
(A) ‘Solaris’, (B) ‘Seyval Blanc, (C) ‘Johanniter’
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group. In 2018, these relationships were not record-
ed again, but the ‘5BB’ and ‘Boérner’ rootstocks con-
tributed to the highest TSS for the variety ‘Solaris'.
Liu et al. (2015) determined a level of 21.1 °B for the
variety ‘Solaris‘ as being adequate for a “cool region’,
in our study we obtained significantly higher TSS
for this variety in both study years, a mean 23.9 °B in
2016 and 22.3 °B in 2018. These results were similar
to the values published in the work of Samoticha
etal. (2017). Pulko et al. (2012) analysed the effect of
the ‘Borner’ and ‘5BB’ rootstocks on the variety Sau-
vignon Blanc, and similar our experiment, recorded
an increase in the TSS levels on these rootstocks.
When analysing the impact of the rootstocks, it can
be concluded that the ‘Bérner’ and ‘5BB’ rootstocks
increased the TSS on average by 11.7% in 2016 and
by 8% in 2018 compared to the other rootstocks. In
a study carried out in similar climatic conditions,
Izajasz-Parchanska et al. (2014) observed a signifi-
cantly higher TSS (22 °B) for the cultivar ‘Seyval
Blanc’ than in our experiment, where we obtained
similar results to Slegers et al. (2017) (19.7 °B). Jin
et al. (2016) analysed the effect of the ‘101-14M;
‘5BB’ and‘SO4’ rootstocks on the variety ‘Summer
Black’ and found that the ‘101-14M’ rootstock ac-
cumulated a higher TSS content compared to the
other two, while we did not observe a similar rela-
tionship in our work.

The TA in grapes, similar to the pH, affects the
microbiological stability of wine. It is assumed that
hybrid cultivars have a higher TA content than
V. vinifera varieties (Riesterer-Loper et al. 2019;
Schrader et al. 2020). The must acidity is an im-
portant parameter and determines the later taste
of wine (Cioch, Tuszynski 2014). In the discussed
experiment, the highest TA content for the vari-
ety ‘Solaris’ was recorded in 2016 on the ‘5BB’ and
‘Borner’ rootstock, while the lowest was recorded
on the ‘SO4’ rootstock (Table 1). For the variety
‘Seyval Blanc; no statistical differences were found
in 2016, while in 2018, the ‘125AA’ and ‘Bérner’
rootstocks contributed to an increased TA content
(Table 2). A similar relationship was observed for
the cultivar ‘Johanniter’ in 2018 (Table 3). The same
variety in 2016, on the ‘5BB’ rootstock, had a statis-
tically higher TA level than the other combinations.
Li et al. (2019), for the ‘Marselan’ variety, recorded
the highest acidity on the ‘SO4’ rootstock and the
lowest on the ‘101-14M’ rootstock. In study con-
ducted by Izajasz-Parchanska et al. (2014), the TA
for the ‘Solaris’ variety was 6.5 g/L, while Samoti-
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cha et al. (2017) reported a significantly higher
TA — at 9.3 g/L. The study of Greyling (2019) on
the variety ‘Seyval Blanc’ showed differences in the
TA content in relation to the amount of sunlight
in the vineyard. The values obtained by Greyling
(2019) and Izajasz-Parchanska (2014) were similar
to the values obtained by us in the present study.
The study of Slegers at al. (2017) recorded a higher
TA (9.7 g/L) for the same cultivar.

The TSS to TA ratio is defined as the grape matu-
rity coefficient. A high or low index may indicate an
incorrect harvest date or a disturbance in the verai-
son stage caused by inappropriate weather condi-
tions (Ju et al. 2016; Shahab et al. 2020). A TSS/TA
ratio in a range of 2.1-3.3 is regarded as optimal for
white grapes (Yair 2004). During two seasons of the
experiment, significant differences were recorded
for the TSS/TA ratio between the rootstocks. ‘Sola-
ris, as the earliest maturing variety, was in the up-
per limit of this range, sometimes even exceeding
it (Table 1). In 2016, the highest ratio was recorded
for the ‘SO4’ rootstock, i.e., 3.65, which was associ-
ated with a low TA level in relation to a high TSS.
The phenomenon of an increase in the sugar con-
centration and a decrease in the acidity associated
with a higher pH during grape maturation has been
described by many researchers (Ollat et al. 2002;
Keller 2010; Téthal et al. 2015). In 2018, the rela-
tionship occurred again for the ‘Bérner’ rootstock.
In the variety ‘Seyval Blanc’ grown on the ‘125AA’
rootstock, a low TSS and high TA resulted in a de-
crease in the coefficient to 1.98 in 2018 only, which
was below the range defined as optimal (Table 2).
For the remaining rootstocks, the coefficient was
within the optimal range, as for the variety ‘Johan-
niter’ in both study years (Table 3).

CONCLUSION

A significant factor when selecting varieties for
new plantings is the time required by a given va-
riety to produce a crop with good physicochemi-
cal parameters. The conducted experiment showed
that the rootstocks did not determine the yield size,
but significantly improved its quality.

In Polish climatic conditions, we found that the
rootstock can significantly change the physico-
chemical parameters, i.e., TSS content and acid-
ity. This was particularly evident with the ‘Bérner’
rootstock, and ‘5BB’ to a lesser extent, for the ‘So-
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laris‘ strain. The rootstocks ‘R101-14M, ‘5BB’ and
‘SO4’ positively affected the TSS and TA of the
‘Seyval Blanc’ and ‘Johanniter’cultivars.

Further research on the effect of the rootstocks
on the physicochemical characteristics of a variety
will allow the creation of a physicochemical profile
of cultivated hybrid varieties.
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Abstract: Climate change is being felt in all vineyards around the world, opening up new perspectives
for regions with a growing winemaking industry. In this study, 11 hybrid grapevines grown in cold
climates were assessed in terms of flowering biology and pollination efficiency. The flowers were
evaluated for the number of anthers and pollen grains in the flower; pollen viability and pollen grain
size, the number of ovules in the ovary, and, consequently, the size and the weight of berries and
the number of seeds in the berries were also analyzed. The flowers of Vitis vinifera L. usually have
5 stamens and 5 petals in their structure; this number for hybrid varieties ranged from 4 to 7, and
in the case of the variety ‘Seyval Blanc’, it was 4 to 11 stamen and petals. Pollen grain size varied
and ranged from 17.01 to 22.25 um, while pollen grain pro-duction in flowers ranged from 5073 to
34,976 grain, which was calculated using a Biirker hemocytometer. The number of ovules in the ovary
for the cultivars in question was highly variable, ranging from 3 to 7. One of the most important
factors affecting flower pollination is stigma receptivity. Stigma receptivity appeared when the cap
starts to fall off and disappeared at the browning of the cap. In connection with climatic changes,
grapevine production is expanding to cool-climate countries. The aim of this study was to expand our
knowledge about the flower morphology of 11 hybrid grapevine varieties most commonly cultivated
in Poland. Knowledge of the flowering process can be important for improving yield and its quality.

Keywords: number grains; pollen viability; pollen size; ovule; pistils; stigma receptivity; seeds; grape
cultivars; fruit quality

1. Introduction

The grapevine (Vitis vinifera L.) Vitaceae is the most widely cultivated and one of the
most economically important fruit crops in the world. In Poland, it was not until the 1980s
that the suitability of various grape cultivars for large-scale cultivation in colder climatic
conditions began to be tested [1]. Currently, hybrid grape cultivars are mostly grown
in Polish vineyards. Interspecific hybrid cultivars selected from the crosses of V. vinifera
with species such as V. rupestris, V. riparia, V. labrusca, V. berlandieri, V. lincencumii, or V.
amurensis are a small fraction of the global grapevine production, but are nonetheless very
important locally. Increasing temperatures in Poland and the extension of the vegetation
period contribute to the increase in grapevine acreage [2].

The quality of grapes depends on many factors including cultivar, terroir [3,4], manage-
ment practices [5,6], and changing climate [7-10]. Ideal grapefruit composition, considering
the sugar to acidity ratio, is obtained when grapes are produced in a temperate climate [10].
The last three decades have been warmer than any other since 1850 [11]. This forces growers
to adapt their vineyards by selecting appropriate plant material and cultivation techniques.
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Another method is shifting the cultivation area, which is also associated with a change in
the profile of wines produced [11-14].

Acceptance of hybrid grape cultivars and their recognition by world oenologists
will allow the cultivation of these grape cultivars to be improved [15]. There is a strong
conservatism in viticulture in terms of recognizing only the V. vinifera cultivars. Hybrid
cultivars possess a combination of characteristics that are superior to those of V. vinifera
grapevines. Increasingly warmer summers are affecting the quality of white grapes in
particular, due to a decrease in fruit acidity associated with malic acid degradation [16].
In colder regions, intense wines with a complex aromatic expression can be obtained
using hybrid cultivars. Summer droughts, on the other hand, will favor the production
of dark cultivars, for which water shortages at certain stages reduce the size of the berries
and increase their polyphenol content [7,11,15,17-19]. The production of grapes with the
quality parameters required by winemakers will largely depend on the environment and
viticultural practices. There is a large seasonal variability in yields in a climate described
as cool.

