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1. Introduction 
 

Global climate change and the resulting sea-
level rise, excessive evaporation, and improper 
irrigation practices are the primary factors causing 
the salinization of agricultural lands worldwide (Paul 
and Machavaram, 2026). According to current data, 
approximately 20% of the world’s arable land and 
33% of irrigated areas are affected by salinity issues 
(Mwesige, 2025). Salt stress leads to a complex 
physiological disruption characterized by ionic 
imbalance, osmotic restriction, and overproduction 
of reactive oxygen species (ROS) in plants (Patel et 
al., 2020). This situation results in significant yield 
losses in crop production and poses risks to food 
security. 

Along with population growth, salinity is a major 
stress factor that jeopardizes agricultural production 
and limits the production of food crops (Botella et 
al., 2005). Within the borders of our nation, a total 
of 1.5 million hectares of agricultural land are 
grappling with challenges related to salinity and 
alkalinity. These issues are observed in 32.5% of 
these lands, which include slightly saline (41.0%), 
saline (33.0%), alkaline (0.5%), and both saline and 
alkaline (17.5%) soils. The primary causes of 
salinity problems include inadequate drainage, soil 
properties, and climatic conditions. Salt stress 
impairs growth and development by disrupting ionic 
and osmotic balance in plants. In saline 
environments, plants exhibit various responses 
depending on their genotypic differences. Osmotic 

Abstract 
 
In this study, the responses of callus cultures of Cichorium endivia L. and 

Cichorium intybus L. to in vitro salt stress (0, 50, 100, and 150 mM NaCl) 

on MS medium were comparatively investigated. Callus morphology 

(structure and color) and growth parameters (fresh and dry weight) were 

evaluated alongside key biochemical indicators, including hydrogen 

peroxide (H₂O₂) and malondialdehyde (MDA) contents, antioxidant enzyme 

activities (Superoxide dismutase: SOD, Catalase: CAT, and Peroxidase: 

POD), and soluble protein levels. Principal component analysis (PCA) and 

heatmap visualization were applied to elucidate relationships among the 

measured variables and treatment effects. The results demonstrated that 

increasing salinity significantly influenced both morphological and 

biochemical responses, with clear interspecific differences. Cichorium 

intybus exhibited comparatively higher tolerance, as enhanced CAT and 

POD activities partially alleviated oxidative stress at moderate salinity 

levels (50-100 mM NaCl). In contrast, C. endivia showed pronounced 

oxidative stress responses even at lower salt concentrations, and no callus 

formation was observed at 150 mM NaCl. Overall, the findings indicate that 

C. intybus displays greater salinity tolerance under in vitro conditions, 

highlighting its potential for future stress physiology and breeding studies. 
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stress arises as salt concentration increases, a 
condition referred to as physiological drought 
(Munns, 2002; Sevgi and Leblebici, 2023). 

Tissue culture techniques can be used to 
develop plants tolerant to both biotic and abiotic 
stresses. In this context, selective agents such as 
NaCl for salt tolerance and PEG or mannitol for 
drought tolerance can be used. The application of 
these techniques is important for the integration of 
biotechnology into breeding programs (Ak and 
Yücel, 2025).  

The utility of in vitro tissue culture techniques in 
salinity research is well-documented across a 
diverse range of plant species, serving as a reliable 
approach to isolate cellular adaptive mechanisms 
from whole-plant environmental complexities. Over 
the years, pioneer and recent studies have 
effectively utilized these systems to evaluate 
genetic variations in salt tolerance and screen for 
resilient lines, as demonstrated in Allium cepa 
(Bekheet et al., 2006), Nicotiana tabacum (Rout et 
al., 2008), and various Oryza sativa genotypes 
(Shanthi et al., 2010). Recent investigations 
continue to validate the accuracy of in vitro models; 
for instance, Baktemur (2023) observed that 
increasing NaCl concentrations progressively 
restricted biomass and relative water content in 
Cucurbita pepo cultivar. 

