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1. STRESZCZENIE W JEZYKU POLSKIM

Obecne spoleczenstwo boryka si¢ z wieloma chorobami cywilizacyjnymi, ktore
sa powodowane przez siedzacy tryb zycia oraz niewlasciwy sposob odzywiania.
Nadmierne spozycie cukru, rozpowszechnione w tak zwanych krajach pierwszego $wiata,
jest jednym z kluczowych przyczyn coraz czgstszego wystepowania otylosci, cukrzycy
oraz msulinoopornosci wsrod ludzi. Choroby te yjawniajg si¢ rowniez u coraz mlodszych
0sOb niz w przesztosci. Zwigkszenie dostepnosci substancji slodzacych, ktére mogltyby
stanowi¢ substytut dla cukru moze mie¢ wplyw na obnizenie spozycia cukrow prostych.
Surowiec roslinny pochodzacy z rosliny Stevia rebaudiana Bert., w przeciwienstwie
do syntetycznych srodkow stodzacych, moze znalez¢ wickszg akceptacje w diecie
przecietnego konsumenta, gdyz wigkszo$¢ Iludzi preferuyje produkty naturalne go
pochodzenia. Stewia, poza slodkim smakiem, zawiera wiecle witamin, mineralow oraz
substancji bioaktywnych o charakterze prozdrowotnym, ktorych nie zawierajg sztuczne
srodki stodzace. Uprawa stewii w Polsce potencjalnie moglaby zmniejszy¢ ceng tych
roslin oraz stodzikow z nich wytwarzanych ze wzgledu na obnizenie kosztéw produkcji
i transportu, gdyz obecnic najwicksze uprawy stewii znajdujg sie w Ameryce
Potudniowej i Chinach. Stewia jest jednak rosling tropikalng, zatem moze nie nadawaé
si¢ do uprawy w umiarkowanym klimacie Polski. Obecnie, w zwigzku z post¢pujgcymi
zmianami klimatu, $rednia temperatura w Polsce ciggle rosnie, co moze mie¢ znaczenie

W uprawie stewii w przyszosci.

W  ramach rozprawy doktorskiej pt. ,,Wplyw  wybranych czymnikow
agrotechnicznych na wzrost, plonowanie i skiad chemiczny Stevia rebaudiana Bert.”
oceniono mozliwos¢ uprawy stewii (Stevia rebaudiana Bert.) w umiarkowanym Kklimacie
Polski z wykorzystaniem wybranych zabiegbw agrotechnicznych w celu optymalizacji
technologii uprawy i uzyskania duzego plonu dobrej jakosci. W trzech doswiadczeniach
polowych, prowadzonych w latach 2014-2016, analizowano wplyw nawozenia
wykorzystujac rozne dawki azotu wnoszone przedwegetacyjnie i poglownie (0+50 kg
N-ha'l, 50+50 kg N-ha1,100+50 kg N-ha! ,150+50 kg N-hal) oraz formy nawozow
azotowych w nawozeniu przedwegetacyjnym (Saletra amonowa, siarczan amonu,
mocznik), rozstawy (50 cm x 30 cm, 45 cm x 25 c¢cm, 30 cm x 30 cm) jak réwniez
czestotliwosci nawadniania upraw (dwa razy w tygodniu, raz w tygodniu, w okresie

krytycznego niedoboru wody opadowej, brak podlewania). W do$wiadczeniach
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wykorzystano rozsade stewii produkowang w wielodoniczkach w ogrzewanej szklarni.
Doswiadczenia zostaly zalozone na poczatku czerwca, natomiast zbior przeprowadzono
w I lub 1l dekadzie wrzesnia. W trakcie prowadzenia do$wiadczen dwukrotnie pobrano
material roslinny do analiz chemicznych. Liscic stewii poddano analizie na zawarto$¢
suchej masy, polifenoli, cukrow redukujacych, azotandéw, witaminy C, chlorofilu a,
chlorofilu b, karotenoidow, wapnia, potasu, magnezu, fosforu oraz glkozydow
stewiolowych. Wykonano takze pomiary parametrow biometrycznych obejmujace:
wysokos¢ roslin, zasieg boczny, liczbg pedow I rzedu oraz liczbe lisci na pojedynczym
pedzie. W trakcie zbioru okreslono plon calkowity zela stewi, a takze lisci, pedow oraz
odpadu. Zanalizowano takze jednostkowa mase pojedynczych roslin oraz lisci i pedow
z nich uzyskanych.

Doswiadczenia polowe wykazaly mozliwos¢ uprawy stewii jako ro$liny
jednorocznej w warunkéw klimatu poludniowo-zachodniej Polski oraz znaczacy wplyw
zastosowanych czynnikOw na jej wzrost, plonowanie oraz jakos$¢ otrzymanego surowca.
Rosliny stewii dorastaly $rednio do 57,3 cm wysokosci, a ich zasigg boczny wynosit
29,3 cm. Wykazano wplyw nawozenia, rozstawy oraz czgstotliwo§ci nawadniania na
plonowanie stewii. Sredni plon zela stewii uprawianej w Polsce wyniost 2,088 kg-nr2
i oscylowal w przedziale od 1,377 kg'mr? do 2,580 kg-mr2. Natomiast masa uzyskanych
lisci z plantacji stewii wyniosfa $rednio 1,233 kg-m? i mieScita sic w przedziale od 0,763
kg-m2 do 1,490 kg-m2.



2. STRESZCZENIE W JEZYKU ANGIELSKIM

Today's society is struggling with many lifestyle diseases that are caused by
a sedentary lifestyle and improper nutrition. Excessive sugar consumption, widespread in
the so-called first world countries, is one of the key causes of the increasing incidence of
obesity, diabetes and insulin resistance among people. These diseases are also appearing
in younger people than in the past. Increasing the availability of sweeteners that could be
a substitute for sugar may reduce the consumption of simple sugars. The plant raw
material stevia derived from the Stevia rebaudiana Bert. plant, unlike synthetic
sweeteners, may find greater acceptance in the average consumer's diet, as most people
prefer natural products. Stevia, apart from its sweet taste, contains many vitamins,
minerals and bioactive substances with health-promoting properties that are not present
in artificial sweeteners. Cultivation of stevia in Poland could potentially reduce the price
of these plants and sweeteners produced from them due to lower production and transport
costs, as currently the largest stevia crops are in South America and China. However, it
is a tropical plant, therefore it may not be suitable for cultivation in the temperate climate
of Poland. Currently, due to ongoing climate change, the average temperature in Poland

is constantly increasing, which may be important for the cultivation of stevia in the future.

As part of the doctoral dissertation entitled "The effect of selected agronomic
factors on growth, yielding and chemical composition of Stevia rebaudiana Bert." the
possibility of growing stevia (Stevia rebaudiana Bert.) in the temperate climate of Poland
was assessed, using selected agrotechnical treatments in order to optimize the cultivation
technology and obtain a large, good-quality crop. In three field experiments, conducted
in 2014-2016, the impact of fertilization was analyzed using different doses of nitrogen
introduced pre-vegetation and top dressing (0+50 kg N-ha1, 50+50 kg N-ha't, 100+50 kg
N-ha, 150+50 kg N-ha!) and forms of nitrogen fertilizers in pre-vegetation fertilization
(@ammonium nitrate, ammonium sulfate, urea), spacing (50 cm x 30 cm, 45 cm x 25 cm,
30 cm x 30 cm) as also the frequency of irrigation of crops (twice a week, once a week,
during the period of critical rainwater shortage, no watering). The experiments used stevia
seedlings produced in multi-pots in a heated greenhouse. The experiments were set up at
the beginning of June, and the collection was carried out in the first or second decade of
September. During the experiments, plant material was collected twice for chemical

analyses. Stevia leaves were analyzed for the content of dry matter, polyphenols, reducing
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sugars, nitrates, vitamin C, chlorophyll a, chlorophyll b, carotenoids, calcium, potassium,
magnesium, phosphorus and steviol glycosides. Biometric parameters were also
measured, including: plant height, lateral reach, number of first-order shoots and the
number of leaves on asingle shoot. During harvesting, the total yield of stevia herb, as
well as leaves, shoots and waste was determined. The unit weight of individual plants and
leaves and shoots obtained from them was also analyzed.

Field experiments have shown the possibility of growing stevia as an annual plant
in the climate conditions of southwestern Poland and the significant impact of the factors
used on its growth, yield and quality of the obtained raw material. Stevia plants grew on
average to 57.3 cm in height, and their lateral spread was 29.3 cm. The influence of
fertilization, spacing and irrigation frequency on stevia yield was demonstrated. The
average Yield of stevia herb grown in Poland was 2.088 kg-m2 and ranged from 1.377
kg-mr? to 2.580 kg-nr2. However, the weight of leaves obtained from stevia plantations
was on average 1.233 kg-m2 and ranged from 0.763 kg-nr? to 1.490 kg-nmr2.



3. WPROWADZENIE IPRZEGLAD LITERATURY

Konsumpcja cukru w nadmiernych iloSciach jest problemem wspodlczesne go
spoteczenstwa. Cukier jest jednym 2z podstawowych surowcow dla przemystu
spozywczego, glownie cukiernictwa. Obserwowany jest stale wzrastajacy trend
konsumpcji cukru przez polskie spoleczenstwo, spozywanego najczesciej w produktach
przetworzonych. Na poczatku XIX w. cukier byt uwazany za dobro luksusowe, a jego
spozycie na osob¢ w ciggu roku wynosilo ok. 5 kg, natomiast obecnie jest dobrem
pierwszej potrzeby, ajego konsumpcja wyniosta w 2022 juz 42,8 kg/ rok (GUS, 2023).
Problemem dla konsumentow jest tzw. dodatkowy, ,ukryty” cukier wystepujacy
w wielu produktach spozywczych takich jak soki, napoje bezalkoholowe, napoje
alkoholowe, pieczywo, platki $niadaniowe, produkty mleczne, ketchupy, wyroby
wedliniarskie, konserwy miesne, rybne oraz jedzenie typu fast food. Coraz czgéciej cukier
nazywany jest opisowo: ,biala Smiercig”, ,bialg trucizng” Iub ,slodka trucizng”
(Dychton, 2015). Z uwagi na jego nadmierng konsumpcje, zwigzang z niskg ceng
i latwa dostepnoscia, ma on degeneracyjny wplyw na organizm ludzki, istotng role
W rozwoju choréb cywilizacyjnych w spoleczenstwie oraz wilasciwosci  silnie
uzalezniajace. W ostatnich latach zardwno na §wiecie jak i w Polsce odnotowuje si¢ coraz
wickszy odsetek ludzi cierpigcych na choroby zwigzane z podwyzszeniem poziomu cukru
w organizmie. Wynki badan wskazujg, 2ze nadmierne spozywanie produktow
stodzonych, m.in. napojow gazowanych, podnosi ryzyko otylosci u dzeci
i doroslych oraz w dluzszej perspektywie czasu chorob cywilizacyjnych takich jak
cukrzyca typu 2, nadciSnienie i choroby ukiadu krazenia (Malik i Hu, 2022). Wedtug
danych NFZ do 2035 r. ponad 25% dorostych kobiet i ponad 35% dorostych mezczyzn
w Polsce bedzie chorych na otylo$¢, a na swiecie bedzie okoto 4 mld osob z nadwagg Iub
chorobg otylosciows. Raport NFZ szacuje, ze konsekwencje choroby otyloSciowej, takie
jak: cukrzyca typu drugiego, nadciSnienie tetnicze, zwyrodnienia kolan wymagajace
endoprotezoplastyki, bezdech senny i stluszczenie watroby kosztowaly NFZ tylko
w 2023 1. blisko 3,8 mld zL. (NFZ, 2024). Koszty medyczne nie sa jedynymi zwigzanymi
z nadwagg 1 otyloscia, gdyz w kosztach posrednich 1 bezposrednich klasyfikujg si¢ takze
te zwigzane z problemami technologicznymi, ekonomicznymi, logistycznymi
i spotecznymi. Szacuje si¢ ze w 2019 r. koszty te pochlonety 2,19% $wiatowego PKB,
a jesh utrzyma si¢ obecna tendencja wzrostowa, to do 2060 r. wydatki te siegng 3,29%

swiatowego PKB (Okunogbe i in. 2022). Skala problemu zostala dostrzezona juz w2011
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roku, gdy Organizacja Narodéw Zjednoczonych oglosila, iz po raz pierwszy w historii
ludzkosci choroby niezakazne stanowig wiekszy problem niz choroby o podlozu
infekcyjnym. Sposréd wymienionych w doniesieniu’ ONZ chordb znalazta si¢ cukrzyca
typu drugiego, zaburzenia na tle metabolicznym oraz otylos¢. U podloza tych schorzen
majduje sie wlasnie nadmierne spozywanie cukru. Jak podaje World Obesity Atlas
w 2023 roku az 38% $wiatowe] populacji miala nadwage lub otylos¢, aw ciggu kolejnych
12 lat problem ten moze dotkngé ponad 50% ludzi (Koliaki iin., 2023; Okreglicka i in.,
2017). Zmiany te sprawily, ze coraz istotniejsze wydaje si¢ zastepowanie Sacharozy
substancjami  pochodzagcymi  bezposrednio z natury, prozdrowotnymi, o malej
kalorycznosci i1 duzej sile slodzacej. Wykorzystanie naturalnych substancji stodzacych
pochodzenia roslinnego do produkcji zywno$ci i napojow moze stanowi¢ rozwigzanie
probleméw zwigzanych z nadmiernym spozyciem cukrow w codziennej diecie. Jedna
z roslin wykazujacych unikatowe prozdrowotne wilasciwosci, skutecznie zastepujaca
cukier, jest stewia (Steviarebaudiana Bert.). Stodki smak lici stewii wynika z zawarto$ci
glikozydow stewiolowych w tkankach rosliny. W przeprowadzonych badaniach
dotyczacych wplywu spozycia lisci stewii na organizm ludzki i modelowe organizmy
zwierzece zaobserwowano, iz ma ono prozdrowotny wplyw na organizm, a glikozydy
(glownie stewiozyd 1 rebaudiozyd A) sg alternatywa dla sacharozy oraz sztucznych
stodzikow, dodatkowo niewykazujgcg skutkow ubocznych na wskutek spozycia
(Orellana-Paucar, 2023).

Systematyka, opis botaniczny i morfologia stewii
Systematyka botaniczna stewii wg Reveala:

Gromada: okrytonasienne - Angiospermae
Podgromada: Magnoliophytina

Klasa: Rosopsida

Podklasa: astrowe - Asteridae

Nadrzad: astropodobne - Asteranae

Rzad: astrowce -Astrales

Rodzina: astrowate - Asteraceae

Rodzaj: stewia - Stevia

Gatunek: Stevia rebaudiana Bertoni



Rodzaj stewia (Stevia) nalezy do rodziny astrowatych (Asteraceae), rzedu
astrowce (Asterales) oraz klasy okrytonasienne (Magnoliophyta). W celu ulatwienia
identyfikacji  przeszo 230. gatunkéw z tego rodzaju wielu monografistow
taksonomicznych probowalo pogrupowaé znane rosliny w podrodzajach. Grashoff (1972)
przypisat gatunki stewii wystepuyjace w Ameryce Poélhnocnej do 3 podrodzajéw:
Corymbosae obejmujacego 38 gatunkoéw, glownie bylin. Podrodzaj ten charakteryzuje sie
kwiatostanem typu baldachogrono, a szypulki kwiatowe sg krotsze lub rowne dhugosci
okrywy kwiatowej. Drugi podrodzaj Podocephalae sklada sie z 16 gatunkow
jednorocznych. Ich kwiatostany sa lume a szypulki kwiatowe dhuzsze od okryw.
Ostatnim podrodzajem stewii wystepujacej w Ameryce Poocnej jest Fruticosae, ktory
sklada si¢ z 25 gatunkéw krzewow o kwiatostanach typu baldachogrono. Grashoff (1972)
pogrupowal stewie potudniowoamerykanskie na dwa podrodzaje: Breviaristatae
i Multiaristatae. Inny system podzialu opracowat amerykanski botanik Benjamin Lincoln
Robinson w latach trzydziestych ubieglego wieku. Polnocnoamerykanskie gatunki zawart
w dwoch grupach  podrodzajowych: Corymbosae i Podocephalae, natomiast
poludniowoamerykanskie ~w trzech: Eustevia, Breviaristatae i Multiaristatae.
Do Multiaristatae  nalezy ~ migdzy nnymi  gatunek  Stevia rebaudiana
z charakterystycznymi dla tej grupy aparatami lotnymi na niclupkach (Soejarto, 2001).

Stevia rebaudiana jest byling dorastajgcg w naturze do 50-60 cm wysokosci. Pedy
jej sa kruche, wzniesione, z tendencja do drewnienia u nasady rosliny. Dlugosc
migdzywezli jest zroznicowana w przedziale od 2 cm do 4 cm. Liscie naprzeciwle gle
siedzace lub na krotkich (3-4 mm) ogonkach dorastaja do 2-3 cm dhugosci i 0,6-1 cm
szerokosci. Wasko eliptyczna lub odwrotnie lancetowata blaszka lisciowa od polowy
dlugosci do wierzchotka jest zabkowana. Pedy oraz liscie pokryte sg krotkimi wloskami.
W uprawie rozmiary lisci moga ulec zwielokrotnieniu do 5 cm dlugosci 1 2,5 cm
szerokos$ci oraz zmieni¢ tekstur¢ na matowg. Cechg charakterystyczng Stewil jest
intensywny zapach wyczuwalny po rozgnieceniu liscia i stodki smak wszystkich czg$ci
zielnych ro$liny (Bugaj iin., 2013; Kinghorn, 2002). System korzeniowy jest wigzkowy
i dobrze rozwinigty z licznymi korzeniami przybyszowymi (Reis i in., 2017; Andolfi
i in., 2006).

Stewia jest owadopylng rosling dnia krotkiego. Na szczycie pedow wytwarza ona
kwiatostany przypominajace baldachogrona, skladajace sie z 2 do 6 niepozornych



kwiatow (Fatima i in., 2023; Oddone, 1997). W fazie pelnego kwitnienia stewia moze
wyprodukowaé¢ ponad 50 kwiatostandw na jednej roslinie (Southward iin., 2004). Kwiaty
Zlozone sa barwy bialej, pigcioplatkowe, otoczone okrywa dzalek kielicha. Owocem
stewii jest wrzecionowata nielupka, o dlugosci 2,5-3mm, wyposazona W aparat lotny
skladajacy sie z okolo 20 puchowych szczecinek. Jest silnie unerwiona i pigciokgtna
(Kinghorn, 2002). Stewia produkuje nasiona o barwie jasnobrunatnej i ciemnobrazowej.
Jedynie nasiona o barwie ciemnej 10 jasnym, zbitym wngtrzu sg zdolne do kielkowania,
a ich masa 1000 sztuk oscyluje w przedziale 0,15-0,30 g (Carneiro, 1990). Wedtug
Lemus-Mondaca i in. (2012) roslina ta wykazuje alogamie.

Wymagania klimatyczno-glebowe

Srodowiskiem naturalnym dla Stevia rebaudiana sa subtropikalne regiony
pOmocno-wschodniego Paragwaju, szerokosci geograficznej 25°S. Tereny te sg polozone
zazwyczaj na wysokosci 200-700 m n.p.m., gdzie roczna suma opadoéw oscyluje
w zakresie 1300-1700 mm. Stewia rosnie blisko zbiornikow wodnych na glebach
piaszczystych, lecz bogatych w materi¢ organiczng, o pH wynoszacym 6,5 - 7,5. (ljaz
i in., 2015; Jagla, 2011).

W uprawie stewia jest rosling o niewielkich wymaganiach glebowych. Najlepiej
rosnie na glebach przepuszczalnych, 0 odczynie zblizonym do wystepujacego
na naturalnych stanowiskach. Mozna uprawia¢ jg na wysokosci do 1500 m n.p.m. Stewia
nie toleryje suszy, gleba powinna by¢ stale wilgotna, lecz nie podmokla. Preferowana
roczna suma opadéw to 1500 - 1800 mm. Stewia wymaga stanowiska cieptego
1 sfonecznego, przy naslonecznieniu powyzej 12 h mozna zaobserwowaé intensywnag
produkcje lisci 1 wzmozong synteze glkozydow stewiolowych. Znosi czgSciowe
zacienienie, jednak spowalnia to jej wzrost (ljaz iin., 2015).

Stevia rebaudiana jest stosunkowo wytrzymala na wysokie temperatury, wzrost
ro$lin zostaje zahamowany przy 9°C, a mlode pedy zamieraja w temperaturze okoto 0°C.
Maksymalna temperatura niewywotujaca zamierania ro$liny to 43°C. Dla prawidlowego
wzrostu i obfitego plonowania optymalny zakres temperatur to 21-30°C (Fatima i in.,
2023; ljaz i in., 2015).
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Pochodzenie i historia stewii

Przedstawiciele rodzaju Stevia wystgpuja W subtropikalnych i tropikalnych
rejonach Ameryki Srodkowej i Ameryki Poludniowej. Niektore gatunki mozna spotkaé
takze w Nowym Meksyku, Teksasie 1 Arizonie. Kolebka najbardziej znanej ro$liny
z tego rodzaju: Stevia rebaudiana, jest masyw gorski Cordillera del Amambay
na pograniczu Paragwaju i Brazylii (Soejarto, 2001).

Stewia zainteresowala botankow juz w 1887 roku, a pierwszy opis botaniczny
sporzadzit botank szwedzko-wloskiego pochodzenia Moisés Santiago Bertoni.
Poczatkowo nadat jej nazwe Eupatorium rebaudianum Bert. na pamigtk¢ pierwszego
chemika badajacego te rosling, Paragwajczyka Ovidio Rebaudi (Andolfi i in., 2006).
Dopiero w 1905 roku zmieniono jej nazwe na Stevia rebaudiana Bert. Wczesniej roslina
ta byla znana | wykorzystywana przez plemiona rdzennych Indian Guarani
i Mato Grosso jako ka’a he’é: stodki lis¢ do sporzadzania leczniczych naparéw oraz jako
przekaska (Salvador-Reyes i in., 2014; Ramesh i in, 2006). W 1920 roku zaczeto
uprawia¢ stewi¢ na duzych plantacjach w Brazylii i Paragwaju (Barriocanal i in., 2008).
Dopiero w roku 1942 wysfano jej nasiona do Londynu 1 rozpoczgto pierwsze w Europie
proby uprawy, ktore okazaly si¢ nieudane. W 1968 roku japonski badacz z Tokio
University rozpoczal prace nad wprowadzeniem do upraw stewii zintegrowane go
systemu produkcji obejmujacego agrotechnike oraz ekstrakcje 1 oczyszczanie
glikozydow stewiolowych, dziki ktorym stewia zawdziecza stodki smak (Ashok, 2011).
Obecnie uprawy komercyjne stewii mozna spotka¢ w: Paragwaju, Meksyku, Brazylii,
Urugwaju, Argentynie, Peru, Kolumbii, Stanach Zjednoczonych, Korei Potudniowej,
Indiach, Indonezji, Tanzanii, Chinach, Wietnamie, Tajwanie, Tanzanii, Japonii,
Tajlandii, Filipinach, Egipcie i lzraelu. (Miklar, 2009; Midmore i Rank, 2002).
Najwickszym producentem stewii na $wiecie sg Chiny i eksportuja okolo 80% swojej
produkcji na $wiatowy rynek. Japonia natomiast jest krajem z najwicksza liczbg fabryk
ekstrahujagcych 1 przetwarzajacych glikozydy stewiolowe (Schiatti-Sisé 1 ., 2023).
Stewia jest takze popularnym obiektem badawczym; uprawy eksperymentalne nad
agrotechnikg uprawy, rozmnazaniem, hodowla odmian, izolacja stewiozydow z surowca
prowadzone sga zarowno w krajach gdzie uprawiana jest na duza skalg, jak i w mniej
przystosowanych pod wzgledem warunkow klimatyczno-glebowych np.: Kanadzie,
Malezji, Ukraiie, Czechach, Hiszpanii, Niemczech, Wielkiej Brytanii, Wloszech, Turcji
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(Biiyiik 1 ., 2022; Singh i ., 2022; Amien i in, 2021; Clemente i in., 2021; Youssef
iin., 2021; Midmore i Rank, 2002)

W latach 80. XX wieku Komitet Naukowy ds. Zywnoéci, na podstawie
dostepnych wynikow badan wykonanych na Uniwersytecie Illinois w Chicago uznal, ze
jeden ze stewiozydow: rebaudiozyd A, jest substancjg genotoksyczng i1 moze miec
dzialanie rakotworcze, co spowodowalo zakaz spozycia tej substancji. Tymczasem
w Japonii stewia byla powszechnie stosowana w przemysle spozywczym juz od lat 70.,
kiedy to w 1971 po raz pierwszy glikozydy stewiolowe zostaly wprowadzone do obrotu
towarowego jako slodzik przez Japonska firm¢ Morita Kagaku Kogyo Co. (Wisniewska
i in., 2011), zaspokajajac az 40% krajowego rynku cukierniczego. Dopiero w 2008 roku
Amerykanska Agencja ds. Zywnosci i Lekow (FDA) oraz w latach 2000-2009 Komitet
Ekspertow FAO/WHO ds. Dodatkéw do Zywnosci, zweryfikowal wczesniejsze badania,
udowadniajagc  brak negatywnego wplywu stewiozydow na organizm czowieka.
Natomiast 10. marca 2010 r. Europejski Urzad ds. Bezpieczefistwa Zywnosci, zlecit ANS
(Panel ds. dodatkow do zywnosci i skladnikow pokarmowych dodawanych do zywnos$ci)
sporzadzenie opinii naukowe] nt. bezpieczenstwa spozycia glikozydow stewiolowych.
Na jej podstawie okreslono dopuszczalne dzienne spozycie tych substancji na poziomie
4 mg na kg masy ciala (Orellana-Paucar, 2023). Komisja Europejska 11. listopada 2011
roku przyjela rozporzadzenie dopuszczajace stosowanie glkozydow stewiolowych w 31
roznych kategoriach zywnosci, takich jak napoje, desery, slodycze i stodziki. Ekstrakt ze
stewii jako dodatek do zywnosci trafit do sklepow pod numerem E960 (Dziennik
Urzgdowy UE L 295/205; Bugaj iin., 2013). W Chinach, Korei, Brazylii, Paragwaju czy
Japonii, glkozydy stewiolowe sg uwazane za substancje pochodzenia naturalnego i jako
takie sa wykorzystywane (De iin., 2013). W roku 2013 firma The Coca-Cola Company
zaczela  produkowaé¢ napdj slodzony  stewia co zapoczatkowalo  szeroko
rozpowszechnione dosladzanie produktow o obnizonej zawartosci cukru za pomocg tej
rosliny (Heyden, 2013). Szacuje si¢, ze $wiatowy rynek stewii jako naturalnego slodzika,
ktory w 2018 r. wyniést 637 min dolarow, osiagnie 1,16 mid dolarow do 2026 r.,
przy zalozonej rocznej stopie wzrostu wynoszacej 8% (de Andrade i in., 2024).

12



Wiasciwosci zdrowotne i Zywieniowe stewii

W medycynie ludowej Indian z Paragwaju stewia byla stosowana jako roslina
lecznicza m.in. wzmacniajaca Serce, przyspieszajaca gojenie si¢ ran, na zgage. Badania
na modelach zwierzecych 1 ludziach wykazaly mozliwos¢ zastosowania Stewii
w leczeniu otyloSci oraz nadciénienia. Spozycie stewii pozytywnie wplywa na uklad
krazenia, obniza ciSnienie krwi, a napar z lisci tej rosliny ma dzalanie uspokajajace.
Stewiozyd 1 jego pochodne maja bezposredni wplyw na metabolizm glukozy. Badania
wykazaly, ze stewiol ogranicza wchianianie si¢ glukozy w mikrokosmkach jelita czczego,
obnizajac jej przyswajanie przez organizm. Ponadto, glkozydy stewiolowe maja wpltyw
na syntez¢ glukozy podczas glukoneogenezy. Stewia korzystnie wplywa na uklad
trawienny, zapobiega nadkwasowosci 1 bolom zoladka. Wykazuyje wiasciwosci
przeciwprochnicze, zahamowujac rozwdj Streptococcus mutans. Ma dzatanie
bakteriobodjcze, przeciwzapalne, przeciwgrzybicze i hamuje rozwoj drozdzy (Orellana-
Paucar, 2023; Peteliuk i in., 2021;). Dzgki wysokiej zawartosci witaminy C, cynku
i selenu stewia wzmacnia uklad odpornosciowy i wspomaga leczenie przezicbien
i grypy. Glikozydy stewiolowe (stewiozyd, stewiol i izostewiol) fagodzg stany zapalne
skory oraz wykazuja wlasciwosci antynowotworowe w komorkach skérnych modeli
zwierzgcych, dodatkowo korzystnie wplywajac na uklad krwiono$ny. Badania nad
hamowaniem rozwoju nowotwordéw u ludzi wykazaty korzystny wplyw tych glkozydow
w przypadku raka okreznicy, piersi i przewodu pokarmowego (Calapardo i Bryl, 2024;
Orellana-Paucar, 2023;). Ziele stewii ma ponadto walory kosmetyczne, oklady i maseczki
ze sproszkowanych lisci ujedrniaja skore, poprawiaja koloryt twarzy, wygladzaja
zmarszczki (Fatima iin., 2023; Miklar, 2009).

Dzigki wytrzymaloéci na niskie i wysokie temperatury Stewia nadaje si¢
do pieczenia, smazenia i produkcji marynat. Stodzik ze stewii stosuje si¢ migdzy innymi
w produkcji jogurtdw, kefirow 1 mnych przetwor6w mlecznych, produkcji stodyczy
i galaretek, stodzenia napojow (Muller, 2011).

Stewia poza glikozydami stewiolowymi zawiera takze biakko, tliszcze,
weglowodany, blonnk pokarmowy, witaminy (witaming C, B2, kwas foliowy) oraz
mikro- i makroelementy (Zn, Fe, K, Na, Mg, Ca), olejki eteryczne bogate w kwasy

thiszczowe: palmitynowy, stearynowy, oleinowy, linolowy i linolenowy oraz inne
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zwigzki  bioaktywne, takie jak: terpenoidy, flawonoidy, polifenole, chlorofile,
karotenoidy, garbniki i in. Suszone liScie stewii zawierajg 11,2-16,0 g biakka, 61,9 ¢
weglowodanow, 1,9-3,73 g tluszczy 1 6,8- 15,2 g blonnika (Schiatti-Sis6 1 in., 2023;
Peteliuk i in., 2021).

Charakterystyka glikozydow stewiolowych

W Ilisciach stewii znajduje sie ponad 30 roéznych glikozydéw stewiolowych.
Do najbardziej zanych naleza: stewiozyd, rebaudiozydy A-F, dulkozyd A,
stewiolmonozyd, stewiolbiozyd, rebaudiozyd M, U, T, R, S (Peteliuk iin., 2021; Perera
iin., 2017; Ibrahim iin., 2016) .

Zawartos¢ glikozydow stewiolowych w suchej masie liSci waha si¢ od 4 do 20%.
Wartos$¢ ta jest zalezna od miejsca pochodzenia, odmiany i warunkéw klimatycznych
w jakich rosnie stewia oraz jest zmienna w zaleznos$ci od czesci rosliny z jakiej pozyskuje
si¢ te zwigzki. Szacuje si¢, ze rosliny w naturalnych warunkach pierwotnego siedliska
w Paragwaju zawierajg 9-13% glikozydow stewiolowych, natomiast w uprawie
w Chinach do 6% (Kolanowski, 2013). Najwicksza zawartoScig glkozydow
stewiolowych charakteryzuja si¢ jej liScie, natomiast najmniej jest ich w lodygach
i nasionach. Poziom glikozydow w trakcie wzrostu rosliny zwigksza si¢, az do momentu

kwitnienia (Ramesh i in., 2006).

Szacuje si¢ ze Srednia zawarto$¢ poszczegdlnych glikozydow stewiolowych
w stewii wynosi: stewiozydu 4-13% s.m., rebaudiozydu A 2-4% s.m., rebaudiozydu C
1-2% s.m oraz dulkozydu 0,4-0,7% s.m. Pozostale znajdujace si¢ w roslinie glkozydy
to wystepujace w sladowych ilosciach rebaudiozyd B, D i E oraz stewiolbiozyd (Goyal
i in., 2010; Poliin., 2007).

Charakterystyczng cechg glikozydéw stewiolowych, poza slodkim smakiem, jest
ich przynalezno$¢ do zwigzkow nieulegajacych procesom fermentacji. Cechujg sie
szerokim zakresem tolerancji na pH, wynoszacym od 2 do 9. W roztworach wodnych
natomiast wykazuja odporno$¢ na dzialanie wysokich temperatur, osiggajacych 120°C
oraz na dzialanie $wiatla stonecznego (Ahmad i in., 2020; Kolanowski, 2013; Abou- Arab
i in, 2010). Wazg cechg tych glkozydow jest ich duza stabinos¢ podczas
przechowywania w temperaturze pokojowej. W przypadku podwyzszenia temperatury,
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w kwasnym $rodowisku wodnym, takim jak, na przykiad, w napojach gazowanych, moze
nastepowaé hydroliza glikozydow stewiolowych do stewiolu (Catharino i Santos, 2012).
Nie wplywa to negatywnie na stodki smak iinne cechy produktu (Lemus-Mondaca i in.,
2012). Negatywny wplyw wykazano jednak podczas gotowania na parze kiedy to
stewiozyd stal si¢ gorzki i ostry, dlatego konieczne jest zachowanie odpowiedniej

zawartosci tego zwigzku w produktach przygotowanych do takiej obrobki termicznej
(Hernandez iin., 2022).

Stewiozyd zostal wyizolowany po raz pierwszy w 1931 roku przez francuskich
chemikow Briedel i Lavieille (Barriocanal i in., 2008), natomiast jego strukture
chemiczng okreslono dopiero w 1952 roku. Stewiozyd nalezy pod wzgledem
chemicznym do diterpenoidowych alkoholi karboksylowych, sklada si¢ z trzech
czgsteczek glukozy i stewiolu. Wyekstrahowany z lisci stewii Stewiozyd ma postaé
bezwonnego, krystalicznego, bialego proszku. Szacuje si¢, ze stewiozyd jest od 150
do 300 raz stodszy od sacharozy (Marcinek i Krejpcio, 2015; Sharma i in., 2012),
jednakze ma bardziej wyczuwalny gorzki i lukrecjowy posmak niz rebaudiozydy
(Kalicka i in., 2017).

Rebaudiozyd A takze jest glikozydem diterpenowym. Jest on o 180-400 razy stodszy
od cukru (Kaplan 1 Turgut, 2019). Charakteryzuje si¢ najbardziej pozadanym profilem
smakowym oraz wigksza stabilnoscia (Bugaj iin., 2013; Kolanowski, 2013). Co istotne,
jest lepiej rozpuszczalny w wodzie w porownaniu do stewiozydu. Wplyw na jego
trwalo$¢ ma przede wszystkim temperatura i1 wilgotno$¢ powietrza, ktorych warto$ci
optymalne wynosza 23°C i 60% oraz pH w zakresie od 3 do 8 (Kroyer, 2010). W ocenie
sensorycznej, wskazuje si¢, ze rebaudiozyd A charakteryzuje si¢ najintensywniejszym
smakiem stodkim i najstabszym posmakiem gorzkim oraz kwasnym (Abelyan i in.,
2012). Jednakze analizy sensoryczne poréwnujace sacharozg z rebaudiozydami: A, D
i M, przeprowadzone w 2020 roku, wykazaly najbardziej wyczuwalny gorzki posmak
rebaudiozydu A w poréwnaniu z pozostalymi, zwlaszcza rebaudiozydem M (Tao i Cho,
2020). Ponadto, w poréwnaniu z aspartamem 1 sacharozg glikozydy stewiolowe
charakteryzujg si¢ najdluzszym czasem odczuwania stodkiego posmaku po spozyciu
produktu je zawierajacego (Lemus-Mondaca i in., 2012).
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4. HIPOTEZA BADAWCZA 1 CEL BADAN

Hipoteza badawcza zaklada, ze wybrane zabiegi agrotechniczne zastosowane
w uprawie stewii (Stevia rebaudiana Bert) w warunkach polowej uprawy na terenie
Polski poludniowo-zachodniej wplyna na wzrost, plonowanie isklad chemiczny roslin.

