Acta Sci. Pol., Hortorum Cultus 11(1) 2012, 171-182

THE EFFECT OF SELECTED CULTIVATION
METHODS ON YIELD AND QUALITY OF ARTICHOKE
(Cynara scolymus L.) RAW MATERIAL

Barbara Kotodziej, Sylwia Winiarska

University of Life Sciences in Lublin

Abstract. Artichoke is known as a valuable vegetable (for its eaten buds), popular in the
countries bordering the Mediterranean Sea, in the USA and South America, or medicine
with documented hepatoprotective, choleretic, antioxidative, anticancerogenic, choles-
terol-reducing and diuretic action. When it is cultivated for pharmaceutical purposes arti-
choke should be obtained from one-year-old plantations, characterized by high amount of
active substances (CQA and flavonoids). The objective of three year field study was to
evaluate the effects of different methods of plantation establishment: direct seed sowing,
seedlings produced in multicells transplanting, seedlings with ‘bare roots’ from nursery
beds transplanting as well as plant densities: 3.3 and 4.2 units'm™ in artichoke (Cynara
scolymus L.) cv. Green Globe culture. Additionally, quality of raw material obtained in
two following cuts (performed in August and October) was estimated. Generally, tradi-
tional method of plantation establishment by direct seed sowing results in lower yields of
worse quality of artichoke raw material (characterized by significantly lower active sub-
stances content), while, seedlings produced previously in multicell trays in plastic tunnel
transplantation could be indicated as better method of artichoke plantation establishment
for pharmaceutical purposes. A decrease of artichoke yields and dimensions but at the
same time tendency to significant improve its quality (on an average two times higher
content of flavonoids and CQA in comparison to direct seed sowing) was noted when
seedlings transplantation from plastic tunnel (with ‘bare roots’) was used as method of
plantation establishment. Increasing plant density of 3.3 to 4.2 units'm™ caused a decrease
of size and weight (by 13,4%) of individual plant leaves, and at the same time an increase
of their numbers, and total yields harvested from the unit area (by 0.2 t-ha'l). Moreover,
during the second cut significantly higher (by 27%) yields of better quality artichoke
leaves (characterized by higher flawonoid and caffeoylquinic acids content) were ob-
tained.
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INTRODUCTION

Artichoke (Cynara cardunculus L. subsp. cardunculus Wikl. = Cynara scolymus L.)
from Asteraceae family and has been known since the 4™ century as a vegetable or rem-
edy. Nowadays, it is popular especially in Mediterranean Sea region (Italy and Spain
being the world’s leading producers) as well as North and South America and it plays
an important role in human nutrition [Ryder et al. 1983, Wang et al. 2003, Schiitz et al.
2004, Satata 2010].

Various studies have shown the health-promoting potential of artichoke. It was
proven that extracts based on artichoke leaves have hepatoprotective, choleretic, hypo-
cholesterolemic, antioxidative, anticancerogenic and diuretic action [Ryder et al. 1983,
Brandt 1997, Wang et al. 2003, Eich et al. 2005, EMA 2011, Pandino et al. 2011]. The
mechanisms of the raw material action and its active substances are not fully known,
caffeoylquinic acids and flavonoids seem to play an important role in its pharmacologi-
cal properties [Brandt 1997, Hausler et al. 2002, Wagenbreth and Eich 2005, Wittemer
et al. 2005]. As Pandino et al. [2011] proved, leaf and inflorescence shoots of artichoke
(usually treated as a waste material in vegetable production) possessed antioxidant
properties due to phenolic compounds content. Artichoke leaves contained 1-6% mono-
and dicaffeoylquinic acids, 0.1-1.2% flavonoid; 0.4% bitter sesquiterpene lactones as
well as phytosterols, carbohydrates and volatile oil [Wagenbreth et al. 1996, Brandt
1997, Honermeier et al. 2001, Wang et al. 2003, Wagenbreth and Eich 2005, EMA
2011]. Studies conducted so far indicate that artichoke by-products could be used as an
animal feedstuff, for fiber or functional food production. However, if artichoke raw
material for pharmaceutical production comes from vegetable crops (being an additional
source of income for the producer), a drug characterized by low quality is obtained
[Wagenbreth et al.1996, Brandt 1997, Hanning and Eich 2001, Wang et al. 2003, Mat-
thes and Honermeier 2003b, 2004]. Therefore, for pharmaceutical purposes artichoke
should be characterized by high content of active substances (CQA, flavonoids), fast
vegetative growth in the first year of cultivation and raw material homogeneity
[Wagenbreth et al. 1996]. Nowadays, drugs available on the market comes mainly from
one-year-old Cynara scolymus plantations (mainly in Germany and Poland) [Wagen-
breth et al. 1996, Hanning and Eich 2001, Wagenbreth and Eich 2005].

