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Abstract

Globe artichoke [Cynara cardunculus var. scolymus (L.) Fiori], a member of the Asteraceae family, has been known since ancient
times. Edible parts of this valuable vegetable are rich in antioxidants and polyphenols as well as possessing healing properties
against certain diseases. When the life cycle of plants is taken into consideration, the processes which are highly affected by
environmental conditions are photosynthesis and cell growth. Chlorophyll level is known as a good indicator of the photosynthesis
of plants. Carotenoids, one of the important functions of which protects chlorophyll from photo-oxidation, can prevent the
destruction of chlorophyll. Therefore, chlorophyll and carotenoids play an important role in photosynthesis and the protection of
photosynthetic pathways against harmful free radicals. The proline concentration present in various plants is increased in many
different stress conditions, such as cold, temperature, salinity, drought, UV, and heavy metals, thus, providing better tolerance to
stress conditions. The aim of the present study was to comparatively evaluate the proline, chlorophyll (a and b), and carotenoid
contents of the young and mature leaves of two OP cultivars (Bayrampasa and Sakiz) based on different growing seasons. Obtained
results demonstrated that there were differences between two OP artichoke cultivars based on the growing season and young and
mature leaves with regards to proline, chlorophyll (a and b), and carotenoid contents. Findings revealed that proline and
chlorophyll b levels in autumn were quite promising, while in terms of chlorophyll a and carotenoid levels winter was prominent.
Regarding the young and mature leaves, high proline and chlorophyll a levels were found to be dominant in young leaves. On the
other hand, chlorophyll b and carotenoid were more accumulated in mature leaves. Turkey has several other globe artichoke
cultivars and the findings of the present study may play a supportive role in determining proline, chlorophyll (a and b), and
carotenoid contents for combating several environmental stress factors.
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INTRODUCTION

Globe artichoke [Cynara cardunculus var. scolymus (L.) Fiori] is a perennial plant of Asteraceae
family. It is widely cultivated for its capitula in the Mediterranean region (Fratianni et al., 2007).
Although globe artichoke leaves are seen as crop residue because these are uneaten parts, they have had
many beneficial effects on human health and are known and widely used as herbal medicine since
ancient ages (Gebhardt, 2001; Lombardo et al., 2010; Pandino et al., 2013). Globe artichoke leaves can
be utilized for treatments of some chronic disorders thanks to their therapeutic properties related to anti-
oxidant, anti-fungal, anti-bacterial, and hepatoprotective effects (Romani et al., 2006; Lattanzio et al.,
2009; Vamanu et al., 2011; Ruiz-Aceituno et al., 2016).

Plants' chemical properties are affected by various factors, such as geographic position, climate
condition, genetics, genotype differences, and agricultural practices (Siadat-Jamian et al., 2019). Plants
are needed to the convenient environmental conditions, in order to maintain their normal development.
On the other hand, environmental conditions may not always be appropriate, and the conditions may
cause stress for plants. Furthermore, unsuitable climate conditions and unfavorably rainfall distribution

throughout the growing season are the main limitation on plant growth.

The stress factors can be biotic (bacteria, viruses, fungi, etc.) and abiotic (salinity, drought,
low/high temperatures, nutrient deficiency/excess, etc.), causing serious effects in all life cycle stages
of plants. Drought and salinity are the main dangerous stresses that threaten plant growth and production,
and they have also been considered as one of the main factors determining the plant production destinies
of countries for many years. Exposure to these stress factors trigger various physical, physiological,
biochemical and molecular abnormalities in plants (Ashraf et al., 2002; Gong et al., 2005; Martinez et
al., 2007; Sankar et al., 2008). Especially, there are two main processes that may be affected by stress

conditions, namely photosynthesis and cell growth.

In the sense of plants growth and development, under stress conditions production of reactive
oxygen species (ROS) are raised. Consequently increased ROS levels cause harm to the photosynthetic
system and it can affect the performance (Chaves et al., 2009; Baghbani-Arani et al., 2017). On the other
hand, under stress conditions plants show various stress mechanism to survive (Mirzaee et al., 2013;
Nouraei et al., 2018).

Among environmental factors, light, water, and moisture are vital factors and have key roles in
the physiological reactions, growth, and development of plants (Jagtap et al., 1998). Plants have the
ability to regulate that their growth and development to optimizing their photosynthetic activity under
unstable climate conditions (Hazrati et al., 2016). Photosynthesis, chlorophyll fluorescence, and
carotenoid parameters may be affected by the above-stated factors (Maxwell and Johnson, 2000; Hazrati
etal., 2016).
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Accumulating proline has been also determined in plants under adverse environmental conditions.
Proline has many functional roles; an osmoprotectant, non-enzymatic antioxidant, scavenger of ROS,
and protector of plant tissues, a source of carbon and nitrogen for plants (Smirnoff and Cumbes, 1989;
Szabados and Savour¢, 2010).