Celem badan byla ocena mozliwosci uprawy stewii w strefie klimatu
umiarkowanego z optymalnie dobranymi zabiegami agrotechnicznymi wplywajacymi
w znaczacym stopniu na wielko§¢ plonu 1 jakos¢ pozyskiwanego surowca. Praca miala
na celu rowniez przedstawienie przegladu $wiatowe] literatury i aktualnej wiedzy

na temat ro$liny jaka jest Stevia rebaudiana Bert., jej morfologii, historii i wlasciwosci.

16



5. MATERIALY I METODY

Doswiadczenia ~ przeprowadzono w  latach  2014-2016 w  Psarach
(5119055913609418”N, 170336781036313”E), w Stacji Badawczo-Dydaktycznej
Roslin Warzywnych 1 Ozdobnych Katedry Ogrodnictwa Uniwersytetu Przyrodnicze go
we Wroclawiu. Badania obejmowaly trzy doswiadczenia, w ktorych analizowano wptyw
dawki 1 formy nawozu azotowego, czestotiwos¢ podlewania i1 zastosowanie roznej
rozstawy roslin w polowej uprawie stewii.

Eksperymenty  obejmowaly  produkcje materiatu  roSlnnego,  zalozenie
doswiadczen polowych, wykonanie pomiardw biometrycznych uprawianych roslin,
analize chemiczng wybranych skladnikow zawartych w pozyskanym surowcu, okreslenie
wielkosci plonu ianalize statystyczng uzyskanych wynikow.

Material badawczy
e Materiat roslinny: rosliny Stevia rebaudiana Bert.

Rozsada do doswiadczen polowych pochodzia z wiasnej uprawy szklarnio wej.
Nasiona pozyskane z firmy W. Legutko (Jutrosin, Polska) wysiewano w pierwszej
dekadzie kwietnia, rzutowo do skrzynek wysiewnych o wymiarach 30 x 40 cm
wypelionych substratem torfowym. Nastepnie przykrywano je cienka warstwa
przesianego substratu i podlewano. Po uplywie 3-4 tygodni od siewu nasion, siewki
z wyksztalcona przynajmniej jedna para liSci wihasciwych, przepikowano do 54-
komorkowych wielodoniczek wypemhionych substratem torfowym. Rosliny posiadajace
minimum 3 pary lisci wlasciwych i okolo 10 cm wysokosci przesadzano w Il dekadzie
maja do doniczek o $rednicy 10 cm. Wszystkie skrzynki wysiewne, wielodoniczki,
doniczki 1 narzgdzia shizace do pikowania oraz przesadzania, przed uzyciem,
dezynfekowano 1% roztworem HortiSeptu 402D.

Materiat roslinny do analiz chemicznych pozyskiwano z uprawy polowej
dwukrotnie: w trakcie okresu wegetacyjnego w lipcu oraz bezposrednio przed zbiorem
we wrzesniu. Zdrowe, w pelni wyksztalcone liscie z Y2 wysoko$ci rosliny pobierano
z kilku ros$lin z kazdego poletka, przy czym masa proby z pojedynczej rosliny wynosita
okolo 10-15 g. W zaleznosci od rodzaju analizy i metodyki wykorzystywano materiat

swiezy albo poddany procesowi suszenia.
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Modele doswiadczen polowych

Pierwsze doswiadczenie (dwuczynnikowe) zostalo zalozone metoda losowanych
blokow, obejmowalo 10 kombinacji nawozowych w 3 powtdrzeniach. Pierwszym
czynnikiem w doswiadczeniu byla forma nawozu azotowego  Sstosowanego
przedwegetacyjnie tj.: saletra amonowa, siarczan amonu i mocznik. Drugim czynnikiem
byla uzyta dawka 50, 100, 150 kg N-hal. W kontroli nie stosowano nawozenia
przedwegetacyjnego. We wszystkich obiektach poglownie zastosowano saletr¢ amonowg

w dawce 50 kg N-ha'L,

— N50 | N50 [ N50 — S50 | S50 | S50 — U50 | U50 | US0O — C —

— N100| N100 | N100 [~ S100 | S100 | S100 [/ U100| U100| U100 — C —

— N150| N150 [ N150 [~ S150 | S150 | S150 [/ U150| U150| U150— C —

Rys. 1 Plan polowy do$wiadczenia pierwszego
*Oznaczenia na planie: N50- saletraamonowa w dawce 50 kg N-ha™, N100- saletra amonowa w dawce 100 kg N-ha?,
N150- saletraamonowa wdawce 150 kg N-ha™, S50- siarczan amonuwdawce 50 kg N-ha™, S100- siarczanamonu wdawce 100 kg

N-ha?, S150- siarczanamonuwdawce 150 kg N-ha™, U50- mocznik wdawce 50 kg N-ha™, U100- mocznik wdawce 100 kg N-ha?,

U150- mocznik w dawce 150 kg N-ha™, C- brak nawozenia przedwegetacyjnego. Szare obszary majg powierzchnie 0,5m?

i stanowig pasy ochronne oddzielajace badane czynniki.

Drugie doswiadczenie (jednoczynnikowe) zostalo zalozone metoda losowanych
blokow w 3 powtorzeniach. Obejmowalo ono jeden czynnik jakim bylo zageszczenie
sadzenia ro$lin na jednostce powierzchni. Do doswiadczenia wybrano rozstawy:
50 cm x 30 cm (6,67 ro$lin na 1m?), 45 cm X 25c¢m (8,89 roélin na 1 m?), 30 cm x 30 cm
(13,33 roslin na 1 m?).

Rys. 2 Plan polowy do$wiadczenia drugiego
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*Qznaczenia na planie: I- rozstawa 30 x 30 cm, Il- rozstawa 45 x 25 cm, I11- rozstawa 50 x 30 cm. Szare obszary maja
powierzchnie0,5m?i stanowia pasy ochronne oddzielajace badane czynniki.

Trzecie doswiadczenie (jednoczynnikowe) zostalo zalozone metodg losowanych
blokéw w 4 powtdrzeniach. Badanym czynnikiem agrotechnicznym bylo podlewanie
w roznej czgstotliwosci: raz w tygodniu, dwa razy w tygodniu, tylko w okresach

krytycznego niedoboru wody opadowej przewidziano rowniez kontrole bez podlewania.

Rys. 3 Plan polowy do$wiadczenia trzeciego

*QOznaczenia naplanie: 2W- podlewanie 2 razy w tygodniu, 1W- podlewanie raz w tygodniu, NR- podlewanie w okresach krytycznego
Qgicr)]zzru opadéw, OW- brak podlewania. Szare obszary maja powierzchnie 0,5m? i stanowia pasy ochronne oddzielajace badane
Metody badawcze
Pomiary biometryczne

Pomiary biometryczne ro$lin stewii obejmowaly pomiar wysoko$ci roslin, ich
zasiggu bocznego wykonywanego na 2/3 wysokosci ro$liny, liczby pedéw I rzedu oraz
liczby lisci na pojedynczym, najnizszym pedzie 1 rzedu. Podczas przeprowadzania
doswiadczenia drugiego pomiary wykonano w lipcu 1 we wrzedniu, natomiast

w doswiadczeniu pierwszym 1 trzecim we wrzesniu.

Analizy chemiczne
Analizy chemiczne zostaly wykonane na materiale ro§linnym oraz w glebie przed
zalozeniem doswiadczen. W probie gleby oznaczono warto$§¢ pH, zasolenie, zawarto$¢

magnezu, potasu, fosforu, wapnia i azotanow.

19



Tabela 1. Metody badawcze, badane parametry oraz aparatura wykorzystywana

w ramach eksperymentow

1-3

Analiza laboratoryjna/

badany parametr

Metoda

Aparatura

Procentowy udziat suchej

masy

Metoda wg normy PN-90/A-
75101/03

- suszarka Binder ED400
(Merazet)
- waga WTC2000 (Radwag)

Magnez, Fosfor

Metoda spektrofotometryczna wg
Nowosielskiego (1988)

- wytrzasarka MaxQ2000
(Thermo Fisher Scientific)
- spektrofotometr WPA S106

(Biochrom)

PN-90/A-75101/07

Potas, Wapn Metoda analizy fotometrii - wytrzagsarka MaxQ2000
plomieniowej wg (Thermo Fisher Scientific)
Nowosielskiego (1988) - fotometr plomieniowy
Carlzeiss-Jena 188325
10/2603
N-NOs3 Metoda jonometryczna wg - wytrzasarka MaxQ2000
Nowosielskiego (1988) (Thermo Fisher Scientific)
- jonometr Orion 5 Star
(Thermo Fisher Scientific)
Cukry redukujace Metoda Lane-Eynon, wg normy | laznia wodna VEB MLW

(Priifgerate- werk)

Chlorofil A, Chlorofil B,

Karotenoidy

Metoda spektrofotometryczna
(Godlewska i in. 2021)

- spektrofotometr WPA S106

(Biochrom)

Witamina C

Metoda miareczkowania
Tillmans’a wg normy PN-90/A-
75101/11

nie dotyczy

Polifenole ogodlem

Metoda spektrofotometryczna z
wykorzystaniem odczynnika
Folina-Ciocalteu (Godlewska i
in. 2021)

- wirowka 350R (MPW)
- spektrofotometr
Spectroquant Pharo100
(Merck)
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Glikozydy stewiolowe  |(Chromatografia cieczowa - Dionex system+ TCC-
(HPLC) (Vanék i in. 2001) 3000SD (Thermo Fisher
Scientific)
Wartos¢ pH Potencjometryczna - pHmetr CP1501
metoda pomiaru pH (ELMETRON)
Zasolenie Metoda jonometryczna - jonometr model 142
(ORION)

Analiza plonu

Podczas zbioru ros$lin, przeprowadzanego w pierwszej dekadzie wrzes$nia, przed
wejéciem roSlin w faze kwitnienia, okreSlono mase calych roslin, mase liSci z jednej
rosliny, mas¢ pedow oraz mas¢ odpadu (uszkodzone, zaschnigte lub chore czesci roslin).
Wyliczono  procentowy udzial poszczegdlnych  czgéci  oraz  okreslono  plon

z jednostki powierzchni.
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6. WYKAZ PRAC WCHODZACYCH W SKLAD ROZPRAWY DOKTORSKIEJ
1. Sniegowska, Joanna, Biesiada, Anita i Gasifski, Alan, 2024. Influence of the Nitrogen

Fertilization onthe Yield, Biometric Characteristics and Chemical Composition of Stevia
rebaudiana Bertoni Grown in Poland. Molecules. 2024. Vol. 29, p. 1-22.
DOI 10.3390/molecules29081865. IF=4,6 , Punktacja MNISW = 140.

2. Sniegowska, J., Biesiada, A., Effect of spacing on growth, yield and chemical
composition of stevia plants (Stevia rebaudiana Bert.)

3. Sniegowska, J., Biesiada, A. i Gasinski, A., Irrigation practice in the cultivation of

Stevia rebaudiana Bert. in cooler climates - case study in Poland.
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7. OMOWIENIE WYNIKOW BADAN | DYSKUSJA

Tematyka prac badawczych, ktore przygotowano w ramach niniejszej rozprawy

doktorskiej dotyczy oceny wplywu wybranych zabiegdbw agrotechnicznych na uprawe
stewii (Stevia rebaudiana Bert.) w warunkach klimatycznych Polski.

Wszystkie prace stanowig jednotematyczny cykl do publikacji, ktore dotycza
nieopisanego wczesniej w literaturze krajowej i w malym zakresie w literaturze
swiatowe] wplywu zabiegdw agrotechnicznych na wzrost rosln oraz poprawe ilosci
i jako$ci plonu stewii uprawianej w Polsce. Badania dotyczyly doboru odpowiednie go

nawozenia przedwegetacyjnego, rozstawy roslin oraz czgstotliwosci nawadniania upraw.

Omawiane publikacje przedstawiono zgodnie z chronologia ich tworzenia.

Ponizej przedstawiono najwazniejsze zalozenia i osiagnigcia przeprowadzonych badan.
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Doswiadczenie nr 1, opisane w publikacji pt. ,Influence of the Nitrogen
Fertilization on the Yield, Biometric Characteristics and Chemical Composition of

Stevia rebaudiana Bertoni Grown in Poland.”

W doswiadczeniu opisanym w pierwszej publikacji zastosowanymi czynnikami
byly forma i dawka nawozu azotowego stosowanego w uprawie polowej stewii (Stevia
rebaudiana Bert.). W celu oceny mozliwosci uzyskania z uprawy duzych plonéw dobrej
jakosci oraz zbadania parametrow wzrostu roslin zastosowano przedwegetacyjnie trzy
formy nawozow azotowych: saletre amonowa (N), siarczan amonu (S) i mocznik (U),
uzytych w trzech dawkach 50 kg N-hal, 100 kg N-ha! i 150 kg N-hal, wraz
z uyjednoliconym nawozeniem pogldwnym w postaci 50 kg N-ha'! saletry amonowej.
Kontrole w doswiadczeniu stanowi#t obiekt bez nawozenia przedwegetacyjne go,
z zachowaniem nawozenia pogldwnego. Doswiadczenie polowe zakladano w | dekadzie
czerwca, na czarnej ziemi zdegradowanej o zawartosci prochnicy 1,8%, lekko alkalic znej
(pH 7,1-7,3) i zasoleniu 57 uS-cm3, o $redniej zawartosci fosforu- 61 mg-dm3, potasu-
320 mg-dm3, wapnia- 3000 mg-dm3 i magnezu- 80 mg-dmr3. Poletka eksperymentalne
0 powierzchni 1m? nawieziono przygotowanymi nawozami, nastgpnic wymieszano
nawozy z gleba 10Kryto powierzchni¢ pola czarng agrowlokning. Rozsad¢ stewii sadzono
w rozstawie 45 x 20 cm, po 10 roslin na poletko ipielggnowano zgodnie zdobra praktyka
ogrodniczg. W trakcie okresu wegetacyjnego i bezposrednio przed zbiorem pobrano
probki materialu ro$lnnego do analiz chemicznych. Bezposrednio przed zbiorem
wykonano takze pomiary biometryczne roslin. Zbioér wykonano w I dekadzie wrze$nia.
Przeprowadzone analizy i pomiary wykazaly roznicujacy wplyw nawozenia azotem
na wzrost i plonowanie stewii. Zastosowanie przedwegetacyjnie saletry amonowej
w dawce 150 kg N-ha! oraz mocznika w dawce 100 kg N-ha'! korzystnie wplyneto
na mas¢ pojedynczej rosliny (0,243-0,2449), podczas gdy w obickcie kontrolnym $rednia
masa jednej roSliny byla istotnie mniejsza i wynosila jedynie 0,137 g. Takie same
zalezno$ci odnotowano przy pomiarze masy lisci oraz pedow. Najwicksza mase 1 udziat
procentowy odpadu stwierdzono u roslin z poletek nawozonych siarczanem amonu
w dawce 150 kg N-haL. Plon ogotem stewii wynosit od 13370 kg-ha'l (kontrola) do 24370
kg-hat (mocznik w dawce 100 kg-hat) (Tabela 2). Uzyskany w do$wiadczeniu plon nie
byt zblizony do plonow stewii uprawianej w Etiopii w roznych rozstawach (16951-26388
kg-ha't) (Tadesse i in., 2016). Jednakze badania prowadzone w Etiopii nie obejmowaty
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zré/micowanego nawozenia azotem. Bardziej wlasciwe byloby zatem pordéwnanie tych
danych z plonem uzyskanym w doswiadczeniu bez nawozenie przedwegetacyjne go,
ktory byl najmniejszy i wynosit 13770 kghal. Natomiast dane z eksperymentu
przeprowadzonego przez Shivani i in. (2019) w Indiach wykazaty, ze plon lisci stewii
ksztatowal si¢ na poziomie 5150-7040 kg-ha! (w zalenosci od rozstawy roslin) oraz
od 6280 kg-ha'! przy nawozeniu w dawce 50 kg N-ha* do 10540 kg-ha? przy nawozeniu
w dawce 100 kg N-ha! (Shivani iin., 2019). Z danych uzyskanych w badaniach wlasnych
wynika, Ze przy zastosowaniu 50 kg N-ha'l mozna uzyska¢ wiekszy plon lisci stewii niz
w Indiach przy uzyciu dawki 100 kg N-hal. Dodatkowo stosunek lisci do masy ro$lin
w Indiach miescit si¢ w przedziale 39,3-43,7%, czyli byt znacznie mniej korzystny
od udziatu procentowego liSci uzyskanego podczas uprawy w Polsce. Lis¢ jest

podstawowym surowcem dla ktorego uprawia si¢ tg rosline.

Tabela 2. Wplyw sposobu nawozenia przedwegetacyjnego azotem na plon stewii
(Stevia rebaudiana Bert.)

Préba* Cale rosliny | LiScie | Pedy |  Odpad
[kg-ha]
C 13770£2010b** | 7630+400c 5570+1210c 530+230¢
N50 18570+2490ab | 10630+1200b | 6530+1140b 1400+410a
N100 21100+980a 13230+310a 7000+960a 870+400ab
N150 24330+2510a 14830+1630a | 8600+1310a 900+460ab
S50 18300+1770ab | 11030+1010b 6500+610b 800+200b
S100 19630+3660ab | 12030+1780ab | 6970+1360ab 630+120bc
S150 20630+£3550a | 11700+£2690ab | 7200+1410ab 1730+620a
U50 22130+4950a 13200+2270a | 7700+1270ab 1230+400a
U100 24370+4900a 14900+2860a | 8770+1060a 700+170b
U150 23870+3610a 14530+1530a | 8400+1220a 870+340ab
Srednia | 20670+4390 1237042940 73201700 9704690

*Qznaczenia wtabeli: N50- saletra amonowa wdawce 50 kg N-ha™, N100- saletraamonowa wdawce 100 kg N-ha™, N150-saletra
amonowa wdawce 150 kg N-ha™, S50- siarczan amonuwdawce 50 kg N-ha®, S100- siarczan amonuwdawce 100 kg N-ha™, S150-
siarczan amonuwdawce 150 kg N-ha, U50- mocznik wdawce 50 kg N-ha™, U100- mocznik wdawce 100 kg N-ha™, U150- mocznik
w dawece 150 kg N-ha™, C- brak nawozenia przedwegetacyjnego. ** Wartoéci oznaczone tymi samymi literami nier6znig si¢ istotnie

statystycznie; test Duncana (p<0,05)
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Najwickszy plon zela oraz léci stewii odnotowano przy nawozeniu
przedwegetacyjnym saletrg amonowa w dawce 100 i 150 kg N-ha'!, siarczanem amonu
w dawce 150 kg N-hal, oraz mocznikiem stosowanym we wszystkich dawkach.
Wskazuje to na korzystne oddzialywanie mocznika jako nawozu przedwegetacyjnego dla
stewii oraz sporymi wymaganiami zywieniowymi tej rosliny odnos$nie azotu. Saletra
amonowa w dawce 150 kg N-hal oraz mocznik w dawce 50 kg N-ha'! mialy nieco
negatywne oddzialywanie w postaci duzej masy tzw. odpadu czyli lisci przedwcze$nie
zeschnigtych. Najkorzystniejszy udzial procentowy lisci w zielu odnotowano w stewii
nawozonej przedwegetacyjnie saletrg amonowsg w dawce 100 kg N-ha'! (62,62%) (wynik i
sg przedstawione w artykule nr 1). Stewia w trakcie wegetacji dobrze zareagowala
na nawozenie azotem i niezaleznie od formy nawozu dostarczonego przedwegetacyjnie
oraz dawki N rosliny w kombinacjach nawozonych tym skladnkiem byly wyzsze o ok.
10-13 cm niz w obickcie kontromym nawozonym jedynie pogldéwnie (dane
przedstawiono w publikacji nr 1). Podobng reakcj¢ roslin na nawozenie N
zaobserwowano w Indiach w warunkach klimatycznie optymalnych dla wzrostu tego
gatunku, gdzie rosliny nawozone azotem byly o 13-38% wyzsze od nienawozonych
(Baghat i in., 2022). Najwickszy zasieg boczny odnotowano u roslin uprawianych
na poletkach nawozonych mocznikiem w dawce 100 kg N-ha? (32,39 c¢cm), natomiast
najwigksza liczbe pedow I rzedu (13,61) u roslin z poletek nawozonych siarczanem
amonu w dawce 50 kg N-hal. Najwigcej lisci na pojedynczym pedzie wytworzyty

ro$liny nawozone przedwegetacyjnie saletra amonowa w dawce 150 kg N-ha'! (34,89).

Analizy chemiczne wykazaly zawarto$¢ suchej masy w zakresie 22,97%-26,10%
w lipcu oraz 27,44-30,04% we wrzesniu, a analiza statystyczna nie wykazala istotnego
wplywu  badanego czynnika  agrotechnicznego na jej poziom.  Zawarto$¢
makroelementow P, K, Mg i Ca (Tabela 3) zwickszala si¢ wraz ze wzrostem ro$lin
I niezaleznie od poziomu zastosowanego nawozenia, ich koncentracja byla wicksza
we wrzesniu niz w lipcu. Najwickszg zawarto§¢ wapnia w liSciach roslin uzyskano
nawozgc poletka catlkowity dawkag N w ilosci  150+50 kg N-hat we wszystkich formach
i wynosila ona ponad 1100 mg-100g?!, jednak byla ona mmniejsza o okolo 280-400 mg
od stezenia wapnia w roslinach uprawianych w Chile oraz Indiach (Lemus-Mondaca
i in., 2016, Tadhani i Subhash, 2006), co przypuszczalnie wynika z innej zawartosci tego
skifadnika w glebie. Kompleksowy przeglad literatury przeprowadzony przez Lemus-
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Mondaca i in. (2016) wykazal, Zze stezenic wapnia w lisciach stewii waha si¢ przecietnie
od 500 do 1500 mg100g! sm. lSci co wskazuje, ze stgzenie wapnia
w lidciach stewii uprawianej w Polsce zawiera $rednie stezenie wapnia we wrze$niu
i do$¢ male stezenic tego pierwiastka w lipcu (Lemus-Mondaca i in., 2012). Zawartos$¢
magnezu w probkach pobranych w lipcu byla w przedzale od 152,78 mg-100g?
(mocznik 150 kg N-hal) do 183,33 mg-100g! (mocznik 50 kg N-ha'l), natomiast
we wrzesniu od 214,44 mg-100gt (mocznik 50 kg N-ha1) do 259,44 mg-100g? (siarczan
amonu 50 kg N-ha't), wartosci te byly mniejsze od uzyskanych przez Tadhani i Subhash
(ok. 500 mg) oraz Lemus-Mondaca i in. (867,79-1013,30 mg-100g? s.m.) (Lemus-
Mondaca i in, 2016, Tadhani i Subhash, 2006). Mala zawarto$¢ magnezu
w lisciach stewii uprawianej w Polsce moze ja dyskwalifikowaé jako produkt
do przetworstwa, gdyz wykazano, ze zawarto$¢ i biodostepno$¢ magnezu moze miec
zwigzek z produkcja glikozydow stewiolowych (wysokie stezenie magnezu koreluje
dodatnio ze stgzeniem stewiozydow) (Ahmad i in., 2022, Desai Heta i in., 2017, Lemus-
Mondaca, 2012). Moze to wskazywa¢ na konieczno$¢ S$ledzenia zawartoSci magnezu
w glebie 1 ntensywniejszego nawozenia tym skladnikiem. Najwigksza koncentracje
fosforu odnotowano podczas analiz wrzesniowych w probkach stewii z poletek
nawozonych mocznikiem w dawce 50 kg N-hal (218,77 mg-100g!). Warto$¢ ta byla
mniejsza od uzyskanej przez Tadhani i Subhash (2006) (ok. 350 mg-100g1). Jednakze
inni- autorzy (Ucar i in. 2018) ustalili, Ze stgzenie fosforu w liSciach stewii uprawianej
z dodatkiem 80 kg N-ha! w Antalyi w Turcji wynosito 120 mg 100 g'* s.m. w lipcu
i 190 mg'100 g?! s.m. we wrzesniu (Ucar i in., 2018). Stezenic potasu w stewii bylo
najwicksze na poletkach nawozonych siarczanem amonu w dawce 50 kg N-ha? (3216,78
mg-100g!) oraz mocznikiem w dawce 100 kg N-ha! (3183,33 mg-100g). Wyniki te sg
ponad dwukrotnie  wigcksze od uzyskanych przez Ucar i in. (2018) oraz
od warto$ci uzyskanych przez Tadhani i Subhash (2006) (2510 mg-100gt) przy czym
te ostatnic byly zblizone do $redniej uzyskanej z uprawy w Polsce. Potas, podobnie jak
magnez, jest jednym z pierwiastkow niezbednych do syntezy glkozydow, a niskie
stezenie potasu moze zmniejszy¢ liczbg glikozydow stewiolowych o 15-25%. Zawartos¢
potasu w lisciach stewii na poziomie 1500 mg-100g?! okresla si¢ jako niedobor tego
makroelementu, natomiast stewia bez niedoborow powinna zawiera¢ ponad 2000 mg
K-100g1(Sun iin., 2021).
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Tabela 3. Wplyw sposobu nawozenia przedwegetacyjnego azotem na zawarto$¢

wybranych makroelementow w stewii (Stevia rebaudiana Bert.)

Proba* Wapi | Magnez Fosfor Potas
[mg-100 gts.m.]

Lipiec Wrzesien Lipiec | Wrzesien Lipiec | Wrzesien Lipiec Wrzesien

C 770.89 + 993.67+ | 168.89+ | 22944+ | 119.60+ 177.10+ [2490.33 +| 2938.89 +
49.90d** 96.77c 13.42ab 14.26b 14.30b 18.18bc 205.89b 248.01

N50 794.44 + 96944+ | 15944+ | 21889+ | 14350+ | 173.49+ [2802.78+| 3018.11=+
96.65d 89.39bc 17.66b 26.49b 11.54a 21.45¢c 112.11a 258.45ab

N100 816.67 £ 1069.44 + | 15333+ | 24833+ | 146.28 = 153.08+ |2468.11 £| 3034.78
108.97d 108.89ab 10.52b 26.93a 11.25a 17.45d 224.53b 257.80ab

N150 89033+ | 1188.44+ [ 156.11+ | 218.89+ [ 10821+ | 140.58+ [2616.67+| 279722+
43.12bcd 125.18a 15.60b 27.81b 6.45bc 14.25de | 307.97ab | 138.66ab

S50 836.11 £ 99444+ | 17333+ | 25944+ | 14044+ | 180.86+ |2521.00+| 3216.78+
45.26d 116.91b 20.87a 27.91a 13.60a 10.56b 225.03b 173.46a

S100 861.11 £ 1098.11 + | 168.89+ | 246.67+ | 131.53+ | 201.01+ [2457.00+| 3050.00=+
33.33cd 141.23ab | 27.36ab 18.24ab 11.92ab 9.92b 270.82b 260.49ab

S150 991.67+ | 1162.00+ | 175.56+ [ 240.00+ | 100.72+ [ 148.79+ |2275.00+| 2841.78+
46.77b 149.53a 14.46a 16.34ab 9.49c 12.05d 222.42¢ 100.66ab

us0 887.56 + 863.89+ | 183.33+ | 214.44+ | 128.09+ | 21877+ |2497.33+| 3048.67 +
79.45bcd 58.03c 27.36a 25.65a 9.05ab 8.28a 262.11b 182.52ab

U100 976.44 + 1076.44+ [ 160.56 £ | 22222+ | 116.69+ 158.63 + [2534.78 +| 318333+
111.97bc | 132.36ab | 18.45ab 18.15b 7.05b 9.66d 288.41ab 178.66a

U150 114444+ | 111944+ | 152.78 £ | 22722+ | 104.62+ 131.13+ [2298.67+| 2534.78 +
298.64a 110.64a 24.18b 20.73b 8.48bc 9.42¢ 320.36hbc 180.53b

Srednia | 896.97+ | 1053.53+ | 16522+ [ 23256+ | 123.97+ | 16834+ [2496.17+| 2966.43 +
105.14 146.57 20.94 28.10 11.24 14.04 273.53 206.73

*QOznaczenia wtabeli: N50- saletra amonowa wdawce 50 kg N-ha™, N100- saletraamonowa wdawce 100 kg N-ha™, N150-saletra
amonowa wdawce 150 kg N-ha™, S50- siarczanamonu wdawce 50 kg N-ha™, S100-siarczan amonuwdawce 100 kg N-ha™, S150-
siarczan amonuwdawce 150 kg N-ha?, U50-mocznik wdawce 50 kg N-ha™, U100- mocznik wdawece 100 kg N-ha™, U150- mocznik
w dawce 150 kg N-ha™, C- brak nawozenia przedwegetacyjnego. ** Wartoéci oznaczone tymi samymi literami nieréznig sie istotnie
statystycznie; test Duncana (p<0,05)

Stewia jest rosling syntetyzujaca duze ilosci witaminy C w lisciach. Zawartos$¢
witaminy C (Tabela 4) oraz cukrow redukujacych w zielu stewii zwickszala si¢ wraz ze
wzrostem ro$lin. Najwiekszg zawarto§¢ witaminy C odnotowano w probach nawozonych
siarczanem amonu w dawce 150 kg N-ha?! (149,28 mg-100g!), natomiast $rednia
byla 10-krotnie
w badaniach Kim i in. (2011), jednakze rézmica ta mogla wynika¢ z innej metody

zawarto$¢  tej  witaminy okolo wigksza  od  uzyskanej

ekstrakcji. Zawartos¢ cukrow we wrzesniu wahala sie od 1,86 % §.m. (mocznik 50 kg
N-hal) do 2,41 % §.m. (saletra amonowa 50 kg N-ha'l) i byla wicksza niz w lipcu.

Zaleznos¢ wzrostu zawartosci cukrow (Tabela 4) wraz z wiekiem rosliny obserwowano
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takze w badaniach prowadzonych na innych gatunkach (Emendack i in., 2018, Pereira
i in., 2017). Zawarto$¢ zwigzkow fenolowych (Tabela 4) w lisciach ro$lin zebranych
w lipcu wynosila od 203,07 mg-100g! (siarczan amonu 50 kg N-ha'l) do 346,07
mg-100g! (mocznik 100 kg N-hal) natomiast we wrze$niu wahala si¢ od 170,52
mg-100g! (kontrola) do 348,58 mg-100g? 150 kg N-ha'l).

W badaniach Lemus-Mondaca

(saletra amonowa
I in. (2016) zawarto$¢ zwigzkéw fenolowych byla
znacznie mniejsza (nawet trzykrotnie) niz w lidciach stewii analizowanych w badaniach
wlasnych, co sugeruje, Ze rosliny stewii uprawiane w Polsce mogg charakteryzowaé si¢
znacznie wickszymi whsciwosciami przeciwutleniajacymi i przeciwzapalnymi niz stewii
uprawianej w cieplejszym klimacie (Lemus-Mondaca i in., 2016, Kim i in., 2011).
Stezenic N-NOg3™ (Tabela 4) malalo wraz ze wzrostem roslin, a zastosowane czynniki
agrotechniczne nie mialy istotnego statystycznie wplywu na zawarto$¢ N-NOsz wlisciach
stewil nawozonych réznymi dawkami i formami nawozow azotowych przedwegetacyjnie
zebranych we wrze$niu. Poziom tych zwigzkdw wahat sie¢ od 881,44 mgkg! §.m.
w obiekcie kontrolnym do 952,44-1372,44 mg'kg! §.m. w pozostalych kombinacjach.

Tabela 4. Wplyw sposobu nawozenia przedwegetacyjnego azotem na zawarto$é
wybranych zwigzkow w stewii (Stevia rebaudiana Bert.)

Witamina C Polifenole Cukry redukujace Azotany
Préba*
[mg-100 g §.m.] % §.m. [mg kgt §.m.]
Lipiec | Wrzesien | Lipiec | Wrzesien| Lipiec | Wrzesien| Lipiec | Wrzesien
C 110.12 £ | 13542 £ [ 26221 +| 170.52 £ | 1.07 £ 230 £ 1501.1 £ | 890.33 +
5.24c** 16.22b 23.35b 18.04d 0.14a 0.29 393.81b 263.28a
N50 12824 + | 148.13 £ [ 249.66 + | 251.72 £ | 0.89 + 241 £ [1657.44 +£| 95244 +
26.77ab 10.65ab 28.44b 25.54c 0.11ab 0.28a 331.26b 381.94a
N100 114.14 £ | 142.81 £ [ 286.57 + | 29556 £ | 0.94 + 231 £ [2116.78 +| 1246.56 +
6.05bc 11.30ab 28.94ab 26.15b 0.25ab 0.24a 43157ab | 374.77a
N150 109.27 £ | 13589 + [ 32630 + | 34858 £ [ 091 + 1.99 + |2004.67 £ 1225.67 +
6.90c 10.53b 30.70a 28.02a 0.11ab 0.27a 423.43ab | 357.26a
S50 1245 £ | 13794 + | 203.07 £ | 25157 + | 1.04 + 2.09 £ |[1552.11 £| 962.11 +
8.50abc 10.11ab 37.02c 22.63c 0.15a 0.21a 341.55b 463.64a
S100 11848 + | 142.67 = | 23193 + | 27243 £ | 094 = 208 £ |[1911.44 +| 1027.33 =
13.28bc 8.36ab 31.97bc | 23.44bc | 0.09ab 0.25a 207.36ab | 389.75a
S150 111.12 £ | 149.28 £ [ 309.37 + | 29396 + | 0.84 + 203 £ |[1764.67 +| 137244 +
6.45¢c 7.95a 35.52a 18.92b 0.21b 0.37a 511.72ab | 406.16a
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U50 135.54 + | 13857 £ [ 236.21 + | 30451 £ [ 098 = 1.86 = |[1621.67 +| 881.44 +
27.56a 23.64ab 43.63bc 37.92ab 0.24ab 0.4% 449.14b 348.14a

U100 120.50 + | 140.54 = | 346.07 + | 328.77 £ | 092 £ 202 £ (232944 +| 104522 +
12.44bc 6.45ab 37.43a 38.36a 0.19ab 0.37a 300.93a 436.89%

U150 11294 = | 137.04 £ | 30231 +| 17243 £ | 099 + 207 £ |1765.67 £ 1295.78 +
5.46bc 6.82ab 40.81a 21.44d 0.06ab 0.3% 433.04ab 427.80a

Srednia 11849 + | 140.83 = [ 27537 +| 269.00 £ [ 095 = 212 £ [ 182250 +| 1089.93 +
16.20 12.36 38.16 46.08 0.17 0.69 343.74 348.06

*Qznaczenia wtabeli: N50- saletra amonowa wdawce 50 kg N-ha™, N100- saletraamonowa wdawce 100 kg N-ha™, N150-saletra
amonowa wdawce 150 kg N-ha!, $50- siarczan amonuwdawce 50 kg N-ha, S100-siarczan amonu wdawce 100 kg N-ha, S150-
siarczan amonuwdawce 150 kg N-ha, U50- mocznik wdawce 50 kg N-ha™, U100- mocznik wdawce 100 kg N-ha™, U150- mocznik
w dawce 150 kgN-ha™, C- brak nawozenia przedwegetacyjnego. ** Wartosci oznaczone tymi samymi literami nie r6zni sig istotnie
statystycznie; test Duncana (p<0,05)

W probkach stewii zbieranych w lipcu nie wykazano znaczacych 1dznic
w zawarto$ci barwnikow roslinnych karotenoidéw i chlorofilu b, natomiast najwicksza
zawarto$¢ chlorofilu a i chlorofilu a+b odnotowano w roslinach z poletek nawozonych
mocznikiem w dawce 50 kg N-hal. We wrzesniu takze nie Stwierdzono istotnych rdznic
w zawartosci karotenoidow migdzy poszczegdlnymi obiektami, jednakze zawarto$¢
chlorofilu b oraz chlorofilu a+b byla najwicksza w roslinach nawozonych saletrg
amonowg w dawce 100 kg N-ha'l. Najwicksze stezenie chlorofilu a w przedziale 0,78-
0,86 mg'kg! zostalo oznaczone w probach z poletek nawozonych saletra amonowa
w dawce 100 i 150 kg N-ha™!, siarczanem amonu w dawce 50 kg N-ha"1 oraz mocznikie m
w dawce 100 i 150 kg N-ha'l. Warto zaznaczy¢, ze analizowane w tym badaniu ro$liny
stewii charakteryzowaly si¢ raczej malym (3—4 razy mniejszym) stgzeniem chlorofilu
w poréwnaniu z roslinami uprawiany w lranie (Shahverdiego i in., 2019) oraz okolo
6-krotnie mniejszym od uzyskanego w Turcji (Ucar i in.,, 2018). Stgzenie karotenoidow
w lifciach rodlin zwigzane jest z natezeniem S$wiatlhh w okresie wzrostu roslny, co
wykazali w badaniach nad stewig Simlat i in. (2016). Fakt ten moze wyjasnia¢ mniejs za
zawarto$§¢ karotenoidow w roslnach stewii uprawianych w Polsce w poréwnaniu
do roslin stewii rosngcych w Iranie, ktore charakteryzowaly sie 3—4-krotnie wigksza
koncentracjg karotenoidow w lisciach (Gerami iin., 2020, Simlat i in.,2016).