Crucially, biochemical indicators of stress, such 
as malondialdehyde (MDA) accumulation and 
antioxidant enzyme activities, show high parallelism 
between in vivo whole plants and in vitro callus 
cultures, confirming that cellular-level responses 
reflect systemic tolerance (Yaşar, 2003). In 
Cucumis melo, salt stress triggered noticeable 
tissue browning and growth inhibition, particularly in 
sensitive genotypes, while tolerant variants 
mitigated this oxidative damage through significant 
elevations in superoxide dismutase (SOD) and 
catalase (CAT) activities (Kusvuran et al., 2012). 
Similarly, in Camelina sativa callus cultures, high 
salinity disrupted cellular homeostasis, leading to a 
marked drop in relative water content alongside a 
steep rise in guaiacol peroxidase and MDA levels 
(Khalid et al., 2015). Furthermore, recent studies 
explore the exogenous modulation of these in vitro 
pathways; application or pre-treatment with 
signaling molecules like hydrogen peroxide and 
nitric oxide (NO) has been shown to alleviate salt-
induced membrane damage, lower NaCl 
accumulation, and up-regulate the enzymatic 
antioxidant pool in Capsicum annuum (Baysal 
Furtana et al., 2019) and Solanum melongena 
(Yaşarkan, 2018) cultures. Collectively, these 
findings underscore that in vitro systems not only 
clarify the primary physiological thresholds of 
salinity tolerance but also provide a clean, 
homogenous matrix to decipher the intricate 
balance between reactive oxygen species (ROS) 
production and antioxidant defense signaling. 

Chicory species (Cichorium spp.), which belong 
to the Asteraceae family, are plants that grow in 

temperate regions such as Mediterranean 
countries, North America, and Eurasia. It is widely 
acknowledged that they are of global economic 
importance, both in terms of their dietary fibre 
content when consumed in their fresh state and in 
terms of their use in the production of inulin and for 
medicinal purposes (Al-Subari et al., 2026). The 
medicinal significance of Cichorium intybus L. (wild 
chicory) and Cichorium endivia L. (green endive) 
has been associated with their rich content of 
important compounds. These components include 
inulin, polyphenols, alkaloids, sesquiterpene 
lactones, vitamins, chlorophyll pigments, 
flavonoids, unsaturated sterols, coumarins, tannins 
and saponins. Moreover, vitamins A, C, and K, 
together with the minerals present in these plants, 
contribute significantly to their antioxidant potential 
(Nandagopal and Kumari, 2007). All parts of the 
plants are consumed raw in salads or cooked. Wild 
chicory is commonly found in the Aegean and 
Marmara regions of Türkiye and can also be found 
in Anatolia (Baytop, 1984).  Studies on the tolerance 
mechanisms of different chicory species under 
abiotic stress conditions are limited. Recent studies 
have focused on understanding the genetic and 
biochemical bases of these species’ responses to 
abiotic stress factors, particularly salinity. Based on 
these studies, it has been demonstrated that plants 
have developed an advanced antioxidant defense 
mechanism consisting of enzymes such as 
peroxidase (POD), superoxide dismutase (SOD) 
and catalase (CAT) to minimize oxidative damage 
caused by salt stress (Schillaci et al., 2024).  

The aim of this study was to determine the 
tolerance levels of a green (curly) endive (Cichorium 
endivia L.) variety and wild endive (Cichorium 
intybus L.) to in vitro salinity stress. The 
morphological characteristics of the developing 
callus tissues, including callus color, and the fresh 
and dry weights (mg) of the calli were examined. 
Analyses of malondialdehyde (MDA), a lipid 
peroxidation end product, hydrogen peroxide 
(H₂O₂), and protein levels were conducted in the 
callus tissues. In addition, the antioxidant enzyme 
activities of peroxidase (POD), superoxide 
dismutase (SOD), and catalase (CAT) were 
analyzed. The obtained data were visualized using 
Principal Component Analysis (PCA) and heatmap 
techniques and interpreted in light of the literature. 
 
 
2. Material and Methods 

 
In this study, seeds of green (curly) endive 

(Cichorium endivia L.) and wild endive (Cichorium 
intybus L.) were used. The seeds were washed 
several times under running tap water to clean their 
surfaces. They were then washed for 5 minutes in a 
1% (v/v) liquid detergent solution and rinsed several 
times with distilled water. After washing, the seeds 
were transferred in a laminar flow cabinet and 
immersed in 70% (v/v) ethanol in small petri dishes 
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a b c 
Figure 1. 3-day-old germinating seeds (a), 3-week-old wild chicory plants (b), and 3-week-old green (curly) chicory plants 

(c). 

 
Table 1. Callus formation media prepared to determine salinity tolerance in chicory species. 