It is very important to determine optimal agricultural conditions (method of planta-
tion establishment, plant density or harvest date) for artichoke. In the case of vegetable
artichoke production (in a Mediterranean climate) plantation is always established vege-
tatively (by stumps, offshoots or ovoli), rarely in vitro or seed-propagated cultivars are
available [Ryder et al. 1983, Baier et al. 1997]. The use of seeds to propagate artichoke
allows for regular crop rotation and decrease of transplanting costs due to mechanized
sowing. On the other side, seedlings produced prior in nurseries transplanting could
ensure seeds saving, vegetation period extending and as a result better plant develop-
ment [Kolodziej and Winiarska 2010, Satata 2010]. Another important problem in arti-
choke culture is its reaction for different plants density. Usually along with increased
plant density yield increase was noted (on vegetable plantation with number of heads
per plant decreases, without any noticeable effect on head size) — [Elia et al. 1991]. In
the case of artichoke for immature inflorescences production, more than 2.5 plants-m™
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reduced the number of productive plants, indicating that 2.5 plants'm™ appeared to be
the upper limit [Ryder et al. 1983, Elia et al. 1991]. While on one year artichoke planta-
tion for pharmaceutical purposes there was noted an increment of leaf yield along with
increased plant density on plots [Honermeier et al. 2001, Gétman and Honermeier 2003,
Matthes and Honermeier 2003b].

The objective of this paper was to evaluate the effects of different plantation estab-
lishment method, planting density as well as the date of leaf harvesting on Cynarae
folium yield and active substances content.

MATERIALS AND METHODS

The experiment was conducted in the years 2004—2006 on experimental field of the
University of Life Sciences in Lublin in Chmielnik Kolonia (51°11°52”N, 22°12°32”E).
The experiment was established in a randomized complete block design with four repli-
cations (plots of 12 m?), located on silt-loam with pH 7.7 and moderate content of
macronutrients (11.1 mg P-kg” of soil, 18.2 mg K-kg" of soil and 7.2 mg Mgkg"
of soil). Prior to plantation establishment, plots were fertilized with 17.6 kg P-ha’,
124.5 kg K-ha™' and 100 kg N-ha™' (divided in two parts: before and during the vegeta-
tion season).

In the experiment there were compared also different methods of plantation estab-
lishment: 1) direct seed sowing, seedlings produced: 2) in multicell trays, 3) in a nursery
bed (with so called ‘bare roots’) transplantation. Every year, seeds of ‘Green Globe’
variety were sown in a heated plastic tunnel (in rows 15 cm in the case of 3 method or
one seed was placed in multicells Teku Miniflor JP 3040/80 model with 26 ml volume
of each cell filled with peat moss substrate in the middle of March), and seedlings
(10 cm high with 3—4 true leaves) were transplanted into the field at the beginning of
May, the same time when direct sowing (on 1-1.5 cm depth) took place. Both, seeds
and transplants were set at two distances: 60 x 40 cm (respectively 41.6 thousand
plantstha™) and 60 x 50 cm (corresponding 33.3 thousand plants-ha™). During vegeta-
tion, mechanical loosening of inter rows as well as hand-weeding and irrigation system
maintain were ensured.

Artichoke raw material was harvested two times per year (first — in the second dec-
ade of August, second — in the second decade of October). Before harvesting, the meas-
urements of number, width and length of all leaves per plant as well as fresh and air dry
matter (dried at 40°C in a drying chamber) of 10 plants randomly chosen from plots (the
same plants in the first and second cut) were performed. When artichoke plants formed
inflorescences, they were separated from leaves just to share of inflorescences obtain,
but further laboratory analyses were performed only on a leafy material.

HPLC analyses. Chemical analyses (by HPLC modified method of Krawczyk
[2001] and Schiitz et al. [2004], described below) on sum of polyphenolic compounds
expressed as caffeoylquinic acids (CQA) and flavonoids (every year obtained as a mean
of the four replicates) were performed in PhytoLab Klgka (MB-Holding GmbH and Co.
KG). Powdered leaf material (0.1 g) was extracted with 10 ml methanol 80% (v/v) by
ultrasonic treatment for 60 min. All solutions were filtered through 0.45 um cellulose
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acetate membrane filters (Sartorius, Gottingen, Germany) into HPLC vials before injec-
tion. Analysis was performed with a Merck-Hitachi D-7000 chromatograph equipped
with a diode-array detector (DAD L-7445), vacuum degasser, column heater and loop
dosing 20 pl. A LiChrosher RP-18 column (250 x 4.6 mm; 5 pm particle size) column
was used for all separations.

