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DIVERGENCES IN HORMONAL AND ENZYMATIC ANTIOXIDANT RESPONSES
OF Two CHICORY ECOTYPES TO SALT STRESS'

Divergéncias nas Respostas Hormonais e de Enzimas Antioxidantes de Dois Ecotipos de Chicoria
ao Estresse Salino

GHANAATIAN, K.2, and SADEGHI, H.2

ABSTRACT - Salinity is among the most common and severe abiotic stresses that drastically
affects crop productivity all over the world. To evaluate the effect of salt stress on seed
germination, early growth, antioxidant enzyme activity and ABA content of chicory ecotypes
(Cichorium intybus), a factorial experiment was conducted at College of Agriculture, Shiraz
University in 2014 based on completely randomized design with four replications. The
treatments comprised five salinity levels (tap water, 3, 6, 9, 12 dS m™) of sodium chloride on
the ecotypes of Sefid Shiraz and Siyah Shiraz. The results showed that germination
characteristics and primary seedling growth decreased in both ecotypes with increasing in
salinity severity. The effects of salinity on radicle and plumule length as well as seedling
weight were the same as its effects on seed germination. The effect of salt stress on
antioxidant enzyme activity (especially catalase) and ABA content were significant which
they were enhanced with increasing salinity level; the Siyah Shiraz ecotype performs better
than the Sefid Shiraz under high salinity, as indicated by lower decrease in germination
characteristics and primary growth and higher antioxidant enzyme activity as well as ABA
content. These facts should be taken into consideration in the economic cultivation of this
valuable horticultural and medicinal plant and this data would be useful for the crop breeding
projects.
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RESUMO - A salinidade estd entre os estresses abidticos mais comuns e graves que afetam
severamente a produtividade das culturas em todo o mundo. Para avaliar o efeito do estresse salino
na germinagdo das sementes, no crescimento inicial, na atividade de enzimas antioxidantes e no
contetido de ABA de ecétipos de chicéria (Cichorium intybus), um experimento fatorial foi realizado
na Faculdade de Agricultura da Universidade de Shiraz em 2014, com base em um delineamento
experimental inteiramente casualizado com quatro repeticées. Os tratamentos incluiram cinco niveis
de salinidade (dgua da torneira, 3, 6, 9 e 12 dS m) de cloreto de sédio nos ecétipos de Sefid Shiraz
e Siyah Shiraz. Os resultados mostraram que as caracteristicas de germinacdo e o crescimento de
plantulas primdrio diminuiram em ambos os ecétipos com o aumento da gravidade da salinidade. Os
efeitos da salinidade sobre a radicula e o comprimento da plumula, bem como sobre o peso de
plantulas, foram os mesmos que aqueles sobre a germinacdo das sementes. Os efeitos do estresse
salino sobre a atividade de enzimas antioxidantes (especialmente catalase) e o contetido de ABA
foram significativos e reforcados com o aumento do nivel de salinidade; o ecétipo Siyah Shiraz teve
desempenho melhor do que o Sefid Shiraz sob alta salinidade, indicado pela diminuicdo nas
caracteristicas de germinagdo e crescimento primdrio e pela maior atividade de enzimas antioxidantes,
bem como pelo contetido de ABA. Esses fatos devem ser levados em consideracdo no cultivo dessa
importante planta medicinal de horticultura, e esses dados serdo tteis para projetos que buscam a
melhoria dessas culturas.

Palavras-chave: estresse salino, ecotipos de chicdria, caracteristicas de germinacao, atividade de enzimas antioxidantes.
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INTRODUCTION

The areas with saline and alkaline soils
are expanding, especially in arid and semiarid
regions of Iran and cover 25 million hectares
of this country’s dry lands (Mosleh-Arany
et al.,, 2011). It is widely accepted that an
intricate network of plant hormones regulates
every plant response to environmental
stimuli. These hormonal interactions
modulate the intensity of the physiological
response to the stress pressure. Plants have
developed different mechanisms to adapt to
salinity stress, involving complex physiological
and biochemical changes. In the process of
stress adaptation, hormones, especially
abscisic acid (ABA), play important roles (Amjad
et al., 2014). It has been proposed that ABA
acts as a mediator and major internal signal
in plant response to abiotic stresses (Javid et
al., 2011). ABA concentration increases
proportionally with salt stress related to leaf
water potential and its higher concentration
can be due to water deficit created by salts
rather than a specific salt effect (Davies et al.,
2002; Lovelli et al., 2012). This higher
ABA concentration reduces water loss as
transpiration by the closure of stomata under
stressful conditions (Zhang et al., 2006;
Hariadi et al., 2011). In addition, ABA activates
the expression of genes encoding antioxidant
enzymes, increasing the activity of antioxidant
enzymes including superoxide dismutase
(SOD), catalase (CAT) and ascorbate peroxidase
(APX) (Jiang & Zhang, 2002; Yang et al., 2014).
The increased capacity of reactive oxygen
species (ROS) scavenging alleviates the
damaging effect of ROS on fat/oil and protein
(Hu et al., 2006). ABA also plays critical roles
in reducing stomatal conductance and
inducing the expression of genes responsible
for various osmolytes synthesis, such as
proline and betaine (Jung et al., 2008; Antoni
etal., 2011).