W  doswiadczeniu  pierwszym  wykonano  pomiar  zawartosci  dwoch

najwazniejszych glikozydow stewiolowych: stewiozydu i rebaudiozydu A. Zawartos$¢
sic od 108,91 mg100g! do 262,36 mg100g?,
rebaudiozydu A od 352,85 mg-100g? do 2186,62 mg-100g?! (Tabela 5). Najwicksze

stewiozydu wahala natomiast
zawartosci obu glikozydow stewiolowych odnotowano w probkach stewii uprawianej na
poletkach nawozonych przedwegetacyjnie siarczanem amonu w dawce 150 kg N-ha'l.

Bylo to 2 razy wigcej stewiozydu 17 razy wiecej rebaudiozydu A niz w probie kontrolnej
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(bez nawozenia przedwegetacyjnego). Mniejsze zawartosci stewiozydu niz w probce
z obiektu kontrolnego uzyskano z obiektow nawozonych przedwegetacyjnie siarczanem
amonu i mocznikiem w dawce 50 kg N-ha't. W przypadku rebaudiozydu A, kazda dawka
1 forma nawozu wplywala korzystnie na zwickszenie jego zawartosci. Jednakze
zawarto$¢ stewiozydow w stewii uzyskanej w tym doswiadczeniu byla mniejsza
w porownaniu do zawartos¢ tych zwigzkéw W stewii uprawianej w cieplejszych krajach,
gdzie ich stezenie wahalo si¢ od 4% do 20% s.m (Yadav i in.,, 2011). W Polsce panuja
7nacznie nizsze temperatury niz w regionach typowych dla uprawy stewii. Ostatnie
badania Miladinova-Georgieva i in. (2023) oraz Yang i in. (2015) wykazaly, ze wyzsze
temperatury uprawy stewii, z optymalng warto$cig bliska 25°C, skutkuja wigkszym
tempem transkryptu pietnastu genow szlakow biosyntezy glikozydow stewiolowych,
natomiast temperatury bliskie 15°C (podobnie jak Srednia temperatura maja, czerwca

i wrzesnia W Polsce w latach badan) znaczaco hamujg transkrypcje tych genow.

Tabela 5. Wplyw sposobu nawozenia przedwegetacyjnego azotem na zawarto$é
glikozydow stewiolowych w stewii (Stevia rebaudiana Bert.)

Préba* Stewiozyd Rebaudiozyd A
[mg-100g! s.m.]

C 135,14+6,33fy 352,85+6,33¢
N50 140,50+5,32¢e 785,20+8,96ef
N100 156,6+1,12d 1093,08+106,85cd
N150 134,11+1,65fy 1229,89+18,42c
S50 111,69+1,53h 602,18+82,60fy
S100 214,26+11,45b 1493,53+133,78b
S150 262,36+17,13a 2186,62+390,54a
U50 108,91+0,70h 817,05+54,46ef
U100 122,53+6,54gh 935,04+79,86de
U150 182,46+8,59c 490,24+27,969

Srednia 156,86+17,99 998,57+234,99

*Oznaczenia wtabeli: N50- saletra amonowa wdawce 50 kg N-ha™, N100- saletraamonowa wdawce 100 kg N-ha?, N150- saletra
amonowa wdawce 150 kg N-ha™, S50- siarczanamonuwdawce 50 kg N-ha™, S100-siarczan amonuwdawce 100 kg N-ha™, S150-
siarczan amonuwdawce 150 kg N-ha*, U50- mocznik wdawce 50 kg N-ha™, U100- mocznik wdawce 100 kg N-ha™, U150- mocznik
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w dawce 150 kg N-ha™, C- brak nawozenia przedwegetacyjnego. ** Wartoéci oznaczone tymi samymi literami nier6znig sie istotnie
statystycznie; test Duncana (p<0,05)

Wyniki uzyskane w doswiadczeniu pierwszym wykazaly istotne znaczenie
wlasciwego nawozenia azotem w uprawie stewii. Dostosowanie odpowiedniej dawki

i formy N moze mie¢ wplyw na wzrost, plonowanie i jako$¢ uzyskanego surowca Stewii.
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Doswiadczenie nr 2, opisane w manuskrypcie pt. ,Effect of spacing on
growth, yield and chemical composition of stevia plants (Stevia rebaudiana Bert.)”

W doswiadczenie drugim zbadano wplyw rdéznej rozstawy w uprawie stewil na jej
wzrost, plonowanie i sklad chemiczny. W eksperymencie polowym przeanalizowano trzy
rozstawy: 50 cm x 30 cm, 45 cm x 25 cm i 30 cm x 30 cm. Pole pod doswiadczenie
charakteryzowalo si¢ gleba 0 zawartosci prochnicy 1,8%, odczynie lekko alkalicznym
i zasoleniu 55 uS-cm3, o $redniej zawartosci fosforu- 65 mg-dmr3, potasu- 310 mg-dmr3,
wapnia- 2800 mg:dm i magnezu- 84 mg-dm3. Rosliny posadzono na wyzmaczonych
poletkach o powierzchni 1,5 m?, nawozonych saletra amonowg przedwegetacyjnie
w dawce 100 kg N-hal, okrytych czarmng agrowlokning w Il dekadzie czerwca.
W nawozeniu poglownym zastosowano saletre amonowa w dawce 50 kg N-ha'l,
W lipcu i we wrzesniu przeprowadzono pomiary biometryczne oraz pobrano probki
materialu  roslinnego do analiz chemicznych. Zbior zela wykonano w II dekadzie
wrze$nia. Najwigksza masg jednostkowa rosliny, li§ci oraz pedoéw charakteryzowaty sie
rosliny posadzone w rozstawie 50 cm x 30 cm, natomiast masa roslin pozyskiwanych
z rozstawy 45 cm x 25 cm 1 30 cm x 30 cm byla mniejsza 1 nie roznila si¢ znaczaco
od siebie. Plon zela stewii uzyskany w drugim doswiadczeniu wahal si¢ od 1,62
do 2,04 kg'mr?2 (Tabela 6), jednak znaczaco wigkszy plon uzyskano wraz ze wzrostem
zageszczenia ro$lin na jednostce powierzchni rosngcych w rozstawie 45 cm x 25 cm
130 cm x 30 cm. Tg samg zalezno$¢ zaobserwowano w plonie liSci.

Tabela 6. Wplyw rozstawy na plonowanie stewii (Stevia rebaudiana Bert.)

Cale rosliny Liscie Pedy
[kg-m]
0,87+0,11b | 0,75+0,09 a

Rozstawa

1,62 £0,10

50 cm x 30 cm b*

45cmx25cm |2,04+0,15a| 1,26+0,22a | 0,77+0,07 a

30cmx30cm |1,89+0,12a| 1,08+0,10a | 0,81 +0,11 a

* Warto$ci oznaczone tymi samymi literami nierdznig si¢ istotnie statystycznie; test Tukeya(p<0,05)

Rozstawa nie wplyngla istotnie na mas¢ pedoéw stewii. Najkorzystniejszy udziat
lisci w plonie zela, siggajacy 62,0%, odnotowano u roslin uprawianych w rozstawie

45 cm x 25 cm. Rozstawa nie wplynela znaczaco na wysoko$¢ roslin mierzonych zaréwno
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w lipcu, jak 1 we wrzesniu; rosliny bezposrednio przed zbiorem dorastaty

do 57,6-59,2 cm. Brak wplywu rozstawy na wysoko$¢ roslin wykazali
w swoich badaniach Kumar i in. (2014), jednakze rosliny te byly znacznie wyzsze (90-

rowniez

120cm) od uprawianych w Polsce. Rozstawa nie miala wplywu na zasigg boczny oraz
liczbe pedéw I rzedu mierzonych w lipcu. We wrzesniu najwigkszy zasieg boczny oraz
liczbe pedow I rzedu odnotowano przy rozstawie rosln 50 cm x 30 cm. Zmiang
w liczbie pedéw wynikajaca ze zmiany rozstawy wykazal takze Kumar i in. (2014),
jednakze zalezno$¢ byla odwrotna od uzyskanej w Polsce, gdyz ich liczba byla wicksza
przy zmniejszonej rozstawie. Badania przeprowadzone przez Ramesha i in. (2006)
wykazaly, ze w przypadku wieloletniej uprawy stewii, jej korzenie majg zasigg ponad 30
cm z kazdej strony rosliny, co sugeruje, ze rozstawa powinna by¢ wigksza niz 30 cm
x 30 cm. Jednak w Polsce stewia nie jest w stanie przezimowa¢ w gruncie, tym samym
wykluczajac uprawe wicloletnig, a liczne badania, w ktorych odstgp migdzy roslinami
wynosit 20 cm nie wykazaly niekorzystnego wplywu zmniejszenia odleglosci w rzedzie
na rosliny (Kumari iin., 2021, Liu iin., 2011, Tan i in., 2008). Dodatkowo, zmniejszenie
rozstawy miedzy roSlinami, a tym samym zwickszenie liczby roslin na jednostce
powierzchni, moze pozytywnie wplywaé na ilo$¢ uzyskanego plonu, coO potwierdzity
badania Tadesse i in. (2016). Rozstawa nie wplywala na liczbe wyksztalconych lisci

na pojedynczym pedzie (Tabela 7).

Tabela 7. Wplyw rozstawy na wzrost i rozwoj roslin stewii (Stevia rebaudiana

Bert.)
Lipiec Wrzesien
¢ | zasi Liczhba = e ba tigei ¢ | 7asi Liczba =) ;oo b tiged
Rozstawa Wys'0}<osc Zasie¢g pedow | na Wys’o'kosc Zasie¢g pedow | na
ro§liny |boczny | rzeduna . ro§liny | boczny| rzeduna .
: . | pojedynczym . . | pojedynczym
pojedynczej dzie pojedynczej dzie
[em] ro§linie pe [em] ro§linie p¢
50cmx | 28,65+ jgﬁ% 789+ 1,52 | 12,33+£2,94 | 57,61+ j%%i 16,8 + 1,96 | 26,44 + 3,66
30cm 2,94 a* a’ a a 4,52 a a( a a
asemx | 2869+ | 2L00 1 gs6i016 | 12742308 | 5935+ | 2700 | 12031152 28,56+ 3,42
+3,27 +0,95
25cm 315a a a a 4,88a b b a
30 cm x 27,65 £ 20,00 6,74+ 1,58 | 11,30+ 1,98 59,15+ 26,05 10,23 + 1,07 | 25,41 + 2,98
+£2,41 +1,64
30 cm 2,56 a a a a 512a b b a

* Wartos$ci oznaczone tymi samymi literami nier6znig si¢ istotnie statystycznie; test Tukeya(p<0,05)
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Zawarto$¢ azotanow 1 makroelementow (Tabela 8) zwickszala si¢ wraz
z rozwojem roslin. Najwicksza akumulacje azotanéw, fosforu, potasu i magnezu
w stewii wykazano w probkach ro$lin rosngcych w rozstawie 50 cm x 30 cm, zebranych
we wrzesni. Dotychczas nie prowadzono badan nad wplywem rozstawy na stan
odzywienia roslin stewii, jednakze doniesienia na temat wplywu zwiekszonej rozstawy
na rozwoj systemu korzeniowego innych ro$lin mogg postizy¢ do wyjasnienia tego
zjawiska u stewil. Za przyczyne zwigkszonej zawartosci azotandéw uznano zwigkszona
mas¢ korzeniowa, ich wiekszy zasigg oraz mniejsza konkurencyjnos$¢ rosln (Dunbabin
i in., 2003). Rozstawa w poczatkowej fazie uprawy stewii wplywala na zawarto$¢ wapnia,
ktéra byla mniejsza przy rozstawie 30 cm x 30 cm, jednak wraz ze wzrostem ro$lin

zawarto$¢ wapnia wyrownata si¢ w roslinach uprawianych we wszystkich rozstawach.

Tabela 8. Wplyw rozstawy na zawarto$¢ azotandw 1 makroskladnikoéw
w lisciach stewii (Stevia rebaudiana Bert.)

Termin N-NOs P | K | Ca | Mg
i i kol
pobll)ig?)nla Rozstawa [n;gn::]g [mg-100 gs.m ]
50 cm x 1360,99 + 134,58 =+ 2648,61 + 836,11 + 166,11 £+ 5,92
30cm 143,11 a* 1448 a 84,12 a 21,49 a a
Lipiec 45 cm X 1343,82 + 126,39 =+ 2554,17 = 841,67 + 168,89 +
25¢cm 12552 a 17,45 a 59,04 a 19,83 a 10,14 a
30cmx 1003,1 £ | 1175 + 19,83 2465,28 + 791,67 + 143,89 + 6,43
30cm 9743 b a 4951 b 12,90 b b
50 cm x 1856,18 + 234,17 + 2828,93 + 861,94 + 176,39 + 2,19
30cm 194,44 a 11,80 a 68,39 a 95,23 a a
Wrzesien |42 CMX | 121928 + | 185,14 £9,15 274843 + 888,18 + 172,22 + 1,46
25¢cm 283,67 b b 52,85 b 61,09 a b
30cm x 1073,57 + | 155,69 + 6,41 2701,39 + 835,31 + 156,94 + 1,01
30cm 150,81 b c 4792 b 54,97 a c

* Warto$ci oznaczone tymi samymi literami nier6znig sie istotnie statystycznie; test Tukeya(p<0,05)

Poczatkowo zawarto$¢ suchej masy stewii (material pobierany w lipcu) nie
roznita sie znaczagco pomicdzy obiektami (24,48-25,16%), jednakze wraz ze wzrostem
zaobserwowano zwigkszenie zawarto$ci suchej masy w lisciach stewi, w roslinach
posadzonych w najmniejszej rozstawie (30 cm x 30 cm). Zmiany zawartoSci suchej masy
wynikajagce ze wzrostu roslin s3 typowe w uprawie 1 zostaly opisane
na przykladzie wielu gatunkéw przez Postma i n. (2017). Najwigksza zawartos¢ suchej
masy odnotowano w stewii uprawianej w rozstawie 30 cm x 30 cm i wynosila ona
28,67%.
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Zawarto$¢ cukrow redukujacych, zwiazkéw fenolowych ogdlem, chlorofilu atb i
karotenoidow zwigkszala sie wraz ze wzrostem ro$lin, jednak wplyw rozstawy
na zawarto$¢ tych skladnikéw w stewii nie zostat dotychczas zbadany przez innych
autorOw. Najwickszg zawarto$¢ cukréow redukujacych (Tabela 9) wykazano w stewii
uprawianej w rozstawie 50 cm x 30 cm (2,48 % §.m.), a polifenoli w stewii uprawianej w
rozstawie 30 cm x 30 cm (314,66 mg-100 g! $.m.). Zawarto$¢ witaminy C w liciach
stewii byla najwicksza w probkach lisci pobranych z roslin rosngcych w rozstawie
45 cm x 25 cmw lipcu (144,39 mg-100 g $.m), natomiast we wrze$niu w liSciach ro$lin
uprawianych w rozstawie 50 cm x 30 cm (134,19 mg-100 g?! $.m.). W o0gdlnym
przegladzie literatury $wiatowej na temat skladu chemicznego stewii, ze wzgledu
na analiz¢ zawartosci w suchym materiale roslinnym, wykazano nieznacznie mniejszg
zawarto$¢ tej witaminy (Lemus-Mondaca, 2012).

Tabela 9. Wplyw rozstawy na zawarto$¢ suchej masy i wybranych zwigzkow

organicznych w stewii (Stevia rebaudiana Bert.)

Termin Sucha masa Cukr-y Witamina C | Zwiazki fenolowe
pobierania | Rozstawa redukujace
prob [ §.m.] [mg-100g! §.m.]
50 x 30 2448 + 3,15 a* 1,42 £0,13 a 124,17 +£284 c | 187,61 £1052 b
Lipiec 45%x25 | 2470 £295a | 1,08+009b |14439 £2,12a| 17686 + 11,61 b
30x30 | 2516+218a | 072+010c [13330 £198b| 202,11 £981 a
50 x 30 26,55 + 1,44 b 2,48 £0,36 a 134,19 +£281 a| 25533 £1894 b
Wrzesien 45 x 25 26,66 +£ 0,99 b 1,88 £0,15 b 12592 £ 1,28 b | 249,53 +£26,51 b
30 x 30 28,67 £ 0,45 a 1,64 £029 b 126,90 = 1,04 b | 314,66 +29,49 a

* Warto$ci oznaczone tymi samymi literami nierdznig si¢ istotniestatystycznie; test Tukeya(p<0,05)

Rozstawa nie miala wplywu na zawarto§¢ barwnikow roslinnych w lisciach stewii

zarbwno w lipcu oraz we wrzesniu. Brak wplywu rozstawy na zawarto$¢ chlorofilu a+b

oraz

karotenoidow

opisano

np. czosnku (Ren i in., 2017).

takze w  przypadku

uprawy

mnych  roslin,

Doswiadczenie drugie badajace wplyw rozstawy na wzrost, plonowanie i jako$¢

plonu wykazalo mozliwo$¢ optymalizacji plonu i jego jakosci poprzez odpowiednio

dobrang rozstawg.
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Doswiadczenie nr 3, opisane w manuskrypcie pt. ,lrrigation practice in the
cultivation of Stevia rebaudiana in cooler climates - case study in Poland.”

W trzecim do$wiadczeniu analizowano wplyw roznej czgstotliwosci nawadniania
upraw stewil na jej wzrost, plonowanie i jako$¢ pozyskanego surowca. Doswiadczenie
zalozono w I dekadzie czerwca, na czarnej ziemi zdegradowanej o zawartosci prochnicy
1,8%, lekko alkalicznej i zasoleniu 57 uS-cm3, o $redniej zawartosci fosforu- 45 mg-dm-
3, potasu- 310 mgdm3, wapnia- 2800 mgdm® i magnezu- 34 mgdm3. Rosliny
posadzono na polu nawozonych saletr¢ amonows przedwegetacyjnie w dawce 100 kg
N-hal, okrytym czarng wldkning na poletkach o powierzchni 1 m? w rozstawie
45 cm x 20 cm. W nawozeniu poglownym zastosowano saletr¢ amonowa w dawce 50 kg
N-hal. Jednorazowa dawka nawodnieniowa wynosita 20 mm wody na rosling. Ro$liny
nawadniano dwa razy w tygodniu (2W), raz w tygodniu (1W), w okresach krytycznego
niedoboru wody opadowej (NR) oraz wecale: obiekt kontrolny (0W). W analizie plonu
wzieto pod uwage dane pogodowe z lat, w ktorych prowadzone byly do$wiadczenia;
najmniejszy plon uzyskano w roku 2014 niezaleznie od czgstotliwosci nawadniania
upraw (Tabela 10). Najwigkszy $redni plon uzyskano w kombinacji podlewanej tylko
w okresach krytycznego niedoboru wody opadowej (NR) (2,58 kg-m) i w podlewanej
raz w tygodniu (1W) (2,42 kg-m2). Najmniejszy plon odnotowano z obiektu kontrolnego
bez podlewania (2,08 kg-m?), przy czym ro$liny niepodlewane charakteryzowaty si¢
najwigkszym udzialem procentowym lisSci w plonie, wynoszacym az 64,47%. Czgste
podlewanie zwickszalo ilo§¢ odpadu, z 4,67% w OW do 9,70% w 2W. Badania Lavini
iin. (2008) na temat uprawy stewii we Wiloszech skupiajace si¢ na dostgpnosci wody dla
ro§lin z gleby wykazaly, Ze deficyt nawadnianie (33% 1 66% zuzycia wody
w glebie) moze zmniejszy¢é mase roslin nawet o 20-25%. Badania przeprowadzone przez
Lavini i in. (2008) wykazaly rowniez, ze podobnie jak w badaniu przeprowadzonym
w Polsce najwickszy wskaznik zbiorow (tj. stosunek masy lisci do masy calej rosliny)
mialy roSliny uprawiane przy najmniejszym zuzyciu wody. Badania na temat stewii
uprawianej] w Maroko, prowadzone przez Benhmimou i in. (2017) wykazaly, Ze ro$liny
stewii poddane najwickszemu poziomowi badanego czynnika (100% ewapotranspiracja)
uzyskiwaly znacznie wicksza ilo$¢ biomasy niz rosliny stewii uprawiane przy 80% Ilub
50% ewapotranspiracji. Analiza Parris i in. (2017) na temat nawadniania stewii,

przeprowadzona w Ontario, w przeciwienstwie do wynikow uzyskanych w Polsce,
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wykazala, ze mniejsza czestotliwosé

zmniejszy¢ plon lisci stewii nawet o ok. 25%.

nawadniania w okresie wzrostu stewii moze

Tabela 10. Wplyw czestotliwosci nawadniania upraw na plon stewii (Stevia

rebaudiana Bert.)

Cale rosliny Liscie Pedy Odpad
Czes tot_liwt_)é ¢ Rok
nawadni ania*
[kg-m?]

2014 121£0,15 e** 0,83+0,06 e 0,33+0,04 f 0.06£0.01 e
ow 2015 2,56£0,22 ab 1,64+0,09 ab 0,78+0,07 d 0.15£0.04 ¢
2016 2,46+0,23 ab 1,50+0,08 ab 0,87+0,06 cd 0.09£0.03 cde

Srednia 2.08 1,32 0,66 0,10
2014 2,08+0,18 ¢ 1,14+0,03 d 0,79+0,06 d 0.12£0.03 cde
NR 2015 2,82+0,27 a 1,57+0,10 ab 1,02+0,05 bc 0.23+0.06 b
2016 2,83+0,28 a 1,63+0,18 ab 1,10+0,05 ab 0.10£0.02 cde

Srednia 2.58 1,45 0,97 0,15
2014 1,89+0,18 d 1,04+0,05 d 0,75+0,05 d 0.10£0.02 cde
1w 2015 2,33+0,21 bc 1,15+0,04 d 0,76+0,04 d 0.42+0.07 a
2016 3,05£0,19 a 1,75+0,15 a 1,21+£0,09 a 0.09£0.02 cde

Srednia 2.42 1,31 0,91 0,20
2014 1,70+£0,16 d 1,07+0,05 d 0,55+0,06 e 0.08+0.01 de
2W 2015 2,24+0,20 bc 1,12+0,13 d 0,70£0,03 de 0.42+0.06 a
2016 2,67+0,22ab 1,42+0,12 bc 1,12:+0,08ab 0.14+£0.02 cd

Srednia 2,20 1,30 0,79 0,21

*Oznaczenia w tabeli: 2W- nawadnianie dwa razy wtygodniu, 1W- nawadnianie raz w tygodniu, NR- nawadnianie w

okresach krytycznego niedoboruwody opadowej, 0W- obiekt kontrolny. **Wartoci oznaczone tymi samymi literami nie ro:mia sig
istotniestatystycznie; test Duncana(p<0,05)

Wysokos¢ roslin stewii wahata si¢ od 47,61 cm do 62,31 cm i byla najmniejsza
dla proby OW. Rosliny podlewane dwa razy w tygodniu, raz w tygodniu i w okresie
niedoboru wody opadowej charakteryzowaly si¢ wickszg wysokoscig (Tabela 11)
w porownaniu do proby kontrolnej, nawet o 12-15 cm. Wplyw niedoboru wody
na wysokos¢ roslin w swoich badaniach opisali takze Levini i1in. (2008) w uprawie stewii
we Wloszech, gdzie rosliny niepodlewane byly o 5-10 cm nizsze od podlewanych;
Bunhmimou i in. (2017), ktorzy wykazali roznice wynoszace 10-15 cm oraz Grad i in.
(2021) ktorzy udowodnili, ze rosliny przy niewystarczajacym poziomie nawadniania
mogg by¢ nizsze o nawet 16-20 cm. Podlewanie w okresach krytycznego niedoboru wody
i podlewanie raz w tygodniu wplywalo na zwickszenie zasiggu bocznego roslin (29,04
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cm-33,92 c¢cm), podczas gdy najmniejszy byt on u roslin podlewanych 2 razy w tygodniu
(26,68 cm) i niepodlewanych wcale (25,35 cm). Czestotliwos¢ nawadniania W uprawie
stewii w Polsce nie wplywala na liczb¢ lisci na pojedynczym pedze, ktora oscylowata
w zakresie 38,61-43,44 oraz p¢dow I rzedu, ktora wahala si¢ od 7,72 do 8,52, podczas
w Egipcie wykazaly
zmniejszong liczbe rozgalezien przy niedoborach wody (Grad i in., 2021).

gdy doswiadczenia wazonowe przeprowadzone W SzKlarni

Tabela 11. Wplyw czestotliwosci nawadniania upraw na parametry biometryczne

stewii (Stevia rebaudiana Bert.)

Wysoko§é ro§lin |  Zasieg boczny Liczba pedéw I Liczba liscina
Czestotliwos ¢ rzedu na -
L : . pojedynczym
nawadni ania* pojedynczej i
[cm] ro§linie pedzie
ow 47,61+8,11b** 25,35+1,57b 7,75+5,04a 38,61+12,24a
NR 59,46+11,20a 33,92+1,38a 7,72+4,88a 42,64+14,85a
1w 61,32+11,15a 29,04+2,59a 8,53+5,78a 43,25+12,68a
2W 62,31+8,15a 26,68+1,90b 8,39+4,37a 43,44+13,21a

*Oznaczenia w tabeli: 2W- nawadnianie dwa razy wtygodniu, 1W- nawadnianie raz w tygodniu, NR- nawadnianie w
okresach krytycznego niedoboruwody opadowej, OW- obiekt kontrolny. **Warto$ci oznaczone tymi samymi literami nie roznig si¢
istotniestatystycznie; test Duncana(p<0,05)

Czestotliwos¢ nawadniania nie wplynela istotnie na zawartos¢ suchej masy
(Tabela 12) w probkach stewii zebranych w lipcu. Brak nawodnienia roslin wptynat
na zmniejszenie ilosci wody w tkankach roslin starszych, co bezposrednio wplyngto
na wicksza zawarto$¢ suchej masy. Najwiekszg zawarto$cig suche] masy we wrze$niu
charakteryzowaly si¢ rosliny niepodlewane (30,47%). Badanie Badran i in. (2015)
na temat wplywu suszy na wilasciwosci stewii Stevia rebaudiana wykazaly odmienne
wyniki: rodliny utrzymywane w warunkach niedoboru wody charakteryzowaly si¢
byly
in vitro, gdzie ro$liny nic mialy dostgpu do wody

mniejszg ~ zawartoScia  suchej masy. Badania te jednak  prowadzone
w kontrolowanych warunkach
opadowej. W badaniach polowych ro$liny stewii, ktore byly nawadniane czgsciej lub
dostawaly wieksze ilosci wody charakteryzowaly sie mniejsza zawartoscig suchej masy

(Benhmimou i in., 2017, Aladakatti i in., 2012).

Czestotliwos¢ nawadniania nie wplyngta na zawarto$§¢ cukréw redukujgcych,

ktéra w probkach lisci pobranych w lipcu wynosila 0,76-0,93 % §.m., a we wrze$niu 1,74-
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2,27 % $.m. W badaniach Karimi i in. (2015), rosliny stewii uprawiane w szklarni przy
niedoborze wody charakteryzowaly si¢ Wicksza zawartoScig glukozy 1 sacharozy
w lisciach. Natomiast doswiadczenia przeprowadzone w Iranie wykazaly, Ze nawadnianie
stewil uprawianej zarowno na polu, jak i w szklarni moze powodowa¢ prawie 20% wzrost
stezenia cukrow w roslinach (Ghamarnia iin., 2022). Wyniki te sugeruja, Ze nawadnianie
moze mie¢ bardziej znaczacg role w tworzeniu cukrow W stewii w cieplejszym klimacie.
Stres wywolany brakiem wody (OW) wplyngt na zwickszong akumulacje witaminy C
oraz zwigzkow fenolowych w roslinach (Tabela 12). Stezenie zwigzkow fenolowych byto
zroznicowane w probkach pobranych w lipcu oraz we wrzesniu 1 zwigkszalo si¢ wraz
z rozwojem roSlin. W lipcu najmniejsze stgzenie zwigzkow fenolowych wykazano
W probkach ro$lin podlewanych raz w tygodniu (185,62 mge100gl) i najwicksze
w probkach niepodlewanych (270 mge100g?!). We wrze$niu probki stewii niepodlewane;j
charakteryzowaly si¢ najwickszym stezeniem zwigzkow fenolowych (337,88 mge100g
1), natomiast probki stewii podlewanej tylko w okresach krytycznego niedoboru wody
opadowej, dwa razy w tygodniu iraz w tygodniu charakteryzowaty si¢ mniejsza, zblizong
do siebie zawartoscig zwigzkow fenolowych wahajaca sie w zakresie od 241,03 mge100g°
1(dla NR) do 260,57 mg=100g* (dla 1W). Podobne obserwacje na temat stresu wodnego
wywolanego niedoborami wody w swoich badaniach nad uprawa stewii uzyskali
Mahajan i in. (2021). Wytwarzanie zwigzkow fenolowych jest typowa reakcja wielu
gatunkow roslin, zwlaszcza z rodziny Asteraceae, na stres zwigzany z susza, dlatego taka
tendencja stewii uprawianej w przeprowadzonym doswiadczeniu nic jest zaskakujgca
(Bellache iin., 2022, Albergaria iin., 2020; Cicevan i in., 2016). Zawartos¢ witaminy C
w lidciach stewii nie zmienita si¢ od lipca do wrze$nia w tak duzym stopniu jak zawarto$§¢
zwigzkow  fenolowych, ale  odnotowano  niewielkie ~ zmiany w  zakresie
do 5-6%. Jedynie w probach stewii podlewanej tylko w okresach krytycznego niedoboru
wody zawarto$¢ witaminy C zmniejszata si¢ od lipca do wrzesnia. W lipcu najwicksza
zawarto$¢ witaminy C oznaczono w probce OW (139,99 mge100g!) natomiast
najmniejsza w probce 1W (121,02 mge100g?'). We wrzesniu probka OW nadal
charakteryzowala si¢ najwickszym stezeniem witaminy C (143,30 mge100g!) natomiast
probka NR miala najmniejszg zawarto$¢ kwasu askorbinowego (124,66 mgs100g).

Tabela 12. Wplyw czestotliwo$ci nawadniania upraw na zawarto$¢ suchej masy i

wybranych zwigzkow w stewii (Stevia rebaudiana Bert.)
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Suchamasa Cukryredukujace Polifenole Witamina C
Czestotliwos ¢ . A
nav?/adniania* [Y0 §.m.] [mg-100g$.m.]
Lipiec |Wrzesien| Lipiec | Wrzesien| Lipiec | Wrzesien | Lipiec | Wrzesien
ow 23,14 £ | 3047 £ 0,76 + 174+ | 270,26 + | 337,88 £ | 139,99 | 14330 +
2,59a** 2,99a 0,62a 0,60a 15,83a 31,88a + 7,79 7,21a
NR 2475 £ | 2787 £ 0,77 £ 199+ | 229,73 £ | 241,03 £ | 133,14 +| 124,66 +
2,28a 0,99bc 0,46a 0,80a 33,01ab 21,29b 24,24b 14,27c
W 24,13 + | 2882 + 0,82 + 227+ | 18562 + | 260,57 + | 121,02 +| 132,38 +
2,51a 1,99ab 0,48a 0,25a 15,35b 24,18b 5,12b 10,07bc
oW 2373 £ | 26,52 + 0,93 + 195+ | 216,80 + | 246,46 + |128,62 +| 13542 +
2,54a 0,96¢ 0,71a 0,23a 21,94b 19,90b 7,22ab 6,15ab

*Oznaczenia w tabeli: 2W- nawadnianie dwa razy w tygodniu, 1W- nawadnianie raz w tygodniu, NR- nawadnianie w
okresach krytycznego niedoboruwody opadowej, 0W- obiekt kontrolny. **Wartosci oznaczone tymi samymi literami nie roznia sig
istotniestatystycznie; test Duncana(p<0,05)

Ro/ma czgstotiwo$¢ nawadniania uprawy stewii nie wplyngla istotnie
na zawarto$¢ wapnia, potasu i fosforu w liciach (Tabela 13). Stgzenie wapnia
w analizowanych probach bylo zblizone i wynosilo od 886,11 do 936,11 mg+100g*!
w lipcu i zmalalo do 769,17-894,44 mge100g! we wrzeSniu. Zawarto$¢ wapnia
w lidciach stewii uprawianej w Polsce byla mniejsza od calkowitej zawartosci wapnia
w liSciach stewii uprawianej w cieplejszym Kklimacie, gdzie moze wynosic do 1500
mge100gt (Ucar i in., 2018, Tadhani i Subhash, 2006). Zawarto$¢ potasu w roslinach
stewii ulegla redukcji we wszystkich probach od lipca do wrzesnia o ok. 10-30%.
Pomimo réznic wynikajacych z rozwoju roslny nie odnotowano istotnego wplywu
nawodnienia na poziom tego skladnika zaréwno w probach pobranych w lipcu jak
i we wrzeSniu. Zawarto$¢ potasu wynosita od 2813,89 mge100g! dla NR do 3316,67
mge100g! dla OW w lipcu oraz w przedziale 2519,44-2737,50 mge100g! we wrze$niu.
Najwicksza redukcj¢ zawartoSci potasu pomiedzy analizami wykonanymi na materiale
z lipca oraz wrzesnia okreslono dla proby kontrolnej. Zawarto§¢ magnezu w lisciach
stewii ulegata redukcji wraz z wiekiem roslin. Zawarto$¢ magnezu wahala si¢ od 159,44
do 173,33 mge100g! w lipcu, natomiast we wrze$niu byla najmniejsza w probie
niepodlewanej, kontrolnej (133,33 mge100g™'), a najwicksza w probie podlewanej dwa
razy w tygodniu (170 mge100g?'). W badaniach Khiraoui i in. (2010), roliny stewii
uprawiane w Maroko takze wykazywaly wickszg akumulacj¢ magnezu warunkach
wickszej wilgotno$ci. SteZenie fosforu we wszystkich probkach pobranych w lipcu bylo
statystycznie jednorodne i wynosito od 128,72 mge100g?! (OW) do 147,39 mg+100g!
(I1W). Podobnie, we wszystkich probach z wrzesnia, zawarto$¢ fosforu wynosita
od 116,54 mge100g! (NR) do 143,78 mg-jl()Og'1 (OW). Zblizona koncentracje fosforu



w lidciach stewii wykazali tez Ucar i in. (2018) w probkach stewii, jednakze jedynie
z tendencja wzrostowa wzgledem rozwoju roslin jak w obiekcie kontrolnym (OW)
opisywanego  do$wiadczenia  nawodnieniowego.  Zawarto§¢ azotandéw  malata
we wrzesniu wzgledem prob lipcowych. W lipcu stezenie jonow azotanowych miescito
sic w przedziale 1496,34-2742,93 mge100g™!, natomiast we wrzesniu najwyzsze stezenie
azotandbw oznaczono w probce OW (1662.17 mge100g?l), a najmniejsze, niemal
dwukrotnie, w probce 2W z intensywnie nawadnianych roslin (829,46 mge100g?).
Podobne wyniki uzyskano w badaniu przeprowadzonym przez Mahajan i Pal (2022),
w ktorym roSliny stewii uprawiano na glebie o obnizonej zawartosci wody, i to wlasnie
w obiektach nawadnianych charakteryzowaly si¢ one najmniejszym poborem azotu

1 azotanow.