Fruit and seed production of most crops increases when cross-pollination occurs.
Although self-pollination is a widespread biological process in grapevine cultivation, there
are still some uncertainties regarding the consequences of cross-pollination on grapevine
productivity and quality. The biology of grapevine fertilization becomes an important issue,
especially when cover cropping is considered [20]. The yield and quality of grapes are
markedly enhanced by cross-pollination although self-pollination ensures some level of
berry set. Cross-pollination is also employed to breed a new fruitful genotype to sustain
the food to feed the increasing world population in the face of climate change [21]. The
flowering and pollination process itself is well understood in Vitis vinifera, while the cultiva-
tion of hybrid species still lacks comprehensive information on this topic. This knowledge
would be of great cognitive importance. V. vinifera flowering and flower morphology of
the vine have been extensively described by many authors [20-32]. Due to the complexity
of inflorescence formation, the authors divided generative development into 22 stages
designated as BBCH (Biologische Bundesanstalt, Bundessortenamt und Chemische Indus-
trie) encoded with numbers from 0 to 50 based on the phenological development of the
grapevine [25,33]. These stages coincide with the sum of active temperatures of each phase,
e.g., in highbush blueberry to the onset of flowering 800 degrees [34] and apple trees to
harvest around 2600 degrees [35]. The flowering process is known as anthesis and lasts
about a week. The rate at which flowers develop depends primarily on environmental
factors such as light and temperature, but also on internal factors such as hormonal changes.
Low temperatures, which often occur in cold climates, can damage flower tissues and affect
ovule development and pollen tube growth. The response to cold stress varies among
genotypes [30,36,37]. The flower clusters of grapevines are quite inconspicuous. They are
panicles (loose, irregularly branched flower clusters) with individual flowers, or blossoms,
on the end of each branch. The flower consists of 5 sepals, 5 petals, 5 stamens, and a pistil
ending in a stigma. The stigma of Vitis vinifera is of the solid type. It consists of a layer of the
epidermis, parenchymatous tissue, and central conducting tissue. The epidermis consists of
a single layer of tannin-rich cells [38]. The receptivity of a stigma is related to its structure.
The stigma of Actinidia deliciosa flowers has a similar structure to that of Vitis vinifera, which
has a surface covered with papillae; the stigma is covered with an abundant secretion
when the flower is open. Papillae are mostly unicellular and contain numerous phenolic
components. During the life of the flower, these papillae gradually lose their turgor, and
from the opening of the flower (anthesis), they begin to burst their contents are released
into the environment where the stigmas germinate. When the flower opens, the receptivity
of the stigma is high and lasts for several days depending on the weather. For Lonicera spp.,
which also has a wet nevus type, it has been observed that receptivity decreases when the
papillae rupture and the nevus tissue browns [39,40]. It was observed that hand-pollination
Vitis coignetiae carried out at 0, 2, 4, and 6 days after anthesis showed that stigmas were
most receptive two days after flower opening [32]. Pollen contains many nutrients that
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are used by flower pollinating organisms. Bees require 10 amino acids such as arginine,
histidine, lysine, tryptophan, phenylalanine, methionine, threonine, leucine, and valine
for proper development. Among the plant species examined so far in this respect, among
the species of fruit plants there is a large variation in the percentage of these substances,
and thus in the attractiveness of pollen for pollinating insects [41]. Pollen viability and
quantity are determining factors for successful pollination and fruit setting. To evaluate
the biological value of pollen, pollen viability, and germination capacity should be taken
into consideration. The germination capacity is subject to atmospheric factors including
temperature during flowering and bud differentiation [34,40]. There are reports that the
application of fungicides during flowering in Pinot Noir cultivar significantly reduced
pollen germination [22]. The source of pollen has a significant effect on the percentage of
fruit sets and their quality. The phenomenon of metaxenia is also observed, including a
more intense berry color. Pollen sources obviously affected the berry detachment and skin
rupture forces. The highest values regarding beery detachment and skin rupture forces
were detected in ‘Michele Palieri’ x ‘Italia’ [21]. The petals are connected to each other
by epidermal cells and form a cap (calyptra), whose function is to protect the flower’s
generative organs from environmental fluctuations during the early stages of bud burst.
The cap falls off during blossoming and the individual flowers appear, and a phenomenon
called capfall occurs. The released anthers burst and release pollen [25,29]. Recent studies
have confirmed that the pollination process relies heavily on self-pollination and occurs
before the capfall [29,42]. However, some cultivars of V. vinifera need cross-pollination, as
protective mechanisms against self-pollination. One of these involves covering the stigma
by the calyptra and lowering the anthers relative to the stigma [26,29]. In pollination, an
important aspect is pollen fertility, i.e., its viability and germination. These traits will affect
yield and are essential for fruit setting [43,44].

In connection with climatic changes, grapevine production is expanding to cool-
climate countries. The aim of this study was to expand our knowledge about the flower
morphology of 11 hybrid grapevine cultivars most commonly cultivated in Poland. Knowl-
edge of the flowering process can be important for improving yield and its quality.

2. Materials and Methods
2.1. Biological Material

The experiment was set up in the South of Poland (50°08'29.4” N 19°55'50.7" E) in a
temperate climate zone in 2018-2019. The research material consisted of 12-year-old vines
of the following hybrid grapevine cultivars: Aurora, Bianca, Hibernal, Jutrzenka, Leon
Millot, Marechal Foch, Muscat Odesskij, Regent, Rondo, Seyval Blanc, and Solaris. Table 1
details the origin of the hybrid grape cultivars discussed.

Vines were grown at 2.5 x 1 m in 24 rows of 100 of each variety spacing as a single
Guyot pruning type, with permanent turf in between rows and herbicide strips 80 cm wide
under vines. The vineyard lacked installed irrigation, and the average annual precipitation
is sufficient in this region for vine growing (multi-year average of about 700 mm) (Figure 1B).
Diseases and insects were controlled according to commercial guidelines.
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Table 1. Origin of hybrid grape cultivars.

-~ ~ 3 : 3 EE:

s 2 s 5 & F i 0z

Cultivar Parents * = @ § g T g g 03

R 2 2 S = S 3 = O

s g = = 5 2 g : &

> ~ = X - = S g ¢

= = = 0
Aurora Seibel 788 x Seibel 29 68.75  18.75 12.5 medium-early
Bianca Eger 2 x Bouvier 78.09  14.58 1.56 3.13 2.64 medium-late

Hibernal Chancellor x Riesling 82.04 14.06 1.95 1.95 late

Jutrzenka SV 12-375 x Pinot Blanc 78.01 1458 1.56 3.12 2.64 late
Leon Millot MGt01 OP (V'l.‘lp . 50 25 25 medium-late

x V.rup.) x Goldriesling
Marechal Foch MGt101-14 (V.r.1p . 50 25 25 medium-late
x V.rup.) x Goldriesling
N Muskat Sinyj Rannij .
Muscat Odesskij % CV 12-375 78.1 14.58 1.56 3.12 medium-early
Regent Diana (Ga 30N-8-127) 80.06 1432 098 176 156  1.38 medium-late
x Chambourcin

Rondo Zarya Severa X Sait Laurent 75 25 medium-early

Seyval Blanc s. 4995 x 5.4986 4375 2815 125 12.5 3.1 late
Solaris Merzling x Geisenheim 6493 73.4 7 3.1 3.1 0.8 125 medium-early

* Prepared on the basis of data from the Julius Kiihn Institut—Federal Research Centre for Cultivated Plants
(VIVC). ** According to observations in the vineyard.
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Figure 1. (A) Average daily temperatures recorded during the flowering period in 2018-2019,
(B) Average daily precipitation recorded during the flowering period in 2018-2019.

Weather Data

Meteorological data from the 2018-2019 flowering period was collected from the
iMetos go IMT meteorological station located in the vicinity of the vineyard.

42:8669593339
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2.2. Biometric Measurements and Flower Quality
2.2.1. The Number of Anthers

Flowers of 11 hybrid grapevine cultivars were collected in early June and analyzed
for the number of anthers in the flower. A random sample of 100 fully developed flowers,
from 50 plants, was taken for analysis (4 replicates of 25 each).

2.2.2. The Number of Ovules in the Ovary

In the next step, the number of ovules in the ovary was calculated. Measurements
were carried out in four replicates, each replicate consisting of 25 ovaries. The ovaries were
cut with a scalpel and the ovules were extracted using a micro-needle. Calculations were
performed using a Carl Zeiss Discovery stereoscopic microscope.

2.2.3. Stigma Receptivity

The receptivity of the grapevine stigma was determined [45,46]. Flowers were taken
from each cultivar and classified according to the following developmental stages: stage
1—closed flower (with calyptra); stage 2—flower with calyptra cut off but covered anthers;
stage 3—flower without calyptra with anthers exposed; stage 4—flower with brown anthers.
In the laboratory, a 3% H;O, solution was applied to the stigma surface to assess receptivity
and the stigma was observed under a Carl Zeiss Discovery 2.0 binocular magnifier. A
receptive stigma actively releases oxygen in the form of gas bubbles, whereas a non-
receptive stigma does not exhibit this ability. The percentage of receptive pistils at each
flower stage was calculated (ten flowers were evaluated at each stage).

2.2.4. The Number of Pollen Grains in the Anther

The pollen yield of 11 selected cultivars was evaluated using a Biirker’s hemocytometer
by calculating the number of pollen grains in anthers and flowers. The sample consisted of
10 anthers randomly collected from 10 flowers of a given cultivar; the calculations were
replicated four times. Observations were carried out using a Carl Zeiss Image M2 AXIO
microscope at ten-fold magnification under a white light [47].

2.3. Quality and Quantity of Pollen Grains in the Flowers
2.3.1. Pollen Grains Size

Pollen grains size was measured using a light microscope. Pollen was selected from
one hundred randomly selected flowers. The pollen mixture was spread onto slides,
pollen size measurements were carried out in four replicates, one replicate consisted of one
hundred pollen grains. The Axio vs. 40V software was used.

2.3.2. Pollen Grains Viability

Anthers were collected from 50 flowers for each cultivar and placed in Petri dishes and
subsequently kept for 24 h at 25 °C for the anthers to open. The viability of pollen grains
was assessed using Alexander’s staining method [48], i.e., triple staining of pollen grains
(malachite green, orange G, and acid fuchsin). Malachite green does not pass through the
living cell membrane in viable pollen grains, and then the living pollen protoplast stains
carmine, while the membrane of dead pollen is broken down and the pollen cytoplasm
stains green.

According to Tello et al. [29], viability was divided into five groups determining pollen
viability in percentage:

Very high viability > 90%;
High viability: 90-75%;
Medium viability: 75-50%;
Low viability: 50-25%;
Very low viability < 25%

AR



Agriculture 2022, 12, 655

6 of 18

44:6941042421

2.4. Assessment of Pollination and Overgrowth of the Pollen Tube by the Pistil Neck

The number of germinating grains on the stigma and the number of pollen tubes at
the stylopodium were calculated for the eleven cultivars. The experiment was performed
in four replicates, each replicate consisting of twenty pistils with ovaries. The pistils were
fixed in FAA (formalin:ethyl alcohol:acetic acid, 8:1:1) for 10 to 12 h. The pistils with ovules
were subsequently macerated in 30% NaOH solution for two to three hours, and then the
tissue was cleared with a 6% HyO; solution. In the next step, after washing with water, the
pistils with ovules were stained with aniline blue for three hours. In the final stage, the
preparations were closed with glycerol, and observations were conducted using a Carl Zeiss
Image M2 Axio fluorescence microscope [49] under ultraviolet light at a wavelength of
about 356 nm. Under these conditions, callose fluoresces bright yellow-green and contrasts
strongly with the bluish or grayish fluorescence of the stylar tissue. The pollen tubes are
outlined by a callose lining and irregularly spaced callose plugs [50].