Chicory is a plant species belonging to the
Asteraceae family, is also known as blue
sailors, endive, succory, coffee weed and Kasni
(Persian) (Mosaddegh et al., 2012), and is
native to the Mediterranean region, mid Asia
and northern Africa. In olden times, chicory
was grown by the ancient Egyptians as a
medicinal plant, coffee substitute, vegetable
crop, and occasionally for animal forage
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(Munoz, 2004). Greeks and Romans also began
to grow chicory as a vegetable crop 4000 years
ago (Plmuier, 1972). Currently, chicory is
cultivated widely in Europe, Lebanon, some
Arab countries and North America with many
commercial uses (Wang & Cui, 2011). Chicory
is one of the earliest known and most
widely used raw materials for manufacturing
of coffee substitutes (Pazola, 1987). The fresh
leaves can be used as salad as they are rich
in vitamin A and C and also micronutrients
(Bremness, 1998). Aerial parts of chicory are
utilized in preparation of meals and salads,
while the root is used as a chewing gum. The
plant is also used as a sunscreen replacement.
Multiple research papers have been published
describing the phytochemical composition
and several health properties of C. intybus,
including antidiabetic, wound healing and
antioxidant capacities of chicory grown in
various European countries (Spina et al., 2008;
Azay-Milhau et al., 2013; Carazzone et al.,
2013; Morales et al., 2014).

Although some recent reports have
demonstrated the effects of salinity on
germination and physiological parameters in
C. intybus seedlings (Arshi et al., 2006, 2010;
Sergio et al., 2012), there is a remaining
information gap related to hormonal response
in chicory under salinity and an integrative
study of germination, primary seedling
development, antioxidant enzyme activity and
ABA response under salinity in this species
has not been performed. Moreover, C. intybus
displays a high level of variability both between
and within populations due to its natural
polymorphism (Arshi et al., 2006, 2010). In
this context, our aim was to evaluate the
stress-induced salt changes in germination
components, growth, antioxidant enzyme
activity and ABA concentration in two chicory
ecotypes.

MATERIAL AND METHODS
Study site and Plant materials

This study has been carried out in a
controlled environment (growth chamber) of
the laboratory at the College of Agriculture,
Shiraz University, Shiraz, Iran [52°46' E, 29°50'
N, altitude 1,810 m asl, 12 km north of the
city of Shiraz during 2010. Uniform and
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healthy seeds of two chicory () ecotypes
including Shiraz white ecotype (white ecotype)
and Shiraz black ecotype (black ecotype), were
procured from Pakan Bazr Co. (Isfahan, Iran)
and stored at 4 °C till the study was
undertaken.

Experminetal

Chicory seeds were surface sterilized with
5% sodium hypochlorite, then seeds were
washed twice with distilled water. 20 seeds
were placed in each 9-cm glass petri dish on
two layers of filter paper (Whatman No. 2). The
petri dishes were placed in a germinator at
25 * 2 °C and were irrigated with 4 different
NaCl solutions (3, 6, 9, 12 dS m'!) and tap
water (0.62 dS m-!) was used as control (Sergio
et al., 2012). Seed germination was recorded
daily up to day 20 after the beginning of
the experiment. Seeds were considered
germinated when radical emerged by about
2 mm in length. According to the daily
germination percentage data, germination
rate (GR) was calculated based on the following
formula (Mohammadi, 2009):

GR-Z"
Dn

where GR is the germination rate, n is the
number of seeds germinated on a specific day,
and D is the number of days from the start of
experiment. Germination percentage was
determined at the end of the experiment, based
on the following formula (Bajehbaj, 2010):

Ger% =14
N

where Ger% is germination percentage, n is
number of seeds germinated, and N is total
number of seeds planted. Radicle length,
plumule length, seedling weight and
antioxidant enzyme activities were measured
at the end of the experiment. In each
recording, 10 seedlings were randomly selected
from each petri dish, and their averages were
considered as sample data.