The present study, therefore, aimed to comparatively assess proline, chlorophyll (a and b), and
carotenoid contents in leaves of Bayrampasa OP and Sakiz OP globe artichokes in young and mature

leaves and growing seasons.
MATERIALS and METHODS
Plant Material Experimental Condition and Sample Preparation

Plants of Bayrampaga OP and Sakiz OP were grown in the experimental fields of Department of
Horticulture, Faculty of Agriculture, Akdeniz University, while proline, chlorophyll and carotenoid
analyses were conducted in the laboratory of Department of Chemistry, Faculty of Science, Akdeniz

University, Antalya.

The soil texture characteristic of the experimental field is classified as clay soil. The experimental
field's climate conditions are well-known with mild-wet winters and dry-hot summers, as characteristic
of Mediterranean climate conditions. Data are given in Tables 1 and 2 related to soil and climate

conditions, respectively.

The experiment was conducted with two globe artichoke cultivar's leaves. For this purpose eight
to ten fresh leaves, young and mature, were separately collected from five different plants in three
growing seasons (Autumn, Winter, Spring). Collected leaves were transferred to the laboratory and
weighed immediately. Weighed leaves were kept at 65°C, dried until they get the constant weight,

separately ground, and then samples were stacked away at -20°C until analyses.

Table 1. Soil characteristics of the experimental field.

Soil characteristics

Clay (%) 46.56
Silt (%) 22.00
Sand (%) 31.44
Limestone (%) 42.90
Organic matter (%) 5.93
Conductivity (EC value) (mS/cm) 469.1
pH 7.34
Mineral substances

K (ppm) 681.43
Na (ppm) 56.18
Ca (ppm) 5465.16
Mg (ppm) 432.70
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Fe (ppm) 7.72
Mn (ppm) 28.04
Cu (ppm) 1.36
Zn (ppm) 3.52

Table 2. Climate conditions during the experimental growing season (Autumn, Winter, Spring) of the
experimental field.

Maximum Minimum Mean Mean Mean
Growing Seasons temperature temperature temperature precipitation humidity
O O (W9 (mm) (in days) (%)
Autumn 27.36 19.41 22.76 0.17 (22 days) 51.00
Winter 16.03 9.13 12.11 0.36 (68 days) 65.89
Spring 21.44 14.27 17.61 0.12 (35 days) 60.57

Proline content

Determination of proline content of artichoke samples were carried out according to Carillo and
Gibon (2011). Amount of 0.2 g dried and grinded artichoke was weighed in a screw cap tube and 10 mL
ethanol:water mixture (70:30) added on to. The mixture was agitated for overnight with orbital shaker.
Then the mixture centrifuged at 4000 rpm for 15 minutes and supernatant was used for subsequent steps

as an ethanolic extract.

Calibration curve was prepared at five different concentrations at the range of 0.2 mM — 5 mM.
The reaction mix (1% ninhydrin (w/v) + 60% acetic acid solution (v/v) + 20% (v/v) EtOH) was added

to all samples and calibration curve points to complete reaction and give a yellow color.

For analysis, 500 uL ethanolic extract (or 100 puL proline standard + 400 pL ethanol:water mixture
(60:40)) and 1000 pL reaction mix were transferred to 2 mL Eppendorf tube and heated at 95°C for 20
minutes in a water bath. Then sample was centrifuged at 10000 rpm and following that adequate volume
of sample transferred to micro UV cuvette for spectrophotometric analysis. The measurements were

occurred at 520 nm at UV-VIS spectrophotometer.

Chlorophyll a & b, total carotenoid contents

Prior to analysis artichoke samples were dried and milled 0.2 g artichoke sample was weighed
into 15 mL screw cap tube, 10 mL methanol was added and the mixture was shaken for 4 hours. Then
the sample centrifuged at 4000 rpm for 10 minutes. The supernatant was transferred to UV cuvette and
the absorbance was read at 400-700 nm with UV-VIS spectrophotometer. The amounts of chlorophyll
a, chlorophyll b and total carotenoid were calculated by using Lichtentaler and Wellburn’s (1983)

formula. The absorbances at 666 nm, 653 nm, 470 nm were followed for determination of chlorophylls
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and total carotenoid. The calculation varies depending on the solvent used for extraction. The formulas

for methanol are;
Ca =15.65 A666 - 7.340 A653
Ch =27.05 A653 - 11.21 A666

Cx+c = 1000 A470 - 2.860 Ca - 129.2 Ch / 245

Statistical analysis

The experiment was carried out as three replications. Eight to ten fresh leaves were separately
used for young and mature leaves, and five different plants were used in each replicate in three growing
seasons (Autumn, Winter, Spring). The data obtained from the study were subjected to three-way
ANOVA variance analyses with interaction using the SPSS program and the experiments were carried

out with Duncan's multiple comparison test.
RESULTS and DISCUSSION

According to Table 2, the data belong to the experimental field, it was determined that the lowest
mean temperature and the highest precipitation days were in winter. Besides temperature values, it is
known that plant growth and development also depend on the amount of precipitation and rainy day
periods (Pandino et al., 2015). Proline content of artichoke leaves was affected by the variation of
climate conditions of growing seasons, cultivars, and leaf matureness (Table 3). According to obtained
results, the proline content of young leaves of the Bayrampasa OP cultivar was more prominent in
autumn. It was assumed that it was due to high average temperature compared to other growing seasons,
as well as the relatively lower average precipitation and humidity. It is known that the proline
accumulation is increased under water stress conditions. Some researchers also found that the
accumulation of proline was higher in leaves comparison to other plant parts. This situation could be
related to plant parts growth and it is thought that the reason is the most rapidly growing plant parts the
more being sensitive to the stress conditions (Nandwal et al., 1992; Nouraei et al., 2018). It is also known
that Bayrampasa plants are subjected to cold stress since they are grown in the northern part of the
Aegean region under sub-optimal temperature conditions. Thus, it is thought that they may be more

stress-tolerant than Sakiz plants.
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Table 3. Proline contents of Bayrampagsa OP and Sakiz OP cultivars