2.5. Evaluation of Fruit Quality

The fruit clusters were randomly selected for each cultivar and for each of the four
replicates. From each cluster, four berries were collected from different levels of the cluster.
The sample consisted of forty berries and four replicates. Biometric measurements of fruit
such as berry weight, length, and width, number of seeds per berry, and berry spherical
area were taken to assess fruit quality. The correlation of berry weight to seed number
was calculated.

2.6. Statistical Analysis

The results were statistically analyzed using one-way analysis of variance. Tukey’s
post hoc test was used to assess the significance of differences between means, at the
significance level of « = 0.05. In addition, cluster analysis (Ward’s method) was performed
for biological parameters (number of pollen grains, anthers, ovules, and seeds). Statistical
analysis was performed using the STATISTICA 13 software.

3. Results and Discussion
3.1. Biometric Measurements and Flower Quality
3.1.1. The Number of Anthers in Flowers of 11 Hybrid Grape Cultivars

When comparing the average number of anthers between the 11 hybrid grape cultivars
and between seasons, it can be seen that the differences were small. The cultivar “Hibernal’
had the lowest number of anthers in both years of the experiment, and the cultivars
‘Jutrzenka” and ‘Marechal Foch” in 2019 (Figure 2A). The cultivars ‘Rondo” and ‘Solaris’
had the highest number of anthers in the first year of the experiment, while the cultivars
‘Solaris’, ‘Rondo’, “‘Aurora’, ‘Bianca’, and ‘Leon Millot” were in the group with the highest
number of anthers in the second year. The average number of anthers (in absolute values)
of the evaluated cultivars in both years of the experiment is comparable, only in the case of
three cultivars ‘Jutrzenka’, ‘Marechal Foch’, and ‘Seyval Blanc’, it is slightly lower. As the
number of anthers in flowers in the analyzed samples varied greatly, Figure 2B shows the
percentage of flowers with 4, 5, 6,7, 9, and 11 anthers. Most of the flowers of the discussed
cultivars were characterized by a typical 5-fold flower structure (5 stamens and 5 petals),
while exceptions to this rule were noted, including flowers with 4 to 11 anthers and petals,
respectively (Figures 2B and 3A).



Agriculture 2022, 12, 655 7 of 18

'18 '19 '18 '19 '18 '19 '18 '19 '18 '19 '18 '19 '18 '19 '18 '19 '18 '19 '18 '19 '18 '19

Number of anthers
O FRP N WDSMULIO N

Aurora = Bianca  Hibernal Jutrzenka Leon Marechal Muscat Regent Rondo = Seyval = Solaris
Millot Foch | Odesskij Blac

W Average number of anthers = Median

(A)
100 12

90
80
70
60
2 50
40
30

20 ‘

10 8

0 \ 9 10 \

) ) 2 2

o0 O\ o0 O\ o0 O o0 O o0 N o0 N o0 O o0 O o0 O o0 O o0 O\

— - — - — - — — — — — — — —

[ Nen} o o o o o o oo oo oo oo oo [N o O

NN NN NN [\ Ne\} [\ e\ [o\Na\] [o\Na\] [a\Na\] [\l a\| [\l a\| [a\Na\}

ibernal Regent | Rondo | Solaris [Marechal| Aurora | Leon | Seyval | Muscat | Bianka]Jtitrzen
Foch Millot | Blanc [Odesskij

Numbers of anthers

M4 M5 M6 M7 MO H11

(B)

Figure 2. (A) Average number of anthers in flower of hybrid grapevine cultivars. (B) Variability in
anther number in flowers of hybrid grapevine cultivars (%).

The number of anthers was always the same as the number of petals in the present
study (Figure 3A) and in studies by other authors [29,51]. The group of cultivars that had
the most flowers with 6 anthers included ‘Solaris’, ‘Rondo’, ‘Leon Millot’, and ‘Seyval
Blanc’, recorded flowers containing 7 anthers in the same cultivars. In ‘Seyval Blanc/,
flowers with 9 and 11 anthers were observed (Figure 3B). Kelen and Demirtas [52] analyzed
8 Vitis vinera cultivars grown in Turkey and also found differences in the number of anthers
depending on the cultivar. The number of anthers for most of the analyzed cultivars was
5.0, only for two cultivars the average number of anthers varied between 5.6 and 6.0. Biasi
and Conner [53] analyzed the flower structure of hermaphroditic muscadine cultivars (Vitis
rotundifolia Michx.). These authors noted between 5 and 10 anthers per flower depending
on the cultivar, with 6 to 8 anthers per flower being the most common. Padureanu and
Patras [44] studied generative organs of two hybrid grapevines, ‘Noah” and ‘Otello’, and
reported that the number of anthers ranged from 4 to 6. Pierozzi and Moura [54] observed
from 4 to 7 anthers in two mutants of the cultivar ‘Niagara’.

45:1010393737
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Figure 3. (A) Closed flower bud of a ‘Seyval Blanc’ cultivar with 11 anthers. (B) Capfall. (C) Pollen
grains germinating inside closed anthers. (D) Pollen tubes growing through the pistil neck into the
ovary. (E) Pollinated stigma of the ‘Solaris’ cultivar of pistil.

46:8535366690
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3.1.2. The Number of Ovules in the Ovary of 11 Grapevine Cultivars

In this study, the average number of ovules in the flowers of the discussed cultivars
was calculated (Table 2). Statistically, the cultivar ‘Solaris” had the highest number of seeds,
and ‘Jutrzenka’ and ‘Marechal Foch’ the lowest. The ovary of the grapevine consists of two
chambers, which usually contain two ovules [26]. In the present study, from 3 to 7 ovules
were observed.

Table 2. Pollen viability and pollen tube outgrowth through the pistil neck.

Pollen Viability% Nﬁ:ﬁ‘;ﬁeof Average Number  Average Number of Ovules
Cultivar Germinating of Pollen at ?h(?
2018 2019 Grains Base of the Pistil Min—Max

Aurora 78.0<d 9334 40.8°¢ 30.14 4.6 4-6
Bianca 89.54 74,0 bed 409¢ 2424 4.6 4-6
Hibernal 470" 50.7 abe 082 0.12 4.6 4-6
Jutrzenka 63.5 be 78.0 bed 12.1b 212 432 3-6
Leon Millot 59.5P 477 abe 1.72 1.7 ab 52P 3-6
Marechal Foch 5350 45.72b 405°¢ 29.24d 422 3-7
Muscat Odesskij 25.52 78.0 bed 32.2be 9.1 be 4.6 3-6
Regent 60.0° 91.74 19.5P 6.7 b 4.82b 3-6
Rondo 8154 86.04 9.2b 0.32 5.02b 47
Seyval Blac 49.0° 37.02 17.2b 1.3 52P 4-7
Solaris 84.04 80.3 <d 435°¢ 21.7¢d 6.1°¢ 47

The values are given as means, followed by the letters 9 to indicate statistical significance. The values marked
with the same letters in one column are not statistically different at « < 0.05.

Cluster analysis (Figure 4) distinguished two groups of the studied cultivars that
characterized quantitatively the generative organs. The analysis was based on the number
of pollen grains in the flower, the number of ovules in the ovary, and the number of seeds in
the berry. The group containing ‘Rondo” and ‘Solaris’ cultivars, which were characterized
by a high number of ovules, pollen grains per flower, and seeds, was clearly separated. The
second group consisted of more combinations and two subgroups could be distinguished
within it. The first subgroup included ‘Hibernal’, ‘Jutrzenka’, ‘Bianca’, ‘Seyval Blanc’, and
‘Leon Millot” cultivars, and the second subgroup ‘Muscat Odesskij’, ‘Regent’, “Aurora’, and
‘Marechal Foch’ cultivars. In these groups, we observed similarity in terms of the average
number of pollen grains in flowers, ovules, and seeds.

47:4825394513
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Figure 4. Cluster analysis characterizing the generative organs of the discussed cultivars in terms of
the quantity of 11 hybrid grapevine cultivars.

3.1.3. Stigma Receptivity

Stigma receptivity, defined as the ability of the flower to accept pollen, changes
during its life. Four stages (Figure 5) of flower development were distinguished for
grapevine flowers. Table 3 shows that stigma receptivity varied depending on the stage of
flower development. The receptivity of flower stigmas in the analyzed grapevine cultivars
appears with the capfall (Figure 3B) and disappears when the stigma turned brown (Table 3,
Figure 3E). Baby et al. [55] also found no significant differences in stigma receptivity
between the three studied cultivars, i.e., ‘Cabernet Sauvignon’, ‘Merlot’, and ‘Shiraz’.

Table 3. Mean percent flower pistil receptivity of 11 grapevine cultivars in relation to phenological phases.

Immediately Stigma
Cultivar Full Flowering Dried Anthers Discoloured to
after Capfall
Brown
Aurora 83.5 + 0.67 96.2 + 0.12 35.4+0.12 9.1 £0.06
Bianca 84.1 £ 0.06 96.2 £ 0.06 359 £ 0.15 8.6 - 0.09
Hibernal 82.8 £0.12 96.4 + 0.19 38.3 = 0.09 8.8 £0.07
Jutrzenka 82.7 £0.12 97.0 4+ 0.09 36.5 +0.25 85+ 0.15
Leon Millot 82.8 +£3.94 97.1 £0.20 35.4 +1.82 8.7 £0.17
Marechal Foch 82.0 = 0.06 96.3 + 0.27 36.9 £+ 0.06 8.5+0.18
Muscat Odesskij 84.5 +0.12 97.2 +0.49 35.9 +£0.29 8.6 £0.34
Regent 82.4 +£0.12 97.1 £0.06 36.9 +£0.42 8.4 4+0.12
Rondo 83.4 +£0.12 96.7 £+ 0.06 37.8 £ 0.09 8.8 +£0.20
Seyval Blanc 83.4 +0.12 96.9 + 0.12 36.1 +£0.18 8.7 +0.12
Solaris 83.8 +4.30 96.5 £+ 0.25 35.7 £0.21 9.0 +£0.03

The values are given as means =+ standard deviations. Not statistically different at & < 0.05.

48:6688470836
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Figure 5. Stigma receptivity. (A)—Immediately after capfall, (B)—Full flowering, (C)—Dried anthers,
(D)—Stigma discolored to brown.