ABA concentration was measured on white
ecotype and black ecotype chicory plants.
Briefly, five-week-old plants of both ecotypes
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grown hydroponically with one-fifth Johnson’s
solution supplemented with 10 mM Fe-EDDHA
were transferred either to a new nutrient
solution with NaCl (3, 6, 9, 12 dS m!) for salt
stress or to a nutrient solution without salt as
the control (Yang et al., 2014). Fifteen days
after salt treatment, youngest fully expanded
leaves were sampled to determine ABA
concentration as described in Lovelli et al.
(2012).

Activities of antioxidant enzymes

At the end of the experiment, antioxidant
enzyme activities were measured. Fresh leaf
tissues (500 mg) were titrated in 10 mL
phosphate buffer [pH 7.8; 50 mM] using an
ice cooled sterilized pestle and mortar. The
extract was centrifuged at 15,000xg for 15 min
at 4 °C. The supernatant was separated
in another autoclaved eppendorf tubes
and used for determining the activities of
enzymes, superoxide dismutase (SOD),
peroxidase (POD) and catalase (CAT).
Inhibition in photoreduction of nitroblue
tetrazolium (NBT) was used to appraise the
activity of SOD. The reaction mixture (1 mL)
[S00 puL phosphate buffer (pH 7.8), 0.5 mL
distilled H,O, 100 uL methionine, 50 uL NBT
and 50 puL sample extract] in cuvettes was kept
under light for 20 min. The optical density of
the irradiated aliquot was read at 560 nm.
Following, Giannopolitis & Ries (1977), SOD
enzyme activity per unit was based on the
amount of enzyme that inhibited 50% of NBT
photoreduction. The method of Chance &
Maehly (1955) was used for appraising CAT
and POD activities. HEPES buffer (25 mM, pH
7.8) containing 0.2 mM EDTA, 2% PVP and 2
mM ascorbate was used for APX (EC 1.11.1.11)
extraction. Enzyme activity was determined
according to Zhu et al. (2004) protocol. The
activities of all four enzymes were expressed
as U mg! protein.

ABA measurement

An aliquot of 250 mg of leave tissue was
ground into powder with liquid nitrogen with a
mortar and pestle, and put in a tube. 2.5 mL
extraction solvent (2-propanol/H,0/HCI 37%;
2:1:0.002, v/v/v) was added to each tube. The
tubes were shaken at a speed of 100 rpm for
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30 min at 4 °C. 2.5 mL of dichloromethane was
added to each tube, and then the samples were
shaken for 30 min at 4 °C and centrifuged at
13,000xg for 5 min. After centrifugation, two
phases were formed, with plant debris between
the two layers; thus, 1.0 mL of the solvent from
the lower phase was transferred using a
Pasteur pipette into a screw-cap vial, and the
solvent mixture was concentrated using an
evaporator with nitrogen flow. Finally, the
samples were re-dissolved in 0.1 mL methanol
and stored at -20 °C before quantitative
analysis. The quantitative determinations of
abscisic acid (ABA) were carried out by a
competitive enzyme linked immunosorbent
assay (ELISA) using the Phytodetek® ABA Test
Kit (Agdia Biofords, Evry, France) (Quarrie et
al., 1988).

Statistical analysis

This study was carried out as a factorial
experiment based on completely randomized
design (CRD) with four replications with
standard error using SAS12 software (SAS,
2004). The first factor was salt stress with
4 NaCl level (3, 6, 9, 12 dS m"). Different
ecotypes were the second factor including
white ecotype and black ecotype. Fisher’s
Least Significant Difference (LSD) was used
to separate means.