Culture media  Media components     Amount of salt used (g L-1) 

M0 MS (seed germination and plant growing medium) - 

M1 MS +1 mg L-1 2.4-D+ 0.5 mg L-1 kinetin (salt control medium) - 

M2 MS +1 mg L-1 2.4-D+ 0.5 mg L-1 kinetin + 50 mM NaCl 2.922 

M3 MS +1 mg L-1 2.4-D+ 0.5 mg L-1 kinetin + 100 mM NaCl  5.844 

M4 MS + 1 mg L-1 2.4-D+ 0.5 mg L-1 kinetin + 150 mM NaCl 8.766 

for 60 seconds, and then sterilized by agitating them 
for 10 minutes in a disinfectant solution containing 
20% Clorox (0.5% sodium hypochlorite, NaOCl) and 
1–2 drops of Tween-80.  

The sterilized seeds were rinsed 3–5 times with 
autoclaved distilled water. Subsequently, green 
endive and wild chicory seeds were cultured on 
MS0 (Murashige and Skoog, 1962) seed 
germination and plant growth medium without plant 
growth regulators adjusted to pH 5.7 and solidified 
with 7 g L-1 agar. A total of 10 seeds per petri dish 
were inoculated in three replicates to obtain sterile 
seedlings (Figure 1). 

After obtaining the sterile seedlings, leaf 
explants cut into 0.5 × 0.5 cm pieces were cultured 
in triplicate, with five explants per petri dish, on 
callus regeneration media of M1 (C), M2, M3, and M4 
media supplemented with NaCl salt to induce callus 
formation under salt stress conditions and to 
evaluate salinity tolerance levels (Table 1). 

For callus induction, the petri dishes were 
incubated in the dark at 25°C and subcultured three 
times at two-week intervals. The structural 
characteristics (ie., loose, compact) of the 
developing callus tissues, callus color, and the fresh 
and dry weights (mg) of the calli were determined 
(Figure 2). For weight measurement, the developing 
calli were first weighed in their fresh state on a 
precision scale. Subsequently, the weighed calli 
were dried in an oven at 70°C for 48 hours and their 
dry weights were determined. Dry matter content 
(DM) was calculated using the following equation: 

 

𝐷𝑀 = (
𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

𝑊𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡
) × 100 

2.1. Determination of soluble protein  
 
Callus tissues (0.5 g) were cryogenically ground 

in liquid nitrogen to obtain a fine powder. The 
material was homogenized in four volumes of 0.1 M 
phosphate buffer (pH 6.75) under cold conditions. 
The homogenate was then centrifuged at 
15,000 × g for 15 min, and the clarified supernatant 
was carefully collected for subsequent protein 
quantification. Protein concentration was 
determined spectrophotometrically at 562 nm 
according to the method of Smith et al. (1985). 
 
2.2. Determination of lipid peroxidation and 
hydrogen peroxide content 

 
Lipid peroxidation was evaluated by determining 

malondialdehyde (MDA) content in 0.2 g fresh 
weight (FW) of callus tissues, following Ohkawa et 
al. (1979). Samples were homogenized in liquid 
nitrogen and extracted with 0.1% (w/v) 
trichloroacetic acid (TCA). After centrifugation, the 
supernatant was mixed with freshly prepared TCA–
thiobarbituric acid (TBA)–HCl solution (1:1:1, v/v/v). 
The reaction mixture was incubated at 95°C for 1 h 
and then rapidly cooled on ice. Absorbance was 
measured at 532 nm, and nonspecific turbidity was 
corrected by subtracting the absorbance at 600 nm. 

 

𝑀𝐷𝐴 =
(𝐴532 − 𝐴600) × 𝐸𝑥𝑡𝑟𝑎𝑐𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 , 𝑚𝐿

(155 𝑚𝑀𝑐𝑚−1 × 𝑆𝑎𝑚𝑝𝑙𝑒 𝑎𝑚𝑜𝑢𝑛𝑡, 𝑚𝑔)
 

 
Hydrogen peroxide (H₂O₂) levels were 

determined following a modified version of the 
method described by Velikova et al. (2000). Briefly, 
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a b c 

Figure 2. In vitro callus induction and development (a: Initial explant preparation and inoculation; b: Callus formation, 

control; c: Callus response to salinity stress, 100 mM). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.4 g of callus tissue was homogenized in cold 0.1% 
(w/v) trichloroacetic acid (TCA). The homogenate 
was centrifuged at 10,000 × g, and the resulting 
supernatant was collected. Subsequently, 10 mM 
potassium phosphate buffer (pH 7.0) and potassium 
iodide (KI) solution were added to the extract. 
Absorbance was recorded at 390 nm using a UV 
spectrophotometer. H₂O₂ content was quantified 
based on a standard calibration curve and 
expressed as μmol g⁻¹ FW. 
 