Tabela 13. Wplyw czgstotliwo$ci nawadniania na zawarto$¢ azotanOw

I makroskladnikow w stewii (Stevia rebaudiana Bert.)

Wapn | Potas | Magnez | Fosfor Azotany

Czestotliwosé B P
nav‘\;/adniania* [mg-100g ofs.m] [mg-kgof§.m.]
Lipiec | Wrzesien | Lipiec | Wrzesien | Lipiec | Wrzesien | Lipiec | Wrzesien | Lipiec | Wrzesiei
ow 900.00+ | 769.17+ [ 3310871 2584 75 | 103:33] 133 33, | 128721 145 75 | 274298 ) 1662174
180.28a** | 207.22a 549 15a + 358.70a 5031a 29.79b 14.09a 53.08a 906.75a 553.03a
NR 886.11+ [ 805.56+ 2815"89 2519.44 161'22 157.78+ 13i'30 116.54+ 1493'34 977.44+
138.13a | 199.42a 463.1% +163.35 42 51a 37.84ab 38.06a 29.30a 612.3% 387.74ab
W 897.22+ | 825.00+ 292i6'39 2700.00 15344 150.56+ 141'39 127.66+ 154:5'66 922.94+
205.56a | 203.49 475.91a +241.17a 39 64a 36.52ab 32 13a 35.02a 706.41a 238.69b
W 936.11+ | 894.442 | 294983 737,50 | 173331 170 90 | 130-03] 129,194 | 173397 | 530 46
162.07a | 173.56a 516.653 +309.55 66.472 35.44a 15632 30.54a 565.51a 285.17b

*Oznaczenia w tabeli: 2W- nawadnianie dwa razy wtygodniu, 1W- nawadnianie raz w tygodniu, NR- nawadnianie w
okresach krytycznego niedoboruwody opadowej, OW- obiekt kontrolny. **Warto$ci oznaczone tymi samymi literami nie roznig si¢
istotniestatystycznie; test Duncana(p<0,05)

Stezenie barwnikéw roslinnych (chlorofilu a, chlorofilu b i karotenoidow)
w lisciach stewii roznilo si¢ znacznie w zaleznosci od czestotliwo$ci nawadniania,
a takze okresu pobicrania prob (lipiec i wrzesien) (Tabela 14). Wszystkie analizowane
probki zebrane w lipcu charakteryzowaly si¢ podobnym stezeniem chlorofilu a ( 0,86-
0,97 mgeg!), natomiast we wrzesniu proba NR charakteryzowala sie¢ najwickszym
stezeniem chlorofilu a (1,06 mgeg!). Podobng zawarto$¢ odnotowano takze w probie OW
(0,97 mgeg!). W stewii nawadnianej czesciej odnotowano we wrzesniu zmniejszenie

zawartosci chlorofilu a wzgledem prob pobieranych w lipcu. Stezenie chlorofilu b réznito
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si¢ wanalizowanych probach w lipcu iwrzesniu. Najwieksze stezenie chlorofilu b wlipcu
oznaczono dla probki NR (0,48 mgegl), natomiast najmniejsze w probie 2W
(0,36 mgegl). We wrzesniu probki NR i OW charakteryzowaly sie wickszym stezeniem
chlorofilu b (kolejno 0,521 0,51 mgeg!) niz probki 1W i 2W (0,39 0,40 mgeg't). Badanie
Mahajan i in. (2022) wykazaly, Zze to rok prowadzenia uprawy, a nie tylko ilos$¢
dostarczanej wody mial kluczowy wplyw na stezenie chlorofilu (chlorofilu a, chlorofilu
b i chlorofilu ogdlem). Jednakze inne badania wykazaly, Ze niedobér wody w uprawie
stewii niemalze dwukrotnie zmniejszyt zawarto$¢ chlorofilu ogoétem (Hajhishemi i Sofo,
2018), podczas gdy badania przeprowadzone przez Vasilakoglou i in. (2016) wskazujg,
ze zawarto$¢ chlorofilu utrzymuje si¢ w ro$lnach stewii na niemal stalym poziomie
niezaleznie od warunkdw nawodnieniowych. W probkach stewii pobranych w lipcu,
najwicksza zawartoScia karotenoidow (Tabela 14) charakteryzowaty si¢ liscie z obiektu
NR 2,77 mgegl, natomiast najmniejsza stwierdzono w probkach léci z ro$lin
podlewanych 2 razy w tygodniu (2,43 mgeg!). Proby pobrane we wrzesniu z obiektu 2W
charakteryzowala sic podobnym, najmniejszym stezeniem karotenoidow (2,58 mgeg?t)
zblizonym do uzyskanego przy nawadnianiu raz w tygodniu, natomiast zawarto$¢
karotenoidow W NR zwickszyla si¢ do 3,17 mgegl. We wspomnianych wcze$niej
badaniach Hajihishemi i Sofo (2018), wykazano odwrotng zalezno$é, poniewaz liScie
stewii wystawionej na dzalaniec suszy charakteryzowaly si¢ mniejsza zawarto$cig
karotenoidow od utrzymywanych w prawidlowej wilgotnosci. Podobne wyniki
w badaniach uzyskali Muhealdin i in. (2022), jednak nalezy zauwazy¢, ze w tych dwoch
przytoczonych badaniach analizowano rosliny Stewii uprawiane w cieplejszym klimacie,
dlatego wyniki moga nie pokrywal sie z uzyskanymi podczas uprawy Stewii
w chlodniejszym klimacie Polski.
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Tabela 14. Wplyw czestotliwosci nawadniania upraw na zawartos¢ wybranych
barwnikow roslinnych w stewii (Stevia rebaudiana Bert.)

Chlorofila |  Chlorofilb |  Chlorofil a+b Karotenoidy
Czestotliwosé Ry
nawadniania* [mg-g™ $.m.|
Lipiec | Wrzesien | Lipiec | Wrzesien | Lipiec | Wrzesien Lipiec | Wrzesien
ow 0,87+0, | 0,97+0,10a | 0,44+0,1 [ 0,51+0,16 | 1,31+0,1 | 1,48+0,13 | 2,55+0,41 | 3,05+0,28
22a** b 2ab a 8ab a ab a
NR 0,97+0, 1,06+0,06a 0,48+0,1 | 0,52+0,10 | 1,45+0,1 | 1,58+0,08 | 2,77+0,32 | 3,17+£0,14
19a la a 5a a a a
0,88+0, 0,42+0,0 [ 0,39+0,08 | 1,30+0,0 | 1,20+0,11 | 2,56+0,10 | 2,54+0,40
W 10a | O81E017C ] 700 b 9ab b ab b
oW 0,86=+0, | 0,84+0,25b | 0,36+0,1 | 0,40+0,09 | 1,22+0,0 | 1,24+0,17 | 2,43+0,30 | 2,58+0,76
05a c 2b b 7b ab b b

*Oznaczenia w tabeli: 2W- nawadnianie dwa razy w tygodniu, 1W- nawadnianie raz w tygodniu, NR- nawadnianie w
okresach krytycznego niedoboruwody opadowej, 0W - obiekt kontrolny. **Wartosci oznaczone tymi samymi literami nie r6znig si¢
istotniestatystycznie; test Duncana(p<0,05)

Wyniki uzyskane w doswiadczeniu wykazaly wplyw nawodnienia oraz stresu
zwigzanego z niedoborem wody na wzrost roélin stewii oraz ich skiad chemiczny, dzigki
czemu mozna wstepnie oszacowac prawidlowa, optymalng dla roslin stewii czgstotliwo$¢

nawadniania w warunkach klimatu Polski.
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8. PODSUMOWANIE

W ramach badan zaprezentowanych w jednotematycznym cyklu prac
pod tytulem ,Wplyw wybranych czynnikow agrotechnicznych na wzrost, plonowanie
i sklad chemiczny Steviarebaudiana Bert.” przeprowadzono trzy doswiadczenia polowe,
ktore mialy na celu ocene wplywu trzech czynnikow agrotechnicznych: nawozenia,

rozstawy 1nawodnienia na wzrost roslin oraz wielko$¢ i jakos¢ plonu stewii.

Osiggnieciem naukowym publikacji 1 bylo wykazanie istotnego wplywu
nawozenia azotem nie tylko na wielko$¢ plonu, ale réwniez na jego jakos¢. Stewia
reagowala korzystnie na nawozenie przedwegetacyjne azotem. Doswiadczenie
udowodnilo, Ze jest mozliwe zwigkszenie plonu stewii stosujac mocznik we wszystkich
badanych dawkach, saletre amonows w dawkach 100 i 150 kg N-ha! albo siarczan amonu
w dawce 150 kg N-ha't. Wskazuje to na szczegdlnie korzystne oddzalywanie mocznika,
ktéry aby zacza¢ dzata¢ musi ulec przeksztalceniu w forme amonowa wskutek hydrolizy,
co zwykle trwa od kilku dni do kilku tygodni. Umozliwia to sukcesywne dostarczanie
rodlinom azotu w miar¢ ich rozwoju bez niebezpieczenistwa wyptukania N. Dodatkowo
badania wykazaly istotny wplyw zastosowanej formy azotu w nawozeniu
przedwegetacyjnym na biosynteze stewiozydu i rebaudiozydu A w lisciach stewii.
Zawarto$¢ stewiozydu wzrastala wraz ze zwigkszeniem dawki azotu wnoszonego
przedwegetacyjnie w postaci mocznika 1 siarczanu amonu podczas gdy zawarto§¢
rebaudiozydu A byla wicksza w kombinacjach nawozonych saletra amonowa

1 siarczanem amonu, za§ w przypadku mocznika byla najwieksza przy zastosowaniu
dawki 100 kg N-ha'L.

W badaniach zaprezentowanych w manuskrypcie 2 osiggnicciem naukowym bylto
wykazanie istotnego wplywu =zastosowanej w uprawie stewii rozstawy na wzrost
1 rozwoj tej roslny. Eksperyment udowodnit korzystny wplyw optymalizacji
wykorzystania przestrzeni przypadajacej na rosling. Doswiadczenie wykazalo, ze
w warunkach uprawy w Polsce za najbardziej korzystng rozstawe nalezy uznad
45 cm x 25 cm, przy ktorej plon surowca oraz udzial procentowy liSci w plonie 0ogdlnym

jest najwiekszy.

W manuskrypcie 3 zaprezentowano wyniki badan, w ktorych osiggnieciem

naukowym bylo wykazanie reakcji stewii na intensywno$¢ podlewania, a takze na stres
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wynikajacy z niedoborow wody. W do$wiadczeniu wykazano zaleznosci pomigdzy
wielkoScia  uzyskanego plonu a czestotiwoscia podlewania rodln, a takze
przeanalizowano wplyw warunkow pogodowych w poszczegdlnych latach trwania
badan. Eksperyment udowodnit wplyw zbyt czgstego podlewania na wigkszy udziat
odpadu w plonie oraz wplyw stresu wodnego, zwigzanego z hiedoborem wody
w glebie, na zwickszong zawarto$¢ istotnych skladnikow takich jak polifenole, witamina
C i azotany.

Osiggnicte w cyklu badan wyniki potwierdzity pozytywny wplyw odpowiednie go
doboru zabiegow agrotechnicznych na jakos¢ i wielko$¢ plonu stewii (Stevia rebaudiana
Bert.) uprawianej w klimacie umiarkowanym.

Zalecenia uprawowe dla stewii w warunkach klimatu umiarkowanego wciaz sg
niewystarczajgce ze wzgledu na brak usystematyzowanych wytycznych odnosnie zasad
jej uprawy. Jednakze ciagle ocieplanie si¢ klimatu, coraz lagodniejsze zimy, a takze
koncepcja upraw pod oslonami w postaci niskich i wysokich tuneli foliowych i liczne
badania nad preferencjami stewii odnosnie agrotechniki uprawy moga skutkowac
zwickszeniem  zainteresowania tg roSlng przez producentdéw. Doswiadczenia
nad uprawag polowa i optymalizacja Jej technologii produkcji wydaja sig¢ by¢
koniecznoscig w aspekcie wzrostu zainteresowania stewig | coraz wickszego,
wielokierunkowego wykorzystania jej ziela. Na §wiecie stewia uprawiana jest gldwnie
w kierunku  pozyskiwania glkozydow stewiolowych i wykorzystywania ich
w przemysle spozywczym, jednak w dobie ciaglego wzrostu wiedzy na temat
prozdrowotnych wilasciwosci tej rosliny w kolejnych latach charakter jej wykorzystania
moze bardziej ukierunkowywac si¢ ku przemyslowi farmaceutycznemu, kosmetycznemu

oraz paszowemu.
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9. WNIOSKI

Na podstawie badan przeprowadzonych w latach 2014-2016 mozma wyciagnac

nastepujace wnioski i spostrzezenia:

1. Stewia moze by¢ uprawiana W warunkach polowych jako roslina jednoroczna
na terenie Polski potudniowo-zachodniej, a optymalizacja wybranych zabiegow
agrotechnicznych wplywala korzystnie na wzrost, plonowanie oraz sklad chemiczny tej

roslny.

2. Stewia jest rosling dobrze reagujaca na intensywne nawozenie azotem. Najlepiej
plonowala przy intensywnym nawozeniu N w ilosci 100+50 oraz 150+50 kg N-ha'l.
Stewia reagowala na form¢ azotu w nawozeniu przedwegetacyjnym. Najwigkszy plon
ziela stewil otrzymano przy nawozeniu przedwegetacyjnym saletra amonowa w dawce
100 i 150 kg N-hal, siarczanem amonu w dawce 150 kg N-ha! oraz mocznikiem
we wszystkich badanych dawkach. Najwigkszym udzialem lisci w zielu stewii

charakteryzowaly si¢ rosliny nawozone przedwegetacyjnie saletrg amonowa w dawce
100 kg N-haL.

3. Zastosowanie nawozenia przedwegetacyjnego wplynelo korzystnie na wysoko$§¢
rodlin, ktora byla wicksza wzglgdem Kkontroli niezaleznie od ilosci i formy

zastosowanego nawozu.

4. Za optymalng rozstawg w uprawie stewii nalezy uzna¢ 45x25 cm, przy ktorej plon

ziela, lisci oraz udzat lisci w plonie ziela byly najwicksze.

5. Zastosowane rozstawy nie rzutowaly istotnie na wzrost i rozwo6j roslin mierzony ich
wysoko$cig 1 liczbg liSci na pedzie. Jedynie zasigg boczny 1 liczba pedow I rzedu

Wzrastala u roslin sadzonych w najwiekszej rozstawie 50x30 cm.

6. Podlewanie ros§lin w okresach krytycznego niedoboru wody w glebie w dobie
oszczednosci  wody okazalo si¢ wystarczajacym  rozwigzaniem — zapewniajac
we wszystkich latach trwania badan istotnie najwigkszy plon zela stewii oraz Srednio

w trzech latach uprawy najwiekszy plon liSci.
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7. Podlewanie ro$lin, niezaleznie od czgstotliwosci zabiegow, wplyneto korzystnie
na zwickszenie wysokos$ci roslin. Najwiekszy zasieg boczny osiagaly roslny podlewane
raz w tygodniu oraz w okresach niedoboru wody opadowej. Nawadnianic nie wplyneto
istotnie na liczbe wytworzonych przez rosling pedow I rzgdu oraz lisci na pojedynczym
pedzie.

8. Najwicksza koncentracj¢ zwigzkéw fenolowych w liSciach stewii wykazano pod
koniec uprawy tej rosliny, we wrze$niu, po zastosowaniu przedwegetacyjnie saletry
amonowej w dawce 150 kg N-ha'1, za$ najmniejszag w ro$linach nawozonych mocznikiem
w dawce 150 kg N-hal i nienawozonych przedwegetacyjnie (kontrola). Zmniejszona
rozstawa roslin oraz brak podlewania wplynat na zwigkszong zawarto§¢ zwigzkow
fenolowych. Podlewanie w kazdej badanej czgstotliwo$ci oraz zwigkszenie rozstawy

wplyneto na zmniejszenie zawartosci tych zwigzkow.

9. Zawarto$¢ cukrow redukujacych byla najwicksza w lisciach rosln uprawianych
w rozstawie 50 cm x 30 cm, natomiast dawka i forma azotu wnoszonego

przedwegetacyjnie oraz czgstotliwo$¢ nawadniania nie wplynety istotnie na ich koncowa

zawartosc.

10. Stewia charakteryzowata si¢ duzg zawartoscia witaminy C. Jej poziom zwigkszat si¢
wraz z wiekiem roslin zarbwno w doswiadczeniu nawozowym jak i nawodnieniowym.
Najwigksza koncentracje witaminy C odnotowano w liSciach ro$lin nawozonych
przedwegetacyjnie siarczanem amonu w dawce 150 kg N-hati nienawadnianych, za$
najmniejsza w obiekcie kontrolnym nienawozonym przedwegetacyjnie oraz nawozonym
przedwegetacyjnie saletrg amonowa w dawce 150 kg N-hal. Zageszczanie ro$ln na

jednostce powierzchni przyczynilo si¢ do istotnego zmniejszenia zawartosci tej witaminy

w liSciach.

11. Zawartos¢ suchej masy w lisciach stewii zwickszala si¢ wraz z wiekiem roslin i byta
wicksza we wrzesniu. Nawozenie przedwegetacyjne azotem nie wplynglo istotnie
na zawarto$¢ suchej masy w liSciach stewii. Wzrost udziatu procentowego suchej masy

wykazano u ro$lin uprawianych w rozstawie 30 cm x 30 cm oraz nienawadnianych.

12. Dawki i formy azotu w nawozeniu przedwegetacyjnym nie wplyngly istotnie

na zawarto§¢ azotanow w lisciach stewii, natomiast zwigkszenie czestotliwos$ci
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nawadniania przyczynito si¢ do istotnego zmniejszenia akumulacji azotanéw w lisciach.
Najwicksza zawarto$¢ azotandw odnotowano u roslin uprawianych w rozstawie

50 cm x 30 cm.

13. Zastosowanie w uprawie stewii roznej rozstawy nic wplynglo istotnie na zawarto$¢
barwnikow roslinnych w liSciach stewil. LiScie roslin zbieranych bezposrednio przed
Zbiorem, uprawianych na poletkach nawozonych przedwegetacyjnie saletrg amonowa
w dawce 100 kg N-ha! jako jedyne charakteryzowaly sie jednocze$nie najwicksza
zawartoscig chlorofilu a, chlorofilu b oraz chlorofilu a+b. Sposéb nawozenia
przedwegetacyjnego nie wplyngt istotnie na zawartos¢ karotenoidow w liSciach.
Intensywne nawadnianie upraw stewii zmniejszalo koncentracj¢ badanych barwnikow
roslinnych.

14. Nawozenie przedwegetacyjne azotem w uprawie stewii w dawce 150 kg N-hal,
niezaleznie od formy azotu, mialo wplyw na zwickszenie zawartos$ci wapnia w lisciach
stewii. Zastosowanie dawki 100 kg N-ha! saletry amonowej i dawki 50 kg N-ha
siarczanu amonu i mocznika mialo wplyw na zwigkszenie zawarto$ci magnezu
w analizowanych probach. Nawozenie mocznikiem w dawce 50 kg N-hal skutkowato
najwicksza zawartoscig fosforu w roslinach stewii, natomiast zastosowanie siarczanu
amonu w dawce 50 kg N-hal i mocznika w dawce 100 kg N-hal mialo wplyw
na najwicksza zawarto$¢ potasu w lisciach. Czgstotliwo$¢ nawadniania wplynela jedynie
na zawarto§¢ magnezu w lisciach pobranych we wrzesniu. Najwicksza zawarto$cia
magnezu  charakteryzowaly sie  liscie z ro$lin  podlewanych dwa razy
W tygodniu. Rozstawa 50 cm x 30 cm przyczynita si¢ do zwickszonej akumulacji
wszystkich analizowanych makroelementow w ro$lnie, za$ rozstawa 45 cm x 25 cm

jedynie magnezu i wapnia.

15. Zastosowanie w uprawie stewii siarczanu amonu w dawce 150 kg N-ha'l
W nawozeniu przedwegetacyjnym najkorzystniej wplynglo na zawarto$¢ glikozydow
stewiolowych w lidciach stewi, zapewniajagc istotnie najwicksza ilo$¢ stewiozydu
i rebaudiozyda A. Poziom stewiozydu byt dwukrotnie natomiast rebaudiozydu A, az
siedmiokrotnie wickszy niz w probie kontrolnej (bez nawozenia przedwegetacyjnego).
Zawarto$¢ stewiozydu zwickszala sie w lisciach stewii wraz ze zwigkszeniem dawki

azotu wnoszonej przedwegetacyjnie w postaci mocznika i siarczanu amonu podczas gdy
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zawarto$¢ rebaudiozydu zwickszala sie pod wplywem zwigkszajacych dawek saletry
amonowej i siarczanu amonu, za$ w przypadku mocznika byla najwicksza przy dawce
100 kg N-ha'L.
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Abstract: Sfevia rebaudiong Bertoni is a plant native to South America that has gathered much interest
in recent decades thanks to diterpene glycosides, called steviesides, which it produces. These
compounds are characterised by their sweetness, which is 250-300 times higher than saccharose,
and they contain almost no caloric value. Stevia is currently also grown outside the South American
continent, in various countries charactenised by warm weather. This research aimed to determine
whether it is viable to grow Stevin reboadinnr plants in Poland, a country characterised by a cocler
climate than the native regions for stevia plants. Additionally, the impact of adding various dosages
and forms of nitrogen fertiliser was analyvsed. It was determined that Stevia rebaedama grown in
Poland is characterised by a rather low concentration of steviosides, although proper nitrogen
fertilisation can improve various characteristics of the grown plants. The addition of 100 kg or 150 kg
of nitrogen per hectare of the field in the form of urea or ammonium nitrate increased the yield of the
stevia plants, The stevioside content can be increased by applying fertilisation using 100 kg or 150 kg
of nitrogen per hectare in the form of ammonium sulfate, The total vield of the stevia plants grown in
Poland was lower than the yield typically recorded in warmer countries, and the low concentration
of steviosides in the plant sugpests that more research about growing Stevia rebaedima in Poland
would be needed to develop profitable methods of stevia cultivation,

Keywords: stevia; stevicside; rebaudoside A; urea; ammonium nitrate; ammonium sulfate

1. Introduction

Stevin reboudiona Bertoni, commonly known as ‘stevia’, is a perennial shrub native
to the highlands of northeastern Paraguay in South America. This plant has garnered
significant attention in recent years due to its natural sweetmess [1,2]. The rise in popularity
of stevia is attributed to its remarkable sweetness, several imes greater than that of sucrose,
with the added advantage of low-calorie content, Stevia has emerged as a promising
natural substitute for synthetic sweeteners, which can explain the interest in using this
plant in the production of various sugar-free products [2,3].

The sweet taste of the stevia leaves derives from so-called steviol glycosides, primarily
stevioside and rebaudioside B, which are characterised by 250-300 greater sweetness than
sucrose [1,4].

Due to the Fact that steviol glycosides can be successfully used as a low-calorie sweet-
ener, there is a growing interest in the cultivation of stevia worldwide outside of South
America. This has been attmnpled in China, Mala}'&ia, Singapure, South Korea and Thai-
land [3].

Furthermore, stevia pla nts are not [.mly useful in food producti(m but can also be used
by the pharmaceutical and cosmetic industries. Steviosides have a positive influence on
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the human circulatory system as they decrease blood pressure [1,4]. Steviol, a diterpene
found in Stevin rebaudiona plants, decreases glucose absorption through the small intestines,
reducing caloric intake, which can be beneficial for overweight people [5]. Consumption of
stevia can prevent the pH level of gastric acid from dropping too low, decrease stomach
pains, and reduce the possibility of contracting peptic uleer disease as well as add indiges-
tien [6]. Recent studies on the biosynthesis of silver nanoparticles using extracts from Steoia
rebamwdiana have shown that it is possible to acquire novel antibacterial preparations, which
could be used as an alternative for antibiotics against Gram-positive and Gram-negative
bacteria [7]. Additionally, due to the large amount of phytoconstituents, vitamins and
phenolics, Stevin rebaudiang can be an active ingredient in various cosmetic products [8,9].

Cultivating stevia in the country where the stevia plants are used could reduce
costs and carben emissions connected with shipping dried stevia plants to different con-
tinents [10]. Additionally, the cultivation of stevia nearby the companies using stevia
glycosides could help regulate the quality of stevia products and improve sales, as con-
sumers prefer locally sourced food products [11-15].

Stevia is typically grown in warmer regions than most European countries, which
is why exploring its growth in cooler climates presents a novel avenue for agricultural
research. This study analyses the feasibility of cultivating Stevia rebaudiang in Poland, a
region characterised by a cooler climate than the plant’s conventional habitats and aims
to determing which nitrogen fertilisation treatment could be optimal for the growth of
Stepia rebandiona in the Polish climate. Typically grown in tropical and subtropical regions,
the adaptation of stevia to a cooler climate present in Poland could yield unique data
about the properties of the stevia plant, its biometric characteristics and the yield of the
plantation. Nitrogen fertilisation of stevia is a crucial aspect of its cultivation, as adequate
nitrogen uptake can influence the final concentration of secondary metabolites in the plant
tissue, Nitrogen is also essential in the synthesis of amino acids, proteins, various enzymes
and nucleic acid, which are necessary for proper growth of the plant [16,17]. Studies
have also shown that increased nitrogen fertilisation during the growth Stevia rebaudiana
can affect the total yield of the plant [16,17], In this study, not enly was the dosage of
nitrogen fertilisation analysed, but different forms of nitrogen fertiliser were also used. The
experiment was conducted over three consecutive years in the feld. Urea, ammonium
nitrate and ammonium sulphate were used as a fertiliser in doses equal to 50, 100 and 150
kg of nitrogen per hectare. The study aimed to analyse yield and various characteristics
of Stevda rebaidiona, such as plant height, width, number of shoots and concentration of
variety of substances in the stevia leaves: elements such as calcium, potassium, magnesium
and phosphorus; content of chlorophyll and carotenoids; concentration of ascorbic acid,
phenolic compounds, reducing sugars and nitrate ions, as well as concentration of most
important glycosides, such as stevioside and rebaundoside A,

2. Results
2.1, Weights of the Stevia rebawdiana Plants and Their Constituents Grown Using Different
Nitrogen Ferfilisation Treatmerts

After harvesting the Stevia rebaudiana plants, all the plants were weighed, and then
their constituents (leaves, shoots, and plant waste) were weighed. The results of this
analysis are presented in Table 1.

The average weight of the stevia plant was 0.206 kg. U50, U100, U150, N100 and N150
were characterised by greater weight than the average. The highest weight of the stevia
plant was measured in the U100. C was characterised by the lowest weight, which was
33% lower than the average weight assessed for all the samples. US0, 1100, U150, N100
and N150 were characterised by a leaf weight higher (0.132-0.149 kg) than the average
(0,123 kg). The control sample also had the lowest leaf weight: just 62% of the average
leaf weight of all the stevia samples analysed in the study. The average shoot weight of
stevia plants was equal to 0.073 kg, and the lowest weight was, once again, determined in C
(0,056 kg). N150 (0,086 kg), US0 (0,077 kg), U100 (0.088 kg), and U150 (0.084 kg) had shoot
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weights higher than average. The weight of the plant waste (dried and sick leaves) was
greatest in 5150, M50 and US0, while it was lowest in C. Data about the weight of all the
plants and various parts of the plant material were then used to caleulate the percentage
that a parh'rula.r part of the Plant constituted in the whole P'lant material gaﬂ'lered from the
experimental field. These data are presented in Table 2.

Table 1, Weight of the stevia plants grown with different nitrogen fertilisation treatments.

Sample ! Single Plant Weight Plant Leaf Weight Plant Shoot Weight Plant Waste Weight
[kgl [kgl (kgl [kgl

C 0137 = 0059 d 0077 £ 0029 ¢ 0,056 4 0,031 ¢ 0,005 o 0,008 o
NS0 0180 = 0083 ¢ 0102 = (1045 d 0064 4 0032 be 0014 & 0.5 ab
N1 0.211 & 0,065 abe 0,132 & 0.045 abe L0770 4 (024 abe 0008 £ 0.0 bed
N150 0,245 & 0073 a 0,146 £ Db a 0086 = 003 a 0,008 £+ 012 bed
S50 183 = D06d ¢ 110 D0 o 0065 £ 0030 be (008 £ 0000 bed
5100 (1% £ 0L080 be 0120 £ 050 bed 0070 + 0031 abe 0006 + 0.007 od

5150 0.206 & 0,081 abe 0117 £ 0U4E od 0.072 + (03T abe 0018 4+ 0016
LIS 0.221 + D.0ES abe 0.132 £ 0.05% abe 0077 £ 0.033 ab 0.012 + 0,015 abe
Lion 0244 + 0075 a 0,149 + 0idb a 0088 £ 0031 a (007 4+ 0.007 od
L1150 0238 + (OS5 ab 0146 + 0049 ab 0084 = 0037 a L0049 £ 0.00% bed

Total average 0.206 + 0.082 0.123 = 0051 0.073 £ 0.033 0.010 £ 0012

1 Values are expressed as the mean (no= 30} + standard deviation. Mean values with different letters (a, b, o, d, ¢}
writhin the same column are z.igniﬁcanﬂ}" different (@ = .05} .'u:u;mding to Duncan's test. Abbreviations are as
follows: C—sbevia p|nnh R without the addition of nitrogen fertilizer; NS0, N0, N15—stevia P|nnh
oW with the addition of 50100150 kE of M (in the form of ammanium nitrate) Fn:r}mul: the field: 550, 5100,
S150—sbevia F]unl:ri grown with the addition of 30,100,/ 154 1&1{ of M {in the form of ammaonium sulfate) per ha of
the fkeld; 50, U100, U150—stevia pl,anl_-'. grown with the addition of 50,/100,/150 kg of M {in the form of urea) per
ha of the field.

Table . Percentage of various parts of the vield of stevia plants grown with different nitrogen

fertilisation treatments.

Sample ! Leaf Mass Fraction [%] Shoot Mass Fraction [%)] Plant Waste Fraction [%]

C 35.68 + 9,85 abe W5 £973a 381 £175¢c
E] 56,94 + 6,23 be 3546 4 6,31 ab 7.59 + 4.87 ab
M00 6262 +£770a 32T 699 411 £ 235 be
N5 695 + 5.59 ab 3539 4 5.05 ab 363 +2583c
5501 alL11 & 608 ab 35.50 4 5.61 ab 439+ 221 be
5100 6112+ 495 ab 35.56 + 5.00ab 323 £ labc
5150 5655 £ 982 ¢ MO0 L 570k BS54+ 410a
LI50 39.68 + 6.57 abe 3477 £ 636 ab 555+ 118 be
100 H1.13 & 590 ab 36.02 & 5.19 ab 284 £ 180c
U150 AlL99 & 658 ab 3520 4 575 ab EFEE S R

Total average 59.58 + 7.28 3560 = 630 474+ 320

! Values are expressed as the mean {n = 3 + standard deviation. Mean valwes with different letters (a, b, ¢} within
the same column are significantly different (& = 0L05) according te Duncan’s test, Abbreviations are as follows:
C—stovia plants grown without the addition of nitrogen fertiliser: MA0, WKL N1 5-—stevia plants grown with
the addition of 30/ 100/ 150 kg of M {in the form of ammonium nitrabe) per ha of the field; 530, S100, $150=—stevia
plants grown with the addition of 50,100,150 kg af M {in the form of ammonium sulfate) per ha of the field; L3S0,
LI, Un&si—stevia Plants grown writh the additson of 50,/ 1007150 l\gnﬂ\.— [im thie formm of urea) per ba of thes field.

Leaves constituted 55.68% of the total weight of C, while in N100, N150, S50, $100,
U100, and U150, the ratio of leaf weight to plant weight was above a0%, ranging from
6011 to 62.62%, with the highest ratio observed for N100. The percentage of shoot weight
was greatest for C (40.50%) and lowest for IN100 (33.27%), The ratio of plant waste in total
weight of the plant ranged from 2.84% to 8.55%. The lowest percentage of plant waste was
found in U100, while the highest was observed in 5150 and N50. Data from Table 1 and
the total area of the experimental field were used to caleulate the yield of stevia plants and
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the yield of particular parts of stevia plants (leaves, shoots and plant waste), as shown
in Table 2.

Table 3. Yield of the stevia plants grown with different nitrogen fertilisation treatments.

Sample !

C
N50
M100
M150
550
S100
5150
50
1o
U150
Total average

Yield of Stevia Plant

Yield of Stevia Leaves  Yield of Stevia Shoots Yield of Stevia Plant

[kg-ha '] [kg-ha 1] [kg-ha 11 Waste [kg-ha 1]
13,770 = 2010 b 7630 £ 400 ¢ 5370 4 1210 ¢ 530+ 230 ¢
18,570 + 2480 ab 10,630 £ 1200 b 6530 + 1140 b 1400 + 410a
21,000 £ 980 a 13,230 £ 3100 7000 £ 96l a B0 £ 400 ab
24330 + 2510 a 14830 £ 1630 a Balir £ 1310 a 900 + 460 ab
18,300 + 1770 ab 11,050 + 10 b 6500 + 610 b 300 + 200 b
19,630 + 3660 ab 12,030 £ 1780 ab 6970 £ 1360 ab 030 = 120 be
20,630 £+ 3550 a 11,700 + 2690 ab 7200 + 1410 ab 1730 £ 620 a
22,130 + 4950 a 13,200 £ 2270 a 700 4+ 1270 ab 1230 4+ 400 a
20370 + 4900 a 14,900 + 2860 a F770 + 1060 a 700 + 170 b
23,870 &+ 3610 a 14530 £ 1530 a B4000 £ 1220 a B0 + 340 ab

20,670 = 4390 12,370 + 2940 7320 + 1700 970 £ 690

1 Values are expressed as the mean (n = 30 + standard deviation. Mean values with different letters (a, b, ) within
the same column are significantly different (o = 0005) according to Duncan’s test. Abbreviations are as follows:
C—stevia plants grown withoul the addition of nitregen fertiliser; N30, N100, N150—stevia plants grown with
the addition of 50/ 100/ 150 kg of M {in the form of ammonium nitrate] per ha of the field; 550, 5100, 5150—stevia
plants grown with the addition of 50,100,150 kg of M {in the form of ammonium sulfate) per ha of the field; US0,
LI, U150—stevia plants grown with the addition of 50,/100,/150 kg of N (in the form of urea) per ha of the field.