RESULTS AND DISCUSSION
Germination and primary seedling growth

For both chicory ecotypes, germination
rate and germination percentage decreased
progressively as the level of salinity increased
(Figure 1). However, there was no significant
ifference between tap water, 3 and 6 dS m™! in
the for germination percentage. Germination
rate decreased with increasing salinity
level, with no significant differences between
salinity levels (Figure 1). Salt stress
significantly reduced the growth of C. intybus
seedlings (Figure 2). The radicle length differed
significantly only between tap water and
3 dS m! in Sefid Shiraz ecotype, but the
difference 3 dS m™ and other salinity levels
were not significant. The similar decreasing
trend was found in Siyah Shiraz ecotype, with
no significant difference. Radicle length
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Figure I - Effect of salinity on seed germination percentage (%)
and rate of two chicory ecotypes. The means with the similar
overlap had no significant difference (£SE). Tap water
(0.62 dSm™).
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Figure 2 - Effect of salinity on radicle length, plumule length
and seedling weight of two chicory ecotypes. The means
with the similar overlap had no significant difference
(£SE). Tap water (0.62 dS m™).
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increased between 6 to 9 dS m™ in Siyah
Shiraz ecotype with no significant difference.
Decreasing the plumule length with
increasing salinity level was only significant
between 3 and 6 dS m™!. This decreasing trend
in plumule length wasn’t significant in Sefid
Shiraz ecotype. Seedling weight significantly
decreased with increasing salt concentration,
in Siyah Shiraz ecotype, whereas in Sefid
Shiraz ecotype, any significant difference
wasn’t found between the different levels of
salinity. Moreover, seedling weight was
consistent at 3, 6 and 9 dS m.

Antioxidant enzyme activity

CAT activity significantly increased with
increasing salinity level in both ecotypes
(Figure 3). However, in Sefid Shiraz ecotype,
this increasing trend wasn’t significant
between tap water, 3 and 6 dS m™! salinity
levels (Figure 3). In Sefid Shiraz ecotype,
the activity of POD had no significant
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increase, while in Siyah Shiraz ecotype,
salinity increased POD activity up to 6 dS m!,
remained constant from 6 to 9 dS m! and
reduced from 9 to 12 dS m™ (Figure 3).
SOD activity increased significantly by
increasing salinity in both ecotypes. Similar
to SOD, APX activity increased with salt stress
in both ecotypes, although in Sefid Shiraz
ecotype this difference was insignificant
(Figure 3).

Abscisic acid

Salinity induces ABA accumulation in both
ecotype leaves (Figure 4). ABA concentration
slightly increased up to 6 dS m! in both ecotypes
and the quantity of ABA was equal more or less
in both ecotypes, while, ABA concentration
significantly increased with more severe
treatments (6 to 12 dS m). Also the ABA
accumulation in Siyah Shiraz ecotype was
significantly higher than the Sefid Shiraz one
(Figure 4).
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Figure 3 - Effect of salinity on catalase (CAT), peroxidase (POD), superoxide dismutase (SOD) and ascorbic peroxidase (APX)
activity of two chicory ecotypes. The means with the similar overlap had no significant difference (+SE). Tap water (0.62 dS m™).
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Figure 4 - Leaves ABA concentration of chicory ecotypes in
response to increasing salinity level of the nutrient solution.

The means with the similar overlap had no significant
difference (£SE). Tap water (0.62 dS m™).

The germination percentage and rate of
C. intybus seeds decreased and was delayed in
the presence of NaCl, and significantly affected
when salinity level exceeded 6 dS m™'. Similar
results were obtained in Sergio et al. (2012),
Arshi et al. (2006, 2010) studies. They found
that the salt stress declined the germination
and also delayed the emergence of chicory
seeds although Sergio et al. (2012) reported
wild chicory seeds were well capable of
germinating in saline conditions.

The radicle and plumule lengths were
inhibited by salinity stress (Figure 2). The
radicle length showed greater reduction than
plumule in both ecotypes, while decrease
under higher salinity levels was more or less
equal in both Siyah Shiraz and Sefid Shiraz
ecotypes. Salt stress inhibits the efficiency
of the translocation and assimilation of
photosynthetic products (Mohammadi, 2009)
and might have caused reduction in shoot
growth. Reduction in plant growth has also
been attributed to reduced water absorption
due to osmotic effect, nutritional deficiency
on account of ionic imbalance and decrease
in many metabolic activities (Hariadi et al.,
2011; Lovelli et al., 2012). Greater influence
of salinity on radicle length than plumule has
also been shown by Sehrawat et al. (2014) in
mungbean (Vigna radiata). Reduction of root
biomass may be due to inhibition of hypocotyls
growth led by salt treatments (Atia et al., 2009).
Seedlings of the control culture had greater
fresh weight than those of the salinity
treatments (Figure 2), reported by Sergio et al.
(2012) and Arshi et al. (2006) who studied
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the response of C. intybus seedlings to
salinity.

According to the Figure 1 and 2,
black ecotype showed higher germination
characteristics and performance under salt
stress. Salt tolerance varies widely among
plant species and varieties, but is, generally
dependent on the controlled uptake and
compartmentalization of ions such Na+, K+ and
CIl (Zhu, 2001). Maintaining a low Na+/K+ ratio
in the cytosol is an important salt-tolerance
strategy in plants (Bajehbaj, 2010). The
differences between chicory ecotypes might be
due to the genetic factors and heredity
variations (Sergio et al., 2012).