3.1.4. The Number of Pollen in the Anther

The number of pollens in the anther varies greatly depending on the species and
cultivar as well as weather conditions during microsporogenesis [40,47,49]. The group
of cultivars with the lowest number of pollen grains in the anther in the first year of
the experiment included ‘Hibernal’, ‘Seyval Blanc’, ‘Leon Millot’, and ‘Regent” cultivars
(1162.5-1981.25), while the lowest number of pollen grains in the second study year was
observed for ‘Hibernal’, ‘Dawn’, and ‘Bianca’ cultivars (912.34-1657.81) (Table 4). The
cultivar ‘Solaris’ in both years of the experiment was characterized by the highest number
of pollen grains per anther and flower (Table 4). A high number of pollen grains in the
anther and in the flower in the first year of the experiment was characterized by the cultivar
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‘Rondo’, while in the second year ‘Rondo” and ‘Regent’. Kelen and Demirtas [34] recorded
from 2906 to 9000 pollen grains per flower. Comparing the results obtained by the authors
of the present study with the results of Kelen and Demirtas [52], it could be seen that the
values were significantly higher. The number of pollen grains per anther in muscadin
cultivars in the study of Biasi and Conner [53] ranged from 2539 to 5776.8, while per flower
it was from 16,380 to 39,860. These values were more similar to the authors’ results.

Table 4. Biometric measurements of flowers of 11 hybrid grape cultivars.

Cultivar  Average Pollen Sice Diameter [um] /S 08 FHE s per Hlomer
2018 2019 2018 2019 2018 2019

Aurora 21.3¢f 21.3¢f 2618.7 de 263124 14403.1¢ 14314.0 <d

Bianca 22f 222f 2368.7 cde 912.32 12909.7 cde 5072.6 2

Hibernal 19.4 <d 19.6 <d 1162.52 1657.8 5754.4 2 8355.4 2

Jutrzenka 17.63b 17.82b 22125 1281.2° 11991.7 cde 6278.12
Leon Millot 216f 21.8f 1862.5 be 2300.6 4 9722.2 be 13021.5 ¢
Marechal Foch 19.5<d 19.5 <d 2337.5 cde 3025.0 € 12996.5 de 14852.7 <d
Muscat Odesskij 205¢ 20.5de 2863.5 ¢ 3296.9 ¢ 14713.2 17506.4 ©
Regent 19.0¢ 19.2¢ 1981.2 be 3914.1f 10599.7 bed 2074458
Rondo 18.8 be 19.0 4020.3 f 4153.1f 23760.0 f 22925.28
Seyval Blac 17.02 17.02 1537.52b 2579.7 4 7675.5 2 15271.7 4
Solaris 18.5°¢ 18.6 bc 5801.6 8 6157.8 8 349254 8 34976.4 f

50:8040769133

The values are given as means, followed by the letters 8 to indicate statistical significance. The values marked
with the same letters in one column are not statistically different at « < 0.05.

3.2. Quality and Quantity of Pollen Grains in the Flowers
3.2.1. Pollen Grains Size

The group of cultivars with pollen size above 20 pm included ‘Aurora’, ‘Bianca’,
‘Leon Millot’, and Muskat Odesskij cultivars. The smallest pollen grains were recorded
for the cultivars ‘Jutrzenka’, ‘Seyval Blanc’, and ‘Solaris’, the other cultivars did not differ
statistically (Table 4). Vasconcelos et al. [29] reported that grapevine pollen dimensions
ranged from 25 to 30 um in length and 12 to 15 um in width. The same authors indicated
that pollen fertility was determined by its shape, fertile pollen was barrel-shaped, while
non-fertile pollen had an oblong shape. Similar observations were made by Baby et al. [55],
who described spherical pollen as hydrated, capable of fertilization, while oblong pollen
was considered dehydrated, incapable of fertilization. Pierozzi and Moura [54] recorded
pollen with mean sizes of 20.67 and 26.43 um for two mutants of the dessert cultivar
‘Niagara’. Isci [56,57] analyzed pollen of many V. vinifera cultivars and its size varied greatly
between them (16.26-29.91 pum) [56]. The pollen of V. vinifera cultivars described by the
author was much smaller compared to pollen sizes in the current experiment.

3.2.2. Pollen Viability

Effective pollination and generation of well-formed seeds largely depend on pollen
quality [52,55,58]. In the current experiment, the cultivar ‘Muscat Odesskij’ was character-
ized by low pollen viability in 2018, while ‘Bianka’, “Aurora’, ‘Rondo’, and “Solaris’ cultivars
were included in the group of high pollen viability (Table 3). In 2019, pollen viability of
the study cultivars was altered. In that season, the cultivar ‘Seyval Blanc’ belonged to the
group with low pollen viability, while ‘Regent” and ‘Aurora’ cultivars were included in
to the group with very high pollen viability. Many authors have reported differences in
pollen viability in Vitis vinifera [52,55,57,59,60]. Baby et al. [55] analyzed pollen viability in
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three Vitis vinifera cultivars: ‘Merlot’, ‘Cabernet Sauvignon’, and ‘Shiraz’. They showed
a high proportion of low viability pollen in ‘Merlot” and ‘Cabernet Sauvignon’ cultivars.
Defouquette et al. [61] found higher pollen viability in muscadine and hermaphroditic
cultivars (Vitis rotundifolia) compared to the present study, ranging from 69.8% to 99.8%,
which was similar to the results of Biasi and Conner [53].

3.3. Assessment of Pollination and Overgrowth of the Pollen Tube by the Pistil Neck

In the current experiment, the number of germinating pollen grains on the stigma and
the number of pollen tubes at the base of the pistil were calculated (Table 2, Figure 3E).
Statistically, the highest number was observed for ‘Solaris’, ‘Marechal Foch’, ‘Aurora’,
‘Bianca’, and ‘Muscat Odesskij’ cultivars. The lowest number of pollen grains germinating
on the stigma was recorded for ‘Hibernal” and ‘Leon Millot’ cultivars. Ebadi et al. [62]
also studied the growth of the pollen tube in the cultivars ‘Chardonay’ and ‘Shiraz’. These
authors observed that low temperature during flowering weakened pollen germination in
the tested cultivars and was a cultivar-specific feature expressed by quantitative differences
in the disturbance of pollen functions. In the present study, flowering in 2018 began on
June 8, and in 2019 on June 10. It lasted, depending on the cultivar, from 7 to 14 days. In
2018, the lowest average daily temperature was recorded on June 17 (18.7 °C), while in
2019, on June 13 (15.56 °C) (Figure 1A). The rainfall in both years was at a similar level
and did not cause any changes in flowering (Figure 1B). According to some authors [29,63],
temperatures below 15 °C and rainfall delay flowering.

In our study, the lowest number of pollen tubes at the base of the pistil was recorded for
the ‘Hibernal’, Seyval,” ‘Leon Millot’, 'Rondo’, and ‘Jutrzenka’ cultivars (Table 2, Figure 3D).
The highest number in turn was observed for “Aurora’, ‘Bianca’, and ‘Solaris” (from 21
to 30%). Ebadi et al. [62] reported that 20% of ovules were penetrated by pollen tubes
and fertilized in the cultivar ‘Chardonay’. Padureanu and Patras [44], investigating the
fertility of two hybrid cultivars, found that the cultivar ‘Otello’, which contained genes
from Vitis vinifera, was characterized by 2 times higher pollen yield compared to the cultivar
‘Noego’ derived from Vitis labrusca and Vitis riparia. In the present study, all the cultivars
studied had some share of Vitis vinifera (Table 1), and regardless of their genotype, were
characterized by the variability in pollen germination and the number of pollen tubes at
the stylopodium relative to the cultivar.

The authors observed pollen germination in closed anthers in 10% of flowers of all
cultivars (Figure 3C). There are several theories about how grapevines are pollinated,
ranging from cleistogamy, i.e., self-pollination, insect pollination, to wind pollination [29].
Staud et al. [64] performed observations of Vitis vinifera flower opening in ‘Miiller-Thurgau’
and ‘Pinot Noir’ cultivars. They noticed that about 25-35% of the pollen showed pollen
tube growth as early as in the capfall phase (Figure 3B). Similar observations were made
by Defouquette et al. [61]. They reported that self-pollination in Vitis roundifolia Michx
cultivars was approximately 22%. Maghradze [59] recorded self-pollination in Georgian
cultivars at a level from 16.9% to 61.9%, and this trait was cultivar-specific. Depending
on the cultivar, the authors indicated that self-pollination could have had a positive or
negative effect on berry size, or the number of seeds produced; however, they added that
apart from self-pollination, cross-pollination was also necessary for good fruiting. [42,59,61].
Pollination is usually positively correlated with the number of seeds per fruit [42,65] and it
was also confirmed in our study.

3.4. Evaluation of Fruit Quality

Parameters such as the average berry weight, length, and width, along with spher-
ical area and average number of seeds were considered in fruit quality evaluation. The
correlation between berry weight and seed number in berry was also calculated (Table 5).
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Table 5. Fruit quality 11 hybrid grape cultivars.

Average Correlation
Cultivar Average Berry  Average Berry  Average Berry Globular Number of (between Berry
Weight Width Length Surface (cm?) Seeds in Ber Weight and
Ty Number of Seeds)

Aurora 1.9 de 14.02b 14.6P 2.0 bed 26P 0.31
Bianca 2.0de 144" 15.3b 22¢ 24Pb 0.86
Hibernal 2.0de 13.92ab 14.8b 2.1 cde 24Pb 0.65
Jutrzenka 1.9 13.52b 143" 1.9 bed 2.2ab 0.47
Leon Millot 1.7b 13.02b 14.1° 1.8ab 2.1ab 0.78
Marechal Foch 20¢ 13.9ab 15.4b 21¢ 24Pb 0.81
Muscat Odesskij 1.6 1322 14.4° 1.9 abe 230 0.77
Regent 1.62 12.82 14.1b 1.8b 162 0.87
Rondo 1.94 13.82b 149b 2.1 cde 2.3b 0.63
Seyval Blanc 1.8 be 1342 15.0P 22¢ 2.12b 0.79
Solaris 1.9 de 13.92b 145P 20¢d 36¢ 0.91

The values are given as means, followed by the letters € to indicate statistical significance. The values marked
with the same letters in one column are not statistically different at « < 0.05.