The mobile phase included water containing 0.2% phosphoric acid (solvent A) and
acetonitrile (solvent B) in the following gradient system: initial 6%B for 10 min, linear
gradient to 30%B in 20 min, hold at 30% for 5 min. The total running time was 35 min.
The post running time was 10 min. The flow rate was 1.5 ml min™', the column tempera-
ture 25°C. The absorption spectra were recorded from 200 to 400 nm for all peaks, qu-
antification was carried out at a single wavelength of 330 nm. Quantification of CQA
and flavonoids was achieved by external standard method using chlorogenic acid and
luteolin 7-O-glucoside purchased from Roth (Karlsruhe, Germany) and caffeic acid
from Fluka (Busch, Switzerland) as standards. Acetonitrile, methanol and phosphoric
acid were all of analytical or HPLC grade (from Merck Eurolab; Vienna, Austria).
Table 3 contained data which were averages of three years of investigation.

Statistical analyses. Data were analyzed with the SAS general linear model proce-
dure (version 8.2 SAS Institute, Cary, N.C.). Testing for significance of mean effects
and interactions on all variables was calculated using ANOVA analysis of variance.

RESULTS AND DISCUSSION

Experimental factors of the study significantly modified yields and quality parame-
ters of one year-old artichoke plants (tab. 1-3). Every year the highest total weight of
above ground parts of single Cynara scolymus plant, characterised by greater number of
the longest leaves were obtained in objects with seedlings produced previously in multi-
cells grown in higher density, whereas the lowest one on plots with direct seed sowing
and lower plant density (tab. 1, 2). Dimensions, number and weight of rosette leaves
obtained in the experiment were similar to those obtained in earlier studies by Gétmann
and Honermeier [2003] or Matthes and Honermeier [2003a, 2003b, 2005] or Satata
[2010]. It is worth to emphasize, that air dry matter of artichoke raw material was on an
average six times lower than its fresh weight (mean drying rate — 6.18), indicating high
costs of raw material maintenance (high volume transportation, the need to evaporate
large quantities of water during a chamber drying).

Independently from the experimental factors, it was noted that during the second cut
plants were better developed, creating more, longer (by 3.7 cm) leaves and as a result
27% higher biomass than harvested two months earlier (tab. 1, 2). We stated that yields
of leaf drug from the first harvest varied between 1.36 and 2.2 t-ha’ and 2.03 and
2.65 tha™ from the second cut, similarly as in Eich et al. [2005] and G6ttman and Hon-
ermeier [2003] as well as Matthes and Honermeier [2003a, 2003b] experiments. More-
over, concentration of phenolic acids and flavonoids in raw material from the second
harvest was higher (respectively by 1.47 and 0.21%) than in the first cut, like in Kawala
and Zaba [2001] as well as Matthes and Honermeier [2003b] and Eich et al. [2005]
studies. This was probably the result of lower air temperature and precipitation
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during artichoke regrowth after the first cut as well as inflorescences emergence before
the first harvest (from 1.17 to 15.63% plants per plot), that caused the clear loss of
active substances content in raw material (tab. 2, 3), like in Wagenbreth et al. [1996],
Brandt [1997] and Matthes and Honermeier [2003a, 2003b, 2004] experiments.