Yield of stevia Plants ranged from 13,370 kg-ha_] to 24,370 'kg ha L. The lowest }l'ie]d
was calculated for C, while the highest was for U100, Similarly, the lowest vield of stevia
leaves was found for C, and the highest yield of stevia leaves was determined for US0,
U100, U150, N150 and N100. Unsurprisingly, the same pattern was observed for the yield
of stevia shoots. Regarding the yield of stevia plant waste, C was once again characterised
by the lowest yield, but samples with the greatest vield changed by a small margin, as the
5150, W50, and US0 were characterised by the greatest vield of plant waste.

2.2 Biometrics of the Stevia rebaudiana Grouwn Using Different Fertilisation Treatments

The basic biometrics of Stevia rebandiana plants, such as the total height of the plant,
lateral width of the Flant at the level of two-thirds of Plant heighl, number of shoots and
number of leaves on the lowest lateral shoot, were measured during the day of the harvest.
The results of these analyses are presented in Table 4.

Table 4. Biometrics of stevia plants grown with different nitrogen fertilisation treatments.

Sample !

M50
MN100
M50

550
S100
51500

Usn
Uioa

Plant Height [em] Likr[:II:;rid“' MNumber of Shoots Nﬁ:::flf:t:::lt;;:nttht

4642 + 603 b 26601 +4.024d S+ 209¢ 2267 £ 4.95¢

ola + 7Bl a 2944 + 471 be 1017 + 3.30 abe 3100+ 813 ab
5844 + 10,88 a 29.39 + 3.97 be B.72 £ 282¢ 30,89 & 7.58 ab
55842 £ 1031 a ZREI + 390 ed 1050 + 4.01 abe 389 + 1766 a

5758 £ 057 a 30.22 £ 384 abc 1361 £ 382a 2833 4+ 611 be
5800 + 6.78 a 2950 + 3.73 be 911 + 290 be 2844 + A6 abe
GEAl £ HY3a 31.11 £ 327 abe 11.28 + 4.01 abe 2967 £ 893 ab
5050 £ 8.16a 3106 £ 332 abe 1311 £ 351 ab 2822 + 4.05be
56.50 + 6.72 a 3239+ 3.33a 13.06 + 4,53 ab 28.78 + A.d4 abe

70



Mplpcules 2024, 29, 1865

S5of22

Table 4, Cont.

Lateral Width MNumber of Leaves on the

1 .
Sample Plant Height [em] [cm] Number of Shoots Lowest Lateral Shoot
U150 Bhpd £ 920a J200 £+ 380 ab 11.67 £ 3.92 abe 2917 £ 7.39ab
Total average 56,63 = 9.20 30.06 £ 4.06 1097 + 3.76 29,21 4= B.80

T alues are expnﬂmerl a4 the mean {n = 18) + standard deviation. Mean values with different letbers (a, b, e,
) within the same column are significantly different (o = 0005) according o Duncan’s tesl, Abbreviations are
as follows: C—stevia plants grown without the addition of nitrogen fertiliser; NS0, N100, N15—stevia plants
grown with the addition of 50,100,150 kg of M {in the form of ammonium niteatel per ha of the field; 550, 5100,
5150—stevia plants grown with the addition of 30,/ 1007150 kg of M {in the form of ammonium sulfate) per ha of
the field; 50, LII00, U150—stevia plants grown with the addition of 50,/100/150 kg of N {in the form of urea) per
hia of the field

The average height of the Stevia rebawdiana plants analysed in this study was equal
to 56.63 cm, but almost all fertilised plants were higher than that. The height of fertilised
plants ranged from 56.06 cm to 59,50 cm, with the lowest for N50 and the highest for LI5S0,
while the height of C was 46.42 em. C was characterised by the narrowest lateral width
of 26.61 cm. Samples fertilised with urea (U0, U100 and U150} were characterised by the
widest lateral width (31.06-32.39 cm). C and N100 had the smallest number of shoots (8.44
and 8.72, respectively), which was much smaller than the higher number of shoots in the
samples, determined for S50 (13.61), US0 (13.11) and U100 (13.06). The average number of
leaves on the lowest lateral shoot was equal to 29.2. Cwas characterised by the smallest
number of leaves on the lowest lateral shoot (22.67), The greatest number of leaves was in
plants fertilised with ammonium nitrate (N150), with over 34 leaves on a shoot.

2.3, Dryy Mass and Concentrabion of Elements in Stevia rebaudiana Groaen Using Different
Fertilisation Treafments

The concentration of dry mass in Stevin rebaudiong leaves was assessed twice, once
during July and once at the harvest, during September. Data are shown in Table 5.

Table 5. Dry mass in the stevia leaves of stevia plants grown with different nitrogen fertilisation treatments.

Dry Mass Content in Stevia Leaves

1
Sample %]

July September

C 47 +4ba 2836+ 347 a

M5 1359 +142a W74 £ 3%0a
N100 2610+ 321 a 2898 £ 1.8 a
150 2352 +142a TH +E3Ia
350 L3804+ 3T78a 070+ 22 a
5100 B3I 29 2864 £ 2354
5150 2362 £ 300a 1824 £ Z18a
Us0 2441 £ 225a 3004 £ 5064
LT 2297 +£350a I859 £ Sdba
150 L399 4+ 199 805 £ 279a
Total average 23,98 £ 3,18 28,78 = 3,72

Tyalues are expressed as the mean (n = 9) & standard deviation. Mean values with letters (a) within the same
column are significantly different (& = 005) according to Duncan’s test. Abbreviations are as follows: C—stovia
plants grown without the addition of nitregen fertiliser; N30, N100, N150—stevia plants grown with the addition
of 30,/ 100,150 kg af M {in the form of ammonium nitrate) per ha of the field: 550, 5100, S150—stevia Planb
grown with the addition of 50/100,/150 kg of N {in the form of ammenium sulfate) per ha of the field; US0, U100,
L5 —stevia plants grown with the addition of 5001007150 kg of N {in the form of urea) per ha of the feld.

The average dry mass content in the stevia leaves in July was 23.98%, while in Septem-
ber, it increased by 4.80% to 28.78%. The concentration in July ranged from 22.97% for
U100 to 26.10% for N100, while the average dry mass content in September was 28.78%.
The increase in dry mass content between July and September ranged from 2.88% to 6.15%,
with the smallest increase noted for N100 and the largest for N5,
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In stevia leaves during the same periods (July and harvest in September), the concen-
tration of various elements such as calcium, magnesium, phosphorus and potassium was
determined. Data about the concentration of particular elements is shown in Table 6.

Table 6. Element concentration in stevia leaves of stevia plants grown with different nitrogen
fertilisation treatments.

Calcium Magnesium Phosphorus Potassium
Sample ! [mg 100 g1 of d.m.]
July Seplember July Seplember July September July September
c TAOES £+ 9367 £+ 16E.89 + 2944 + 11960 + 17710 + 249033 £+ 293889 +
4990 d U677 ¢ 13.42 ab 14.26b 14.30b 18,18 be 20589 b 24801
NEO T94.44 + 904,44 + 15944 + 215.89 + 143.50 + 17349 + 280278 + 301811 +
9665 d 39.39 be 1766 b 2649b 1154 a 2145¢ 11211 a 25845 ab
NIOD 81667 + 106944 = 15333 + 24833 + 14625 + 15308 + 246511 + 303478 +
108,97 d 108,89 abs 1052 b 2093 a 11.25a 1745 d 22453 b 257580 ab
w150 89033 + 11884 = 156.11 + 21889 + 10821 + T40.58 + 2616.67 + 27T+
. 43.12 bed 12518 a 15680 b I7Elb (.45 be 14.25 de 30797 ab 138.66 ab
S50 836,11 + 99444 + 17333 + 25944 + a4 + 18056 + 2521.00 + 321A.7H +
- 45.26.d 11691 b 2087 a 2791a 13.60a 105 b 235013 b 173464
5100 el11 + 109811 = 168.89 + 2667 + 13155+ 20001 £ 2457.00 305000 +
3333 ¢d 141.23 ab 2730 ab 18.24 ab 11.92 ab 492 b 27082k 26049 ab
5150 167 + 1162.00 + 175.56 + 240,00 + 10072 + 14879 + 227500 + 284175 +
4077 b 14953 a 1446 16.34 ab 949 ¢ 12054d 222 42¢ 100.66 ab
Uso BE7 56 £ BA3.E9 + 18333 + 21444 + 12809 + 21877 £ 244733 + IMEHT +
7945 bed 58.03 ¢ 2736 a 2565 a .05 ab B2a 26211b 182,52 ab
U100 SR+ 107644 + 16056 + 2222 4 11haY + 15803 + 25378 + 18333 +
11197 be 13236 ab 158.45 ab 1815b 705b 966 d 28841 ab 17866 a
U150 114444 £ 111944 + 152.78 + 22722 + 104.62 + 13113 + 279867 + 253478 +
29864 a Tliknd a 24180 20.73b 848 be 942e 320.36 be 18053 b
Total 59697 + 1053.53 + 165.22 + 232.56 + 12397 + 16834 + 2496.17 + 2966.43 +
average 10504 146.57 2094 2810 11.24 14.04 27353 206,73

T Values are expressed as the mean (n = %) + standard deviation. Mean values with different letters (a, b, ¢, d.
&) within the same column are significantly different (a0 = 0.05) according to Duncan's test. Abbreviations are
as follows: C—stevia plants grown withoul the addition of nitrogen fertiliser: W50, N100, N150—stevia plants
growmn with the addition of 50,/ 100,150 kg of M (in the form of ammaonium nitrate) per ha of the field; 550, 5100,
5150—stevia plants grown with the addition of 50,/ 100,/ 150 kg of ™ (in the form of ammonium sulfate] per ha of
the field; LU50, U100, U150—stevia plants grown with the addition of 50,100,150 kg of N {in the form of urea) per
ha of the field.

In most of the analysed samples, the concentration of calcium increased from July
to September, with the exception of U50, where it decreased from 8§87.56 mg-100 g~!
dum. to 863.89 mg 100 g~ dam. and U150, where it decreased from 1144.44 mg 100 g1
dm. to 111944 mg-H]U g_l d.m. The highe.st concentration of calcium in stevia leaves in
July was detected in U150 and the lowest in C (770,89 mg per 100 g of dry mass), while
the highest concentration of calcium in September was found in N150, $150 and U150
(1119.44-1188.44 mg-100 g~' d.m.). The concentration of magnesium in the analysed
samples also increased from July to September. In July, the concentration of magnesium
in the samples ranged from 152.78 mg-100 g~ d.m. (U150} to 183.33 mg-100 g~! d.m.
(US0). In September, magnesium content ranged from 214.44 mg. 100 g~ ! d.m. in USD
to 259,44 mg-100 g ' dm. in S50, The phosphorus content in the samples gathered in
September was greater than the phosphorus content in July. The lowest concentration of
phosphorus in July was determined for S150 (100,72 mg-100 g ' d.m.), while the highest
was determined for N100 (146,28 mg-100 g~ ! d.m). In September, US0 was characterised
by the greatest concentration of phosphorus (218,77 mg-100 g ! d.m.), while the lowest
content of phosphorus in September was detected in U150 (131,13 mg-100 ¢! d.m.). The
concentration of potassium increased in the samples from July to September. In July, the
lowest concentration of potassium was detected in 5150 (2275 mg- 100 g~ d.m.), while the
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highest was determined in N50 (280278 mg-100 g~ dum.). In September, 5150 was still
characterised with the lowest concentration of potassium (2534.78 mg-100 g~ ! d.m.), while
the highest concentration of potassium was detected in 550 (3216.78 mg-100 g~ d.m.).
Additional analyses were performed, and during the same periods (July and September),
the concentration of ascorbic acid, phenolic compounds, reducing sugars and nitrate ions in
stevia leaves was determined. Data about the concentration of these particular components
is shown in Table 7.

Table 7. Concentration of ascorbic acids, phenalic compounds, reducing sugars and nitrate ions in
stevia leaves of stevia plants grown with different nitrogen fertilisation treatments.

Ascorbic Acid Phenolic Compounds Reducing Sugars Nitrate lons (NO3 )
Sample ! [mg-100 £~ 1 of f.m.] [mg-kg ! of d.m.]
July September July September July September July September
c 11012 + 13542 + 26221 + 170.52 + 107 + 230 + 150111 + BB0.33 +
524c 1622 b 2335 b 1504 d (.14 a 029a 39381k 6328 a
NS0 12824 = 14813 & 24966 & 25172 & 0.8% + 241 £ 165744 + 95244 £
26.77 ab 10,65 ab 2544 b 2554 ¢ 011 ab 018a 33126 b 3E1a
N10O 11414 = 14281 + 286,57 + 295,56 + 094 4 23+ 211678 + 124656 +
605 be 11.30 ab 28.94 ab 2615k (.25 ab 02 a 43157 ab 7477 a
N150 10927 £ 13589 = 32630 £ JE5E 091 £ 199 + 200467 £ 122567 £
- 6890 ¢ 1053 30700 28024 011 ab 027 a 42343 ab 357204
550 1245 + 13794 + 20307 + 251,57 + 104+ 209 + 155211 + G9r2.11 +
B.50 abe 10,11 ab 02e 2263 ¢ 0.15a 021a M155b 436t a
100 11848 + 14267 + 3193 + 27243 & 094+ 208 + 191144 + 1027.33 +
1328 be #.36 ab 31.97 be 23.44 be 0.09 ab 015a 207 36 ab 3ER75a
5150 ]1.1.11 + 14928 + 309.37 + 293,96 + 054 + 203 + 176467 + 13724 +
645 c T85a 3552a 18.92b 021b 037 a 511.72 ab 0016 a
uso 13554 = 13857 £ 23611 £ 3451 + 093 £ 186 &+ 162167 £ BEl44 £
F56a 2364 ab 43.63 be 37.92ab 024 ab 049a 4914 b MB.14a
U100 12050 + 14054 + Me07 + JBTT 4 092 + 202+ 232044 + 104522 +
1244 be 645 ab A743a 3E36a .19 ab 037a 30093 a 43689 a
U150 112594 + 1374 + 302,31 + 172,43 & 099+ 207 + 176567 + 129578 +
546 be 6.82 ab 4081 a 2144 d (.06 ab 0139 a 43304 ab 42780 a
Tokl sversge 118.49 + 140.83 & 275,37 £ 269,00 & 0.95 + 212+ 1822.50 + 1089.93 +
16.20 12.36 358,16 46,08 0.1z 69 3374 34E.0i6

1 Values are expressed as the mean (n = %) + standard deviation. Mean values with different letters (a, b, o
d} within the same column are significantly different (& = 0L05) according to Duncan’s test. Abbreviations are
as fipllows: C—stevia plants grown without the addition of nitrogen fertiliser; N}, N100, M150—stevia plants
grown with the addition of 50/ 100/ 150 kg of M (in the form of ammonium nitrate] per ha of the field; S50, 5100,
5150 —stevia plants grown with the addition of 30,/ 100 /150 kg of M (in the form of ammonium sulfate] per ha of
the field; L50, LITO0, LN 50—stevia plants grown with the addition of 50,100,150 kg of N {in the form of urea) per
ha of the field.

24, Concentrafion of Ascorbic Acwd, Phenolic Compoonds, Rf.d[rcfng Siexur,-i and Mifrate lons in
Stevia rebavdiana Grown Using Different Fertilisation Treatments

The lowest concentration of ascorbic acid in July was determined for 5150, N150
and C (109.27-111.12 mg 100 g~ ! f.m.), while the highest was for U50. The concentration
of ascorbic acid in September was higher than in July for all the samples. The greatest
concentration of ascorbic acid in September was detected in S150 (149.28 mg-100 g ' f.m.),
and the lowest was in C and N150 (13542 mg-100 g" fm. and 135.89 mg-100 g'1 fom,
respectively). U100 was characterised by the greatest concentration of phenolic compounds
in July (346.07 mg-100 g~ £.m.), while the content of these compounds was lowest in 550
(203.07 mg-100 g1 f.m.), In September, the lowest concentration of phenolic compounds
was determined in C (17052 mg-100 g~ £m.) and U150 (17243 mg- 100 ¢! £m.) and the
highest for N150 (348.58 mg-100 g~ f.m.). Maost of the samples in July were characterised
by very similar reducing sugar content, with the exception of C, which had the highest
concentration of 1.07 g-100 g ! f.m. and the lowest (of (L84 g-100 g ' £m.) for S150. In

73



Molecules 2024, 29, 1865

Bof22

September, all the samples were characterised by statistically similar concentrations of
reducing sugars, ranging from 1.86 g-100 g~ fm. in US0 to 241 g-100 g ! f£m. in N5 In
July, the highest concentration of nitrate ions was determined for U100 {2329.44 mg kg !
d.m.}, while the lowest was noted for C (1501.11 mg-kg" d.m.). The concentration of
nitrate ions in September was statistically similar for all the analysed samples and ranged
from §90.33 mg-kg ! dom. for C to 137244 mg-kg ™! d.um. for 5150, Results of the next
analysis of the stevia leaves, concerning the concentration of carotenoids and chlorophylls
(A and B), are presented in Table B,

Table & Concentration of chlorophylls and carotenoids in stevia leaves of stevia plants grown with
different nitrogen fertilisation treatments.

Chlorophyll A Chlsrophyll B Chlarophvll &+ B Carotenoid
Sample ' Img-g " of f.m.|

July Sepiember July Seplember July Seplember July Seplember
C 087 & 035 ab 077 £ 0l ab 037 L0152 .36 = 002 be 123 & 035 ab 113 & 0,12 ab 15220592 226 4 @k33a
NED Ok £ 0130 Qlih £ 001 b 031 £ 0152 1L.37 =011 be 098 £ 027 b 103 + 021 ab Lle=03a 207 £0.54a
NI 042 + (1% ak L8 4 025 % 035 + 008 2 0151 =19 a 117 + 034 ab 131 =030 285+032a 258 + 070 A
N150 076 + 015 ab (.64 + 022 4 135+ 0134 043 + 014 ab 111 £ 037 ab 1.27 + 034 abr 23 =050 Zid £0.74 4
S50 075 & 017 ab 076 £ 015 033 L0152 A5 £ 012 ab 108 & 032 ab 1.22 & 0.20 ab 136 =056 a 250 b ikdda
Sl 084 £ 02 ab 071 £ 027 ab 39 £ 0152 I8+ LS c 123 + 054 ab 1949 + (40 b L =058a 1354077 a
G150 nal + 03] ab 074 + 0mab 041 + 000 & 0145 + (.16 ab 132 + 038 ab 1,149 4+ 03] &b Lo =0.74a 245 + 058 a
LIS 098+ 19 a 075+ 015 ab 143 + 015 140 =011 abe 141 =dila 1.15 + Q.25 abr Lilh = (145 a 224 0480
e 0090 & 0 26 ab (0L.B6 +0.11 % 038 +0.17 & 046 £ 007 ab 128 & 040 ab 1,32 = 0104 L33 = 069 a 265 £ 030 a
Use 0§ + 030 ab L83 + 021 a 042 £ 0.1 a 04d + 012 ab 131 + 038 ab 1.27 + 050 ab 251 0754 253 + 4B a
Tatal averagE 054 0.23 orT ok nay 038 £ 014 241 £ 0.1 121 = 34 119 £ 029 247 L oss 242k 0ss

T Walues are expressed as the mean (0= % + standand deviation. Mean values with different leters (3, b, ¢) within
the same column are significantly different (o = 0105) according to Duncan’s test. Abbreviations are as follows:
C—stevia plants grown withoul the addition of nitregen fertiliser; NS0, N100, N150—stevia plants grown with
the addition of 50,100,150 kg of M {in the form of armmoniom nitrate) per ha of the field; S50, S10x, S150—stevia
plants grown with the addition of 50,/100,/150 kg of N {in the form of ammonium sulfate) per ha of the feld; U50,
U100, U150—stevia plants grown with the addition of 50,/ 100,150 kg of N (in the form of urea) per ha of the field

2.5, Concentrabion of Chlorophyll and Carotenoids in Stevia rebandions Grown Using Different
Fertilization Trentmenis

The lowest concentration of chlorophyll A in July was detected in N30 (0,66 mg-g~!
f.m.), while the highest was detected in US0 (098 mg-g ' fm.). Most samples gathered in
September were characterised by a lower content of chlorophyll A, with the lowest detected
in N5 (166 mg-g ' f.m.) and highest in U100 (0.86 mg-g ! f.m.). Samples gathered in
July were characterised by statistically similar concentrations of chlorophyll B, while in the
samples gathered in September, N100 was characterised with the greatest concentration of
chlorophyll B {0.51 mg-g ! £m.), while S100 contains almost two times lower concentration
of this compound (0.28 mg-g ' £m.). The concentration of combined chlorophyll forms
{chlorophyll A + B) shows that the average concentration of chlorophylls in July and
Septemnber was almast the same (1.21 mg and 1.19 mg-g !fm.). The concentration of
carotenoids was at the same level in all of the samples in July and September.

2.6, Concentration of Steviosides in Stevia rebaudiana Grown Using Different Fertilisation
Trealments

The final analysis conducted in this study determined the concentration of steviosides
(in the form of stevioside and rebaudioside A). The results of this analysis are shown
in Table 9,

Table 9. Concentration of steviosides in stevia leaves of stevia plants grown with different nitrogen
fertilisation treatments.

1 Stevioside Rebaudoside A
Sample
[mg-100 g1 of d.m.]
C 13514 + 6535 fg A52E5 4+ 033 g
[NETH] 14050 +532e TER 20 + B.96 ef
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Table 9, Cont.

Stevioside Rebaudoside A
Sample !
[mg-100 g1 of d.m.]
MN100 1566 +1.12d 109308 + 106.85 od
M150 13411 & 1.65 fg 122989 + 1842 ¢
550 11169 £ 1.53h 602,18 + 82.60 fg
S0 21426 + 11450 149353 + 13378 b
S150 26236 +17.13a 218662 + 39054 a
U5 10891 +0.70h B17.05 + 5446 ef
IRNIEY] 12253 + 6.54 gh 935,04 + 7986 de
150 18246 £ 859 ¢ 49024 £ 7 96 g
Total average 156.86 + 17.99 998,57 + 234.99

T values ane expressed as the mean (n = 9) & standard deviation. Mean walwes with different letters (a, b o, d, e, .
& h) within the same column :|r|,~sig'nif'icanr]:r' ditferent (o = 0L03) according to Duncan’s test, Abbreviations ane
as follows: Ce—stevia rr].'lnls Erown without the addition of nifrog('n fertiliser; M50, M100, W1 50—stevia p|an1§.
growen with the addition of 50,100,150 kg of N (in the form of ammonium nitrate) per ha of the field; 550, 5100,
S150—sbevia p|an|::i Frown with the addition of 50,100 /150 k;_( of M (in the form of ammonium sulfate) pl.-rha af
the field; U50, LI00, L50—stevia plants grown with the addition of 50,100,150 kg of N {in the form of unsa) per
ha of the field.

The concentration of stevioside in the stevia leaves ranged from 108.91 mg to 262 36 mg
per 100 g of stevia leaves dry mass, with an average of 156,86 mg. The lowest concentration
of stevioside was detected in U50, and the highest was detected in 5150. The concentration
of rebaudoside A was significantly greater than the concentration of stevioside, On average,
the analysed samples contained 99857 mg-100 g ! dm. of rebaudoside A, with the
greatest concentration detected in 5150 (2186.62 mg-100 g ' dum.) and the lowest in C
(352.85 mg-100 g~ ' d.m).

2.7, Principal Compontent Analysis of the Data Gatlered througtiont Hie Shudy

Principal component analysis (PCA) was conducted on all the mean values of the
Stevia rebaudinna characteristics gathered throughout the study. The results of the PCA are
presented in Figures 1 and 2. The main goal of the PCA analysis was to determine whether
the main differences between analysed samples were due to the different fertilisation
treatments or due to the year in which stevia plants were planted, as well as to identify any
clear influences of various characteristics on other parameters in the analysed samples.

The results of PCA analysis indicated that the year of harvest was more significant
than the type af fertiliser used during the cultivation of Stevin rebandiana. Total planl‘ mass
showed a positive correlation with the total mass of shoots and leaves but had a negative
correlation with the total waste mass and concentration of dry mass. Flant height had
an influence on the concentration of phenaols, as the two parameters correlated positively.
Few of the analysed parameters significantly influenced the total content of stevioside and
rebaudoside A in stevia plants,
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Figure 1. Projection of results of PCA analysis for the analysis of particular characteristics and
composition of Stevin rebaudiana plants grown in Poland using different nitrogen fertilisation regimes.
Abbreviations are as follows: C—stevia plants grown without the addition of nitrogen fertiliser; N50,
N100, N150—stevia plants grown with the addition of 50,/100/150 kg of N (in the form of ammonium
nitrate) per ha of the field; 550, S100, S150—stevia plants grown with the addition of 50/100/150 kg
of N {in the form of ammonium sulfate) per ha of the field; U50, U100, U150—stevia plants grown
with the addition of 50,/100/150 kg of N (in the form of urea) per ha of the field. Numbers 2014, 2015
and 2016 indicate data from the harvest of each particular year.

Projection of the vanables on the factor-plane ( 1x 2)
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Figure 2. PCA analysis chart for parameters analysed in Stevia rebaudiana plants grown in Poland
using different nitrogen fertilisation treatments. Abbreviations are as follows: Sept—data from leaves
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gathered in September,  June—data from leaves gathered i June, Ca—calcium content in
leaves. Carcl—carotenoid content in leaves, Chlor A/B—concentration of chlorophyll A or B.
K—potassium content in leaves. DM—dry mass of the stevia leaves. Mg—magnesium content in
leaves. NNOG—concentration of nitrate ions in leaves. P—phosphorus content in leaves. Phenol—
concentration of phenolic compounds in leaves, Sug—concentration of reducing sugars in stevia
leaves, Vit C—concentration of ascorbic acid in leaves

3. Diiscussion
3.1. Weight of the Stevia rebaudiona Plarnls and the Yield of the Cultivation of Stevin Planis

The acquired data shows that the plants grown on the fertilised field vielded a greater
mass of stevia plants than the unfertilised sample (C) and were characterised by the highest
yield of leaves, which are the primary reason for Sfevia rebandiana plantation. This finding
is confirmed by various other researchers, such as Mahajan and Pal (2022], Sun et al. (2020}
and Inugraha et al. (2014} [18-20]. These results are rather typical, as nitrogen is an element
which can significantly impact plant metabolism and is one of the key components during
all plant growth stages [21]. It was also unsurprising to find that the weight of the plants
and shoots in samples fertilised with the highest dosage of nitrogen was also the highest
for the same reason. The yield of the stevia plants was not far lower than the yield of
Stevia rebandiang planted in the warmer climate of Ethiopia, which ranged from 16,951 to
26,388 kg-ha !, depending on the spacing between the plants [22]. However, it is necessary
to acknowledge the fact that research conducted in Ethiopia did not involve any nitrogen
fertilisation. Therefore, it would be more appropriate to compare this data to C, which
was characterised by a lower yield of 13,770 kg-ha~!. On the other hand, data from the
experiment conducted by Shivani et al. (20019 in India, a country in which the stevia p]ants
are commercially grown, at a latitude closer to its natural habitat (25°39'42" N compared to
19°-27° S of Paragu ay) than Poland (49°-54°50" M, with P‘s.ar}-' and Wroclaw at ~51.06% W)
shows, that the vield of stevia leaves was equal to 5150-7040 kg /ha (dependent on the plant
5pacin5] with the n'il'rl:igen fertilisation of 50 I:g ™ per ha and 6280-10540 kg-ha" with the
nitrogen fertilisation of 100 kg N per ha [23]. Data acquired in the study in Poland shows
that it is possible to acquire an even greater vield of stevia leaves using 50 kg of N-ha™!
than using 100 kg of N per ha in India. Additionally, the so-called ‘harvest index’ {ratio of
leaves to the weight of the plant) of these plants was in the range of 39.33—43.67%, which
was much lower than in our study. These data indicate that the amount of harvested plant
material of Stevir rebaudiana grown in Poland could be on a similar level as in various other
countries, The main differences in the stevia yield in Poland and in various other countries
are most probably dictated by the large differences in temperature, as well as rainfall at
these places (Tables 10 and 11). In Paraguay, temperatures of the months equivalent to
the May-September period in the northern hemisphere (November-March) are between
27.2-29.6 °C, while in Poland, the average temperature in these months during the time
of the study was in the range of 13.4-25.2 °C, which is significantly lower [24,25]. Data
gathered by Warner (2022) have shown that stevia plants grown at a temperature of 26 “C,
compared to the stevia plants grown at 17 °C were characterised by twice the height,
almost three times longer branches and two times greater development rate (nodes per
day), suggesting that the relatively low vield of the stevia grown in Poland might be due to
lower temperatures [26]. Similarly, Paraguay receives a greater amount of rainfall during
the months of stevia cultivation than Poland (116 mm of rainfall monthly compared to 52
mm of rainfall monthly during the study period) [24,25]. However, due to irmgation during
periods of drought, the differences in the amount of available water might not be as crucial
as the differences in the temperature during the growth of stevia.
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Table 10, Temperature in the area of the stevia plantation during the time of the experiment and the
average temperature in the previous years.

Decade of the Year 2014 Year 2015 Year 2016 Average Temperature in the Month
Muonth : .
Month [*Cl during the Years 1981-2010
1st 'I{,'I-r;]ag,r peri:;d 114 153 15.4
Mav 2Ind 10-day period 122 13.0 155 143
i Fed 10-day period 17.3 14.0 0.9 ’
Monthly average 13.8 134 17.3
st 10-day period 154 181 1
X 2Ind 10-day period 166 164 185
June 3rd 10-day period 157 15.8 238 170
'Monlhly average 1n49 1.5 1.1
Tst 10-day period 0.5 0.5 0.5
July Znd 10-day periad 225 20.3 20.1 .
; 3ed 10-day period el 19.9 238 )
Monthly average 219 0.2 .5
st 10-day period n7 2 24
2nd 10-day period 174 52 19.7
AUBUSE 3 10-day period 158 231 213 185
Monthly average 183 252 0.5
15t 10-day period 172 17.1 21.2
2nd 10-day period 186 188 19.2
September 4 10-day perind 140 141 15.0 138
Monthly average 1k 167 18.5
Table 11. Level of rainfall in the area of stevia plantation during the time of the experiment and the
average level of minfall in the previous years.
Month 10-Day Period of Year 2014 Year 2015 Year 2016 Average Rainfall in the Month
on the Month [mum of Rainfall] during the Years 1981-2010
st 10-day period 303 125 14.0
2nd 10-day period 336 14.0 120 .
Ma¥ 31 10.day perind 428 05 0.0 57.0
Monthly average 1067 IhE 260
15t 10-day period 8.2 110 G4
2nd 10-day period 0.3 231 50.0
June 3rd 10-day period 15.4 322 0.8 68.9
Monthly average 239 hih3 £Y.2
1st 10-day period 200 110 305
Znd 10-day period 0.0 389 7.5
July 3rd 10-day period 26.1 33 245 834
Monthly average 46.1 532 1345
1st 10-day period 17.5 0.0 5.8
Znd 10-day period 131 0 50
AUBUSt 5 10-day period 350 21 133 L0
Monthly average 656 21 241
1t 10-day period 241 16.4 11.5
o 2nd 10-day period . 0.0 458
September 34 10-day period 143 0.0 0.0 2
Monthly average 4l 16.4 57.3
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3.2, Biometrics of the Stevia rebaudiana Grown Using Different Fertilisation Treatmenis

It is common knowledge that proper nutrition of growing plants contributes to the
increase in plant size and number of shoots and leaves, crucial parameters influencing
the vield of herbaceous plants [27-31]. The conducted experiment demonstrates that the
addition of just 50 kg of N per hectare can increase the height of the stevia plants by over
20% and appears necessary for cultivating stevia in Poland. However, plant height is not
as important as the number of shoots and leaves, as leaves are the primary goal of stevia
plantations. Additionally, thanks to the PCA analysis, it can be observed that while nitrogen
addition did not consistently increase the number of shoots (C and N100 had statistically
similar shoot levels), fertilisation enhanced the number of leaves on the lowest lateral
shoots (the longest and oldest shoots of the plant, typically with the largest leaves) [32].
Interestingly, the amount of fertiliser used did not have as much influence on the various
biometrics of stevia as the type of fertiliser used. Plants fertilised with ammonium nitrate
were characterised with a lower number of shoots but a greater amount af leaves on the
shoots than plants fertilised with ammenium sulfate or urea. Unfortunately, data from this
5t'ud}r does not prot'ide ins‘lght into the reasons for this observation, but this information
can be an interesting avenue for future research. An experiment performed by Tadesse,
mentioned earlier in Section 3.1, about the plantation of stevia in Ethiopia also measured
various biometrics of stevia plants [22]. Plants grown in Ethiopia were characterised by
lower plant height than stevia plants grown in Poland, which allowed for the acquisition of
greater yield. This suggests that the increase in height of fertilised stevia plants analysed in
this study might not necessarily be an advantage over C. However, another experiment
performed by Baghat et al. in Jammu, India (32°74' N) also showed that plants fertilised
with the addition of nitrogen were characterised with 13-38% greater height than the
unfertilised control sample and a far greater amount of leaves (by 17-80%) [33]. Therefore,
it seems reasonable to assume that fertilisation of Stevia rebmdiong plants with nitrogen
might result in taller stevia plants, but most certainly will result in a greater amount of plant
leaves, which are the main goal of stevia plantation and, therefore, would be recommended
practice for the farmers.