The fertilized ovule develops into a seed [66]. The size of the berries and their shape
in individual cultivars is genetically controlled; the weight of grape berries also depends
on the number of seeds [42], i.e., berries without seeds will be much smaller than berries
containing them. The same is true for other species such as apples [67]. This relationship in
the current study could is observed particularly for the cultivar ‘Regent’, as its berries had
the lowest weight, the smallest size, the smallest number of seeds (Table 5) and the highest
percentage of berries with a single seed (Figure 6). Moreover, parthenocarpic berries were
also found in this cultivar (Figure 6). Spena and Rotino [68] have argued that parthenocarpy
in grapevines and other species is a way of producing fruit under conditions not conducive
to pollination and /or fertilization. In Central European climatic conditions, parthenocarpic
fruits very often develop from fruits damaged by spring frosts [67].

Percentage of number of seeds per berry
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|| | - ||
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Figure 6. Percentage of number of seeds per berry in 11 hybrid grape cultivars.

The cultivar ‘Solaris’ was clearly deviating from Sabir’s observations [42], as its berries
did not increase in weight or size despite a significantly higher number of seeds (Table 5).
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This cultivar had the highest percentage of berries with 4 seeds and a small percentage
of berries with 5 and 6 seeds (Figure 4). Maghradze [59] found in his work that there
was a possibility of producing more seeds in grapevine berries than usually observed
(ie.,0,1,2,3,4), due to aberrations during micro- and macrosporogenesis, embryogenesis,
and genotype variation. The correlation between berry weight and number of seeds was
the highest for this cultivar (Table 5). Lebon et al. [25] analyzed inflorescence and flower
development of the cultivars ‘Gewurztraminer” and ‘Pinot Noir’ under different conditions.
The number of seeds per berry averaged from 1.4 to 1.8. In the present experiment, for
most cultivars, the number of seeds was higher than Lebon et al. [25] and ranged from 1.6
to 2.45.

Cultivars with the highest spherical area in the present experiment included “Seyval
Blanc’, ‘Bianca’, and ‘Marechal Foch’, while ‘Regent” and ‘Leon Millot” were characterized
by the lowest (Table 5).

4. Conclusions

Hybrid cultivars differ from Vitis vinifera in terms of flower structure. We recorded
anomalies in the number of anthers ranging from 4 to 7 for most of the described cultivars
and up to 11 anthers in the cultivar ‘Seyval Blanc’. The number of pollen grains in a flower
varied greatly and depended on the cultivar and growing season. The cultivars ‘Rondo’
and ‘Solaris” were characterized by the highest values of flower structure and quality
(number of pollens in flowers, pollen viability, number of ovules in the ovary, number of
set seeds). Stigma receptivity appered with the capfall and disappeared with its browning.
The cultivar ‘Regent’ had the ability to form a small percentage of parthenocarpic fruits.
Berry weight is not correlated with the number of seeds set. The existence of Vitis vinifera
cultivars has been described in many publications, while hybrid cultivars require better
knowledge, evaluation of the source of pollen on fruit quality (metaxenia), and checking
fruit quality after pollination with their own pollen (kleistogamy). These issues require
further research.
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Abstract: Sweet wines are appreciated worldwide; many are produced by fermenting the must of
dehydrated (semi-dried) grapes, using methods that vary from region to region. The aim of this
study was to evaluate the basic chemical and oenological characteristics of wines obtained by three
technologies of production. The wines were made from a hybrid cultivar “Hibernal’, grown under
cool climate conditions. ‘Hibernal’ is a hybrid variety. This ‘Hibernal variety is widely cultivated
in central and eastern Europe, where it is of great economic importance. Wines produced from
this variety are popular in local markets. In comparison with the production of varieties belonging
to Vitis vinifera, a very small percentage of the ‘Hibernal” variety is cultivated. The methods used
in the experiment for the production of wines were: classical method in the Italian passito style,
modification of the passito style with a seven-day maceration of grapes, and a method of production
in the Tokaj wine style at five Puttonyos. Basic chemical parameters, acid profile, total phenolic
content, antioxidant and antiradical capacities, and quantitative analysis of selected polyphenols
was performed. The sensory features and quality of the wines was assessed using a sommelier
analysis based on The Wine & Spirit Education Trust guidelines. The results indicated that the
seven-day maceration of the dehydrated grapes resulted in the highest polyphenol content, as well
as the largest antioxidant and antiradical contents. The oenological evaluation of wines produced
by the Tokaj method and Italian passito method with seven-day maceration found that the wines
were appreciated due to their rich taste, flavor, and overall quality. The present study confirms the
promising opportunities to obtain special sweet wine with a valuable composition and oenological
characteristics in regions with cooler climates.

Keywords: hybrid cultivars; passito wine; straw wine; polyphenols; antioxidant capacity; antiradi-
cal capacity

1. Introduction

Sweet dessert wines are very popular in the world. They are produced using various
technologies primarily based on the grape dehydration process. This treatment is aimed at
increasing sugar concentration in the must, and can be carried out using several methods,
such as cryoconcentration, for German and Canadian Eiswein, Botrytis cinerea infection
for Tokaj wines, stopping fermentation by distillate addition for Porto or Madeira wines,
or by partial grape drying. The latter method is the most common and has been used
for centuries. Several countries have a long tradition in producing these types of wines.
For instance, Italy’s production of Vino Passito and Vin Santo, Austria’s production of
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Strohwein, France’s production of Vin de Paille, and Spain’s production of Pedro Ximenez.
The old methods were based on spreading the grapes on mats and drying them in the
sunshine. At present, modern dryers with a forced warm, dry air convection are mostly
used, thus avoiding problems associated with fungal growth and ochratoxin, contamination,
or insect problems [1,2]. The winemaking process itself also provides many problems.
A high sugar concentration and increased alcohol content create osmotic stress for yeasts,
and only some of them are able to carry out the fermentation process. The end products are
wines with a very distinctive taste and aroma, which are often more complex than standard
red or white wines made from ordinarily ripe grapes [3,4]. Mostly, they are sweet to very
sweet, capable of a long life, usually deep golden in colour, with a viscous appearance.
In general, the nose and palate is met with a complex, alluring blend of peaches, dried
apricots, and marmalade, with flavours of almonds and honey. The intense mouthfeel is
balanced by a clean, fresh, and very long finish of dried apricots [3-5].

In Poland, in recent years, there has been an increase in the number of vineyards where
mostly hybrid varieties are grown. Vitis vinifera strains are cultivated only in the west of
the country. The whole country is located in the cool climate zone, and it is rarely possible
to produce wines with higher residual sugar contents under natural conditions. Generally,
it is only possible to harvest grapes with a relatively low extract (usually 17-23° Brix),
although these can give good, fragrant dry, or semi-dry wines with a balancing acidity. [5].
The only way to obtain dessert wines is to use special production methods. The climate that
prevails in Poland should favor the production of ice wines, however, there is no guarantee
that a frosty winter will happen every year. At the turn of 2020 and 2021, only 500 L of ice
wine were produced, which accounted for 0.03% of the total wine production in Poland.
Straw wines (i.e., wines made of semi-dried grapes being dehydrated indoors) are a safer
solution for producers, as they are independent of weather conditions [1].

A number of studies provide evidence for the beneficial effects of grapes on human
health, both in their basic and modified forms. A special role is attributed to polyphenolic
compounds contained in grapes, which greatly contribute to the prevention of cardiovascu-
lar diseases and cancer [6-8]. Most of them are found in red wines, due to their production
technology. Maceration, together with skins and seeds, results in the extraction of their
ingredients into the must. For white wines, the process is slightly different, as the must is
fermented directly after pressing, reducing valuable compound contents such as polyphe-
nols by up to 10-fold. For winemakers, polyphenols are important, primarily for the colour
and taste of wine [9,10]. Phenolic compounds contained in unfermented grapefruits are
not fully assimilated by the human body because they occur as large polymeric complexes.
Ethanol formed during the fermentation process is a good solvent for phenolic compounds,
hence facilitating their extraction into wine [11].

One grape variety (i.e., hybrid variety ‘Hibernal’) was used in the experiment, but
three different production methods were applied. In commercially available wines, one can
also find similar examples of different technologies being used during production in order
to produce different wine characteristics (e.g., Amarone della Valpolicella and Recioto della
Valpolicella, where the maximum sugar content of the former is 12 g/L, and over 100 g/L of
the latter) [12]. In this study, three wines with different styles and compositional parameters
were obtained. Their variability was mainly due to different production technologies (i.e.,
classic for straw wines: grape drying (wine A), grape drying and maceration (wine B) and
wine refermentation using dehydrated grapes (wine C)).

During the long preliminary procedure (i.e., drying, fermentation, and maturation
to the final product), straw wine is enriched with several compounds, similarly to classic
wines. In wines made from dried grapes, substances dissolved in water, mainly sugars, but
also acids, are concentrated [13-15].

By applying the red wine production method to straw wine making, a product with
a higher concentration of polyphenols, that is comparable to red wines, can be obtained.
The objective of this study was to evaluate the production methods of straw wines, consid-
ering their oenological characteristics, as well as the content and proportion of essential
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health-promoting compounds. The results will help improve the quality of straw wines
produced under cool climate conditions.

2. Materials and Methods
2.1. Biological Material

The research was carried out for three types of straw wines produced in 2015, from
the hybrid ‘Hibernal’ variety (Figure 1A), derived from the ‘Seibel 7053” (Chancellor), and
‘Riesling” cultivars.

60:1019984487

(A)

(B) ©

Figure 1. (A)—'Hibernal’ variety; (B)—openwork boxes; (C)—dehydrated grapes after six weeks.

Straw wines used for the comparison were made of grapes from the vineyard ‘Garlicki
Lamus’, located nearby to Krakow, in the south of Poland (50°08'29.4” N 19°55'50.7” E).

The collected fruits were fully ripe, without any damage, infection, mold, or rot.
The process of dehydrating the grapes, which lasted six weeks, took place in a dry and well-
ventilated room, in openwork boxes (Figure 1B). Two fans were used to force air circulation.
The temperature during drying was kept at about 18 °C. During the entire process, the grape
clusters were inspected, and any damaged or infected fruit were immediately removed
(Figure 1C). The basic chemical parameters of fresh and dried grapes are summarized in
Table 1.

Table 1. The basic chemical parameters of the grapes used in the experiment: pH, titrable acidity (TA,
in tartaric acid equivalents), and the total extract content (TSS).