2.3. Determination of antioxidant enzyme 
activities  

 
Callus tissues (0.5 g) were cryogenically ground 

in liquid nitrogen and homogenized in 5 mL of 
extraction buffer containing 0.1 M KH₂PO₄ (pH 
6.75), 1% (w/v) polyvinylpyrrolidone (PVP), and 1 
mM EDTA. The homogenate was centrifuged at 
15,000 × g for 15 min at 4°C, and the resulting 
supernatant was carefully collected and used as the 
enzyme extract. All procedures were performed 
under cold conditions (4°C). Catalase (CAT) activity 
was determined according to Gong et al. (2001) by 
monitoring the decrease in absorbance at 240 nm 
due to the decomposition of H₂O₂. Peroxidase 
(POD) activity was assayed following Ye et al. 
(2003) by measuring the increase in absorbance at 
470 nm resulting from the formation of tetraguaiacol 
in the presence of guaiacol and H₂O₂. Superoxide 
dismutase (SOD) activity was evaluated based on 
its ability to inhibit the photochemical reduction of 
nitro blue tetrazolium (NBT), as described by 
Agarwal and Pandey (2004) and Yordanova et al. 
(2004). 

 
2.4. Statistical analysis  

 
All experimental data were subjected to 

statistical analysis using the JMP 13 software 
package. Treatments were arranged in a 
completely randomized design with three replicates, 
each consisting of 10 callus tissues. Two-way 
analysis of variance (ANOVA) was performed to 
evaluate the effects species, NaCl treatment, and 
their interaction. Differences among means were 
assessed using Duncan’s multiple range test at a 
significance level of p≤0.05. In addition, principal 

component analysis (PCA) was conducted to 
examine the relationships among measured 
parameters and to identify patterns of variation 
among treatments. PCA was performed using 
standardized data, and the results were visualized 
through score and loading plots. 
 
 
3. Results and Discussion 
 
3.1. Callus development and parameters of 
weight, color, and structural condition 

 
In this study investigating the tolerance levels of 

green (curly) endive (Cichorium endivia L.) and wild 
endive (Cichorium intybus L.) species to salt stress, 
M1, M2, M3, M4, (0, 50, 100, and 150 mM NaCl) were 
added to MS media and callus development was 
observed. In green endive plants, although 
differentiation was observed in nutrient media 
containing 150 mM salt, there was insufficient callus 
development for analysis. Parameters such as 
fresh-dry weight, dry matter content, color, and 
structural condition (ie., loose, compact) were 
analyzed in calli developed under different salt 
concentrations (Table 2). As salt concentrations 
increased, the color of callus tissues from both 
chicory species darkened, and their structures 
became harder and more complex.  

Salinity stress exerted a clear, dose-dependent 
influence on the callus formation and biomass 
production of both chicory species. Cichorium 
intybus (wild endive) exhibited a robust tolerance 
profile, sustaining growth even under severe salinity 
(150 mM NaCl). In sharp contrast, C. endivia (green 
endive) proved highly sensitive to salt stress, 
displaying a sharp decline in biomass that 
culminated in a complete cessation of callus 
development at the highest NaCl concentration. 
This distinct growth maintenance in C. intybus 
strongly reflects its innate capacity to preserve 
physiological activity and stimulate secondary 
metabolism when challenged by salinity (Zhu et al., 
2022). On the other hand, the complete 
developmental arrest observed in C. endivia 
underscores a well-known vulnerability of 
undifferentiated callus systems, which typically lack 
the advanced ion compartmentalization 
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Table 2. Fresh-dry weight, dry matter content, color, and structural parameters of chicory callus tissues developed under 
different salt concentrations. 

Chicory species  Salt concentration Fresh weight (g) Dry weight (g) DM (%) Callus type 

Cichorium 
intybus L. 

0 1.83 0.42 39.34 White, green, granular 
50 2.48 0.53 21.37 Yellowish, large, soft 
100 1.89 0.65 34.39 Small, brown, soft 
150 2.73 0.77 28.21 White, green, granular 

Cichorium 
endivia L. 