Independently from plant density, the highest yields of raw material were observed
when artichoke plantation was started from seedlings produced in multicell trays (on an
average 29.6 and 4.75 t-ha” fresh and air dry matter from two following cuts respec-
tively). Use of the seedlings produced in multicells gives positive results in field
cultivation of many species of vegetables and herbs (which were formerly cultivated by
so-called “bare root” seedlings), resulting in increased yields, and their better quality
[Bodnar and Garton 1996, Andruszczak 2005, Kotodziej and Najda 2007]. In the
literature on vegetable artichoke cultivation (especially in countries with temperate
climate), method of plantation establishment is recommended as the most effective,
allowing the harvest acceleration [Bucan et al. 2005, Satata 2010]. Generally, artichoke
seedlings from multicells transplanting had an effect on an improvement of quality
parameters and average weight of single plant, but substance content was lower than in
object with seedlings with “bare roots” — Table 1-3, which was in agreement with Jani
et al. [2005] results. In temperate climate, direct seeds sowing is usually used for one
year plantation establishment [Baier et al. 1997, Hanning and Eich 2001, Wagenbreth
and Eich 2005]. Moreover, traditional method of plantation establishment (seeds sow-
ing), was connected with an average 16.5% air dry matter of single plant (totally from
I and II cut) decrease in comparison to seedlings produced in multicell trays transplanta-
tion and at the same time 21% increase, when plots were established by transplants with
‘bare roots’. Plants from direct seeds sowing objects created 5 better developed leaves
more and as a result yields of air dry matter of leaves were higher by 0.43 tha” com-
pared to plots with seedlings with “bare roots” transplantation. Similar results in the
case of sage were obtained by Czarnecki et al. [1992], in basil by Ziombra et al. [2000]
and in lovage and marshmallow case by Andruszczak [2005]. Moreover, plants from
direct seed sowing objects weighted 14% less than these from seedlings from multicells,
they created also smaller number (by 3 units) of shorter (by on an average 8-10 cm) and
narrower (by 4-7 cm) leaves. Different results were obtained by Satata [2010], who
didn’t noted any differences in artichoke yielding between direct seeds sowing and
seedlings transplanting. Differences obtained in our experiment could be due to longer
(by 7 weeks) vegetation period of plants produced in multicells than in the case of direct
seeds sowing.

Artichoke cultivated by means of seedlings with ‘bare roots’ transplantation was
characterized by low growth intensity, small number of poor-developed leaves and
consequently, in this object significantly low yields of leaves were observed, but at the
same time a significant improve of its quality was noted. Although, artichoke negatively
reacted the root system damage during seedlings transplanting (responding to the loss of
leaves, prolongation of re-rooting and high plant mortality on the field, and later, on
described object, plants produced smaller number the shortest and narrowed leaves, and
were characterized by the highest share of inflorescences — Table 1, 2), raw material
accumulated the highest amount of caffeoylquinic acids and flavonoids. Following,
theoretical yields of CQA and flavonoids were the highest (on an average 125.6 kg of
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CQA‘ha as well as 33.7 kg of flavonoids-ha™ respectively). The opposite results in
vegetable artichoke production in Albania obtained Jani et al. [2005], who recorded
higher yields of heads characterised by better quality in the case of seed-propagated
plants. Differences obtained arose probably from distinct climatic and experimental
procedure conditions as well as purposes of artichoke cultivation (as a vegetable of for
pharmacy). There is worth to emphasize that our studies showed that traditional way of
plantation establishment by direct seeds sowing does not create favorite conditions for
plant growth in temperate climate, resulting in lower yields of worse quality of arti-
choke raw material. Seedling transplantation (as a seed saving, vegetation period ex-
tending, but more labor requiring method) could be indicated as better method of arti-
choke plantation establishment for pharmacy.

As far as active ingredients (CQA and flavonoids) are concerned, there was ob-
served a wide variation in content depending on the experimental factors under study
(tab. 3). The highest content of caffeoylquinic acids was observed in objects with seed-
lings produced in a plastic tunnel transplantation (especially from the second cut grow-
ing in higher densities) — from 1.95 to 4.69%, when the lowest one — in object with
crops from direct seed sowing (from 0.97 to 1.5%). Similar relationship was observed in
the case of flavonoid accumulation (tab. 3). Moreover, flavonoid content was positively
correlated with CQA content (r = 0.788 — our results), which is in accordance with
Wagenbreth et al. [1996] as well as Wagenbreth and Eich [2005] studies. Active sub-
stance content in artichoke leaf was comparable with obtained in special culture for
pharmaceutical purposes by Wagenbreth et al. [1996], Krawczyk [2001], Hanning and
Eich [2001], Hausler et al. [2002], Wang et al. [2003], Matthes and Honermeier [2003a,
2003b, 2004] and Eich et al. [2005] but higher than in Kawala and Zaba [2001] and
Satata [2006, 2010] experiments.

In contrary to Elia et al. [1991] studies, independently from three tested methods of
plantation establishment, increasing plant density positively affected artichoke yielding.
Average fresh and air dry weight of single plant (together from two cuts) from object
with lower plant density was 13.4% higher than with 4.2 plants'm™ (tab. 1). Similarly,
number of leaves per plant and leaf length and width were higher on plots with lower
plant density. However, along with increased plant density the total yield per unit of
area also increased (on an average by 0.2 tha'), like in Matthes and Honermeier
[2003a] experiment. As a result, also theoretical yields of caffeoylquinic acids and fla-
vonoids were higher (by 20.4 and 7.7 kg-ha™). It is worth emphasizing that plants grown
in lower densities accumulated a lower amount of determined caffeoylquinic acids and
flavonoids (by 0.22% of CQA and 0.095% of flavonoids, respectively), which was
similar to the results obtained by Matthes and Honermeier [2003a]. In the experiment
there was found a significant interaction between plantation establishment method and
row spacing, so sowing artichoke in higher densities and starting from transplants (from
multicells or with ‘bare roots’) significantly increased total active ingredient accumula-
tion and yield.
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CONCLUSIONS