Fresh Grapes Withered Grapes
pH 3.14 +0.01 3.31+0.01
Ta (TAE, g/L,) 8.7+ 0.15 179 £0.71
TSS (°Brix) 17.63 + 0.01 40.10 £ 0.00

The straw wines used for the comparison were made using three methods:

A: The 50 kg semi-dried grapes were pressed, then the must (about 20 L) was fermented
(the classical straw wine method);

B: The 50 kg semi-dried grapes were ground and macerated for 7 days at 15 °C.
Then, the free-run juice was poured off and the remaining grapes were pressed. The must
was combined with the free-run juice and subjected to a further fermentation process—
about 20 L (the classical method with fermentative maceration);

C: The 3 kg semi-dried grapes were poured with 20 L of fresh “Hibernal” wine in a
ratio of 1 kg per 7 L and subjected to refermentation. The fresh wine had a residual sugar
content of 6.7 g/L and an acidity of 6.05 g/L (the Tokaj method). Fermentation of the young
wine was carried out with ZYMAFLORE® VL1 yeast made by Laffort. IOC Bayanus yeast
was used for refermentation at 50 g/hl.
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Active dried yeast IOC Bayanus produced by Institut Oenologique de Champagne
(Saccharomyces cerevisiae bayanus) was used to produce and referment the wines used in the
research. After the supernatant was decanted, the wine was allowed to clarify. The wines
were aged at 10 degrees Celsius and 75% humidity.

2.2. Physicochemical Analyzes
2.2.1. pH, the Total Acidity, the Extract Content

The pH and the total acidity of the wine were determined with a Janway 3020 pH meter.
Titration with NaOH was performed to pH = 7.0. The analysis was performed in triplicate.
The results were expressed in g x 100 g™! of tartaric acid equivalents. For determination
of the extract content, an electronic ATAGO Digital PR-101a refractometer (Tokyo, Japan)
with a range of 0.0-45.0 °Brix was used. The measurement was performed in triplicate and
the results were expressed in °Brix.

2.2.2. Ethanol Content

The determination of the ethyl alcohol content of the straw wine samples were tested
according to the OIV reference method (OIV-MA-AGS312-01A). Briefly, 100 mL of wine with
the addition of 10 mL of 2 M Ca(OH), was distilled at 20 °C. Calcium hydroxide is neces-
sary to avoid the presence of volatile acids which could affect the ethanol quantification.
Distillation was stopped when approximately 75% of the original volume was reached,
and after 20 min, pure water was added to the total volume of 100 mL. The ethanol con-
tent was measured with an oscillating type densimeter (Handheld DensityMeter, Densito,
Mettler-Toledo, Columbus, OH, USA).

2.2.3. Acid Profile

The content of organic acid anions was investigated with an EA 100 capillary isota-
choresis (ITP) analyzer (Villa Labecos. r.0. Spisska Nova Ves, Slovakia). The apparatus was
equipped with two capillaries: a pre-separation capillary (90 mm X 0.8 mm ID) and an
analytical capillary (90 mm x 0.3 mm ID). The initial separation was carried out at an AC
current of 250 puA, while the separation in the analytical capillary column at 60 uA during
the initialization step and at 50 pA during the detection step. The lead electrolyte (LE)
was 10 mM HCl with 0.1% HEC (Hydroxyethyl Methyl Cellulose) and 10 mM (-alanine.
The final electrolyte was a 0.01 M caproic acid solution [16,17]. All the reagents used for
ITP analysis (i.e., f-alanine, caproic acid, tartaric acid, citric acid, malonic acid, succinic
acid, lactic acid, and acetic acid, as well as hydrochloric acid) were from Sigma-Aldrich
(Burlington, MA, USA).

2.2.4. Total Phenolic Content (TPC)

The number of phenolic compounds in the extracts was determined based on the reac-
tion with the Folin—Ciocalteu reagent. The wine sample (0.25 mL) was mixed with 0.25 mL
of 25% NayCOs3, 0.125 mL of the Folin—Ciocalteu reagent (Sigma—Aldrich, diluted twice
with water prior to the analysis), 2.25 mL of water, and then incubated for 15 min. The ab-
sorbance was measured at 760 nm (JASCO V-530 UV-Vis spectrophotometer). The final
results were expressed as mg of gallic acid (Sigma—Aldrich) per L (gallic acid equivalents,
GAE mg L 1) [17,18].

2.2.5. Antioxidant Capacity—A FRAP Assay

The FRAP (ferric reducing antioxidant power) assay is based on the reduction of the
ferric—tripyridyl-s-triazine (Fe*>~TPTZ) complex to its ferrous (Fe?*) derivative. The FRAP
working solution was freshly prepared by mixing together 300 mM acetate buffer (pH 3.6),
10 mM TPTZ (Sigma—Aldrich) in 96% ethanol, and 20 mM FeCl3 (10:1:1, v:v:v). Then, 3 mL
of the FRAP working solution were mixed with 0.1 mL of the wine sample and 0.3 mL of
water. The absorbance was measured at 595 nm after 5 min. The results were expressed as
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umol Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid; Sigma-Aldrich) per
L (Trolox equivalents, TE pmol L= [19].

2.2.6. Antioxidant Capacity—A CUPRAC Assay

The CUPRAC (cupric ion reducing antioxidant capacity) assay is based on the mea-
surement of the utilization of copper (II)-neocuproine as a chromogenic oxidizing agent.
Briefly, 1 mL of 10 mM CuCly, 1 mL of 7.5 mM neocuproine (Sigma-Aldrich) in 96% ethanol
and 1 mL of 1 M NHAc buffer, pH 7.0, were mixed with 0.25 mL of the wine and 0.8 mL
of distilled water. The absorbance was measured at 450 nm after 15 and 30 min. The results
were expressed as pmol Trolox (Sigma-Aldrich) per L (TE umol L1 [20,21].

2.2.7. Radical Scavenging Capacity (RSC)—A DPPH Assay

The radical scavenging capacity of extracts was tested following the reduction of
a synthetic, stable free radical 2, 2-diphenyl-1-picrylhydrazyl (DPPH). The colorimetric
method enables the measurement of absorbance changes to DPPH solution at 517 nm as a
result of the antioxidant activity of the sample. Briefly, 2.8 mL of 0.1 mM DPPH (Sigma-
Aldrich) solution in 96% ethanol was mixed with 0.2 mL of the wine sample. The DPPH
absorbance was measured after 10 min. The RSC results were expressed as pmol Trolox
(Sigma-Aldrich) per L (TE pmol L= [20].

2.2.8. Polyphenol Analysis

High performance liquid chromatography (HPLC) (Shimadzu LC-10AS chromato-
graph equipped with a C18 RP column and SPD-10AV UV-Vis detector) was used to
identify phenolic compounds in wine. Signal detection was set at 265 and 325 nm. Chro-
matographic separation was performed at 33 4+ 1 °C using the following solvents: (A)
water (Sigma—Aldrich) with acetic acid (0.1%), (B) methanol (Sigma—Aldrich, ultrapure)
with acetic acid (0.1%), and use of a solvent gradient: 90% A, 10% B for 20 min; 75% A,
25% B for 30 min; 65% A, 35% B for 40 min; 55% A, 54% B for 50 min; 50% A, 50% B
for 60 min; 30% A, 70% B for 62 min; 100% B for 80 min; 80% A, 10% B up to 85 min.
The flow rate was 1 mL/min. Identification of phenols was based on the retention times of
vanillic, syringic, trans-Cinnamic acids, quercetin (Sigma—-Aldrich), and (+)-catechin (LGC
Standards), at 265 nm, and chlorogenic, caffeic, p-coumaric, ferulic acids, trans-resveratrol
(Sigma—-Aldrich), at 325 nm. Before separation, the samples A and C were diluted twice, and
the sample B was diluted four times, all with methanol (Sigma—Aldrich, HPLC gradient,
ultra pure).

2.3. Organoleptic Analyses

All wines were subjected to organoleptic analysis by a group of 30 respondents in
the age group of 22-55. Study participants were free of upper respiratory tract infec-
tions. All respondents were amateur wine consumers, and they received basic training
in organoleptic evaluation of wines based on The Wine & Spirit Education Trust (WSET)
materials. The training was conducted by two persons with WSET Level II sommelier
certifications. During the training, 64 aromas from LE Nez du Vin (Jean Lenoir, Provence,
France), as well as solutions for taste blindness (flavors: sour, sweet, bitter, salty, and
umami) were utilized. Wines were evaluated on “wine evaluation sheets” which were
compiled based on the WSET materials. The scores presented on the sheets were intended
to illustrate the quality rating of individual wines. The Table 2 includes answers that were
marked by at least 60% of the panellists in the survey.

2.4. Statistical Analysis

The collected results were processed using a one-way analysis of variance. Tukey’s
test was used to assess the significance of differences between the means, with a signifi-
cance level of & = 0.05. All the statistical calculations were performed using Statistica 13
computer software.
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Table 2. Organolepic evaluation criteria.

APPEARANCE
Clarity clear-hazy (faulty?); intensity: pale, medium, deep
Colour lemon, green, lemon, gold, amber, brown

Other observations

e.g., legs/tears, deposit, petillance, bubbles

NOSE

Condition

clean, unclean (faulty?); intensity: light, medium (—),
medium, medium (+), pronounced

Aroma characteristics

e.g., fruits, flowers, spices, vegetables, oak aromas, other

Development youthful, developing, fully developed, tired/past its best
PALATE

Sweetness dry, off-dry, medium-dry, medium-sweet, sweet, luscious
Acidity low, medium (—), medium, medium (+), high
Tannin low, medium (—), medium, medium (+), high
Alcohol low, medium (—), medium, medium (+), high
Body light, medium (—), medium, medium (+), full
Flavour intensity light, medium (—), medium,

medium (+), pronounced

Flavour characteristics e.g., fruits, flowers, spices, vegetables, oak flavours, other

Length short, medium (—), medium, medium (+), long
CONCLUSIONS
Quality level faulty, poor, acceptable, good, very good, outstanding

can drink now, drink now, not for drinking, too young but has
potential, suitable for ageing, too old for ageing, for ageing or
further ageing.

Level of readiness for
drinking/potential for an ageing

3. Results and Discussion

The physical and chemical parameters of the obtained straw wines were determined
in the experiment. The first analyzed parameter was the pH of the juice, which is a factor
that influences must and wine stability [22]. The initial juice pH in the grapes after drying
increased from 3.14 to 3.31 (Table 1). This process is observed when the juice is concentrated,
but also during extended maturation [23]. During fermentation, the pH value increased to
3.91 for sample A, and the statistically lowest and most desired pH was achieved for sample
C (Table 3). Aponte and Blaiotta [24] analyzed the passito wine ‘Moscato di Saracena’,
and recorded a pH range from 3.1 to 3.93, which was similar to the values obtained in the
present study. Bondada et al. [23] confirmed that pH was not strictly correlated with acidity
(TA), and pH increase did not always show the same trend, which was also reflected in the
results of this study.