0 1.98 0.85 42.00 White, green, granular 
50 1.83 0.66 36.00 Yellowish, friable, soft 
100 1.65 0.42 25.00 Yellow-brown, hard 
150 - - - Did not form 

 
Table 3. Biochemical responses in callus tissues of chicory species under salt stress. 

MDA: Malondialdehyde, SOD: Superoxide dismutase, CAT: Catalase, POD: Peroxidase. 
**: p<0.01; statistically significant differences between means based on Duncan tests. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sources of variation 
H2O2 

(µg g-1) 
Protein 
(mg g-1) 

MDA 
(nmol g-1) 

SOD 
(U.mg-1 prot) 

POD 
(Eu.mg prot) 

CAT 
(U.mg-1 prot) 

Species ** ** ** ** ** ** 
Treatment ** ** ** ** ** ** 
Species*Treatment ** ** ** ** ** ** 

Species H2O2** Protein** MDA** SOD** POD** CAT** 
C. intybus L. 28.46 a 9.77 a 0.83 a 32.49 b 5714.47 a 448.83 a 
C.endivia L.  24.50 b 6.30 b 0.51 b 101.93 a 5271.67 b 346.14 b 

Treatment H2O2** Protein** MDA** SOD ** POD** CAT** 
Control 30.67 b 10.68 a 0.91 a 60.36 c 2943.43 c 391.28 c 
50 mM NaCl 23.37 c 10.1 b 0.79 b 87.86 b 3335.55 a 450.85 b 
100 mM NaCl 34.93 a 8.55 c 0.49 c 106.27 a 3208.62 b 533.92 a 
150 mM NaCl 16.94 d 2.81 d 0.49 c 14.35 d 2046.78 d 213.90 d 

Species*Treatment H2O2** Protein** MDA** SOD** POD** CAT** 
C. intybus-Control 11.73 g 14.89 a 0.75 d 25.57 g 5844.03 c 391.13 f 
C. intybus-50 mM NaCl 20.56 f 9.11 d 0.75 d 36.50 e 6600.20 a 438.30 d 
C. intybus-100 mM NaCl 47.65 b 9.47 c 0.83 c 39.20 d 6320.10 b 538.10 a 
C. intybus-150 mM NaCl 33.88 c 5.62 g 0.97 b 28.70 f 4093.57 d 427.80 e 
C.endivia-Control 49.61 a 6.47 f 1.06 a 95.17 c 42.83 g 391.43 f 
C.endivia-50 mM NaCl 26.18 d 11.09 b 0.82 c 139.23 b 70.90 f 463.40 c 
C.endivia-100 mM NaCl 22.20 e 7.63 e 0.14 e 173.33 a 97.13 e 529.73 b 
C.endivia-150 mM NaCl 0.00 h 0.00 h 0.00 f 0.00 h 0.00 h 0.00 g 

mechanisms found in whole plants (Custódio et al., 
2022). Taken together, these biomass trends point 
toward a tightly coordinated survival strategy; while 
sensitive genotypes succumb to osmotic and 
oxidative pressures, tolerant ones successfully 
mitigate these constraints through timely osmotic 
adjustments and enhanced antioxidant enzyme 
signaling (Akçelik et al., 2025; Gozdur et al., 2024; 
Sharma and Ramawat, 2013). 
 
3.2. Biochemical responses of chicory callus 
tissues to salt stress 

 
Biochemical responses to in vitro salt stress in 

callus cultures were found to be statistically highly 
significant in terms of species × treatment 
interaction (p<0.01). H₂O₂, soluble protein content, 
MDA content, and antioxidant enzyme activities 
(SOD, POD, and CAT) showed significant 
differences depending on both salt concentration 
and species (Table 3). 
 
3.3. The amount of soluble protein, lipid 
peroxidation and hydrogen peroxide content 

 
All treatment groups showed significant 

differences in soluble protein content (p<0.01). On 

average, C. intybus had a higher soluble protein 
content. The highest soluble protein content was 
observed in the control group, while the lowest was 
found in the 150 mM NaCl treatment. In particular, 
the maximum soluble protein level was observed in 
the C. intybus control treatment. The decrease in 
protein content at high salt concentrations indicates 
that stress suppresses metabolic activity. Soluble 
protein content was generally high at moderate salt 
concentrations but decreased under severe stress 
(150 mM) conditions. The decrease in soluble 
protein content with increasing salinity is associated 
with metabolic suppression and protein 
denaturation under salt stress, a phenomenon 
frequently reported in the literature for other species 
as well (Athar et al., 2022; Dzinyela et al., 2023).  