Increased activity of antioxidant enzymes
of salt tolerant ecotypes in response to salt
stress imply that ROS-scavenging might be
a part of the general adaptive strategy of
plants exposed to salinity (Zhu et al., 2004). In
the present investigation, the activity of
antioxidant enzymes (except for POD) showed
a progressive increase in both ecotypes
(especially the Siyah Shiraz) at all salt
concentrations (Figure 3). Increase in activity
of SOD, APX and CAT in response to salinity
stress as well as higher antioxidant activity
in tolerant species/varieties have also been
reported by various researchers (Sergio et al.,
2012; Yang et al., 2014). These findings also
strongly imply a possibility that antioxidant
enzyme systems are also utilized in C. intybus
to lessen oxidative stress caused by salinity,
thus protecting the cells from oxidative
damage (Zhu et al., 2004). The increased
activity of the antioxidant enzymes upon
salt stress is often related to the enhanced
tolerance to salt stress (Zhu et al., 2004).
Furthermore, each enzyme showed specific
quantitative and qualitative responses under
salt stress. A rapid and continued increase in
CAT and SOD activity might indicate that CAT
and SOD are major enzymes detoxifying
hydrogen peroxide in chicory ecotypes under
salt stress. At higher levels of salt, the activity
of SOD was significantly the highest by almost
twofold when compared to control (Figure 4).
The changes in APX, SOD and CAT activities
were consistent with the previous reports
(Sergio et al., 2012; Yang et al., 2014). The
basal level of all of antioxidant enzyme
activities was also significantly higher in
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salt-tolerant (the Siyah Shiraz one) than in
Sefid Shiraz ecotype. These findings agree
with those reported for potatoe (Solanum
tuberosum) (Benavides et al., 2000), where
tolerant-cultivars had higher basal level of
enzyme activity compared to sensitive ones.

Concerning to abscisic acid, many reports
have shown its involvement on physiological
and biochemical processes related to salinity
tolerance of plants (Lovelli et al., 2012; Amjad
et al., 2014). ABA played important roles in
abiotic stress in chicory. Under salt stress,
ABA levels increased dramatically with
increased salinity in chicory ecotypes leaves
(Figure 4), suggesting that ABA acts as a signal
in salt response. ABA controls many stress
adaptation responses, including stomatal
closure, activation of genes involved in
osmotic adjustment, ion compartimentation,
regulation of shoot versus root growth and
modifications of root hydraulic conductivity
properties (Jiang et al., 2002; Zhang et al.,
2006; Hu et al., 2006; Antoni et al., 2011; Javid
et al., 2011). Regardless of the absolute

amount of ABA, the slope shift observed at
6 dS m™! for both ecotypes versus salinity is
noticeable and this was more pronounced in
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Siyah Shiraz ecotype than Sefid Shiraz one.
These results are consistent with those of
Yang et al. (2014) and Lovelli et al. (2012)
in tomato (Solanum lycopersicum) and Hu et al.
(2006) in maize (Zea mays), who reported
that salt tolerant plants contain more ABA
concentration than sensitive ones. In addition,
ABA activates the expression of genes
encoding antioxidant enzymes, increasing the
activity of antioxidant enzymes including
superoxide dismutase (SOD), catalase (CAT)
and ascorbate peroxidase (APX) (Yang et al.,
2014). The increased capacity of reactive
oxygen species (ROS) scavenging alleviates
the damaging effect of ROS on fat/oil and
protein (Zhu et al., 2004).

In summary, C. intybus showed salt
tolerance at germination and seedling growth
stage at low level of salinity (3 and 6 dS m}).
Increasing salinity lowered the germination
percentage and primary seedling growth in
both ecotypes. However, the Siyah Shiraz
ecotype performs better than Sefid Shiraz
under high salinity, as indicated by a lower
decrease in germination characteristics and
primary growth and higher antioxidant
enzyme activity. These facts should be taken
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into consideration in the cultivation of this
valuable horticultural and medicinal plant and
this data would be useful for crop breeding
projects. Increases in antioxidant enzyme
activities (especially CAT) of chicory as
well as endogenous ABA content occur with
increasing salinity level. Yet ABA increases
from a certain threshold on salt stress levels.
Since ABA is involved in the activation of
many stress adaptation responses, this
threshold may identify a physiological
trigger that characterizes a transition from
molecular/cellular adaptation to more complex
structural/morphological modifications. The
physiological significance of this shift requires
further investigation.
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