Cultivars Bayrampasa OP Sakiz OP Dgfjgs of

Growing Seasons Autumn  Winter  Spring Autumn  Winter  Spring Irzz];ureness
Young A c G D B I A

Leaf leaves 2,48 1,77 0,76 1,19 2,07 0,30 1,43

matureness  Mature 1,168 080F  071F 0720  117F 0,24 0,808
leaves ! ! ! ! ! ' '

Mea}n values of 1,287 0,958

cultivars

Different letters in the same column and rows indicate a statistically significant difference at P < 0.05.

With regards to chlorophyll a and b contents, it was found that there were statistical significant
differences among cultivars, leaf matureness, and growing seasons. According to this, the accumulation
of chlorophyll a was found to be high in the young leaves of Bayrampasa OP in winter, while chlorophyll
b accumulation was higher in the mature leaves of Sakiz OP in autumn growing season (Tables 4 and
5). For determining the density of photosynthesis, it was reported that the concentration of chlorophyll
was one of the main determinants (Ghosh et al., 2004; Baghbani-Arani et al., 2017). It is known that the
concentration of chlorophyll is decreased under stressful environmental conditions (Ranjbar Fordoei
and Dehghani Bidgholi, 2016; Baghbani-Arani et al., 2017).

Table 4. Chlorophyll a contents of Bayrampasa OP and Sakiz OP cultivars

Mean
Cultivars Bayrampasa OP Sakiz OP :;2;] es of
matureness
Growing Seasons Autumn Winter Spring  Autumn  Winter Spring
young 499850 12487,75° 3686,74C 87,00  266522H 274580° 3643747
Leaf leaves
matureness I“;';\}:Sre 3244920 2620277 5512,998 301571F 2957,91F 193848' 3215,04B
Mean values of 4623 75 2235 038
cultivars

Different letters in the same column and rows indicate a statistically significant difference at P < 0.05.

Table 5. Chlorophyll b contents of Bayrampasa OP and Sakiz OP cultivars

Cultivars Bayrampasa OP Sakiz OP Mean
values of
Growing Seasons Autumn  Winter  Spring  Autumn Winter Spring Irsgtureness
Young ] D F c I K B
Leaf leaves 6,06 17,63 14,17 26,53 7,17 5,21 12,79
matureness e 953" 7,9 10736 42,91 40958 1633  21,27A
Mean values of cultivars 10,888 23,187

Different letters in the same column and rows indicate a statistically significant difference at P < 0.05.
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Results also revealed that there were statistically significant differences among cultivars, leaf
matureness, and growing seasons regarding carotenoid contents (Table 6). In the present study, the
highest concentration of carotenoid was determined in mature leaves of Sakiz OP cultivar in winter
growing season. Carotenoid accumulation under stress conditions shows differences in respect to plants,
and it could play a role on protection from oxidative stress damages (Mir-Aafaq et al., 2013). Some
researchers reported that the leaves carotenoid contents increased (Kadkhodaie et al., 2014), while some
others noted the reduction (Maroco et al., 2002) under stress conditions in different plants (Nouraei et
al., 2018).

Table 6. Carotenoid contents of Bayrampasa OP and Sakiz OP cultivars

. Mean values
Cultivars Bayrampasa OP Sakiz OP of leaf
Growing Seasons Autumn  Winter  Spring Autumn Winter Spring matureness

Young 24,85’ 40,80F 52,77 67,46 24,04 24,10K 39,008
Leaf leaves
matureness Malre 393" 30,13'  38,66° 94,24°  9633° 6300°  59,88*
Mea_m values of 37,358 61,53~
cultivars

Different letters in the same column and rows indicate a statistically significant difference at P < 0.05.
Conclusion

The findings of the present study revealed that the accumulation of proline, chlorophyll a and b,
and carotenoid in the two OP globe artichokes showed differences in accordance with cultivar, leaf
matureness and growing seasons. Young leaves and Bayrampasa OP was more promising in terms of
proline and chlorophyll a content, while mature leaves and Sakiz OP were prominent in terms of
chlorophyll b and carotenoid contents. When considering globe artichoke proline and photosynthetic
pigments regardless of cultivars and leaf matureness, it should be taken into account that autumn and
winter have more potential than spring. Considering that there are many local globe artichoke cultivars

in Turkey, similar studies should be carried out to reveal their valuable potential under stress conditions.
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