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ackground: In vitro techniques are an efficient tool to select salt tolerant lines in several plant species. 
The impacts of increasing salt concentration on membrane lipids oxidation and oxygen free radicals 
scavenging enzymes were evaluated in the callus of a cultivated eggplant (Solanum macrocarpon L.) and 

Wild Eggplant (Solanum dasyphyllum L.)  

Methods: A salt stress ranging from 40 to 160 mM NaCl was imposed to callus of S. macrocarpon ‘Akwaseho’, a 
cultivated African eggplant and callus of S. dasyphyllum var dasyphyllum, a putative wild ancestor, for 40 days. 
Selected callus physiology and biochemistry features were investigated after 40 days of growing both species in 
MS medium added with NaCl at the concentration of 0 (control), 40, 80, 120 and 160 mM.  

Results: A close correlation was observed between rising salinity level and the enhancement of proline 
accumulation. Callus of S. dasyphyllum var dasyphyllum succeeded efficiently in keeping higher K+, lower Na+ 
rate and Na+/K+ ratio than S. macrocarpon L. Ion content can be considered as useful tool to select salt tolerant 
callus tissue. Under saline condition, S. dasyphyllum L. showed lower amounts of malondialdehyde (MDA) and 
H2O2 but higher activity for superoxide dismutase (SOD), catalase (CAT), guaiacol peroxidase (GPX) and 
ascorbate peroxidase (APX) than S. macrocarpon L. in both case control and NaCl treatments. 

Conclusion: The current study concluded that the two species responded differently to salinity induced 
oxidative damage. S. dasyphyllum L. callus showed more effective antioxidant defense system, which 
contributes, to better adaptive and protective capacity against salinity induced oxidative impairment by 
keeping more intense antioxidant enzymes activities than S. macrocarpon L. callus. 
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Introduction  

As a major global problem appearing in arid and 
semiarid area, soil salinity reduces plant growth, and 
significantly decreases crop yield [1,2]. Salt stress 
induces several and contrasting morphological, 
physiological and biochemical responses in plants [3]. 
The exposition of in vitro cultures to salinity has induced 
callus growth decline [4,5], ion imbalance and mineral 
deficiency, osmolytes accumulation and water status 
reduction [4]. Subjection to salt stress has been shown 
to induce the reduction in callus growth [4, 5], the 
accumulation of proline [4] the increase of sodium and 
the decrease of potassium ion concentrations [4]. 

In vitro culture of plant cells or tissues on medium 
containing selective agents constitutes an effective tool 
to investigate the salt induced response at callus level, 
decrease the time to select specific traits and minimize 
environmental interactions [6]. Moreover, In vitro 
techniques have been reported previously by several 
authors as an efficient tool to select and produce salt 
tolerant lines in numerous plant species [7]. Also in vitro 
procedure applications offer a deep knowledge of the 
mechanisms involved in stress tolerance in the entire 
plant [8, 9] and at callus level [10,11]. Recently, many 
researchers have investigated the impact of salinity in 
several callus biochemical process [12,13]. There is 
evidence that increasing salinity contributes to a 
substantial and continuous formation of cytotoxic 
oxygen free radicals which leads to an oxidative damage 
affecting DNA, lipids and proteins [14, 15]. In order to 
protect themselves from oxidative deterioration, plants 
have adopted an antioxidant defense machinery 
including both non-enzymatic (ascorbate, glutathione, 
α-tocopherol, etc.) and enzymatic such as APX, GPX and 
CAT [16]. 

Peroxidases (APX and GPX) catalyze the reduction of 
H2O2 to H2O. APX utilizes ascorbate as the electron 
donor in the first step of the ascorbate–glutathione 
cycle and is known to be the best plant peroxidase in 
H2O2 detoxification [17, 18]. Catalases (CAT) catalyze 
the reduction of H2O2 to water [19]. Several researchers 
reported that plants salinity tolerance is deeply linked to 
an effective antioxidant defense system [16]. Depending 
on the genotype (more tolerant or more sensitive), 
several differences have been found at the levels of 
expression and efficiency of antioxidative enzymes [9]. 
Lipid peroxidation being induced by free radicals has 
been considered as useful method assessing both 
oxidative deterioration and cell membrane integrity 
under stressful environment [17].  