3.3, Dry Mass and Concentration of Elements in Stevia rebaudiana Gronwn Using Different
Fertilisation Treatments

The dry mass content in the leaves of stevia increased from July to September in
all the samples. There appeared to be no difference in the dry mass content in leaves of
stevia p]ants grown with the addition of nil'rugefn ct.tmpared tor those Zrown without it.
Furthermore, the amount and type of fertiliser used did not significantly impact the dry
mass content of the stevia leaves. Howewver, the concentration of various elements (cal-
cium, magnesium, phosphorus and potassium) differed significantly between the analysed
sarnples. Both the fertilisation treatment and the time of the sarnpl;e anal:,'s'i.s {]u'ly and
September) influenced the concentration of various elements. The concentration of each
analysed element in September was higher than in July, which might be one of the factors
influencing changes to the dry mass content of the stevia leaves. The concentration of
calcium in the dried stevia leaves, which were gathered from the plants grown in La Serena,
Chile (29°54' 5), was equal to 1388.37 mg, which was 20-40% higher than the concentration
of calcium in the samples grown in this study in Poland [34]. A different batch of stevia
leaves, analysed by Tadhani and Subhash, grown in India in an undisclosed location, was
characterised by a concentration of calcium closer to 1500 mg [35]. A comprehensive review
by Lemus-Mondaca has shown that the concentration of calcium in stevia leaves ranges
typically from 500 to 1500 mg per 100 g of dry leaves, indicating that the concentration
of calcium in the stevia leaves grown in Poland contains an average concentration of
calcium during September and rather low concentration of this element in July [38]. It
should be mentioned that increasing the amount of fertiliser used always increased calcium
concentration in the leaves, regardless of the type of fertiliser used or whether the leaves
were analysed in July or September. The concentration of magnesium in stevia leaves,
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with an average of 232.56 mg per 100 g of leal dry mass in September, was far lower than
the content of stevia leaves analysed by Tadhani and Subhash (~500 mg) and by Lemus-
Mondaca et al. {2016) (867.79-1013.30 mg 100 g~ ! d.m.) [34,35]. The review of various
Stewia retaod g 5am1;|]e5 has shown that the magnesium confent in stevia leaves can be as
low as 349 mg-100 g1 d.m., which is still higher than the magnesium content of leaves of
stevia grown in Poland. The low concentration of magnesium in stevia leaves might be
an indicator of various problems concerning Sfevia rebaudiona cultivation in Poland, as it
has been shown that magnesium content and bicavailability can relate to the production of
steviol glycosides (with the high concentration of magnesium correlating positively with
the concentration of steviosides) [36-35]. The concentration of phosphorus in stevia plants
grown in this study was also lower (123.97 mg-100 g ' dom. in July, 16834 mg-100g ' d.m,
in September) than the phosphorus content in the Tadhani and Subhash stevia samples
(=350 mg) [35]. However, authors like Ucar et al. (2018) determined that the concentration
of phosphorus in stevia leaves, gathered from stevia grown with the addition of 80 kg
of N-ha ' in Antalya, Turkey (36°54' N), was characterised by phosphorus content of
120 mg-100 g~ ! dome in July and 190 mg: 100 g~ dom. in September [39]. However, the
concentration of potassium in the samples of Ucar et al. [2018) was in the range of 1300-
1400 mg-100 g~ d.m., which is over two times lower than the concentration of potassium
in the stevia growT in Poland. The concentration of }'Jotassium in the aforementioned
analysis of Tadhani and Subhash was at a similar level (2510 mg-100 g=' d.m.) as the
concentration of potassium in samples gathered in Poland [35]. Potassium is one of the
elements necessary for the synthesis of glycosides, and a low concentration of potassium
can reduce the number of steviol glycosides by 15-25%, but potassium-deficient stevia
leaves were characterised by a potassium content of ~1500 mg, while non-deficient stevia
was characterised by a pr:-l'ass]'urn content of 2000 mg [411]. This shows that stevia planl;s
grown in this study in typical conditions in Poland are rather not deficient in potassium,
which indicates a perspective for the cultivation of this plant in Poland.

3.4. Concentrafion of Ascorbic Acid, Phenolic Compounds, Reducing Sugars and Nitrate Jons in
Stewia rebaudiang Grotwn Using Different Fertilisation Treatments

Ascorbic acid is one of the compounds responsible for the anti-inflammatory and
antioxidant properties of Stevin rebaudiana leaves [8,9]. The concentration of ascorbic acid
increased from July to September in all the stevia samples. Stevia plants groswn in this
study were characterised by similar concentrations of ascorbic acid as samples analysed
by Lemus-Mondaca and 10 times larger concentration than in the study conducted by
Kim et al. [41]. The high concentration of ascorbic acid in stevia plants is of interest
due to its synergistic effect with stevia polyphenols, which significantly increases stevia's
antioxidant potential. Changes in the concentration of phenolic compounds from July to
September in the stevia leaves were not as clear as the changes in the ascorbic acid content,
as some samples were characterised by the greatest concentration of phenolic compounds
in July, some in September, and in some samples, the concentration of these components
remainder relatively the same. However, the concentration of phenolic compounds in
stevia leaves from the study of Lemus-Mondaca was far lower (up to even three lmes) than
the concentration of phenolic compounds in stevia leaves analysed in this study, suggesting
that, with the relatively high concentration of ascorbic acid, stevia plants grown in Poland
might be characterised with far greater antioxidant and anti-inflammatory properties than
stevia grown in warmer climate [41]. However, more research about this hypothesis would
have to be conducted in the futune. The level of reducing sugars increased in stevia leaves
between July and September: however, it is a known mechanism present in various plants
from a variety of families [42-£5]. The content of nitrate ions in the plant tissues is an
indicator of the nutrient status of the plant, as the uptake of nitrate ions is related to the
concentration of nitrates in the seil and the plant’s ability to assimilate these ions. As the
stevia plants were fertilised at the start of their growth, it is not surprising to see that the
concentration of nitrates in Septernber is far lower than in July. This indicates that stevia

80



Mudecules 2024, 29, 1865

15 of 22

plants have used some of the reserves of nitrate, which were assimilated when the plant was
young [46,47]. Interestingly, N100 and N15{, as well as 5100 and 5150, were characterised
with a similar concentration of nitrate ions in July and U150 was characterised with a lower
concentration of nitrate ions than U100, Therefore, it seems that the young Stevia rebaudiana
plants are not able to sufficiently use nitrogen from the dosage of 150 kg of N per hectare.
Thus, it is possible that the highest concentration of nitrogen, which should be applied to
the Stevia rebawdiana plantation in order o increase nitrate concentration, should be 100 kg
of N per ha or less.

3.5 Concentration of Clilarophiyll and Caretenaids in Stevie rebaudiana Grown Using Different
Fertilization Trentments

The concentration of chlorophyll remained at a rather similar level in most of the
sam ples analysed d'uring July and Septembe‘r_ Itis imporla nt to note that the concentration
of chlorophyll in plant leaves can be a useful indicator of the development of chloroplasts,
phr:-toaynthetic capacii}' and overall p]ant t'igour [45]. The concentration of chlmuph}rl]
A in the stevia leaves was higher than the concentration of chlorophyll B, as is typical in
muost p]ants [449-52]. The concentration of ch]orophy]l Ain ]ul}r was at a similar level in
most of the samples, with the exception of the sample with the lowest content (N50) and
the highest content (LU50). This fact might suggest that the amount of fertiliser is not as
important when it concerns the concentration of chlorophyll, but the form of the nitrogen
introduced to the plants might have a more important role. However, interestingly, N100,
measured in September, was characterised by the greatest concentration of chlorophyll
B, while S1(0) was characterised by the lowest. The data acquired in this research does
net provide precise answers for this phenomenon, but these results could be analysed
more meticulously in future studies. It is important to note, however, that stevia plants
analysed in this study were characterised by rather low (3—4 times lower) concentration
of chlorophyll when compared to the data acquired by Shahverdi et al. (2019), grown in
Karaj Iran (3548’ N} [53]. Similar differences can be seen between samples of Ucar et al,
grown in Antalya, Turkey (36°54' N, where the total concentration of chlorophyll in stevia
leaves was equal to 7.5 mg-g ! of fresh leaf mass (concentration six times higher than in
Polish stevia plants) [39]. These results suggest that the impact of nitrogen fertilisation is
minuscule when compared to the impact of the amount of sunlight that the stevia plant
acquires during its growth. Carotenoid content in the stevia leaves was not affected by
the changes in nitrogen fertilisation and remained at almost the same level in July and
September. The concentration of carotenoids in plant leaves 15 often related to the intensity
of light during growth of the plant, as demonstrated in the study by Simlat et al. (2016) in
Stewia rebandiana plants [54]. This fact might explain the lower concentration of carotenoids
in stevia Plants FTOWN in Poland when -;t;l-mpared to skevia p]anis FrOwWn in Iran, which
were characterised by a 3-4 times higher concentration of carotenoids in leaves [55].

3.6, Concentralion of Sleviosides in Stevia rebandiana Grown Using Different
Fertilisation Treatmenls

Steviosides are the primary reason for cultivating Stevia rebandiang plants, and the
goal of stevia farmers is to achieve the largest yvield with the highest concentration of
steviosides [56]. The main factors influencing stevioside content are temperature and
amount of sunlight received by the plants, as well as the variety of the Sfepin rebaadiana
plant [57,55]. Stevia plants analysed in this study exhibited a very low concentration
of steviosides compared to those grown in warmer countries, where the concentration
typically ranges from 4% to even 20% of the dry weight [59,60]. However, one of the
crucial aspects of this work 15 the fact that the addition of nitrogen fertiliser increased the
total concentration of steviosides in the stevia plants grown in Poland. Additionally, it
is worth noting that S100 and 5150 were characterised with far greater concentrations of
steviosides than other samples, indicating that this type and amount of fertiliser should be
used by farmers seeking to maximise the concentrabion of rebaudioside A and stevioside in
stevia plants grown in Poland. Nevertheless, it is crucial to peint out that one of the most
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important factors influencing the concentration of steviosides in Stevia rebaudiana leaves
is the temperature at which the plants are growing [61,62]. As mentioned in Section 5.1,
Poland experiences much lower temperatures than regions typically suited for stevia
growth. Higher temperatures of the stevia cultivation, with the optimum close to 25 °C,
have been shown to result in higher transcript levels of fifteen steviol glyveoside biosynthesis
pathways genes, while the temperatures close to 15 °C (similar to the average temperature
of May, June and September in Poland) significantly restrain the transcription of these
genes [61,62].

4. Materials and Methods
4.1, Experimental Design
4.1.1. Preparation of Seedlings

Seedlings used in the study were grown in a heated greenhouse. Seeds of the Stevin
reboudinna Plant fl.&-gu tho Seed Compan}:, Tutrosin, Poland) were sown during 1st decade of
April of the vear 2014, 2015, and 2016 in seed trays (30 = 40 cm) filled with peat substrate
{Compeo Sana) which were then covered with the thin layer of peat substrate and watered.
Adver 3-4 weeks from seed sowing (during 1st decade of May), seedlings with at least one
pair of foliage leaves were transferred to 54-site propagation kits filled with peat substrate,
Later, during 3rd decade of May, plants with at least three pairs of foliage leaves and a
height of at least 10 cm were transferred to pots with a diameter of 10 cm. Prior to adding
peat substrate, the seed trays, propagation kits and pots were disinfected with 1% selution
{v/v) of HortiSept 4021 (Hortico, Wroclaw, Poland).

4.1.2. Preparation of the Field Used to Perform the Experiment

Prior to transplanting the seedlings from the greenhouse to the field, specific agrotech-
nical procedures were carried out on the field. In the winter preceding the experiment (i.e.,
2013 for the experiment commencing in 2014, ete), the field underwent ploughing. During
the spring of the experiment yvear, the field was further prepared by dragging, tilling and har-
rowing. The soil selected for the experiment was black degraded soil with a humus content
of 1.8%, slightly alkaline pH and salinity of 57 uS-cm 3 The soil's phosphorus concentra-
tion was 41 mg-dm ~*; potassium concentration was 320 mg-dm ™~ calcium concentration
was 3000 mg-dm~?; and magnesium concentration was 30 mg-dm . Additionally, the soil
contained a trace amount of NOy~ jons, After applying pre-plant fertilisation according
to the methodology described in Section 4.1.3, the fertiliser was incorporated into the soil,
and the field was covered with black agro-textile {U'V P-100) to suppress weed growth,
Additional fertiliser in the form of ammonium nitrate (50 kg N-ha ~1y was applied as a
top-dressing four weeks after planting the seedlings.

4.1.3, Field Experiment

Field experiment involving Stevia rebaudiana plants was conducted in the years 2014,
2015 and 2016 at the Research and Didactic Station in Psary, Wroclaw University of Environ-
mental and Life Sciences; (51719 055913609 18" N, 17°03'36781036313" E). The experiment
followed a split-plot design with three replications. Two main factors were considered
throughout the experiment: fertiliser amount (three different doses) and fertiliser type
{three different nitrogen forms: NHNO;, (NH; 150, CHyMN:O0) used for pre-plant fer-
tilisation. The fertiliser was thoroughly mixed with the scil prior to planting the Steva
rebaudinna seedlings. This experimental setup allowed for the investigation of ten different
fertilisation treatments for Steoia rebanduna;
. Control }'l]l}l& (C): no fertiliser was apph'ed before Planting the ﬁeedh'ngs.
s Plots fertilized with ammonium nitrate (50 kg N-ha 1) before planting the seedlings (N30)
Plots fertilized with ammonium nitrate (100 kg N-ha~1) before planting the seedlings (N100)
Flots fertilized with ammonium nitrate (150 kg N-ha Iy before planting the seedlings (N150)
o Plois fertilized with ammonium sulfate (50 kg N-ha 1) before planting the seedlings (350)
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o Plots fertilized with ammaonium sulfate {100 kg N-ha 1) before planting the seedlings (S100)
o Plots fertilized with ammonium sulfate (150 kg N-ha ') before planting the seedlings ($130)
. Plots fertilized with urea (50 kg oha ! } before }'Jlanl'i ng the medlings (LIS0)

o Plots fertilized with urea (100 kg N-ha ') before planting the seedlings (U100}

»  Plots fertilized with urea (150 kg M-ha~') before planting the seedlings (U150}

In total, the experiment comprised 30 field plots, each with an area of 1 m®. Ten stevia
seedlings (as described in Section 41,1} were planted in each plot with a spacing of 45 em =
20 e, Each field plot was separated from adjacent plots by an uncultivated soi strip with a
width of 50 em. The total area of the experiment was 62.5 m?. Standard agronomic practices
wete followed for plant care, including manual weed removal and irrigation during dry
periods with 20 mm of water per irrigation session. Temperature and rainfall data during
the experiment period at the stevia planting site are presented in Tables 10 and 11.

4.1.4, Harvesting

The Stevia rebandiana plants were harvested in the first decade of September each
year, before the flowering stage. Harvesting was conducted manually by cutting the stalk
1 em over the ground. During harvesting, the plants were weighed to determine the
tetal biomass vield per unit area. After weighing, the leaves, shoots and any plant waste
{sick or dried leaves) were weighed separately. These data were then used to calculate the
percentage of leaves, shoots and plant waste in the harvested plant material. A total of ten
measurements were taken each year {one per Plan £, re,r.ulting in M measurements for the
entire experiment. The yield was calculated based on three measurements (once per year).

4.1.5, Biometrics Measurements

Before harvesting, simple biometric measurements were taken on fully developed
and healthy plants. The total height of the plant was measured, as well as lateral width
at two-thirds of the plant height. The number of first-order shoots and the number of
leaves on the lowest lateral shoot were recorded. Six measurements were taken each year,
resulting in 18 measurements for the entire experiment.

4.2 Chemcal Amri'y,lir.',-i

All ana'l'vse.s were conducted on health'v, undamaged leaves of Stevda rebaudiana col-
lected from the midpoint of the plant height. Each analysed sample consisted of leaves
gathered from six plants from each field, which weighed approximately 10-15 g per plant.
Leaves were collected once in July and once at harvest in September. Three measurements
were taken each year in July and September, resulting in a total of eighteen measurements
for the entire experiment, except for the concentration of steviesides, which was only
analysed in September.

4.2.1. Dry Mass Content

The dry mass content of the analysed leaves was determined using the PN-90/A-
75101 /03 methed, uti]i&ing a Binder ED400 (Merazet, Poznan, Poland) drye’r and a WTC2000
{Radwag, Radom, Poland) analytical scale, Approximately 10-20 g of fresh leaf material
was used for each analysis [63].

4.2.2. Extraction of Elements and lons from the Plant Material

Before analysing the concentration of nitrate ions, magnesium, potassium, calcium
and phosphorus, extracts of these elements had to be prepared according to the method by
Nowosielski [64]. Dried and ground leaves (0.4 g) were transferred to plastic containers
with the screw-cap, to which 100 cm® of 2% (v/v) acetic acid and 1 g of active carbon were
added. The containers were shaken for 30 min. in a Max(Q2000 shaker (Thermo Fischer
Scientific, Waltham, MA, USA) at 150 rpm. After shaking, the mixture was filtered through
a paper filter to 200 em® Erlenmeyer flasks. The clear filtrate was then used for subsequent
analyses of element and ion concentrations,
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Concentration of Magnesium in Plant Material

The magnesium content in the filtrate was assessed spectrophotometrically using a
WPA S$106 spectrophotometer (Biochrom, Cambridge, UK). Five em® of the filtrate was
transferred using an automatic pipette to graduated glass test tubes. Twenty cm? of the
compound reagent (consisting of 480 mg sodium hydroxide, 250 mg of glycerol, 50 mg
hydroxylammonium chloride, 50 mg polyvinyl alcohol and 1.25 mg of titan yellow, adjusted
to 20 em? with distilled water) was added to the tubes. Then, 3.5 cm? of the resulting
solution was transferred to a polystyrene cuvette (optical path of ten mm). Absorbance was
read at the wavelength equal to 555 nm. A blank sample was created by adding five cm?® of
2% acetic acid solution to the twenty cm® of the previously described compound solution.

Concentration of Phosphorus in Plant Material

The phosphorus content in the filtrate was assessed spectrophotometrically. Twenty
cm? of the filtrate was transferred to graduated glass test tubes, and 5 em? of a solution
containing 2.5 mg of ammonium metavanadate and 125 mg of ammonium heptamolybdate
was added. The resulting solution was transferred (3.5 cm®) to a polystyrene cuvette, and
absorbance was measured at the wavelength of 470 nm. A blank sample was created by
adding twenty cm® of 2% acetic acid solution to five cm? of the solution containing 2.5 mg
of ammonium metavanadate and 125 mg of ammonium heptamolybdate.

Concentration of Calcium and Potassium in Plant Material

The concentration of calcium and potassium in the plant material was determined in
the filtrate using flame photometry with a Carl Zeiss Jena-type flame photometer.

Concentration of Nitrate lons in Plant Material

The concentration of nitrate ions in the plant material was determined in the filtrate
using an Orion 5 Star ionometer (Thermo Fischer Scientific, Waltham, MA, USA) calibrated
in the range of 10-1000 mg of NO; ~ per dm® of the sample.

4.2.3. Concentration of Reducing Sugars in the Plant Material

Twenty grams of fresh stevia leaves were weighed and transferred to 200 em? volumet-
ric flasks. Ten cm? of distilled water was added to each flask, and the flasks were placed in
a water bath filled with boiling water for 30 min. After this procedure, the concentration of
reducing sugars in the plant material was determined using Lane-Eynon general volumetric
method accepted by the Polish Committee for Standarisation, described previously by
Godlewska et al. (2021) [PN-90/A-75101/07] [65,66].

4.2.4. Concentration of Carotenoids and Chlorophyll A and B

The concentration of chlorophyll A, chlorophyll B and carotenoids was determined
spectrophotometrically. Fresh stevia leaves (0.4 g) were weighed and transferred to the
mortar, where they were ground with the addition of previously dried sand and calcium
carbonate. A few drops of 80% acetone were added to the mortar, and the mortar contents
were ground to obtain a homogenous mass. Twenty cm? of acetone was used to transfer
the ground leaves to the Schott filtration system and filter them under the vacuum. The
filtrate was transferred to a 50 em® volumetric flask, filled with 80% acetone and mixed
thoroughly. The absorbance of the filtrate was measured in the quartz cuvettes (optical
path of ten mm) at the wavelengths of 470 nm, 645 nm and 663 nm. The blank sample
consisted of 8(% acetone [67].

4.2.5. Concentration of Vitamin C (Ascorbic Acid)

The concentration of vitamin C (ascorbic acid) in plant material was determined
using methodology by Bieniek (2012) and Krezel and Kotota (2014), as previously outlined
by the Polish Committee for Standardization [67-69]. Fresh stevia leaves (~10 g) were
homogenised using a Koenic blender with oxalic acid (200 cm?, 2%). The resulting solutions
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were filtered, and filtrates {10 em?) were collected and titrated with a solution of 2,6-
di:h]orophenu]induphenol (Tillmans" reagent} until a ]ighi pink‘ish colour appearﬁd and
lasted for at least 1 min [67,68].

4.2.6, Concentration of Phenolic Compounds

The total concentration of phenolic compounds was measured according to the Folin—
Ciocalteu method described by Jaloszynski et al. (2008) with slight modifications described
by Godlewska et al, (2021) by extracting the phenolic compound from a 5 g sample of
stevia leaves [66,70].

4.2.7, Concentration of Steviesides

The concentration of stevioside and rebaudoside A in the plant material was deter-
mined us:ing h:igh—}:lerfnrmanc\e ]iquid chroma lography as Previousl:( described by Vanek
et al. [71]. The concentration of steviosides was measured only in the final product (leaves
gathered in September). Two grams of leaf sample was used for one extraction procedure
per vear, and HPLC analysis was performed three times on each of the extracts,

4.3, Data Analysis

The data collected over all years during this study (biometrics measurements, concen-
tration of various elements and ions in plant material, concentration of reducing sugars,
chlorophyll A, chlorophyll B, carotenoids, ascorbic acid, phenolic compounds and ste-
viosides) were statistically analysed using Statistica, A two-way ANOVA (& = 0,05) was
employed, with the Duncan test used to establish homogenous groups. Additionally, to
determine whether the main differences between the analysed samples were due to dif-
ferent fertilisation treatments or the year in which stevia plants were planted, a principal
component analysis (PCA) was conducted on the mean results from each year of the study.
In the PCA, the single-linkage agglnmeratl've method was used, empl::ryl'ng the Euclidean
measure to determine the distance between each analysed parameter and the samples of
stevia FErOW with different fertilisation treatments each vear.

5. Conclusions

Cultivating Stevin sebandinn plants in Poland, in comparison to countries closer to the
equator where temperatures are higher and which receive more sunlight, appears to be less
profitable due to lower vields and lower concentrations of steviesides in the plant leaves,
However, the addition of various nitrogen fertilisers can enhance the quality and vield of
Stevia rebaudinna plantations in Poland. The addition of 100 kg or 150 kg of nitrogen per
hectare of the field in the form of urea or ammonium nitrate increases the total yield of the
stevia plants. Conversely, the addition of 100 kg and 150 kg of nitrogen per hectare of the
field in the form of ammoenium sulfate does not increase the stevia yield as the addition
of mentioned fertilisers, but it maximises the number of steviosides present in the Stevia
rebaudiona leaves, Data collected thus far indicates that (ulh'vat'lng Sterda rebaudiang in
Poland presents challenges due to the low concentration of steviosides in the plants, which
is the primary goal of stevia cultivation. However, further research into stevia cultivation
in Poland could be a worthwhile avenue of study in light of progressive climate change,
which is increasing average temperatures in the region.
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Abstract: The aim of this study was to determination of the plantspacing
on growth, yield and chemical composition of stevia grown in Poland. The
variable factor was spacing of 50x30 cm, 45x25 cm, and 30x30 cm. Seedlings
were plantedin 1 decade of June and the plant material was harvested in
2rd decade of September. In July and September seedlings were subjected
to biometric measurements and plant samples were taken for chemical
analyses. Plants grown at 50x30 cm spacing were characterized by
increased content of reducing sugars, nitrates, phosphorous, potassium,
and magnesium, but yield of the herb and leaves was smallest. Greatest
yield of the herb and leaves was found for 30x30 and 45x25 cm s pacing,
with lowest mass of single plant. Leaves from plants grown in the 30x30
cm spacing were also characterised with the greatest concentration of dry
mass and phenolic compounds and the lowest concentration of
phosphorus and magnesium. Spacing did not significantly affect the
biometric parameters in July of the plants butin Se ptember diffe rence was
observedinlateral width and totalnumber of shoots. Spacing did not affect
the content of plant pigments contents in the leaves of Stevia.

Keywords: stevia; spacing; chlorophyll, polyphenols; biometric
measurements; yield

1. Introduction

Stevia rebaudiana Bert. is a plant of the Asteraceae family originating from
Paraguay. Stevia produces an interesting array of biologically active compounds
characterised with very sweet taste. The plant-derived steviol glycosides present in
stevia (over 30 have been identified) may be up to 300 times sweeter than sucrose
[1]. At the same time, the stevia plant possesses low energetic value at the level of
2.7 kcal- g! d.m. Stevia is also a source of important antioxidants, such as
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polyphenolic metabolites including, flavons, flavonols and chlorogenic acids. Due
to these properties, stevia plant is widely used in the food, pharmaceutical and
cosmetic industries [1,2]. As diabetes, caused mainly by sugar consumption,
becomes more crucial worldwide problem, more analyses of the viable sources of
sugar substitutes seem like an adequate avenue of research in the fields of
agriculture, biotechnology and food technology. Various in vitroand in vivo studies
have revealed that steviol glycosides possess glucogonostatic, insulinotropic,
antihyperglycemic properties [3]. Rebaudioside A and steviol can induce various
anti-inflammatory, antidiarrhoeal, diuretic and immunomodulatory actions [4].
Furthermore, studies on rats revealed that consumption of stevia leaves can decrease
glycaemia and gluconeogenesis [5]. In a similar study performed by Aswar et al.,
(2019) [6], consumption of stevioside had positive effects on blood glucose level and
lipid profile, as well as on advanced glycated end products. A study performed on
humans, with a group consisting of lean and obese individuals have revealed that
consumption of stevia (compared with sucrose or aspartame) has shown positive
effects, such as reduced postprandial glucose level or postprandial insulin levels.
Other authors [7] also describe stevia positive effects of stevia consumption on the
postprandial glucose level. Study conducted by Mohd-Radzman et al. (2013) [8] has
shown that stevioside from stevia can improve 3T3-L1 insulin sensitivity by
enhanced expression of proteins which are involved in the insulin-signaling
pathway.Rebaudoside A, another of the steviosides, in thestudy of Saravanan et al.
(2012) [9] had an influence on reducing blood glucose levels in rats with diabetes
and has exhibited protectiveaction towards the pancreas. Stevia and steviosides also
have anti-inflammatory and antimicrobial properties [10]. Research conducted by
Atas et al. (2018) [11] has shown that stevia leaves can be used to produce extracts
which possess antimicrobial properties against Bacillus subtilis, Klebsiella pneumonia,
Proteus wulgaris, Streptococcus pneumonia, Staphylococcus aureus and Pseudomonas
fluorescence. These results and the fact that thereis a growing interest of people in
healthy lifestyle and in naturalingredients of food results in increased demand for
that herbal raw material, and consequently leads to a more extensive cultivation of
plants with functional and healthy properties, steviaincluding [12-14]. This plant is
currently grown in a variety of countries besides South America, such as China,
Malaysia, Singapore, South Korea, Taiwan, and Thailand [15]. However, thereis not
much information about viability of Stevia rebaudiana plantation in various countries
characterised with a cooler climate than nativeregion for stevia. Due to the fact that
steviais currently used worldwide, stevia cultivation in the country, in which stevia
plants would be used in the production of various food products or cosmetics could
possibly reduce costs and carbon emission due to the reduction of the distances
needed for stevia transportation [16-17]. This study analysed the possibility of
cultivation Stevia rebaudiana Bertoni plants in Poland and additionally aimed to
determine, whether various plant spacing in the stevia cultivation can influence
various characteristics of the stevia plantation, such as yield, grow th parametersand
the composition of the produced plants. Research on the selection of the appropriate
spacing in plant cultivation, particularly in new areas with climatic conditions
differing from natural sites can be of significant interest to the potential farmes in
the new regions. Data acquired in this study could be of great economic and
physiological importance. It could be potentially used in optimizing field surface
usage to enhance yield quantity and biological significance by selecting the optimal
space for plant growth, thereby influencing the attainment of higher-quality raw
materials[18-20].
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2. Materials and Methods
2.1. Experimental Design

Stevia plants used in the experiment were planted on black degraded soil
characterized with humus content of 1.8%, salinity of 54 uS/cm3 and pH of 7.44 in
the years2014,2015 and 2016: the values aregiven as the average of theyears of the
experiment. Stevia was planted at the Research and Didactic Station in Psary,
Wroclaw University of Environmental and Life Sciences: (51°19'055913609418" N,
17°03'36781036313" E). The experiment was performed in one-factor randomized
block design in triplicate, on the plots with the area of 1.5 m?2. Each of the field plots
wereseparated from the other plots with an uncultivated plot of soil with the width
of 50 cm. Total area of the experiment wasequal to 33.75m?. The variablefactor of
theexperiment was thespacing between stevia plants, whichwas equal to:50x30 cm
(10 plants per plot), 45x25 cm (12 plants per plot), and 30x30 cm (15 plants per plot).
The seedlings were obtained from an own heated greenhouse, where seeds were
grown in the plastic boxes filled with peat substrate. Seeds were sown in the first
decade of April. Three weeks after sowing, stevia plants were transferred to 54-site
seedlings trays filled with peat substrate. Plants with at least three pairs of foliage
leaves were planted during the third decade of May planted into 10 cm pots filled
with peat substrate and then, during the first decade of June plants were planted
into the plots, which have been fertilized with ammonium nitrate at 100 kg N-ha"
and covered with black agrotextile. Concentration of phosphorus in the soil was
equal to45 mg-dm-3; concentration of potassium in thesoil was equal to 310 mg-dm-
3, concentration of calcium was equal to 2800 mg-dm-3; concentration of magnesium
was equal to 34 mg-dm-3. Additional fertilizer in the form of ammonium nitrate (50
kg N-hal)was used as a top-dressing four weeks after plantingof the seedlings into
the field. Plants were cared for with generally accepted methods and plants were
watered during dry periods with 20mm of water per square meter of the plot (20
dm? per m?).

The weather conditions at the site of the stevia plantation (temperature and
amount of rainfall)in the particular months of the experiment areshownin Table 1.

Table 1. Rainfall and temperature on site of the experiment during the time of the stevia
growth

Average in years

Decade  Year2014 Year 2015 Year 2016
Month of the 1981-2010
month
°’cl [mm] [°C] [mm] [°C] [mm] [°C] [mm]
st 1.4 303 133 123 154 140
ond 122 336 13.0 140 155 12.0
May 34 173 428 140 05 209 o0 142 57
Monthly 138 1067 134 268 173 260
average
st 184 82 181 11.0 211 94
June 2nd 166 03 164 231 185 59.0 17  69.9

3rd 15.7 15.4 15.8 32.2 23.8 0.8
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Monthly
average

16.9 23.9 16.8 66.3 21.1 69.2

1st 20.5 20.0 20.5 11.0 20.5 39.5

2nd 22.5 0.0 20.3 38.9 20.1 70.5

ly 3y 26 261 199 33 238 245 192 84
Monthly 519 461 202 532 215 1345
average
1st 2.7 175 272 00 204 58
ond 174 131 252 00 197 50
August 34 159 350 231 21 213 133 185 71
Monthly o3 es6 252 21 205 241
average
st 17.2 241 171 164 212 115
ond 186 216 188 00 193 458
Septem
ber 3rd 140 143 141 00 150 00 132 452
Monthly 1ce 600 167 164 185 57.3
average

Plants were harvested manually by cutting the stalk 10 cm over the ground in
the second decade of September each year. After the harvest, plants were weighed
to assess thetotal yield of theherbs and leaves (kg:m-2) these data werethen used to
yield and calculate the percentage of leaves. After weighing thesingle plants, leaves
and shoots from the single plant were also weighed to determine their percentagein
the total yield. Biometric measurements such as plant height, lateral width
(measured at the two thirds of plant height), total number of shoots (of the first
order), total number of leaves on the lowest lateral shoot were also taken in July
(during theintensive growth)andjust before the harvest in September. Height of all
the plants was measured and biometric measurements of the three healthy stevia
plants of the average height for each of the plots were selected for the complete
analysis of the biometric measurements (three per plot, nine per spacing, 27 for each
spacing throughout the 3 years of the experiment. Healthy, undamaged leaves (circa
10-15g per plant) were gathered for the chemical analyses from the 1/2 of plant
height. Amount of measurements per year was three in July and in September per
each field (nine for each spacing, 27 for each spacing throughout the 3 years of the
experiment).

2.2. Analytical Methods

Concentration of dry mass in ste stevi leaves was determined via the
gravimetric method, using a Binder ED400 (Merazet, Poznan, Poland) dryer and a
WTC2000 (Radwag, Radom, Poland) analytical scale [21]. Vitamin C concentration
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was measured in fresh stevialeaves using Tillman's method [22]. Approximately 10
g of stevialeaves were homogenized with oxalic acid (200 cm?, 2%) using a Koenic
blender. The homogenate was filtered, and 10 cm?® of the resulting filtrate was
titrated with 2,6-dichlorophenolindophenol (Tillman's reagent) until a persistent
light pink color was present for at least one minute.

Chlorophyll atb and carotenoid concentrations were analysed
spectrophotometrically. Fresh leaves (0.4 g) were ground in a mortar with dried
sand, calcium carbonate, and a few drops of 80% acetone to form a homogeneous
mass. Twenty cm?® of acetone was used to transfer ground leaves from the mortar to
the Schott filtration system, where the homogenous mass was filtered under
vacuum. The resulting filtrate was then transferred to a 50 cm3 volumetric flask,
which was filled with 80% acetone and mixed. The filtrate's absorbance was
measured in quartz cuvettes (10 mm optical path) at wavelengths of 470 nm, 645 nm,
and 663 nm. A blank samplewas 80% acetone [23].

Reducing sugars were analyzed by weighing 20 g of fresh stevia leaves and
adding them to 200 cm?® volumetric flasks, which was followed by addition of 10 cm3
of distilled water. Flasks were then heated in the water bath and heated in the b oiling
water for 30 min. The reducing sugar concentration was then determined using the
Lane-Eynon volumetric method [24]. Phenolic compounds were measured using the
Folin-Ciocalteu method [25], with compounds extracted from approximately 5 g of
fresh stevia leaves in 20 cm? of 80% methanol. To analyze nitrates, magnesium,
potassium, calcium, and phosphorus, extracts were prepared according to
Nowosielski [26]. Dried and ground leaves (0.4 g) were mixed with 100 cm? of 2%
acetic acid and 1 g of activated carbon in screw-cap containers and shaken for 30
minutes at 150 rpm using a MaxQ2000 shaker (Thermo Fisher Scientific, Waltham,
MA, USA). The mixture was filtered, and the filtrate was used for subsequent
element and ion concentration analyses.

Magnesium content was determined using a WPA 5106 spectrophotometer
(Biochrom, Cambridge, UK). Five cm? of the filtrate was mixed with 20 cm? of a
compound reagent (containing sodium hydroxide, glycerol, hydroxylammonium
chloride, polyvinyl alcohol, and titan yellow), and 3.5 cm? of this solution was
transferred to the polystyrene cuvette (10 mm optical path) and absorbance was
measured at 555 nm. A blank sample was prepared by adding 5 cm?® of 2% acetic
acid solution to 20 cm? of the compound reagent.

Phosphorus content was also assessed spectrophotometrically. Twenty cm? of
the filtrate was mixed with 5 cm?® of a reagent solution containing ammonium
metavanadate and ammonium heptamolybdate, and 3.5 cm? of this mixture was
transferred to the polystyrene cuvette (optical path of 10 mm) and absorbance was
measured at 470 nm. A blank sample was prepared with 20 cm? of 2% acetic acid
and 5 cm?® of the reagent solution.

Calcium and potassium concentrations were analyzed using flame photometry
utilising a Carl Zeiss Jena-type flame photometer. Nitrate ion concentration was
measured in the filtrate using an Orion 5 Star ionometer (Thermo Fisher Scientific,
Waltham, MA, USA) calibrated for 10-1000 mg NO3- per dm? of the sample.

2.3. Data Analysis

Data gathered throughout the study were analysed statistically using Statistica
13 program (Statsoft, USA) using one-way ANOV A at a =0.05. Tukey test was used
to determine homogenous groups. Principal component analysis (PCA) was
conducted to compare analysed parameters of the stevia grown in different
spacings. The single-linkage agglomerative method was used, employing the
Euclidean measureto determine the distancebetween each analysed parameter and
the samples of stevia.
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3. Results

Results of the experiment have shown that there was a significant effect of
various spacing of stevia plants on the growth, biometric measurements, yield and
chemical composition of stevia plants.