Upon examination of MDA levels, high values 
were particularly notable in the control group and in 
some stress treatments. Cichorium intybus 
exhibited a higher overall average MDA level. The 
highest MDA levels were observed in the control 
group, while the lowest values were recorded in the 
100 and 150 mM salt treatments. Interestingly, 
interaction analysis highlighted that the control 
group of C. endivia exhibited the highest MDA 
content (1.06 nmol g-1) which then progressively 
dropped to 0.82 and 0.14 nmol g-1 under 50 and 
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Figure 3. Changes in soluble protein, MDA, and H₂O₂ levels in chicory callus tissues.  

100 mM NaCl treatments, respectively. While a high 
MDA level in non-stressed tissues might initially 
seem contradictory, a closer look at the antioxidant 
enzyme dynamics provides a clear physiological 
explanation. In control calli, the antioxidant 
machinery remained at baseline levels due to the 
absence of an external abiotic stressor to up-
regulate defense-related signaling pathways. This 
outcome is largely attributed to the delicate nature 
of callus cultures; being undifferentiated tissues, 
they are highly sensitive to environmental factors. 
Consequently, routine growth and respiratory 
processes within the closed, artificial microclimate 
of the in vitro vessels led to a baseline accumulation 
of H2O2 49.61 (µg g-1). 

Since the antioxidant enzymes were not induced 
in these control tissues, this un-scavenged 
hydrogen peroxide directly stimulated lipid 
peroxidation, elevating the MDA levels. In contrast, 
the onset of salinity stress acted as a powerful 
trigger, strongly stimulating C. endivia’s defense 
network.  

This was clearly reflected in SOD, POD, and 
CAT activities, all of which peaked at 100 mM NaCl, 
effectively scavenging H2O2 down to 22.2 (µg g-1) 
and successfully mitigating membrane damage in 
stress-adapted tissues. Such over-activation of 
antioxidants under moderate stress, leading to a net 
decrease in MDA compared to controls, represents 
a well-documented survival strategy observed in 
various plant tissue cultures (Hasanuzzaman et al., 
2020). Similarly, in vitro studies conducted in recent 
years have reported that the increase in MDA in 
salt-tolerant callus tissues is balanced by a robust 
antioxidant defense system (Akçay et al., 2025; 
Razavizadeh et al., 2026; Zhou et al., 2024b). In 
callus tissues of chicory plants, a decrease in H₂O₂ 
levels has been observed alongside an increase in 
MDA levels as the salt concentration rises. The 
observed decrease in H₂O₂ levels under salt stress 
may indicate that the plant possesses an effective 
defense mechanism or has developed a specific 
adaptation process (Khan et al., 2018; Özay and 

Pehlivan, 2024; Wei et al., 2022). Based on the 
mean values, C. intybus exhibited higher H₂O₂ 
accumulation compared to C. endivia (Table 3) 

(Figure 3). Among the treatments, the highest H₂O₂ 
level was observed at 100 mM NaCl, and the lowest 
at 150 mM. The highest interaction level was 
observed in the C. endivia control group, while no 
callus development was observed in C. endivia at 
150 mM. The findings suggest that C. endivia 
carries a high oxidative load even under control 
conditions, whereas C. intybus manages the 

increase in H₂O₂ more effectively under stress 
conditions  

H₂O₂ levels, a key indicator of oxidative stress, 
increased significantly in C. intybus calli, particularly 
following the application of 100 mM NaCl. However, 
the fact that this increase occurred alongside 
elevated POD and CAT enzyme activities suggests 
that the reactive oxygen species generated were 
effectively detoxified. Current literature emphasizes 
that CAT and POD enzymes play a critical role in 
maintaining H₂O₂ homeostasis under salinity stress 
(Hazrati et al., 2022; Woch et al., 2023). The 
detection of high H₂O₂ and MDA levels even in the 
control group of C. endivia calli suggests that the 
basal level of oxidative stress in the callus tissue of 
this species may be high. In particular, the complete 
suppression of callus formation and the reduction of 
biochemical parameters to zero under 150 mM 
NaCl treatment demonstrate that high salinity 
severely limits cellular metabolism. It has also been 
reported in recent tissue culture studies that high 
NaCl concentrations negatively affect callus viability 
and cell division (Wei et al., 2022; Woch et al., 
2023). 
 