Eggplant is an important agronomical non-tuberous 
solanaceous crop. It represents an important vegetable 
crops all over the world and is moderately sensitive to 

salinity [20]. Solanum macrocarpon L. (African eggplant) 
is the cultivated form of the wild Solanum dasyphyllum L.  

Solanum dasyphyllum L., the African ancestry of 
Solanum macrocarpon, are spiny wild forms which can be 
present in the tropical non-arid area of Africa and their 
fruits are still being consumed irregularly as vegetable. 
However, the cultivated forms (Solanum macrocarpon), 
called ‘gboma’ in West Africa makes an important fruit 
and leaf vegetable, which is oriented towards the 
market. Local cultivars grown for the leaves are familiar 
in the West and Central of Africa, while the fruit types 
are mainly limited to the humid coastal region of West 
Africa [21]. Cultivated eggplant is potentially crossable 
with its wild ancestor for introgression breeding aiming 
at the incorporation of desired specific traits [22]. 
Consequently, there is crucial need to identify sources 
of variation for tolerance to salinity among eggplant 
wild relatives growing in salty environments [23]. 
Previously, many in vitro reports have been done based 
on cultivated eggplant dealing with callus antioxidant 
enzymes activity in Solanum melongena [24] and 
antioxidative responses of eggplant seedlings to salinity 
stress [25]. However, the responses of S. macrocarpon .L 
and S. dasyphyllum L. under salt stress conditions have 
not yet been studied in callus tissue level. Nevertheless, 
investigating the stress tolerance level of callus tissue is 
essential for somaclonal selection process. On the one 
hand, the present work aimed at assessing the impact of 
the salinity on a Cultivated (S. macrocarpon L.) and a 
Wild Eggplant (S. dasyphyllum L.) using a biochemical 
and physiological approach in order to detect the 
mechanisms underlying the salt tolerance in both 
cultivars. Therefore, we analyzed several parameters 
such as callus growth, proline content, sodium and 
potassium accumulation, protein, hydrogen peroxide, 
lipid peroxidation, and antioxidant machinery in callus 
tissue grown under NaCl stress. On the other hand, 
another goal of this study was to focus on to what extend 
antioxidant machinery is associated with salt tolerance 
of the callus tissue in both of the cultivated and in Wild 
eggplant seedlings. 

Methods 

Initiation and stock 
Seeds of S. macrocarpon ‘Akwaseho’, a cultivated African 
eggplant (originated from Ghana) and seeds of S. 
dasyphyllum var dasyphyllum, a putative wild ancestor 
(originated from Ghana) were used as plant material, 
which was provided by the Biology Department of 
University of Hail. Thiram pre-treated seeds of both 
species were rinsed with 70% of alcohol for some 
seconds and then laved by distilled water. Later on they 
were subjected to a first sterilization during 20 min in a 
5% HazTab solution (1,3,5 Dichloro-Triazine-
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Trionedihydrate-Dichlorosodium) and 0.02% Dreft (5-
15% non-ionic surfactants, 15-30% anionic surfactants), 
then a second sterilisation in 0.5% mercuric chloride 
during 10 min was achieved. After being rinsed three 
times by sterile distilled water, the germination of seeds 
was performed in glass vessels (0.7 L) containing 0.8 % 
agar-solidified MS medium [26] with 3% (w/v) sucrose. 
Before autoclaving, the adjustment of the pH to 5.8 was 
done using 1 N NaOH. Stock plants were kept in a growth 
chamber at 28±2°C and a 16-h photoperiod regime 
which was furnished by cool-white fluorescent lamps 
along with a photon flux density of 36 µmol m–2 s–1. 

Callus induction and salt treatment 
25- to 30-day-old seedlings were selected to excise leaf 
segments (50 mm2). These explants were grown during 
30 days on 0.8 % agar MS medium (3 % sucrose) [62] 
added with 0.2 µM thidiazuron (TDZ). The culture was 
kept in a growth chamber at 28±2°C and a 16-h 
photoperiod regime provided by cool-white fluorescent 
lamps and a photon flux density of 36 µmol m–2 s–1. Four 
explants per glass vessel were used and replicated four 
times. Calli showing better fresh weight obtained for 0.2 
µM TDZ were subjected to fragmentation and then 
moved to MS medium containing 0.4 μM TDZ and five 
NaCl concentrations: 0 (control), 40, 80, 120, or 160 mM. 
In each glass vessel, we grew five explants, this in four 
repetitions. 40 days-old calli of both species were chosen 
for evaluating selected parameters dealing with callus 
physiology and biochemistry. 