Selected stevia plants grownin the study are presented on the Figure 1.

Figure 1. Stevia plants grown in the spacing of 30x30 cm (A), 45x25 cm (B) and 50x30 cm (C)

Greatest average weight of single plant, as well as average weight of leaves and
shoots from a single plant was measured in the stevia plants grown in spacing equal
to 50cm x 30 cm (Figure 2). Weight of the analysed plants was used to determine the
yield of the stevia and is presented in the Table 2.
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Weight [g]
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50 cm x 30 cm 45 cm x 25 cm 30 cm x 30 cm

=

Spacing of the stevia plants

BWeght of sngle plant [g] B Weght of leaves from single plant [g]
mWeght of shoots from single plant [g]

*Data are given as means (n = 27) with standard deviation. Small letters show homogenous
groups in the measurement of weight of the stevia plants (Tukey test, a=0.05), capitalle tters
show homogenous groups in the measurement of weight of the leaves from the stevia plants
(Tukey test, a =0.05), Greek letters show show homogenous groups in the measurement of
weight of the shoots from the stevia plants (Tukey test, a=0.05).

Figure 2. Weight of the stevia plants grown in different spacings

Table 2. Yield of the stevia plants grown in different spacings

Spacing

50x30 cm
45x25 cm

30x30 cm

Yield of stevia Yield of stevia Yield of stevia Yield of plant waste

plants [kg-m?2] 1 leaves [kg-m?] shoots [kg-m] [kg-m-2]
1.62+0.10b 0.87+0.11b 0.75+0.09 a 0.01+£0.01a
2.04+0.15a 126 +0.22a 0.77+£0.07 a 0.01+0.01a
1.89+0.12a 1.08+0.10 a 0.81+0.11a 0.00 +0.00 a

Values are expressed as the mean (n=27) +standard deviation. Mean values with different
letters (a, b,) within the same column are significantly different (ot =0.05) according to Tukey
test.

At the same time, stevia plants grown in spacings of 45x25 cm and 30x30 cm
were characterised with lower mass of each plant when compared to the spacing of
50x30 cm. Despite the greatest average weight of the single plants, leaves and shoots
of the stevia plants grown in the spacing of 50x30 cm, yield of the stevia plants grown
in the spacing of 50x30 cm was lower thanin stevia plants grown in the spacing of
45x25 cm or 30x30 cm. Despite that difference, the yield of stevia shots and plant
wastewas similar in all the analysed samples. Additionally, stevia plants grown in
the spacing 45x25 cm and 30x30 cm were characterised with greater percentage of
the leaf weight in the total weight of the plant, with thehighest for 45x25 cm, equal
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to 62.00%, compared to 53.61% in the spacing 50x30 cm (Figure 3, Figure 4 and
Figure 5)

50cmx30cm
0,39%

= %leaves = % shoots = % plant waste

Figure 3. Contribution of various parts of the stevia plants (leaves, shoots and plant waste:
dried and damaged leaves and shoots) in the total yield of stevia grown in the spacing of
50x30 cm

45cm x 25 cm

0,35%

= 0pleaves = % shoots = % plant waste
p

Figure 4. Contribution of various parts of the stevia plants (leaves, shoots and plant waste:
dried and damaged leaves and shoots) in the total yield of stevia grown in the spacing of
45x25 cm
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30cm x 30 cm
0,06%

= 9% leaves = %shoots = % plant waste

Figure 5. Contribution of various parts of the stevia plants (leaves, shoots and plant waste:
dried and damaged leaves and shoots) in the total yield of stevia grown in the spacing of
30x30 cm

Analysis of biometric measurements (Table 3) in July has not shown any
significant differences between stevia plants grown in different spacings, but
measurements in September have shown that the height of the plants and number
of leaves on thelowest lateral shoot wasstillsimilar, but widthand number of shoots
on a single plant was lower in stevia plants grown in the spacing of 45x25 cm and
30x30 cm.

Table 3. Biometricmeasurements of stevia plants grown in different spacings

Spacing?! 50x30 cm 45x25 cm 30x30 cm
. 65 £ 2. .69 + 3. .65 £ 2.
Plant height [cn] 28.65 £294  28.69 +3.15 27.65 £ 2.56
a a a
Lateral width [cr] 20.50 ai 2.18 21.00ai 327 20.00; 2.41
July
Number of shoots ofthe first order 7.89 £152 a 7.56 £2.16 a 6.74 £1.58 a
Number of leaves on the lowest 12.33 +£2.94 12.74 £3.08 11.30 £ 1.98
lateral shoot a a a
. 57.61 £452 5935 £4.88 59.15 £ 5.12
Plant height [cm]
a a a
. 29.05 £1.04  27.00 +£0.95 26.05 + 1.64
Lateral width [cm] a b b
September
. 12.23 £1.52 10.23 + 1.07
Number of shoots ofthe first order  16.8 £1.96 a b b
Number of leaves on the lowest 2644 £3.66  28.56 +3.42 25.41 +2.98
lateral shoot a a a
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Values are expressed as the mean (n=27) +standard deviation. Mean values with different
letters (a, b,) within the same column for different time of analysis (July or Se ptember) are
significantly different (o =0.05) according to Tukey test.

Results of the analysis of elements and nitrates in the stevia leaves are shown
in the Table 4.

Table 4. Concentration of nitrates and elements in the leaves of stevia plants grown in

different spacings
N-NOs3 P K Ca Mg
Spacing?!
pa g (mg'kg'l
(mg-100 g1d.m)
d.m.)
1360.99 + 134.58 + 2648.61 £ 836.11 £ 166.11 +
5030 cm
14311 a 14.48 a 84.12 a 2149 a 592 a
1343.82 + 126.39 =+ 2554.17 £ 841.67 + 168.89 +
July 4525 cm
12552 a 17.45 a 59.04 a 19.83 a 10.14 a
1003.1 + 117.5 + 246528 + 791.67 £ 14389 +
30x30 cm
9743 b 19.83 a 4951 b 1290 b 6.43 b
1856.18 + 234.17 + 282893 + 861.94 + 176.39 +
5030 cm

194.44 a 11.80 a 68.39 a 95.23 a 219 a

1219.28 + 18514 £ 274843 + 888.18 + 17222 +

September 4525 cm
283.67 b 915 b 52.85 b 61.09 a 146 b

1073.57 + 155.69 +  2701.39 + 83531 + 15694 =+
150.81 b 641 c 4792 b 54.97 a 101 c

3030 cm

Values are expressed as the mean (n=9) +standard deviation. Mean values with different
letters (a, b, c) within the same column for different time of analysis (July or Se ptember) are
significantly different (a=0.05) according to Tukey test.

Stevia plants grown in the spacing of 30x30 cm were characterised with the
lowest concentration of nitrate ions in July (1003.1 mg-kg! £m.) and in September
(1073 mg-kg! f£m.). However, stevia plants grown in the spacing of 50x30 cm and
45x25 cm were characterized with similar concentration of nitrate ions in July
(1360.99 and 1343.82 mg-kg! fm., consecutively), but stevia plants grown in the
spacing of 50x30 cm were characterized with greater concentration of nitrateions in
September (1856.18 mg-kg! fm.). In July, concentration of phosphorus was similar
for all analyzed samples (in the range of 117.50-134.58 mg-100 g' d.m.), while, in
September, it was highest in the stevia plants grown in thespacing 50x30 cm (234.17
mg-100 g'' d.m.) and lowest in stevia plants grown in spacing of 30x30 cm (155.69
mg-100 g d.m.). Concentration of potassium (Figure 14) was greater in the stevia
samples harvested in September. Stevia grown in the spacing of 50x30cm was
characterised with higher concentration of potassium than stevia grown in other
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spacings. All analyzed samples were characterized with similar calcium content
(Figure 15) in September (835.31-888.18 mg-100 g! d.m.), while in July highest
concentration of calcium was detected in stevia plants grown in the spacing of 50x30
cm and 45x25 cm (836.11-841.67 mg-100 g d.m.). Stevia plants grown in thespacing
of 30x30 cm were characterised with lowest concentration of magnesium (Figure 16)
in July (143.89mg-100 g! d.m.) and September (156.94 mg-100 g! d.m.), while it was
the highest in stevia plants grown in the spacing of 45x25 cm and 50x30 cm (166.11-
168.89 mg-100 g1 d.m. in July and 172.22-176.39 mg-100 g d.m. in September).

The various kinds of spacings between stevia plants also had an effect on the
dry mass content, concentration of reducing sugars, concentration of vitamin C,
phenolic compoundsin the leaves of stevia plants, which areshown in the Table 5.

Table 5. Concentration of dry mass, reducing sugars, vitamin C and phenolic compounds in
the leaves of stevia plants grown in different spacings

July

September

Reducing Phenolic
Dry mass Vitamin C
Spacing?! sugars compounds
% [f.m.] [mg-100g™t f.m.]
50x30
cm 2448 +£3.15 a 142 £0.13 a 124.17 £2.84 ¢ 187.61 +£10.52 b
45x25
cm 2470 £295 a 1.08 £0.09 b 14439 +£2.12 a 176.86 £ 11.61 b
30x30
cm 2516 £2.18 a 0.72 £0.10 ¢ 133.30 £ 1.98 b 202.11 +£9.81 a
50x30
om 2655 +144 b 248 £0.36 a 134.19 £281 a 255.33 £ 1894 b
45x25
om 26.66 £ 099 b 1.88 £0.15 b 12592 £1.28 b 249.53 £2651 b
30x30
om 28.67 £0.45 a 1.64 £0.29 b 12690 +£1.04 b 314.66 +£29.49 a

Values are expressed as the mean (n=9) +standard deviation. Mean values with different
letters (a, b, c) within the same column for different time of analysis (July or Se ptember) are
significantly different (a=0.05) according to Tukey test.

Dry mass content was similar for all analyzed samples in June (24.48-25.16%),
but in September, it was highest in the stevia plants grown in the spacing of 30x30
cm (28.67%). Despite that fact, stevia plants grownin the spacing of 30x30 cm were
characterized with the lowest concentration of reducing sugars (0.72% in July and
1.64%. in September), while stevia plants grown in the spacing of 50x30 cm were
characterized with the highest concentration of sugars (1.42% in July and 2.48% in
September). Concentration of vitamin C in July was highest for stevia plants grown
in the spacing of 45x25 cm (144.39 mg-100g! fm.) and in September it was highest
for stevia grown in the spacing of 50x30 cm (134.19 mg-100g! fm.). Total
concentration of phenolic compounds varied significantly depending on the spacing
of stevia plants as well as the time of the analysis. Stevia grown in the spacing of
30x30 cm was characterized with highest concentration of phenolic compounds in
July (202.11 mg-100g' fm.) compared to 176.86-187.61 mg-100g! fm. in the stevia
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grownin the spacingof 45x25 cm and 50x30 cm and it increased to 314.66 mg-100g-
1fm. in September.

Concentration of chlorophyll a+b (Table 6) was similar in all the analysed
samples and it ranged from 1.26 to 1.42 mg-g' f£m. in June and from 1.47 to 1.58
mg-gl fm. in September. Statistical analysis also has not shown significant
differences between concentration of carotenoids in stevia samples: carotenoid
content ranged from 2.68 t02.80 mg-g! fm. in July and it ranged from 2.83 to 3.07
mg-g1fm. in September.

Table 6. Concentration of chlorophylls and carotenoids in the leaves of stevia plants grown
in different spacings

Chlorophyll a+b Total carotenoids
Spacing?
(mg-g-1 fm)
50x30 cm 1.34 £0.11 a 270 £0.31 a
July 4525 cm 142 £0.15 a 2.80 £0.34 a
30x30 cm 1.26 £0.14 a 2.68 +£0.28 a
50630 cm 1.47 £0.16 a 2.83 £0.30 a
September 4525 cm 1.58 £0.12 a 3.07 £035 a
30x30 cm 1.54 £0.21 a 290 £0.26 a

Values are expressed as the mean (n=9) +standard deviation. Mean values with different
letters (a, b, c) within the same column for different time of analysis (July or Se pte mber) are
significantly different (a=0.05) according to Tukey test.

Figure 6 and Figure 7 show results of the principal component analysis (PCA)
of all analysed characteristics of stevia grown in different spacings. Dry mass content
correlated positively with carotenoid content and correlated negatively with vitamin
C content. Height of the plants correlated with number of leaves and these iometric
characteristics correlated positively with concentration of chlorophyll and
carotenoids. Number of shoots correlated concentration of potassium, calcium and
phosphorus. Projection of the PCA results (Figure 7) shows, that in in July, there
weremany similarities between stevia plants grown in thespacing of 50x30 cm and
45x25 cm, but in September, different spacings had greater influence on the
differentation of the characteristics of stevia.

100



Factor 2: 17 86%

Projection of the variables on the factor-plane { 1x 2)

1.0+ Dry mass

[Total phenolic compounds| '
Chlorophyll a+b|*

05
[Mumber of leaves] ™

=
=
T

ol

Factor 2 : 17 86%

"

Lateral width K

05 L ]
T |°
10 N-NO; 1
-1I.ﬂ -ﬁl.5 U.I[] U.IE 1.I[]

Factor 1:67.20%

Figure 6. PCA analysis chart for characteristics of stevia grown in different spacings
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Figure 7. Projection of results of PCA analysis for characteristics of ste via grown in different
spacings
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4. Discussion

Kumar et al. [27] acquired similar results regarding plant height of the stevia
plants in a study, were Stevia rebaudiana seedlings were planted in the spacing of
30x30 cm and 45x30 cm and different spacings used in this study did not have an
effect on the plant height. However, in the study of Kumar et al. [27], stevia plants
grownin the spacing of 30x30 cm had a higher number of shoots than stevia plants
grown in the spacing of 45x30 cm, which is contrary to the results acquired in this
study. Observations conducted by Ramesh et al. [28] showed that with stevia
perennial cultivation, roots of stevia plants increase over 30 cm over each side of the
plant, which would suggest that the spacing should be greater than 30x30 cm.
However, studies by Tan et al. [29], Liu et al. [30] and Kumari et al. [31], in which
the spacing distance was equal to 20 cm have not shown any adverse effects of this
factor. Additionally, from the point of the view of a farmer, yield of the stevia plants
and, especially, stevia leaves is most important and smaller spacing distance has a
positive effect on total yield of plants as well as leaves (mainly due to the greater
number of plants per area), which was also confirmed by various scientists, such as
Tadesse et al. [32], Singh et al. [33] and Taleieet al.[34]. Both during intensive growth
in July and before harvest, in September, the spacing did not have significant effect
on plant height, which was confirmed by earlier studies on stevia by Kumar et al.
[27,35] and on Chelidonium majus L. by Mordalski et al. [36]. Spacing differentiated
thenumber of shoots the plant formed, which becameapparent especially at theend
of the stevia cultivation. However, as mentioned before, a different effect was
observed by Kumar et al. [27].In his study, an increase of shoot number by 20% was
determined in stevia plants grown in the spacing of 30x30 cm. However, in
consecutivestudy by Kumar et al. [37], a greater shoot number was detected in stevia
plants grownin the spacing of 45x45 cm in comparison with stevia plants grownin
the spacing of 30x30 cm, 45x30 cm and 60x45 cm. Previous study about nitrogen
fertilization of stevia plants grown in Poland by Sniegowska et al. [38] have shown,
that stevia plants grown with various nitrogen fertilization (50, 100 or 150kg of N
per hectare, in the form of ammonium nitrate, ammonium sulfate or urea) in the
spacing of 45x20 cm were characterised with theaverage height of 57.86 cm, which
is similar to the height acquired by the plants grown in the spacing of 50x30 cm of
this study. Lateral width of unfertilized stevia plants grown by Sniegowska et al.
[38] wasequal to26.61 cm, whichis similar tothe lateral width of the stevia grown
in the spacing of 30x30 cm and 45x25 cm. Number of shoots of the stevia plants
grown in the spacings of 50x30 cm and 45x25 cm was greater than the average
number of shoots in the study of Sniegowska et al. [38], which was equal to 10.97.
Stevia plants grown in the study about nitrogen fertilization were, however,
characterised with greater average number of leaves on the lowest lateral shoot
(29.21) than stevia grown in different spacings. In the study of Biiytik et al. [39],
stevia plants grown in the spacing of 70x33 cm in Turkey were characterised with
the average height of 68.1 cm, which is significantly greater than the height of the
stevia plants grown in different spacings in Poland. Stevia plants in the study by
Biiyiik et al. [39] werealso characterised withgreater number of shoots, equal t020.4
per plant. Contrary to biometric measurements, different kinds of spacing had
significant influence on the chemical composition of the stevia leaves, which was
done in two periods, in July, during the stevia intensive growth, as well as in
September, prior to harvest. Different authors have not analysed the influence of
plant spacing on concentration of various components in the stevia leaves. In
different plants, such as Sorghum saccharatum (L.) Moench, changes in the spacing of
the plants havenot shown any significant influence on the concentration of various
minerals in the plant tissues [40]. Similar results have been noted for Columbus grass
(Sorghum almum stapf) [41]. However, it seems that plant variety can have a
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tremendous importancein the matter of the concentration of elements and spacing
in the cultivation. For example, as was shown in the study over a broccoli by
Grabowska et al.[42], the phosphorus content was greatest in the plants grown with
the largest spacing, similar to the stevia plants grownin this study.In the study by
Biiyiik [39], stevia plants were characterised with average phosphorus level similar,
albeit slightly smaller (0.27%) to the concentration acquired by stevia plants grown
in thespacing of 50x30 cm. However, total potassium content of the plants analyzed
by Biiyiik [39] was almost two-times lower than the content of potassium in the
stevia plants grown in Poland. However, stevia plants analyzed by Sniegowska et
al. [38] were characterised with similar potassium concentration. However,
phosphorus content of thestevia plants grown by Sniegow ska et al. [38] was similar
tothe concentration of the phosphorus of stevia plants grown in the spacing of 45x25
cm and 30x30 cm, but lower thanin stevia plants grownin the spacing of 50x30 cm.
This might indicate that spacing of the plants could affect total concentration of
phosphorus in stevia plants. Different results can be seen in the concentration of
calcium and magnesium. Average concentration of calcium and magnesium in the
stevia plants grown in the study by Sniegowska et al. [38] were characterised with
concentration of these elements greater by 20-25%. Additionally, plant spacing can
affect the root system of various plants and nitrate capture seems to be affected by
the architecture of roots of the plants, which might explain why stevia plants grown
in the largest spacing (50x30 cm) are characterised with highest nitrate content [43].
The stevia plants grown by Sniegowska et al. [38] in the study about the nitrogen
fertilization were, however, characterised with similar concentration of nitrates as
the plants grown in the spacing of 30x30 cm and lower than plants grown in the
spacing of 50x30 cm. This results can suggest, that it is not exactly direct influence
of the plant spacing, but availability of the nitrogen of the plant, because nitrogen
fertilization was applied per area, not per plant, therefore plants grownin a greater
spacing had greater amount of fertilized soil available for them. Currently, there is
no data regarding influence of plant spacing on the concentration of phenolic
compounds or vitamin C in stevia plants, but some authors performed similar
analysis regarding other plant species. Analysis by Riad et al. [44] over cabbage
(Brassica oleracea L. var.capitata) during which various plantingdensities (4, 6 and 8
plants per square meter) were analysed have not shown any significant difference
in the concentration of phenolic compounds or vitamin C. However, study by
Mujahid & Gupta [45] conducted on the Lactuca sativa have shown, that denser
plantation results in lower concentration of vitamin C and carotenoids. Similar
results could be noted for the concentration of vitamin C in the stevia plants, as, in
September, stevia plants grown in the smallest spacing (30x30 cm) were
characterised with lower concentration of vitamin C than stevia plants grown in the
spacing of 50x30 cm. However, study by Sniegowska et al. [38] over stevia plants
grown with different nitrogen fertilization has shown, that stevia plants were
characterised with concentration of phenolic compounds similar to the
concentration detected in the plants grown in the spacing of 50x30 cm and 45x25 cm.
The stevia plants in the study of Sniegowska et al. [38] werealso characterised with
similar vitamin C content, as the stevia plants grown in the spacing of 50x30 cm.
Concentration of carotenoids and chlorophyll (a+b) was not affected by the
differences in plant spacing, similar as in the cultivation of garlic, described in the
study of Rekowska & Skupien [46]. This data is contrary to the study of Ren et al.
[47] on maize, in which increasing density of plantingincreased concentration of
carotenoids, but had no significant impact on the concentration of chlorophyll at the
time of harvest. Dry mass content of stevia leaves in July was similar, but before
harvest, plants grown in the spacing of 30x30 cm were characterised with dry mass
content. Meta-analysis by Postma et al. [48] over hundreds of plant species has
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shown that it is a typical phenomenon during plant cultivation. All these results
indicate that different spacing of stevia plants can have a significant impact on the
quality of the plant material. It is important, however, tonote that the main goal for
stevia plantation is the greatest yield of stevia leaves of good quality, which was
determined for the spacing of 30x30 cm and 45x25 cm.

5. Conclusions

The study showed that spacing of stevia plants has a significant influence on
yield and chemical composition of stevialeaves. Data gathered in this study shows
that by changing spacing of the stevia plants grown in Poland, final chemical
composition of the plant material, as well as yield might be modified. The greatest
weight of the plant and the greatest weight of the leaves from the plant was noted
for the stevia planted in the spacing of 50x30 cm, but greatest total yield (of plants
and leaves alike) was noted for the stevia plants grown in the spacingof 45x25 and
30x30 cm, which were also characterised with the greatest percentage of the leaves
in the total weight of the plant and yield. In July, no significant differences in the
biometric measurements were determined, irrespectively of the spacing used. In
September, the crucial difference was noted for the stevia plants grownin the 50x30
cm spacing, which were characterised with thelargest width and largest number of
shoots, but differences in the spacing had no effect on the height of the plants or
average amount of leaves on the shoot. Stevia plants grown in the smallest spacing
(30x30 cm) were characterised with greatest concentration of dry mass and phenolic
compounds, but smaller number of plants per unit area resulted in increased content
of various elements and nitrateionsin stevialeaves. However, taking into account
all analysed parameters, spacing of 45x25 cm is recommended due to the high yield
and large percentage of leaves in the yield characterised with good quality.

Author Contributions: Conceptualization, A.B.and]. S, methodology, A.B.and]. S.; software,

].S.; validation, A.B. and J.S.; formal analysis, J. S, mvest1gat10n ].S.; resources, A.B.; data

curation, J.S.; writing —original draft pre paration, J.S.; writing — re view and e diting, A.B. and
].S. ; supervision, A.B.; project administration, A.B..; funding acquisition, A.B. Allauthors have
read and agreed to the published version of the manuscript.

Funding: The article is part of a PhD dissertation titled ‘The effectof selected agronomic
factors on growth, yielding and chemical composition of Stevia rebaudiana Bert.”, pre pared
during DoctoralStudies atthe Wroctaw University of Environmentaland Life Sciences. The
APC is financed by Wroctaw University of Environmental and Life Sciences.

Data Availability Statement: Data are available from authors on a reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Kulczynski B.; Gramza- Michatowska A.; Cztapka-Matyasik M. Dietary characteristics of Stevia- current state of
knowledge. Bromat. Chem. Toksykol., 2015, 47 (1), 11-18.

2. BugajB.;Leszczyrniska T., Pysz M., Kope¢A., PacholarzJ., Pysz- Izdebska K. Profile and pro-health properties of
Stevia rebaudiana Bertoni. Zywn. Nauka. Technol. Jakosé. 2013, 3 (88):27-38.

3.  Bastaki S. Pharmacotherapy of nonnutritive sweeteners in diabetes mellitus. Int. J. Diabetes & Metab., 2015,
23(1), 11-22. https://doi.org/10.1159/000497734

4. Sharangi A.B.;BhutiaP. H. Stevia: Medicinal Miracles and therapeutic magic. Int. J. Crop Sci. Technol. 2016, 2(2),
45-59.

5. Ferreira E. B.; Neves F. D. A. R.; da Costa M. A. D.; do Prado W. A,; Ferri L. D. A. F., Bazotte R. B. Comparative
effects of Stevia rebaudiana leaves and stevioside on glycaemia and hepatic gluconeogenesis. Planta med.,
2006, 72(08), 691-696. https://doi.org/10.1055/s-2006-931586

6. AswarU.;GogawaleV.;MiniyarP.; Patil Y. Beneficialeffects of Stevioside on AGEs, blood glucose, lipid profile

and renal status in streptozotocin-induced diabetic rats. J. Appl. Biomed., 2019, 17(3).
https://doi.org/10.32725/jab.2019.013

104



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31

32.

33.

34.

35.

36.

Marcinek K.; Krejpcio Z. Stevia rebaudiana Bertoni: health promoting properties and therapeutic applications. J
Verbrauch Lebensm 2016, 11, 3-8.

Mohd-Radzman N.H.; Ismail W.l.W.; Jaapar S.S.; Adam Z.; Adam A. Stevioside from Stevia rebaudiana Be rtoni
increases insulin sensitivity in 3T3-L1 adipocytes. Evid Based Complement Alternat, 2013, 1-8.
https://doi.org/10.1155/2013/938081

Saravanan R.; Vengatash babu K.; Ramachandran V. Effect of Rebaudioside A, a diterpenoid on glucose
homeostasis in STZ-induced diabetic rats. J. Physiol. Biochem., 2012, 68, 421-431.
https://doi.org/10.1007/s13105-012-0156-0

Khatun M. C. S.; Muhit M. A.; Hossain M. J.; Al-Mansur M. A.; Rahman S. A. Isolation of phytochemical
constituents from Stevia rebaudiana (Bert.) and evaluation of their anticancer, antimicrobial and antioxidant
properties  via in vitro and in silico approaches. Heliyon, 2021, 7(12).
https://doi.org/10.1016/].heliyon.2021.e08475

Atas M.; Eruygur N.; Ucar E.; Ozyigit Y.; Turgut K. The Effects of different nitrogen doses on antioxidant and
antimicrobial activity of Stevia (Stevia rebaudiana Bert.). CellMol Biol 2018, 64(2), 39-45.
https://doi.org/10.14715/cmb/2018.64.2.8

Vishvakarma, P.; Mandal, S.; Pandey, J.; Bhatt, A. K.; Banerjee, V. B.; & Gupta, J. K. An Analysis Of The Most
RecentTrends InFlavoringHerbal MedidnesInToday's Market. J. Pharm, Negat. Results, 2022, 9189-9198.
Williamson, E.M.; Liu, X.; 1zzo, A.A. Trends in use, pharmacology, and clinical applications of e merging herbal
nutraceuticals. Br. J. Pharmacol. 2020, 177, 1227-1240.

Jadhav, C.A.; Vikhe, D.N.; Jadhav, R.S. Global and domestic market of herbal medicines: A review. Res. J. Sci.
Tech. 2020, 12,327-330.

Samuel, P.; Ayoob, K.T.; Magnuson, B.A.; Wolwer-Rieck, U.; Jeppesen, P.B.; Rogers, P.J.; Rowland, | .; Mathews,
R. Stevia Leaf to Stevia Sweetener: Exploring Its Science, Benefits, and Future Potential. J. Nutr. 2018, 148,
11865-1205S.

Enthoven, L.; Vanden Broeck, G. Local food systems: Reviewing two decades of research. Agric. Syst. 2021, 193,
103226.

Li,M,; Jia, N.; Lenzen, M.; Malik, A.; Wei, L.; Jin, Y.; Raubenheimer, D. Globalfood -miles account for nearly 20%
of total food-systems emissions. Nat. Food 2022, 3, 445-453.

Peake, A.S.; Bell, K.L.; Fischer, R.A.; Gardner, M.; Das, B.T.; Poole, N.; Mumford, M. Cultivarx management
interaction to reduce lodgingand improve grainyield of irrigated spring wheat: Optimising plant growth
regulatoruse, N application timing, row spacing and sowing date. Front. Plant Sci. 2020, 11, 401.

Haegele, J.W.; Becker, R.J.; Henninger, A.S.; Below, F.E. Row arrangement, phosphorus fertility, and hybrid
contributions to managing increased plant density of maize. Agron. J. 2014, 106, 1838-1846.

Craine, J.M.; Dybzinski, R. Mechanisms of plant competition for nutrients, water and light. Funct. Ecol. 2013, 27,
833-840.

PN-90/A-75101/03:1990 Determination of dry matter content

PN-90/A-75101/11 Determination of vitamin Ccontent

Ruminska A.; Suchorska K.; Weglarz Z. Medicinaland s pecial plants. SGGW-AR, 1990, Warszawa.
PN-90/A-75101/07:1990 Determination of sugar content

SlinghartK.; Singleton V. L. Total phenol analysis: automation and comparison with manual method. Am. J. Enal.
Vitic. 1977, 28: 49-55. https://doi.org/10.5344/ajev.1977.28.1.49

Nowosielski 0. Methods for determining fertilizer re quirements. PWRIL, Warszawa. 1974, 1-91.
KumarR.;SoodS.;SharmaS.; KasanaR.C.; Pathania V.L.; Singh B.; Singh R.D. Effect of plant sparingand organic
mulch ongrowth, yield and quality of natural sweetener plant Steviaand soilfertilityin western Himalayas. Int.
J. Plant Prod., 2014a, 8 (3),311-334.

Ramesh K.; Singh V.; Megeji N.W. Cultivation of Stevia [Stevia rebaudiana (Bert.) Bertoni]: a comprehensive
review.Adv Agron 2006, 89: 137-177. https://doi.org/10.1016/50065-2113(05)89003-0

Tan S. L.; Muhammad Ghawas M.; Mohamad Najib M. Y.; Zawayi M. Preliminary evaluation and selection of
stevia under Malaysian conditions. J Trop Agric. Food Sci., 2008, 36(2), 000-000.

Liu X.; Ren G.;Shi Y. The effect of organic manure and chemical fertilizer on growth and development of Stevia
rebaudiana Bertoni. Energy Procedia, 2011, 5, 1200-1204. https://doi.org/10.1016/j.egypro.2011.03.210
Kumari S.; Ghosh G.; Meshram M. R. TSS, yield and energetics of stevia as influenced by nitrogen lewels and
spacing under eastern UP conditions. Agric. Sci. Dig. 2021, 41(2), 319-323. https://doi.org/10.18805/ag.D-5199
Tadesse N.; Gebere A.; Lulie B.; Hordofa M. Influence of plant population density on growth andyield of Stevia
( Stevia rebaudiana Bertoni L.) at Wondo Genet South Ethiopia. Acad. Res. J. Agri. Sci. Res., 2016, 4(6): 321-329.
https://doi.org/10.14662/ARJASR2016.038

Singh B.; SinghJ.; Kaur A. Agro-production, processingand utilization of Stevia rebaudiana as natural sweetener.
J Agric Eng Food Technol. 2014, 1(1), 28-31.

Taleie N.; Hamidoghli Y.; Rabiei B.; Hamidoghli S. Effects of plant density and transplanting date on herbage,
stevioside, phenol and flavonoid yield of Stevia rebaudiana Bertoni. Intl. J. Agra. Crop. Sci., 2012, 4(6), 298-302.
KumarR.;SharmaS.; RameshK.; Ramesh K.; Singh B. Effects of shade regimes and planting geometry on growth,
yieldand quality of the natural sweetener plant Stevia (Stevia rebaudiana Bertoni)in North- westem Himalaya.
Arch. Agron. Soil Sci., 2013, 59 (7), 963-979. https://doi.org/10.1080/03650340.2012.699676

MordalskiR.; Kucharski W.A.; Gryszczynska A.; Buchwald W. Impact of raw sparing on the yield of Chelidonium
majus L. herb and biological value of raw material. Post Fitoter 2014, 3: 150-154.

105



https://doi.org/10.14715/cmb/2018.64.2.8

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

KumarR.;SharmaS.;Sood S. Yield components, lightinterception and marker compound accumulation of Stevia
(Stevia rebaudiana Bertoni) affected by planting material and plant density under western Himalayan
conditions. Arch. Agron. Soil Sci., 2014b, 60 (12),1731-1745. https://doi.org/10.1080/03650340.2014.909029
Sniegowska, J.; Biesiada, A.; Gasinski, A. Influence of the Nitrogen Fertilization on the Yield, Biometric
Characteristics and Chemical Composition of Stevia rebaudiana Bertoni Grown in Poland. Molecules 2024, 29,
1865. https://doi.org/10.3390/molecules29081865

Villalbazo-Garcia, T. D. C.; Hernandez-Zarate, G.; Trejo-Téllez, L. |.; Bello-Bello, J. J. Endomycorrhizal fungi
inoculation improves development of Stevia (Stevia rebaudiana Bertoni) plantlets during ex vitro
acclimatization. Symbiosis, 2023, 90(1), 53-60.

Kruczek A. Chemical composition of sucro- sorghum in dependence of the sowing term, plants density and
distance of rows. Nauka Przyr. Technol., 2014, 8 (3), 1-10.

Olanite J. A.; Anele U. Y.; Arigbede O. M.; Jolaosho A. O.; Onifade O. S. Effect of plant spacing and nitrogen
fertilizerlevelsonthe growth, dry-matteryield and nutritive quality of Columbus grass (Sorghum almum Stapf)
in southwest Nigeria. Grass Forage Sci 2010, 65(4), 369-375. https://doi.org/10.1111/j.1365-2494.2010.00755.x
Grabowska A.; Sekara A.; Kunicki E.; KaliszA. Content of macroelements inindex part of broccoliinrelation to
cultivation metod and sparing. Acta Agroph., 2013, 20 (2), 295-314.

Dunbabin V.; Diggle A.; Rengel, Z. Is there an optimal root architecture for nitrate capture in leaching
environments? Plant, Cell Environ 2003, 26(6), 835-844. https://doi.org/10.1046/j.1365-3040.2003.01015.x
RiadG.;Ghoname A.; AhmedA.; El-Baky M. A.; Hegazi A. Cabbage nutritionalqualityas influenced by planting
densityand nitrogen fertilization. Fruit, Veg. Cereal Sci. Biotech.2009, 3(1), 68-74.

Mujahid A. M.; Gupta A. J. Effect of plant spacing, organic manures and inorganic fertilizers and their
combinations on growth, yield and quality of lettuce (Lactuca sativa). Indian J. Agric. Sci. 2010, 80(2).
Rekowska E.; Skupien K. Estimation of yield and chemical composition of winter garlic grown for bunch -harvest.
J. Cent. Eur. Agric. 2008, 9 (4):711-714

RenB.;Liu W.;ZhangJ.;DongS.; Liu P.;ZhaoB. Effects of plant density on the photosynthetic and chloroplast
characteristic of maize under high-yielding conditions. Sci Nat. 2017, 104, 1-11.
https://doi.org/10.1007/s00114-017-1445-9

Postma J.A,;HechtV.L.; HikosakaK.;Nord E. A.; Pons T. L.; Poorter H. Dividing the pie: A quantitative review
on plant density responses. Plant, Cell Environ 2021, 44(4), 1072-1094. https://doi.org/10.1111/pce.13968

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solkly
those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the
editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods,
instructions or products referred to in the content.

106


https://doi.org/10.1080/03650340.2014.909029

3. “Irrigation practice in the cultivation of Stevia rebaudiana Bert. in cooler climates -

case study in Poland.”

. agronomy

Article

Irrigation practice in the cultivation of Stevia

rebaudiana Bertoni in cooler climates - case study

in Poland

Joanna Sniegowska 12*, Anita Biesiada ! and Alan Gasinski 2

Citation: To be added by editorial
staff during production.