3.4. Antioxidant enzyme activities  

 
The enzyme activities of SOD, CAT and POD, —

key components of the antioxidant defense 
system—showed significant differences among 
species (Table 3) (Figure 4). The high POD and 
CAT activities in C. intybus calli, particularly under 
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Figure 4. Changes in SOD, POD, and CAT levels in chicory callus tissues.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

50 and 100 mM NaCl treatments, suggest that this 
species possesses a more effective antioxidant 
defense mechanism against salinity stress. In 
contrast, although SOD activity increased in C. 
endivia, the fact that POD and CAT activities 
remained quite low indicates that reactive oxygen 
species could not be effectively detoxified, and as a 
result, callus development was completely 
suppressed under high-dose salt stress. It is widely 
reported in the literature that the antioxidant enzyme 
system functions more effectively in salt-tolerant 
genotypes, and that the increase in SOD, POD, and 
CAT activities, in particular, limits ROS 
accumulation and preserves cellular integrity (Gill 
and Tuteja, 2010; Hasanuzzaman et al., 2020; Zhou 
et al., 2024a). 

When antioxidant enzyme activities are 
evaluated together, the significantly higher POD 
and CAT activities in C. intybus calli indicate that 
this species has developed a more effective 
defense mechanism against in vitro salinity stress. 
In contrast, despite the increase in SOD activity in 
C. endivia, the low levels of POD and CAT activities 

suggest that the generated H₂O₂ is not sufficiently 
removed, thereby increasing oxidative damage. 
Studies published over the past five years 
emphasize that in salt tolerance, it is not only SOD 
but the coordinated action of CAT and POD 
enzymes that is decisive. Furthermore, it has been 
determined that as stress intensity increases, the 
antioxidant defense system is activated, and 
increases are observed in total phenolic compound 
content and antioxidant enzyme activities (SOD, 
CAT, and APX) (Hasanuzzaman et al., 2020; Zhu et 
al., 2022). These findings indicate that plants 
develop an adaptive response to maintain cellular 
redox balance against salinity stress. Indeed, Zhu 
et al. (2022) reported that under salt stress, phenolic 
compound accumulation and antioxidant capacity 
increased in C. intybus, playing a significant role in 
stress tolerance. However, the suppression of 
callus formation and the observed decrease in 
protein content at very high salt concentrations 
indicate that metabolic activity is adversely affected. 
This suggests that severe salt stress exceeds the 

capacity of defense mechanisms, thereby limiting 
growth and cell division. Similar results have been 
reported in studies conducted on different plant 
species; it has been emphasized that the positive 
effects of long-term or high-level salt stress on the 
antioxidant system eventually become insufficient 
over time (Noctor et al., 2018; Zandalinas et al., 
2017).  
 
3.5. Principal component analysis (PCA) and 
heatmap  

 
The PCA loading plot illustrates the effects of 

biochemical parameters on the principal 
components and their correlations with one another 
(Figure 5). SOD exhibits a high positive loading on 
the PC2 axis, whereas POD exhibits a negative 
loading on the PC2 axis. H₂O₂, MDA, CAT, and 
soluble protein content, on the other hand, show 
predominantly positive loadings on the PC1 axis. 
This suggests that PC1 generally represents 
parameters associated with oxidative stress and 
antioxidant defense, while PC2 may be specifically 
related to the activities of enzymes such as SOD 
and POD. 

The results of Principal Component Analysis 
(PCA) clearly demonstrate the effects of Cichorium 
species and different salt treatments on biochemical 
parameters. The PCA plot (Figure 5) shows the first 
two principal components (PC1 and PC2), which 
account for a large portion of the variation. PC1 
explains 48.20% of the total variance, while PC2 
explains 28.15%. Together, these two components 
account for approximately 76.35% of the variation in 
the dataset. In the graph, C. inthybus L. samples 
(blue points) and C. endivia L. samples (orange 
points) tend to form distinct clusters. This indicates 
significant differences in biochemical responses to 
salt stress between the two species. In particular, 
the C. endivia L. sample treated with 150 mM NaCl 
(C. endivia-150mM NaCl) is located quite far from 
all other samples. The fact that the H₂O₂, protein, 
MDA, SOD, POD, and CAT values in this sample 
are zero suggests that the plant was severely 
damaged at this concentration or could not exhibit 
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Figure 5. PCA loading plot of biochemical parameters (a) and PCA plot illustrating the effects of Cichorium species and 
salt treatments on biochemical parameters (b). 