Growth and water relation parameters 
The investigation of water status was achieved via 
assessing the relative water content (RWC). RWC was 
quantified according to [27]. Briefly, after being kept in 
distilled water (50ml) during 4 h a fresh callus sample 
(0.5g) was dried in an oven for 48h at 70°C. Then the dry 
weight (DW) and fresh weight (FW) were used for 
determination of RWC value as follow: 
RWC (%) = [(FW− DW)/(TW−DW)] ×100, (TW is the 
turgid weight). 

Proline content 
We quantified proline according to [28]. In short, 0.5g of 
fresh callus tissue was extracted with 3% (w/v) 
sulfosalicylic acid. The determination of proline was 
carried out using a calibration curve and expressed as µg 
proline g-1 FW. 

Ionic assay (Na+ and K+) 
The extraction and the estimation of Na+ and K+ content 
was achieved according to [29]. In short, collected calli 
were dried at 60°C for 5 days, then 10 mg of grinded 
callus was digested with 10 ml 3% (w/v) aqueous 

sulfosalicylic acid for 24 h at 4°C, after that sample 
extract was purified with Whatman No. 1 filter paper and 
finally Na+ and K+ contents were determined by flame 
photometer (Jenway Model PEP7, UK). 

Hydrogen peroxide quantification 
The determination of hydrogen peroxide amount was 
achieved as described by [30].  The homogenization of 
fresh callus (1 g) was performed using 5 ml of 0.1% (w/v) 
trichloroacetic acid (TCA) in an ice bath. After that, the 
centrifugation of the homogenate was done at 12,000×g 
for 15 min, the 0.5 ml of the extract supplemented to 0.5 
ml of 10 mM potassium phosphate buffer (pH 7.0) and 1 
ml of 1 M KI. Finally, we calculated the H2O2 content via 
a standard curve after measuring the absorbance of the 
supernatant at 390 nm. 

Lipid peroxidation 
Lipid peroxidation was investigated through the 
determination of MDA [31]. In short we extracted 1 g 
callus tissue in 80% ethanol. The determination of MDA 
was based on the reaction with thiobarbituric acid (TBA) 
and the absorbance was measured at λ=440 nm, 532 nm 
and 600 nm by spectrophotometer (InfiniteM200 
TECAN Group Ltd., Switzerland). Malondialdehyde 
(MDA) equivalents were estimated according to [31]. 

Protein extraction and quantification and enzyme 
assays 
For protein and enzyme extractions, Fresh callus (1 g) 
was homogenized with 50 mM potassium phosphate 
buffer (pH 7.8) containing 1 mM EDTA-2Na and 7 % 
(w/v) polyvinylpolypyrrolidone (PVPP). The whole 
extraction procedure was carried out at 4°C.  
Centrifugation of the homogenates was performed at 4 
°C for 15 minutes at 13,000g, and enzyme activity was 
measured using the supernatants.  Protein was 
quantified as described by [32], utilizing bovine serum 
albumin as a standard. 

Superoxide dismutase (SOD; EC 1.15.1.1) activity was 
determined according to [33] through the measuring of 
inhibition in the photochemical reduction of nitro blue 
tetrazolium (NBT) spectrophotometrically at 560 nm. 
The reaction mixture contained 50 mM potassium 
phosphate buffer (pH 7.8) with 0.1 mM ethylene diamine 
tetra acetic acid (EDTA), 75 μM NBT, 13 mM methionine, 
2 μM riboflavin and 20 μl of protein extract. Reactions 
were performed for 10 min under a light intensity of 300 
μmol−1 m−2s−1. The non-irradiated reaction mixture 
served as control and was deducted from absorption at 
560 nm. One unit of SOD was defined as the amount of 
enzyme, which caused 50% inhibition of NBT reduction 
under the assay condition. The results were expressed as 
U mg −1 protein. 
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According to [14], we quantified the guaiacol 
peroxidase (GPX) activity (EC 1.11.1.7). The reaction 
solution includes 100 µl of plant extract supplemented 
by 700 µl of 0.05 M phosphate buffer (pH 7.8) and 200 µl 
of guaiacol (25 mM).  The reaction begins by adding 100 
µl of H2O2. The absorbance elevation generated by 
oxidation of guaiacol to tetra guaiacol was recorded for 
3 min at 436 nm. POD activity was estimated from the 
extinction coefficient, Ɛ = 25.5 mM-1 cm-1. Results were 
expressed as µmol oxidized guaiacol min-1 mg-1 proteins 