The main organic acids in wines, such as tartaric acid, citric acid, and malic acid
come from fruits; others are fermentation products (i.e., lactic acid, succinic acid or
acetic acid), and affect wine sensory characteristics such as colour, and its microbio-
logical stability [25,26]. The titratable acidity of wines in the experiment was in the
range of 8.18-10.34 g/L; it was statistically the highest in sample B, which was proba-
bly due to the high initial acid content in the macerate which was then fermented (Table 3).
Climatic conditions are key factors in determining grape maturity and maturity-related
parameters, such as sugar content and total grape acidity. In classic wines, it is assumed
that total acidity should be between 5 and 12 g/L [27]. Croce et al. [12] studied 302 samples
of Italian wines made from dried grapes. The acidity recorded by these authors ranged
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between 3.73 and 11.31 g/L. The values obtained in this experiment were at the upper end

of this range.

Table 3. Basic chemical characteristics of wines using semi-dried grapes, and which were obtained

using three methods of production.

Wine A Wine B Wine C
pH 391a+0.18 3.53b + 0.01 3.1¢+0.01
TA (g/L) 8.18 ¢ £ 0.11 10.34 a 4+ 0.41 8.95b + 0.05
TSS (°Brix) 18.2.a 4+ 0.00 159b £ 0.06 6.9 ¢ £0.00
ethanol (vol %) 18.0a + 0.00 18.0a + 0.00 15.0 b &£ 0.00
tartaric acid (g/L) 2.23b £0.03 4.61a+0.33 2.27b £+ 0.45
citric acid (g/L) 0.50a + 0.04 0.55a + 0.05 0.28 b +0.04
malic acid (g/L) 247b +0.10 2.99a+0.19 1.25¢+0.10
succinic acid (g/L) 1.60b + 0.03 240a + 0.07 0.57 ¢ £0.20
lactic acid (g/L) 0.52a+0.27 0.54a+0.14 0.58a+0.25
acetic acid (g/L) 1.50a £ 0.01 0.95b £+ 0.01 0.19c £0.01

The values are given as means =+ standard deviations, followed by the letters a—c to indicate statistical significance.
The values marked with the same letters in one line are not statistically different at « < 0.05; TA—titrable acidity,
TSS—total extract content.

Wines made from dried grapes can vary in typology, with sugar concentrations reach-
ing even 600 g/L. Wines in the present study could be divided into two groups in terms of
sugar content: wines A and B belonged to very sweet wines with a sugar content higher
than 150 g/L, and wine C belonged to the group of sweet wines, with sugar in the range of
60 to 150 g/L. Domizio & Lencioni [28] demonstrated a high diversity among passito styles.
They summarized that Tuscan wines (Vin Santo) had residual sugar content between 10 and
250 g/L. Their observations indicated that recent trends in consumption have prevailed
toward slightly sweet and sweet wines. Laureati et al. [29] also described the production
of traditional Vin Santo, made from three varieties: Trebiano, Malvasia and Grechetto.
The wines were divided into three types: semi-sweet wines (10-50 g/L residual sugar),
slightly sweet wines, and sweet wines (up to 100 g/L residual sugar content). The described
production technology for Vin Santo was very similar to that used by the authors for sample
A; however, a residual sugar in the experiment was determined at 182 g/L, which classified
it as a very sweet wine (Table 3). By reducing the degree of dehydration, and thus sugar
level in the must, it is possible to match the style of Polish wines to traditional Italian wines.
Giordano et al. [30] described obtaining Passito di Pantelleria DOC wines using a base
wine and refermentation to sweeten the product, yielding wines containing 200 to 340 g/L
residual sugar. In the present study, the authors used the same method for wine C but
obtained a lower sugar concentration (i.e., 69 g/L). Such a result was due to the low residual
sugar content in the base wine and in the dehydrated grapes. No reports were found in the
literature on using dried grapes and the maceration method to produce wines, which was
applied in sample B. Such a method is sometimes used to produce traditional white wines
(very short maceration), and almost always to produce red wines (longer maceration).

The yeast used in the study (i.e., S. bayanus), is applied to resume fermentation,
refermentation, fermentation of meads, and production of sparkling beverages [31,32].
In this case, the fermentation in two samples (wine A and B) stopped at the maximum
alcohol concentration of 18% vol, whereas the alcohol concentration in sample C was 15%
vol (Table 3). Croce et al. [12] recorded alcohol content in passito wines ranging from 10.18
to even 20.52% vol. Similar results were obtained by Domizio and Lencioni [28], who
examined 63 Tuscan Vin Santo wines and determined that the alcohol concentration was in
the range of 10-19% vol. They divided Vin Santo into three styles depending on residual
sugar and alcohol content: dry style (16-19% vol alcohol and 10-50 g/L sugar), slightly
sweet and sweet style (14-16% vol alcohol and up to 100 g/L sugar), and very sweet
(14-16% vol alcohol and up to 250 g/L sugar). Relating the results of the present study to
the above division, wine C can be classified as a slightly sweet style, whereas wines A and
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B would be classified as very sweet in terms of sugar content, and as having a dry style in
relation to alcohol concentration.

The current study analyzed the content of major organic acids by isotachophoresis
(ITP) (Table 3). This method is used for electromigration separation and allows the analysis
of mixtures of ionic substances [33]. In the experiment, sample B had the highest content of
tartaric, malic and succinic acids, and together with wine A, also citric acid. The lowest
contents of tartaric, citric, malic, succinic, and acetic acids were measured in sample C.
Aponte and Blaiotta [24] obtained similar values as the authors for wine A: tartaric acid
content—2.56-2.65 g /L, citric acid—0.54-0.60 g/L, malic acid—2.16-2.11 g/L, succinic
acid—1.72-1.89 g/L, acetic acid—0.79-1.51 g/L, and in only one case, lactic acid—0.84 g/L.
Giordano et al. [30] studied three Italian passito wines and acquired similar contents of
the aforementioned acids to those obtained in the present study. Wine C proved to be the
most similar to Passito di Panteleria DOC in terms of organic acid content; the production
method of both wines was also very similar. In the experiment, as in a study by Aponte
and Blaiotta [24], wine A statistically had the highest acetic acid content at 1.5 g/L, and
fermentation dynamics and acetic acid production were also evaluated. The maximum
concentration of acetic acid formed in wines from dehydrated grapes has been defined in
several countries; for example, the maximum value of acetic acid in Canadian Eiswein is
2.1 g/L [4,34]. In Europe, the standard for white and rosé wines is 1.08 g/L, and 1.8 g/L
for red wines. An elevated acetic acid content in table wines usually indicates a spoilage
process; however, in the case of wines made from dried grapes, it is responsible for retaining
a redox balance when responding to osmotic stress induced by high sugar levels [34].

The total polyphenol content of wine is influenced by winemaking techniques, namely
maceration, fermentation, and aging [35]. In white wines, it is assumed to range from
100 to 400 mg/L, in rose wines from 400 to 800 mg/L, and in red wines from 1000 to
2000 mg/L [36]. The straw wines used in the present study contained 907.5 to 3748.5 mg
of gallic acid equivalents per liter (mg GAE/L); sample B (i.e., the one in which the dried
grapes were macerated) was the richest in phenolic compounds (Table 4). Many authors
have shown that the maceration process leads to an increase in total polyphenols due to
their high concentration in the skins and seeds. Their greatest increments occur at the
end of maceration, when the produced alcohol destroys the skin lipid layer that protects
the seeds [37,38]. For wines A and C, the concentration of polyphenols was over 70%
lower than for sample B in the current study. Fhurman et al. [39] studied the effect of skin
contact with grapes on the polyphenol content and antioxidant capacity of white wine.
During maceration, which lasted from 2 to 18 h, the latter authors noted a gradual increase
in the concentration of polyphenols (up to 41%). They also analyzed the effect of fresh
grape maceration in alcohols of different concentrations (2-18% vol). The 18% vol alcohol
resulted in the highest polyphenol extraction, 60% higher than in the wine without any
added alcohol. In the present study, wine A had no contact with skins and seeds, whereas
polyphenols present in the dried grapes in wine C were dissolved in the base wine. A lower
alcohol concentration, compared to other samples, may not have been sufficient to fully
extract polyphenols from dried grapes. Panceri and Bordignon-Luiz [26] analyzed the
effect of grape dehydration, among others, on the chemical composition of young wines
from dark Merlot and Cabernet Sauvignon varieties using a five-day maceration after
22 months of maturation. They determined total phenolic content (TPC, in GAE) in the
range of 1221.78-1588.50 mg GAE L~! (i.e., they obtained values similar to samples A and
C after 5 years of maturation). Much lower TPC values (an average of 249 mg/L) were
obtained by Loizzo [35], who analyzed passito from Saracena that was aged between one to
four years; however, he expressed the results as (+)-catechin equivalents. The production
of this wine was slightly different from the one used in this study. Fresh must was obtained
from overripe grapes and dehydrated grapes were added to it. During the wine aging
process, the phenolic composition changes quantitatively and depends on the type of wine
and its storage conditions [40]. The conducted analysis confirmed the differentiation of the
total polyphenol content depending on the production method.



Foods 2022, 11, 1027

9of 14

66:8774890989

Table 4. The total phenolic content (TPC, mg/L GAE) in straw wines which were obtained by three
methods, their antioxidant capacities (FRAP and CuPRAC, both in mmol/L TE), and the radical
scavenging capacity (RSC, mmol/L TE).

Wine A Wine B Wine C
TPC 1082.2b £ 90.76 3748.5a £+ 354.74 907.5b 4+ 33.23
FRAP 2.4b £+ 0.28 10.2a +£1.20 3.4b 4+ 0.39
CuPRAC 49b +0.22 246 a+ 1.66 5.6b +0.42
RSC 1.8¢c +0.05 50a+0.74 19b £ 0.04

The values are given as means =+ standard deviations, followed by the letters a—c to indicate statistical significance.
The values marked with the same letters in one line are not statistically different at « < 0.05.