 

 

Figure 6. Heatmap of biochemical parametres.  

 

 

 

 

 

 

 

 

measurable biochemical activity. For C. inthybus L., 
while the control and low salt concentrations (50 
mM NaCl) clustered closely together, the 100 mM 
and 150 mM NaCl treatments were scattered in 
different directions. This indicates that C. inthybus 
L. exhibits distinct biochemical responses to 
different salt concentrations in a stepwise manner. 
For C. endivia L., the control and 50 mM NaCl 
treatments fall within a similar cluster, whereas the 
100 mM NaCl treatment (C. endivia-100 mM NaCl) 
stands out from the others with a high value on the 
PC2 axis. This indicates that C. endivia L. exhibits 
a distinct response to 100 mM NaCl stress, 
particularly in parameters related to PC2. The heat 
map visualizes the effects of different Cichorium 
species and salt treatments on biochemical 

parameters using color intensity (Figure 6). Red 
colors represent high values, while blue colors 
represent low values. The heat map presents 
findings that support the PCA results (Figure 6). 

The fact that all measured parameters in the 
150 mM NaCl group for C. endivia L. were zero 
clearly indicates that these plants could not 
withstand extreme salt stress and that their 
metabolic activities had ceased. This suggests that 
C. endivia L. is more sensitive to salt stress than C. 
inthybus L. In the C. inthybus L. species, increases 
in POD and CAT values were observed in the 
100 mM and 50 mM NaCl treatments, while protein 
levels were highest in the control group. H₂O₂ 
levels, however, showed a significant increase 
under the 100 mM NaCl treatment. This indicates 
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that C. inthybus L. responds to moderate salt stress 
by increasing antioxidant enzyme activities, but 
these mechanisms may prove insufficient at high 
concentrations (150 mM NaCl). In C. endivia L., 
SOD levels are quite high under 100 mM NaCl 
treatment, while H₂O₂ and MDA levels are low. This 
indicates that C. endivia L. attempts to control 
oxidative stress by increasing SOD activity in 
response to 100 mM NaCl stress, but this 
mechanism completely fails at 150 mM NaCl. In the 
C. endivia L. control group, H₂O₂ and MDA levels 
were higher than those in the C. inthybus L. control 
group, suggesting that this species may have a 
higher baseline level of oxidative stress. 
 
 
4. Conclusion 

 
Salinity stress triggers oxidative damage by 

causing overproduction of reactive oxygen species 
(ROS) in plant cells; this condition is characterized, 
in particular, by an increase in MDA—an indicator 
of lipid peroxidation—and the accumulation of 
H₂O₂. In this study, it was determined that NaCl 
applications significantly affected H₂O₂ and MDA 
levels in both chicory species. In particular, the 
detection of high oxidative stress markers even in 
control and low-salt treatments in green endive 
(Cichorium endivia L.) calli suggests that this 
species has a more limited capacity to maintain 
basal ROS homeostasis. In contrast, the marked 
increase in POD and CAT activities in wild chicory 
(Cichorium intybus L.) calli under moderate salt 
treatments (50–100 mM) indicates that the elevated 
H₂O₂ levels were partially detoxified.  

Our study shows that the peak levels of 
antioxidant enzyme activities observed at 100 mM 
NaCl indicate that moderate stress induces the 
defense system; however, the decrease in enzyme 
activities and protein content at 150 mM suggests 
metabolic suppression. A decrease in protein 
synthesis and inhibition of the enzymatic system at 
high salt concentrations has previously been 
reported in different species. It is concluded that C. 
intybus possesses a more effective antioxidant 
defense mechanism, supported by higher POD and 
CAT activities, and therefore exhibits higher 
biochemical tolerance to salinity stress under in vitro 
conditions compared to C. endivia. These findings 
are consistent with recent studies indicating that 
genotypic differences among species of the same 
species play a decisive role in adaptation to salt 
stress and provide an important biochemical basis 
for breeding and tissue culture strategies aimed at 
stress tolerance in chicory species. The results 
indicate that chicory can develop a certain tolerance 
to moderate salt stress, but that physiological and 
biochemical balance is disrupted at high NaCl 
concentrations. In this regard, Cichorium intybus L. 
can be considered a suitable model plant for 
studying salt stress tolerance mechanisms. 
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