Ascorbate peroxidase (APX) activity (EC 1.11.1.11) was 
determined according to [34]. The reaction mixture 
contained 50 mM of potassium phosphate buffer (pH 
7.0), 4.4 µl ascorbate (1 mM) and 10 µl EDTA-2Na (0.5 
M). Adding H2O2 started the reaction and ascorbate 
oxidation was determined at 290 nm for 1 min. Activity 
was quantified using the extinction coefficient, e = 2.8 
mM-1 cm-1. Each sample was measured in three 
repetitions. Results were expressed as µmol oxidized 
ascorbate min-1 mg-1 proteins.  

According to [35], we assayed Catalase (CAT) activity 
(EC 1.11.1.6) by determination of the level of 
decomposition of H2O2 (Ɛ = 2.3 mM-1 cm-1) at 240 nm. 
This activity was measured in a reaction mixture 
containing 1,900 µl of potassium phosphate buffer (50 
mM, pH 7.0 not containing EDTA), 100 µl sample and 
1,000 µl H2O2 (30 mM). CAT activity is expressed as µmol 
H2O2 decomposed min-1 mg-1 proteins. 

Statistical analysis 
A completely random design was used in achieving all 
analyses. Significant differences between the 
treatments or varieties were detected via the software of 
SPSS Statistics 21 after subjecting all collected data to a 
one-way analysis of variance (ANOVA). Means 
comparison was made using the Tukey’s multiple range 
test (P=0.05). Mean values are presented with the 
standard errors. 

Results 

Growth and water relation 
To investigate the impact of the rising salt 
concentration on the callus growth, leaf explants callus 
was initiated from 40 days old seedlings of S. 
macrocarpon ‘Akwaseho’ cv and S. dasyphyllum var 
dasyphyllum. Within 10 days we produced about 90% of 
callus from leaf explants of both species on solid MS 
basal medium containing 0.4 µM TDZ. The initial callus 
derived calli were maintained on MS medium added with 
0.4 μM TDZ, 3% sucrose, and 0.8% agar–agar, pH 5.8. 
The developed calli were moved to the same solid MS 
medium supplemented with NaCl in five 
concentrations: 0 (Control), 40, 80, 120, or 160 mM 
NaCl. The increase of salinity contributes to a 

progressive diminution in callus growth in the two lines. 
Callus fresh weight was reduced, when compared to 
control, by 13.6 % to 65.9% in S. macrocarpon 
‘Akwaseho’ cv and by 7.7% to 39.2% in S. dasyphyllum 
var dasyphyllum at 40 mM to 160 mM NaCl, respectively 
(Table 1). Callus cultured on control medium showed 
good cell proliferation in both lines. Up to 80 mM NaCl 
callus tissue occurred morphologically similar to control 
callus with no phytotoxicity symptoms in S. dasyphyllum 
var dasyphyllum; whereas a low cell proliferation and 
great portions displaying a brownish colour indicating 
cell necrosis were found in S. macrocarpon ‘Akwaseho’ 
cv grown under salt stress.  When exposed to increasing 
NaCl levels, and compared to control, callus dry weight 
was reduced by 9.5% and 33.3% in S. macrocarpon 
‘Akwaseho’ cv and by 4.6% and 30.2% in S. dasyphyllum 
var dasyphyllum at 40 mM to 160 mM NaCl, respectively 
(Table 1). Furthermore, RWC was significantly affected 
in calli of S. macrocarpon ‘Akwaseho’ cv by increasing 
salt concentration. Indeed, salinity contributes to the 
decline of the RWC from 80% at 0 mM NaCl medium to 
62% at 160 mM NaCl medium. In contrast, RWC was 
hardly affected by salt stress in calli of S. dasyphyllum var 
dasyphyllum and no major effect was shown (Table 1). 