The antioxidant properties of the wines were evaluated by FRAP and CuPRAC assays.
FRAP is commonly used in many studies of antioxidative compounds, CuPRAC is less
known, but is considered to be more sensitive [41]. The analysis of the obtained values
showed that sample B revealed the strongest antioxidant properties. The results from FRAP
and CuPRAC analyses are well correlated with TPC [42], and as shown above, sample B
was richest in phenolic compounds. This also confirmed that the phenolic compounds in
straw wine B were characterised by a higher antioxidant potential.

Studies of of radical scavenging capacity (RSC), defined as the ability to quench the
DPPH free radical, showed that sample B was 2.7 times more effective as an antiradical
agent than sample A, and 2.5 times more effective than sample C. In red wines, RSC is
usually more than 10 times higher than in white wines [43]. Panceri et al. [44] showed the
RSC in the range of 2.67-4.67 mM/L (TE). Li et al. (2009) [45] tested 24 Chinese classic
wines and reported activity for red wines ranging from 4.19 to 21.30 mM/L (TE), for rosé
wines from 1.40 to 3.41 mM/L (TE), and for white wines 0.08 to 1.12 mM/L (TE). Noting
the results of the antiradical capacity with the literature data, it could be observed that the
values obtained for samples A and C corresponded to the characteristics of typical white
wine, compared with the red wines of sample B.

The polyphenol composition of wine samples was analyzed using high-performance
liquid chromatography (HPLC) with the use of standards (Table 5). Polyphenols were
identified as flavonols ((+)catechin, quercetin), hydroxybenzoic acids (vanillic acid and
syringic acid), hydroxycinnamic acids (p-coumaric acid, caffeic acid, chlorogenic acid,
ferulic acid, trans-cinnamic acid), and stilbene (frans-resveratrol). Two of the phenolic
compounds (e.g., syringic acid; (+)-catechin), belonged to the chemical markers of ‘Hibernal’
white wine [46].

(+)-Catechin content of the wines in the present experiment was in the range of
37.82-64.29 mg/L, with only wine C having statistically lower contents than wines A
and B (Table 5). Loizzo [35] recorded 71.7 mg/L of catechins in fresh Passito of Saracena
wine. Avizcuri-Inac et al. [47] analyzed the chemical and sensory characteristics of ma-
ture sweet wines obtained using different techniques, and determined that catechins in
white wines range from nd.—0.12 mg/L, and in red wines from nd.—0.17 mg/L. In twelve
white commercial wines, Han et al. recorded catechins in the range of 3,57-16,87 [48].
Rozdrigez-Delgrado et al. [49] analyzed 55 fresh red wines from the Canary Islands and
obtained values ranging from 17.70 to 30.77 mg/L. Panceri et al. [44] also analyzed catechin
contents in red wines and acquired values ranging from 5.82 to 18.19 g/L. Low catechin
content is usually found in older wines and it is related to their polymerization Tannins
that contribute to dark colour and astringency of wine mainly belong to condensed tannins
(or procyanidins) derived from seeds and skins [35,50]. The main forms are polymers of
flavan-3-ols ((+)-catechin, (—)-epicatechin, (—)-epigallocatechin, and (—)-epicatechin-3-O-
gallate) with C4-C6 or C4—C8 linkages and monomeric units [51]. Quercetin in the wines
was determined in the range of 0.22-0.32 g/L, with sample A having a statistically lower
content. Similar results were obtained by Budic-Leto et al. [52] in a study on Croatian red
dessert wines, where the determined quercetin levels varied from 0.00 to 12.402. In con-
trast, Panceri et al. [44] obtained slightly higher values ranging from 2.33 to 15.58 g/L.
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The concentration of flavonols in wines largely depends on grape variety, but also on
environmental factors and winemaking practices [52].

Table 5. Content of selected phenolic compounds in the straw wine obtained by three methods of

production.
Phenolic Compound, mg/L Wine A Wine B Wine C

FLAVONOLS
(+)-catechin 56.91 a £+ 10.12 64.29 a £ 3.65 37.82b + 0.30
quercetin 0.22b + 0.06 0.32a£0.01 0.32a+0.01
HYDROXYBENZOIC ACIDS
vanilin acid 1.97b £+ 0.30 2.83a=+0.32 1.38b £ 0.32
syringic acid 1.55 ¢ +0.20 2.25a+0.19 1.27b £+ 0.20
HYDROXYCINNAMIC ACIDS
chlorogenic acid 0.2b +0.02 0.57 a £ 0.04 0.51a £ 0.02
caffeic acid 0.04 c+0.01 710a£0.71 3.43b £ 0.03
p-coumaric acid 1.28 b £+ 0.04 3.00a £ 0.25 1.58 b £ 0.03
trans-cinnamic acid 0.28b £ 0.06 0.43a+£0.01 0.26 b + 0.01
ferulic acid 0.19c+0.03 2.68a=+0.13 0.64b £ 0.04
STILBENES
trans-resveratrol 0.03b £ 0.003 nd. 0.18a £ 0.05

The values are given as means =+ standard deviations, followed by the letters a—c to indicate statistical significance.
The values marked with the same letters in one line are not statistically different at o« < 0.05; nd.—not detected.

The examined wines were characterized by a rather high content of vanillic and syringic
acids: 1.38-2.83 g/L and 1.27-2.25 g /L, respectively (Table 5). Avizcuri-Inac et al. [47] reported
much lower values—nd.—0.15 mg/L and nd.—0.25 mg/1, and in one case, only 1.41 mg/L.
The scatter in the values obtained for these acids in red wines from dried grapes was high.
According to Rozdrigez-Delgrado et al. [49] these contents were higher—1.71-2.99 g/L and
1.64-2.77 g/L, and similar to the results obtained in this study. On the other hand, the
content of these acids in the experiment of Panceri et al. [44] was significantly higher (i.e.,
3.53-13.42 g/L and 1.40-8.85 g/L).

The concentrations of hydroxycinnamic acids determined in wine samples A, B, and
C were within typical ranges characteristic of white wines [6,48,52] (Table 5). Wine B was
distinguished by having the highest content, which, taking into account the maceration
process, is the expected result.

A very low content of frans-resveratrol (0.03-0.18 mg/L) was determined in the ex-
amined wines A and C, and this stilbene was completely absent in sample B (Table 5).
Vitalini et al. [53] tested, among others, three Italian dessert wines from dried grapes,
and only in Santelmo—Vin Santo DOC did they determine a trans-resveratrol content of
0.02 mg/L. A much higher concentration was recorded by Loizzo et al. [35] in Passito of
Saracena wine—4.6 mg/L. Classic red wines, according to a large study by Stervbo et al. [54]
contained between 0 and 14.3 g/L trans-resveratrol. Grapes, and products made from them,
are considered a very good source of trans-resveratrol, which was attributed as being a
potent anti-cancerous compound, although recent studies have not confirmed its unique
properties. Numerous analyses of the chemical composition of wines have revealed that
these products differ greatly in their trans-resveratrol content. It is most often found in red
wines, less often in rosé wines, and least often in white wines [53]. The method of beverage
production is also of great importance, as also demonstrated in this study. Although the
skins of ‘Hibernal’ grapes, despite their golden-pink colour, contain a small amount of
trans-resveratrol, possibly due to their Seibel 7053 genetic lineage, we would expect the
highest content of this compound in sample B but due to the use of maceration, it probably
degraded during this process for unknown reasons.

A sensory evaluation of the straw wines was carried out, where the respondents
assessed their appearance, aroma, flavor, and quality (Table 6). Wines A and B were rated
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as wines with an intense amber colour (Figure 2), full flavor, and a long finish. Both in
terms of aroma and taste, flavors defined as typical for passito wines prevailed (i.e., mainly
dried fruit, honey, caramel and nuts [3,5,6]). The high alcohol content of these wines (18%)
was fully palpable and also visible through “tears” on the walls of the glass [55]. Of the two
wines, wine B was rated higher. Wine C, in terms of aromas, corresponded to the varietal
characteristics, which was reminiscent of Riesling, with a slight addition of vanilla, honey,
and linden flowers. The flavor was mainly green fruits, grapefruit, and lemon. This wine
was well received and assessed to be very good in terms of quality.

Table 6. Sensory evaluation of wines obtained by three methods of production according to “Wine
evaluation sheets” based on the WSET materials.

APPERANCE Wine A Wine B Wine C
Clarity Clear Clear Clear
Intensity Medium to deep Deep Medium
Colour Amber Intese amber Amber
Other observations Tears Tears Tears
NOSE

Condition Clean Clean Clean
Intensity Pronounced Pronounced Medium

Aroma characteristics

Almonds, walnuts, golden
apples, honey, wood,

Almonds, walnuts, golden
apples, honey, wood,

Green apples, pear, hay,
vanilla, herbs

dried plum dried plum
Development Developed Fully developed Fully developed
PALATE
Sweetness Medium sweet to sweet Medium sweet to sweet Dry to medium dry
Acidity Medium Medium (—) Medium
Alkohol High High Medium
Body Full Full Medium
Flovour intensity Pronounced Pronounced Medium

Flavour characteristics

Pear, jam, caramel,

Apple, jam, caramel,

Apple, lemon, grape, pear

dried fruit dried fruit
Lenght Long Long Medium (+)
CONCLUSIONS
Quality level Good Very good Very good

Level of readiness for

drinking/potential for an ageing

Can drink now, but has
potential for ageing

Can drink now, but has
potential for ageing

Can drink now, not suitable
for ageing

68:9602067541

Figure 2. Differences in the colour intensity of wine depending on the production method.
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4. Conclusions

This study analyzed three wine types from semi-dried grapes using three different
methods—classical straw wine A, straw wine with fermentative maceration B, and refer-
mentation (or Tokaj) C methods. They were compared in terms of chemical characteristics,
including acid and phenolic profiles, and potential antioxidant properties.

The conducted analyses determined the chemical parameters of wines and their
quantitative ranges, after which it was possible to ascertain which of the production
methods accumulated the most bioactive compounds. The results of this study showed that
the wine produced using the method with seven days maceration had stronger antioxidant
and anti-radical properties compared with others.

Sensory analysis showed that wine B, despite its high acidity, was the most balanced.
The research group selected wine B (modification of the passito style with a seven-day
maceration of grapes) and wine C (Tokaj wine style five Puttonyos) as wines of very
good quality. Both the chemical analyses of the wines and their sensory evaluation have
demonstrated that the production of passito wines from hybrid grape varieties is an effective
alternative to the traditional production process and can be successfully applied in cold
climates. Future studies will focus on the chemical and sensory changes occurring in wine
produced using various techniques during the aging process, combined with a detailed
analysis of polyphenols and volatile compounds.
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