Academic Editor: Firstname

Lastname

Received: date
Revised: date

Accepted: date
Published: date

Copyright: © 2024 by the authors.
Submitted for possible open access
publication under the terms and
conditions of the Creative Commons
Attribution (CC  BY) license
(https://creativecommons.org/license
s/by/4.0/).

I Department of Horticulture, Wroctaw University of Environmental and Life
Sciences;
katedra.ogro dnictwa@upwr.edu.pl

2 Department of Fermentation and Cereals Technology, Wroctaw University of
Environmental and Life S ciences; ktfiz@upwr.edu.pl

* Correspondence:joanna.snie gowska@upwr.edu.pl

Abstract: Stevia rebaudiana Bertoni originated in the South America, but has
gained popularity due to the concentration of sweet steviol glycosides
presentin its leaves. Stevia is also currently grown on other continents in
many countries characterised with warm climate. This research aimed to
determine whether different irrigation practice might have a significant
influence onyield and composition of the leaves of stevia plants grown in
Poland, in cooler climate than native regions for stevia plants. Stevia plants
were grown with four differentirrigations regimes: irrigation twice a week,
irrigation once a week, irrigation only during times of the drought and not
irrigated at all. It was determined that different irrigation re gimes have
substantial effects on the yield, biometric characteristics and chemical
composition of stevia leaves, but neither of the irrigation regimes was
clearly supreme to the others. Yield of stevia plants which were irrigated
once a week or only during the drought times was the highest (2.42-2.58
kg per square meter). Stevia plants, which were not irrigated were
characterised with the lowestheight and lateral width (47.61 and 25.35 cm).
Leaves of un-irrigated stevia contained greatest dry mass content (30.47%)
and highest concentration of phenolic compounds (337.88 mg per 100g of
fresh stevia leaves). Stevia plants which were irrigated once or twice a
week were characterised with lower concentration of chlorophylls or
carotenoids at the time of the harvest (1.20-1.24 and 2.54-2.58 mg per gram
of fresh stevia leaves), but stevia plants which were notirrigated contained
greater amount of chlorophylland carotenoids (1.58 and 3.17 mg per gram
of fresh stevialeaves).

Keywords: water stress, yield, biometric measurements, elements
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1. Introduction

Stevia rebaudiana Bertoni is a herbaceous plant originating from Paraguay,
grown primarily for its high concentration of glycosides, which are up to 300 times
sweeter than most commercially availablesweetener - sugar [1]. Cultivation of this
plant represents an increasing field of interest in agricultural research and
sustainable food production. Remarkable sweetness of stevia is not its only
advantage, as this plant is characterised with low calorie content and its
consumption has a minimal influence on blood glucose levels [2]. Stevia is also a
source of important antioxidants, such as polyphenolic metabolites including,
flavons, flavonols, and chlorogenic acids [3].

Due tothese properties, stevia plant is widely used in the food, pharmaceutical,
and cosmeticindustries [4]. As the consumer preferences arechanging towards low-
calorie options, cultivation of this plant in diverse geographic regions, outside of
South America become more interesting to researchers and farmers [5].
Additionally, growing this plant in the country in which it would be used offers
several advantages over shipping them from distant locations. It can result in
decreased carbon emissions due to reduced transport distance [6]. Locally grown
plants can reduce the costs of the final product due to lower shipping costs.
Additionally, plants grown locally can be sold fresh, without the need of extensive
drying techniques, reducing costs, environmental impact, and increasing quality of
the final product[7].

Cultivation of plants in the country in which they will be consumed or used to
produce various other products supports the local economy and decreases the
reliance on the imported goods. Local production also allows for better traceability
and transparency in the supply chain, which can increase food safety and consumer
trust [7-8]. Furthermore, local cultivation can enable farmers to use cultivation
practices which aretypical for local environmental conditions and to produce plant
material which would be acceptable for consumers from that particular region or
country ([7-9]. However, unfortunately, as stevia originated in South America, its
physiology might not be suitable for cultivationin cooler climates.

Poland is a country with temperate seasonal climate, characterised with
relatively cold winters and rather short summers. The cooler temperatures and
varying precipitation patterns suggest a revaluation of traditional cultivation
practices to optimize Stevia's growth and yield in this region. One of thekey factors
in a successful cultivation of herbaceous plantsisirrigation regime, because various
plants benefit greatly from the proper water management and lack of water during
cultivation of these plants can result in poor yield and unsatisfactory raw material
quality [10-15]. Plants grown with inadequate amount of water are also often
characterised with worse organoleptic properties, such as tasteand aroma, which is
important for potential consumers of these products [11-13]. Water stress during
growth of the plants can also influence concentration of various elements or
bioactive components, such as phenolic acids or vitamins, therefore it is an
important factor in the cultivation of plants, which could potentially be used in the
production of food products[10]. During this study four types of irrigation (or lack
thereof) were investigated in Stevia trebaudiana plants grown in Polish climate:
watering two times a week, watering one time a week, watering only during
drought periods and no watering at all. The goal of this study was to determine,
whether Stevia rebaudiana can be grown in Poland using different irrigation regimes
and assessment of the yield of the stevia plants gathered through the study.
Additionally, biometric characteristics of stevia plants and chemical composition of
the raw material was analysed.
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2. Materials and Methods

2.1. Study site, Experimental Design, and Cultivation Conditions

Field experiments using Stevia rebaudiana plants were conducted in the
Wroclaw University of Environmental and Life Sciences: at the Research and
Didactic Stationin Psary (51°19'055913609418” N, 17°03'36781036313” E; 113 meters
over the sea level). Stevia plants used in the experiment were planted on black
degraded soil characterized with humus content of 1.8% in the years2014,2015, and
2016. Table 1 shows the temperature and amount of rainfall during the time of the
experiment at the stevia plantingarea.

Table 1. Rainfalland te mperature on site of the experiment during the time of the stevia

growth
Month Decade 2014 2015 2016
[°C] [mm] [°C] [mm] [°C] [mm]

1st 11.4 303 13.3 123 15.4 14.0

2nd 122 336 13.0 14.0 15.5 12.0
May 3rd 17.3 428 14.0 05 20.9 0.0

Monthly 13.8 106.7 13.4 26.8 17.3 26.0

average

Ist 184 82 181 11.0 211 9.4

2nd 16.6 0.3 16.4 23.1 185 59.0
June 3rd 15.7 15.4 15.8 32.2 23.8 0.8

Monthly 16.9 23.9 16.8 66.3 21.1 69.2

average

Tst 205 200 205 110 205 395

2nd 225 0.0 203 38.9 20.1 70.5
July 3rd 226 26.1 19.9 33 23.8 245

Monthly 21.9 46.1 20.2 53.2 215 134.5

average

Ist 217 175 272 0.0 204 58

2nd 17.4 13.1 25.2 0.0 19.7 5.0
August 3rd 15.9 35.0 23.1 2.1 213 13.3

Monthl

onenly 18.3 65.6 25.2 2.1 20.5 24.1

average

1st 172 241 171 16.4 212 115
September

2nd 186 216 18.8 0.0 19.3 45.8
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3rd 14.0 14.3 14.1 0.0 15.0 0.0

Monthly
average

16.6 60.0 16.7 16.4 18.5 57.3

The experiment was performed in one-factor randomized block design in
quadruple repetitions, on the plots with the area of 1m? with the total of sixteen
plots. Total area of the experiment (experimental plots and uncultivated areas of the
field used todivide the experimental plots) was equal to 33.25 m?. The variable factor
of the experiment was different type of irrigation practice. Four plots were not
irrigated at all (OW), four plots were irrigated once a week (1W), four plots were
irrigated two times a week (2W) and four plots wereirrigated only during the dry
periods (no rainfall: NR) in the period from three weeks after planting the seedlings
into the soil up to the harvest (phase of the intensive growth of stevia plants).
Amount of water used during each of the watering (for the samples NR, 1W and
2W) was equal to 20mm. The seedlings were obtained from an own heated
greenhouse, where seedlings were grown in the plastic boxes filled with peat
substrate. Seeds of Stevia rebaudiana ‘Sweet Herb’ variety were sown in the first
decade of April. Three weeks after sowing, stevia plants were transferred to 54-cell
plastictrays filled with peat substrate. In second decade of May, plants with at least
three pairs of foliage leaves were planted to the 10 cm pots filled with peat substrate.
Stevia plants were planted during thefirst decade of June intothe plots, which have
been preplant fertilized with ammonium nitrateat 100 kg N-ha-'and mulched black
agrotextile. In the third decade of July, plants were top- dressed fertilized with
ammonium nitrate (50 kg N-ha-!). Concentration of phosphorus in the soil was equal
to 45 mg-dm-3; concentration of potassium in the soil was equal to 310 mg-dm-3;
concentration of calcium was equal to 2800 mg-dm-3; concentration of magnesium
wasequal to 34 mg-dm-3.

2.2. Evaluated VariablesPlants were harvested in the second decade of
September each year, before flowering stage (average of 102 after transplanting to
thefield). After theharvest, plants wereweighed to assess the total yield of the herbs
and leaves (kg'm2) and these data were then used to calculate percentage of leaves
in the yield. After weighing the single plants, leaves and shoots from single plant
were also weighed to determine their percentage in the total yield. Additionally,
once during June and once in September, after the harvest, healthy leaves gathered
from the mid-plant height were used for chemical analyses. Amount of
measurements per year was three in July and in September. Biometric
measurements such as plant height (cm), lateral width (cm), number of shoots (of
the first order), total number of leaves on the lowest lateral shoot were taken just
before the harvestin September. Biometric measurements were performed for three
plants from each field, toa total of twelve plants for oneirrigation method. In leaves,
dry mass content was measured by the gravimetricmethod (PN-90/A-75101/03) [16].
Subsequently, concentration of ascorbic acid (vitamin C) was measured using
Tillman’s method (PN-90/A-75101/11)[17]. Content of chlorophylla, chlorophyllb,
and carotenoids was measured spectrophotometrically in the fresh plant material
using method by Bieniek (2012), while total concentration of reducing sugars was
measured using method described previously by Godlewska et al., (2021) (PN-90/A-
75101/07) [18-20]. Concentration of phenolic compounds in the stevia leaves was
measured using Folin-Ciocalteu method modified by Godlewska et al. (2021) and
content of nitrated, phosphorus, potassium, magnesium, and calcium was measured
using universal method by Nowosielski (1971) [20-21].
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2.3. Statistical Analysis

Results were subjected to statistical analysisin the Statistica program, using
one-way ANOVA utilizing the Duncan’s test at confidence level a = 0.05 to
determine homogenous groups.

3.Results and discussion

3.1. Yield of stevia

Table 2 presents yield of Stevia rebaudiana grown in Poland, while using
different irrigation practice throughout the growth period.

Table 2. Influence of irrigation on the yield of ste via plants

Stevia plant! Stevia leaves Stevia shoots Stevia plant waste

Treatment Year
[kg:m?]
2014 1.2140.15 0.83+0.06 e 0.33+0.04 f 0.06£0.01 e
ow 2015 2.56+0.22 ab 1.64+0.09 ab 0.78+0.07 d 0.15+0.04 ¢
2016 2.46+0.23 ab 1.50£0.08 ab 0.87+0.06 cd 0.09+0.03 cde
A"‘;Z"agr‘: ;‘(’)‘;2}"2’0': Gthe 2.08 1.32 0.66 0.10
2014 2.08+0.18 C 1.14%0.03 0.79£0.06 d 0.12£0.03 cde
NR 2015 2.82+0.27 a 1.5740.10 ab 1.0240.05 bc 0.23+0.06 b
2016 2.83+0.28 a 1.63£0.18 ab 1.10£0.05 ab 0.10£0.02 cde
Average for NRin the 2.58 1.45 0.97 0.15
years 2014-2016
2014 1.89+0.18 d 1.04+0.05 d 0.7540.05 d 0.100.02 cde
1w 2015 2.33+0.21 be 1.1540.04 d 0.76£0.04 d 0.42+0.07 a
2016 3.05+0.19 a 1.7540.15 a 1.2140.09 a 0.09+0.02 cde
Average for 1W in the 2.42 131 0.91 0.20
years 2014-2016
2014 1.7040.16 1.0740.05 d 0.550.06 e 0.080.01 de
2w 2015 2.24+0.20 bc 1.1240.13 0.70+0.03 de 0.42+0.06 a
2016 2.67+0.22ab 1.4240.12 bc 1.1240.08ab 0.140.02 cd
Average for 2W in the 2.20 1.30 0.79 0.21

years 2014-2016

Values are expressed as the mean (n=30) +standard deviation. Mean values with
different letters within the same column are significantly different (a=0.05) according to
Duncan’s test; OW-notirrigated, 1IW-irrigated once a week, 2W - irrigated two times a week,
NR- irrigated only during the dry periods (no rainfall).
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Presented on theFigure 1 are percentages of particular components of stevia (a
leaf, shoots or so-called plant waste, i. e. dried leaves or stems) in the total yield of
stevia grown using different irrigation practice.

oW NR

4.67%

mLeaf = Shoot = Waste mLeaf = Shoot = Waste

1W

9.07%

= Leaf =Shoot =Waste = Leaf = Shoot = Waste

*n=30; OW- notirrigated, 1W- irrigated once a week,2W- irrigated two timesa week, NR-irrigated
onlyduring thedryperiods (norainfall).

Figure 1. Percentage of yields of various components of stevia in the total yield in stevia
cultivated in differentirrigation regimes

Total average yield of stevia plants in the three-year period of the experiment
was in the range of 2.08 kg to 2.58 kg-m-2. Sample OW was characterised with the
lowest total yield, whilethe result of 2.58 kg-m-2 was determined in the sample NR.
Increasing the frequency of the irrigation of stevia plants had no significant impact
on thetotal yield of the acquired biomass. Only OW was characterised with different
yield than other samples. These data suggest that optimisation of the type of
watering of stevia is not as important as just simple use of watering procedures to
avoid drought periods during stevia cultivation. However, all of the analysed
samples were characterised with similar yield of stevia leaves, despite the
differences in the total yield of the whole plants. Average yield of stevia shoots from
the three-year period was greatest in the samples NR and 1W (0.95 and 0.90 kg-m-2)
and smallest in OW (0.66 kg-m-2). Yield of plant waste was similar for all analysed
irrigation regimes and ranged from 0.10 to 0.22 kg-m2.

Percentage of particular components in the total yield of stevia plants shows
lesser homogeneity than yield of various stevia components. Samples 1W and 2W
were characterised with lower percentage of the leaf weight (53.73% and 55.27%,
respectively)in the total yield than sample OW (64.47%). Typically, farmer growing
Stevia rebaudiana plants wants to acquire the large amount of leaves and, with the
similar yield of all the analysed samples, high percentage of the leaves from OW
would mean, thatless total plant material from stevia plants which is not typically
used by industry (such as shoots and dried/damaged leaves) would be acquired.
This result can be either an advantage or a disadvantage: the higher amount of
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redundant biomass could result in the increase of costs of utilisation, but, from the
other hand, redundant biomass could be used for composting, cattle feed or other
practices and prove valuable.

The studies by various other researchers, however, have shown variety of the
influence of stevia wateringon the yield of the plants. In the study of Aladakattiet
al. [22], where stevia plants were grown using different irrigation regime (0.8
IW/CPE - irrigation water per cumulative pan evaporation, 1.0 IW/CPE and 1.2
IW/CPE), stevia plants irrigated more frequently (1.0 and 1.2 IW/CPE) were
characterised with greater total biomass yield than stevia plants irrigated less
frequently, similarly as in the own study performed in Poland. However, difference
in the total biomass yield had also a significant influence on the yield of fresh leaf
yield, contrary totheresults acquired in own study.On the other hand, thestudy by
Lavini et al. [23] about growing stevia plants in Italy with adequate or deficit
irrigation treatment (on thebasis of soil water consumption) have shown, that deficit
irrigation (33 and 66% of soil water consumption)can decrease plant weight by even
20-25%. Study by Lavini et al. [23] has also shown that, similarly to the study
conducted in Poland, stevia plants grown with the lowest amount of water used
were characterised with greatest harvest index (i. e. ratio of leaf weight to plant
weight) [23]. Study about stevia grown in Morocco, conducted by Benhmimou et al.
[24] have shown that stevia plants grown with thehighest irrigation practice (100%
evapotranspiration)yielded far greater amount of biomass than stevia plants grown
with 80% or 50% evapotranspiration, but all the different wateringregimes did not
have an influence on the percentage of stevia leaves in the total plant weight.
Analysisby Parris et al. [25] about steviairrigation on the basis of soil water tension
conducted in Ontario have shown, contrary to results acquired in stevia grown in
Poland, that less frequent irrigation during stevia growth can reduce leaf yield of
steviaby even 25%. Additionally, the different weather conditions in theyears of the
experiment also could have an influence on the stevia yield. However, the
differences of the rainfalllevel in different years of the stevia cultivation duringthe
experiment were effectively eliminated by irrigation of the plants. Therefore, the
most probable weather factor influencing the yield of stevia was the temperature.
Lower stevia yields in 2014 could be caused by lower temperature than was noted
in thefollowing years.On the other hand, the average temperaturein the years 2015
and 2016 was similar, however, in 2015 more of temperature drops and increases
could be noted, which could also negatively theyield of steviain2015.

Results acquired in this study, as well as the results presented by the other
authors suggest, that it is possible that quantity of the rainfall in Poland can be
acceptable for the cultivation of stevia in cooler conditions present in the Polish
region, but the various particular aspects of stevia cultivation (amount of water
available for stevia connected with theamount of sunlight and average temperature)
need to be analysed in the consequent studies.

3.2. Biometric measurements of the stevia plants

Various biometric parameters such as height of the plants, lateral width of the
plant (measured at the 2/3 of the plant height), number of shoots and number of
leaves on thelowest lateral shoot were measured in this study. Theresults are shown
in Table 3 and on Figure 2
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*n=36; OW-notirrigated, 1W- irrigated once aweek,2W-irrigated two times a week, NR- irrigated only
during the dry periods (no rainfall). Different letters (a, b) within one parameter indicate significantly
different values according to Duncan’s test.

Figure 2. Influence of irrigation on biometric characteristics of stevia plants measured in the
years2014-2016

Table 3. Influence of irrigation on biometric characteristics of stevia plants measured in the
years2014-2016

Number of leaves on
Number of shoots of
Treatment . the lowest lateral
the first order

shoot
ow 7.75+5.04a 38.61+12.24a
NR 7.72+4.88a 42.64+14.85a
1w 8.53+5.78a 43.25+12.68a
2W 8.39+4.37a 43.44+13.21a

1V alues are expressed as the mean (n=36) + standard deviation. Mean values with different letters
within the same column are significantly different (ct=0.05) according to Duncan’s test; 0W-notirrigated,
1W-irrigated once a week, 2W- irrigated two times a week, NR- irrigated only during the dry periods
(no rainfall).

Height of the stevia plants ranged from 47.61 to 62.31 cm and was the lowest
for sample OW. Lateral width of the plant was smallest in sample OW (25.35 cm) and
sample 2W (26.68 cm), while in sample 1W it was equal to 29.04 cm and in sample
NR to 33.92 cm. Total number of shoots on one plant was similar in stevia plants
grownin all the wateringregimes and ranged from 7.72 to 8.52. Similarly, different
wateringregimedid not have a significant influence on thenumber of leaves on the
lowest lateral branches, which was in the range of 38.61-43.44. In the study of
Aladakatti et al. [22], where stevia plants were grown using different irrigation
regime stevia plants irrigated more frequently were characterised with greater
height and greater amount of branches per plant than stevia plants irrigated with
the lowest amount of water. However, in the study of Aladakatti [22], differences
between the amounts of stevialeaves were also significant, which is contrary tothe
results of study in Poland. The fact that the study by Aladakatti[22] also consisted
of different plant spacing connected to the different wateringregime could have an
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influence on that fact and these result show, that there is possibility of existence of
various correlating factors between stevia plant spacing, stevia plant irrigation
regime and amount of the leaves which the plant produces. These data canindicate
an interesting research topic to be analysed in the future studies. In another study,
by Lavini et al. [23], stevia plants grown with water deficiency in Italy were
characterised with 5-10 cm lower height than plants grown with adequate water
quantity. Similar results could be noted in the study by Benhmimou et al. [24], in
which stevia plants grown with inadequate amount of water were characterised
with plant height lower by 10-15 cm from the plants grown with the addition of
greater amount of water. Study of Grad et al. [26] have shown, that stevia plants
grown in greenhouse in Egypt which were grown with inadequate irrigation level
(irrigation at 70 and 50% of the field capacity) were characterized with low er number
of branches per plant and plant height lower by 16-20 cm.

3.3. Dry mass content and concentration of reducing sugars, phenolic compounds and
ascotbic acid in stevia leaves

Chemical analyses of the stevia leaves were performed at two different times:
in July and just after the harvest,in September. Results of these analyses areshown
in Table 4.

Table 4. Influence of irrigation on dry mass content and concentration of reducing sugars,
phenolic compounds and ascorbic acid inleaves of stevia measured in the years 2014-2016

) Phenolic L.
Dry mass Reducing sugars Ascorbic acid
compounds
Treatmen
¢ [%] [mg-100g* f.m.]
Septemb
July! September  July September July July September
er
oW 23.14 + 3047 + 0.76 + 174 + 27026+ 33788+ 13999 + 14330+
2.59a 2.99a 0.62a 0.60a 15.83a 31.88a 7.79a 7.21a
NR 2475+ 27.87 + 0.77 + 1.99 + 229.73+ 241.03+ 13314+  124.66+
2.28a 0.99bc 0.46a 0.80a 33.0lab  21.29b 24.24b 14.27¢
W 2413 + 28.82 + 0.82 + 227 + 185.62+ 26057+ 121.02+  132.38=
2.51a 1.99ab 0.48a 0.25a 15.35b 24.18b 5.12b 10.07bc
oW 2373 + 26.52 + 0.93 + 195+ 21680+ 24646+ 128.62+ 13542+

2.54a 0.96¢ 0.71a 0.23a 21.94b 19.90b 7.22ab 6.15ab

Values are expressed as the mean (n=9) +standard deviation. Mean values with
different letters within the same column are significantly different (a=0.05) according to
Duncan’s test; OW-notirrigated, 1W - irrigated once a week, 2W - irrigated two times a week
NR- irrigated only during the dry periods (no rainfall)

Concentration of dry mass in thestevialeaves ranged from 23.14 (0W) to 24.75%
(NR) in July and from 26.52 to 30.47%. Differences in the dry mass content in July
were not significant, while at the same time, statistical analysis revealed 3
homogenous groups in the average dry mass content in stevialeaves in September.
Sample OW and 1W were characterised with highest concentration of dry mass in
September and sample 2W was characterised with the lowest, so it is not easy to
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determine, whether greater addition of water can always reduce dry mass content
in the stevialeaves. Study of Badran et al. (2015) about drought stress on the Stevia
rebaudiana properties have shown different results: stevia plants grown in worse
drought conditions were characterised with lower dry weight content [27].In the
study by Aladakattiet al. [22] impact of different irrigation methods was more clear-
cut. Stevia plants, which were irrigated more often were characterised with lower
dry mass content in contrast to stevia plants which were irrigated less often.
However, in the study of Benhmimou et al. [24] in which stevia plants were grown
under water stress, leaves of plants which received smaller quantity of water were
characterised with lower dry mass content than leaves of the stevia plants which
acquired greater amount of water.

Different irrigation practice did not have influence on the concentration of
reducing sugars in stevialeaves, which were, in July, in the range from 0.76 for OW
t0 0.93% for 2W and, in September, in the range from 1.74 for OW to 2.27% for 1W.
In the study of Karimi et al. [28], stevia plants grown with inadequate water level
(water deficiency) were characterised with higher concentration of glucose and
saccharose in stevia leaves. Studies conducted in Iran showed, that irrigation of
stevia cultivated in the fields as well as in the green houses can result in almost 20%
increased concentration of sugars in the stevia plants [29]. These results suggest, that
it is possible, that irrigation has more substantial role in the formation of sugars in
steviain the warmer climates.

Irrigation of stevia decreased concentration of phenolic compounds in stevia
leaves. In July, thelowest concentration of phenolic compounds was detected in the
sample1W (185.62 mg-100g1) and greatest in the sample 0OW (270 mg-100g-1). Similar
tendencies werenoted in the samples gathered in September, but total concentration
of phenolic compounds in all the samples was greater at that time. In September,
sample OW was characterised with highest concentration of phenolic compounds
(337.88 mg-100g1), while samples NR, 2W and 1W were characterised with lower,
similar content of phenolic compounds in the range from 241.03 (for NR) to 260.57
mg-100g1 (for TW). In the study by Mahajan et al. [30], stevia plants grown with
deficit of water were also characterised with higher total concentration of phenolic
compounds, which could possibly result in greater health benefits due to the
consumption of these plants or products from these plants. The major phenolic
compounds found in the stevia leaves are hydroxycinnamic acid and quinic acid,
characterised with valuable therapeutic properties [31]. General studies about
variety of different plants, mostly from Asteraceae family, haveshown, thatincreases
production of various phenolic compounds is a typical response of many of the plant
species to the drought stress, thereforeit is not surprisingto see these resultsin the
study about Stevia rebaudiana plants [32-34].

In July and September the highest concentration of ascorbic acid was
determined in OW, while lower content of was detected in 1W and NR.
Concentration of ascorbicacid had not changed from July to September as much as
content of phenolic compounds, but small changes in the range up to 5-6% could be
noted. In July, highest concentration of ascorbicacid was determined in sample 0OW
(139.99 mg-100g1) and lowest was detected in sample 1W (121.02 mg-100g). In
September, sample OW was still characterised with the greatest concentration of
ascorbic acid (143.30 mg-100g!) and NR had the lowest content of ascorbic acid
(124.66 mg-100g1t). It is also important to note, that only in the sample NR
concentration of ascorbicacid decreased from July to September. On the other hand
study by Hajihashemi, & Sofo [35] has that drought stress can decrease total
concentration ofascorbicacid in stevia leaves over two-fold, which is contrary to the
results acquired in own study in Poland. These results might indicate that possibly
stevia grown in Poland, even without additional irrigation, is not under sufficient
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drought conditions which can induce loss of the ascorbic acid in the stevia leaves.
High concentration of vitamin C in stevia could possibly show viability of utilising
these plants as an animal fodder, which was proven by Xiong et al. [36] and Atteh
and al. [37], who have shown, that stevia and production waste of stevia products
can be consumed by pigs and poultry.

3.4. Concentration of chlorophyll A, chlorophyll B, chlorophyll A+B and carotenoids in
stevia leaves.

Concentration of various pigments (chlorophyll A, chlorophyll B, chlorophyll
A+B and carotenoids)in stevia leaves varied significantly between different types of
irrigation as well as the time of the stevia leaf harvest (July and September) (Figure
3).

*n=9; 0W- notirrigated, 1W-irrigated once a week, 2W- irrigated two timesa week, NR- irrigated
onlyduring the dryperiods (norainfall). Different letters (a, b) within one parameter (concentration

of chlorophyll Ain July, concentration of chlorophyll Ain September, ...) indicate significantly
differentvaluesaccording to Duncan’s test.
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Figure 3. Influence of irrigation on concentration of chlorophyll A, chlorophyll B, chlorophyll
A+B and carotenoids inleaves of stevia measured in the years 2014-2016

In July, all the analysed samples were characterised with similar concentration
of chlorophyll Ain therange of 0.86-0.97 mg-g1.In September, however, sample NR
was characterised with the greater concentration of chlorophyll A (1.06 mg-g1),
similar to the content in sample OW (0.97 mg-g?). Total concentration of this
component has not increased in the samples 1W and 2W, in which it was even lower
than in July, equal to 0.81 and 0.84 mg-g?! consecutively. Concentration of
chlorophyll B varied in the analysed samples in July and September. The highest
concentration of chlorophyll Bin July was determined for thesampleNR (0.48 mg-g-
1), whilethe lowest was detected in sample 2W (0.36 mg-g!). In September, sample
NR and OW werecharacterised withhigher concentration of chlorophyll B (0.52 and
0.51 mg-g!consecutively)than samples 1W and 2W (0.39 and 0.40 mg-g-). The study
of Mahajan et al. [30] haveshown that crucial factorinfluencing the concentration of
chlorophyll (chlorophyll A, chlorophyll B, as well as chlorophyll A+B) was year of
the stevia plantation and amount of water used to irrigatestevia plants did not have
significant effect on its concentration. However, drought induced by the
polyethylene glycol in the cultivation of stevia in the study by Hajhishemi & Sofo
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[35] has reduced total chlorophyll content in stevia plants almost two-fold. Study by
Vasilakoglou et al. [38] on the other hand has shown, that chlorophyll content was
almost at the same level in the stevia plants grown with adequate or deficit
irrigation.

Concentration of carotenoids increased from July to September only for two of
the analysed samples. In July, sample NR was characterised with the greatest
concentration of carotenoids equal to 2.77 mg-g-1, while the lowest was determined
insample2W (2.43 mg-g1). In September, sample2W was characterised with similar,
lowest, concentration of carotenoids (2.58 mg-g-1), while content of carotenoids in the
NR increased to 3.17 mg-g1. In the before-mentioned study of Hajihishemi & Sofo
[35], a different result was detected, because leaves of the drought-induced stevia
plants were characterised with lower carotenoid content than leaves of stevia which
acquired adequate amount of water [35].Similarly,in the study of Muhealdin et al.
[39],inleaves of stevia plantsirrigated with lower amount of water smaller quantity
of carotenoids were found than in the control sample. However, it is important to
note, that these twostudies were analysingstevia plants grown in warmer climate,
therefore the results might not be easily transferred to the characteristics of stevia
plants grownin cooler climatein Poland.

3.5. Concentration of various elements (calcium, magnesium, phosphorus and potassium)
and nitrate ions in stevia leaves

Different irrigation practice had not have as significant influence on the
concentration of calcium, magnesium, phosphorus and potassium (Table 5) as they
had on the concentration of previously discussed compounds in thesection 3.3. and
34.

Table 5. Influence of irrigation on the concentration of various elements and nitrates in leaves
of stevia measured in the years 2014-2016

Treatment Calcium Potassium Magnesium Phosphorus Nitrates (NO3’)
[mg-100g *of d.m.] [mgkg? of d.m.]
July September July September July September July September July September
ow 900.00 = 769.17 = 3316.67 2584.72 163.33 13333 % 128.72 143.78 £ 274293 £ 1662.17
180.28a 207.22a + 358.70a + 29.79b 14.09a 53.08a 906.75a 553.03a
549.15a 50.31a
NR 886.11 805.56 = 2813.89 2519.44 £ 167.22 157.78 + 13530+ 116.54 1496.34 + 977.44 +
138.13a 199.42a + 163.35a + 37.84ab 38.06a 29.30a 612.32a 387.74ab
463.19a 42.51a
1w 897.22 = 825.00 = 2926.39 2700.00 £ 159.44 150.56 147.39 127.66 1548.66 + 922.94 +
205.56a 203.49a + 241.17a +39.64 36.52ab 32.13a 35.02a 706.41a 238.69ab
475.91a a
2w 936.11 894.44 + 2945.83 2737.50 + 173.33 170.00 + 130.03 + 129.19 1753.97 £ 829.46 +
162.07a 173.56a + 309.55a + 35.44a 15.63a 30.54a 565.51a 285.17b
516.65a 66.47a

Values are expressed as the mean (n=9) *standard deviation. Mean values with
different letters within the same column are significantly different (a=0.05) according to
Duncan’s test; 0OW-notirrigated, IW-irrigated once a week, 2W - irrigated two times a week
NR- irrigated only during the dry periods (no rainfall).

Concentration of calcium in all the analysed samples was similar and it ranged
from 886.11 t0936.11 mg-100g! in July and decreased to 769.17-894.44 mg-100g" in
September. The concentration of calcium in theleaves of stevia grown in Poland was
lower than total content of calcium in theleaves of stevia grown in warmer climates,
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in which it could range up to 1500 mg-100g [40-41]. Magnesium content ranged
from 159.44t0173.33 mg-100g1in July and in September it was thelowest in sample
0W (133.33mg-100g!) and the greatest in sample2W (170 mg-100g!).In the study of
Khiraoui et al. [42], stevia plants grown in selected, more humid regions of Morocco
were characterised with greater concentration of magnesium than stevia plants
grown in arid conditions. Concentration of phosphorus in samples NR and 1W
decreased from July to September, increased in the sample OW from July to the
September and remained at almost the same level in the sample 2W. Total
concentration of the phosphorusin all the samples gathered in July was statistically
homogenous and it ranged from 128.72 (OW) to 147.39 mg-100g! (1W). Similarly,
concentration of phosphorus was homogenous in all the samples from September
and the results ranged from 116.54 (NR) to 143.78 mg-100g-! (OW). In the study of
Ucar et al. [40], similar concentration of phosphorus was determined in the stevia
samples, albeit a significant increase of phosphorus content was noted between July
and September. Potassium content decreased in all the samples from July to
September by 10-30%, however, in each of the time periods during which the stevia
leaves were analysed, potassium content remained on the similar level despite
differences in the irrigation practice. Potassium content ranged from 2813.89 in NR
to 3316.67 mg-100g! in OW in July, while it was in the range of 2519.44-273750
mg-100g1in September. Greatest loss of potassiumin the time period between two
of the analyses was determined for thesample OW. However, in comparison, stevia
plants grownin various parts of Morocco with different annual rainfalllevels have
shown differences in the potassium content [42]. Stevia plants grown in the semi-
arid regions were characterised with greatest concentration of potassium, while
stevia plants grown in semi-humid conditions were characterised with lower
content of this element. However, the stevia plants grown in arid conditions
acquired lowest concentration of potassium, therefore it is difficult to determine,
whether different water levels in the stevia cultivation plays a significant rolein the
potassium content in the stevia leaves [42]. Concentration of nitrates also changed
between July and September, but differences between applications of different
watering regime could be detected only in September. In July, concentration of
nitrates was in the range of 1496.34-2742.93 mg-100g!, while in September highest
concentration of these ions was determined in sample OW (1662.17 mg-100g!) and
the lowest in sample 2W (829.46 mg-100g!). Similar results were acquired in the
study by Mahajan & Pal [43], in which stevia plants grown in the soil with lower
moisture content were characterised, at harvest, with lowest uptake of nitrogen and
nitrates. Similar level of nitrates as detected in the samples NR, 1W and 2W could
be noted in stevia leaves grown using different nitrogen fertilization treatment,
using three different nitrogen fertilizers (urea, ammonium nitrate and ammonium
sulphate) and three different doses (50 kg, 100 kg and 150kg per ha). These results
suggest that lack of irrigation can disturb the nitrate utilisation in the stevia plants
[44].

4. Conclusions

Different irrigation regimes turned out to have a significant impact on the
characteristics of stevia grown in Poland, which is cooler than the region where
stevia originally comes from. These results have shown that different irrigation
practicecan be used in order tochange selected properties of the stevia plants. Yield
of stevia plants which wereirrigated once a week or only during the drought times
was thehighest. Stevia plants, which werenot irrigated were characterised with the
lowest height and lateral width. Leaves of un-irrigated stevia contained greatest dry
mass content and highest concentration of phenolic compounds. Stevia plants which
were irrigated once or twicea week werecharacterised with lower concentration of
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chlorophylls or carotenoids at the time of the harvest,but stevia plants which were
notirrigated contained greater amount of carotenoids and chlorophyll. However, as
no irrigation regime improves all of analysed the parameters, which could be of
interest tothe potential Stevia rebaudiana farmers, it is impossible toselect one of the
analysed irrigation regimes and determine is as the most optimal regime for the
stevia cultivation.
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