Among the three compared methods of plantation establishment the best results gave
planting of seedlings produced in multicell trays. When cultivation technology with
seedlings produced in multicell trays was used, there was better growth intensity and
yielding observed, as well as high content and yields of polyphenols and flavonoids
compared to single-grain direct seed sowing. But at the same time, the raw material
from seed sowing objects was characterized by the lowest content of CQA and flavon-
oids. Despite the negative reaction to the damage of artichoke root system during
transplanting of seedlings produced in a plastic tunnel (with ‘bare roots’) expressing the
inhibition of growth and the smallest leaves yield, its raw material was characterized by
the highest content and the theoretical yield of biologically active compounds.
Moreover, during the second harvest (performed in October) there was obtained more
than 50% of the total mass of raw material, characterized by a significantly higher
content of active substances. Increasing the density of plants from 3.3 to 4.2 units'm™
reduced the size and weight of leaves per single plants, while increased their numbers
and also total yield harvested per unit area.
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WPLYW ROZNYCH METOD UPRAWY NA PLON I JAKOSC SUROWCA
KARCZOCHA ZWYCZAJNEGO (Cynara scolymus L.)

Streszczenie. Karczoch jest cenng rosling warzywna (jadalne paki). Uprawiany jest gtow-
nie w krajach przylegajacych do Morza Srodziemnego, w USA i Potudniowej Ameryce.
Karczoch jest od dawna znana rosling zielarska o udokumentowanym dziataniu ochron-
nym na watrobg, zotciopednym, antyoksydacyjnym, antykancerogennym, obnizajacym
poziom cholesterolu i moczopgdnym. W uprawie na potrzeby farmaceutyczne, karczoch
powinien by¢ pozyskiwany z jednorocznych plantacji, charakteryzujacych si¢ wysoka
zawarto$cig substancji aktywnych (kwaséw kawoilochinowych i flawonoidow). Celem
trzyletniego do$wiadczenia polowego byto okreslenie wptywu réznych metod zaktadania
plantacji: punktowego siewu nasion, wysadzania rozsady z palet wielokomérkowych lub
wysadzania rozsady ‘rwanej’ wyprodukowanej w tunelu foliowym, a takze zaggszczenia
rolin: 3,3 i 4,2 rodliny'm™ w uprawie karczoch zwyczajnego (Cynara scolymus L.) od-
miany Green Globe. Dodatkowo, dokonano oceny surowca zielarskiego zebranego
z dwoch termindéw zbioru (przeprowadzonych w sierpniu i pazdzierniku). Ogoélnie, zasto-
sowanie tradycyjnej metody zakladania plantacji z bezposredniego wysiewu nasion spo-
wodowalo otrzymanie nizszych plonéw gorszej jakosci surowca (charakteryzujacego sig
istotnie nizsza zawarto$cia substancji aktywnych), podczas gdy wysadzanie rozsady wy-
produkowanej w wielodoniczkach w tunelu foliowym moze by¢ uznane za lepsza metode
zakladania plantacji karczocha uprawianego na potrzeby farmaceutyczne. W przypadku
zastosowania rozsady ‘rwanej’, wyprodukowanej w tunelu foliowym obserwowano ob-
nizke plonéw karczocha i jednoczesnie tendencj¢ do istotnego polepszenia jakosci otrzy-
manego surowca (przecigtnie dwukrotnie wigksza zawartos¢ flawonoidéw i kwasow
kawoilochinowych w pordwnaniu z siewem bezposrednim). Zwigkszenie zaggszczenia
roélin z 3,3 do 4,3 sztuk-m™ powodowalo zmniejszenie wielkoéci i masy (o 13,4%) lisci
z pojedynczych roélin, ale jednoczesnie zwickszenie ich liczby i plonéw (o 0,2 t-ha™). Po-
nadto, surowiec otrzymany z drugiego terminu zbioru charakteryzowat si¢ wyzszymi
(0 27%) plonami i wigksza zawarto$cia substancji aktywnych (flawonoidéw i kwasow
kawoilochinowych).

Stowa kluczowe: zaggszczenie roslin, siew nasion, wysadzanie rozsady, plon liSci, kwasy
kawoilochinowe, flawonoidy
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