Genotype NaCl(mM) FW(g) DW(g) RWC(%)  
‘Akwaseho’  0  22.0 ± 1.5a 4.2 ± 0.7a 80 ± 0a 

40  19.0 ± 0.7a 3.8 ± 1.2b 79 ± 1.3b 
80  15.2 ± 1.0b 3.5 ± 1.2c 76 ± 1.1c 
120  10.3 ± 1.5c 3.1 ± 0.9d 69 ± 0.9d 
160  7.50 ± 1.0d 2.8 ± 1.5e 62 ± 2.1e 

‘Dasyphyllum’  0  28.5 ± 0.7a 4.3 ± 1.8a 84 ± 0.9a 
40  26.3 ± 0.8a 4.1 ± 2.4a 84 ± 1.9a 
80  23.5 ± 1.1b 3.9 ± 1.2a 83 ± 1.7a 
120  19.2 ± 1.1c 3.3 ± 1.6a 82 ± 1.4a 
160  17.3 ± 0.9d 3.0 ± 1.2a 82 ± 0.7a 

Table 1: Effect of NaCl on FW, DW and RWC of eggplant callus 

grown in medium with various salt concentrations. Data are means ± 
SE of 5 replications. Means followed by different lowercases within 

each column are significantly different at P= 0.05 according to 
Tukey’s HSD test. 

Proline content 
Rising NaCl concentration boosted up callus proline in 
both species. In S. dasyphyllum var dasyphyllum, a 
strong increase of callus proline was closely associated 
to the severity of the salinity. At 160 mM NaCl 
concentration callus proline increased was 10 times 
compared to the controls. While in S. macrocarpon 
‘Akwaseho’ cv, there is a moderate callus proline 
increase of 1.2-fold which was noticed (Figure 1A).  

Total protein accumulation  
Salt stress reduced significantly the total protein 
content in both species. In S. macrocarpon ‘Akwaseho’ 
cv, the total soluble protein decrease was more drastic 
than in S. dasyphyllum var dasyphyllum, for all 
treatments. Increasing salinity concentration leads to 
less aggravated reduction in S. dasyphyllum var 
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dasyphyllum, which maintained a significant higher 
soluble protein content. The highest salt level (160 mM 
NaCl) reduced protein accumulation by 30% and 60% 
respectively in S. dasyphyllum var dasyphyllum and S. 
macrocarpon ‘Akwaseho’ cv (Figure 1B). 

 

 
Figure 1: Impact of salinity on callus proline concentration (μmol g−1 
FW) (a) and on callus protein concentration (mg g−1 FW) (b) in S. 

dasyphyllum var dasyphyllum and S. macrocarpon ‘Akwaseho’ cv. 

exposed to various NaCl levels. Values represent means ± SE (n = 4). 
Different letters indicate significant differences (Tukey’s HSD test, 
P=0.05). 

Na+ and K+ concentration 
Our results pointed out that boosting up salinity content 
increased the Na+ accumulation in both species callus 
tissues. However, S. macrocarpon ‘Akwaseho’ cv 
exhibited more pronounced rising of Na+ content than S. 
dasyphyllum var dasyphyllum. The highest 
concentration of K+ was recorded from the control calli 
in S. macrocarpon ‘Akwaseho’ cv (60.3 mg.g-1 DW) and 
from 40 mM NaCl concentration in S. dasyphyllum var 
dasyphyllum (51.9 mg.g-1 DW). Whereas the lowest 
content of K+ were found at the 160 mM NaCl level in S. 
macrocarpon ‘Akwaseho’ cv (20.6 mg.g-1 DW) and in S. 
dasyphyllum var dasyphyllum (35.8 mg.g-1 DW) (Table 2). 
Na+/K+ ratio rose progressively with increasing salinity 
level in both genotypes. There was a genotype effect on 
this cation ratio contributing to higher callus Na+/K+ in 

S. macrocarpon ‘Akwaseho’ cv than in S. dasyphyllum var 
dasyphyllum (Table 2). 

Cultivar NaCl 
(mM) 

K+ (mg.g-1 
DW) 

Na+ (mg.g-1 
DW) 

Na+/K+ 

‘Akwaseho’ 0 60.3 ± 14.4a 4.0 ± 0.25e 0.07 ± 0.02e 

40 54.6 ± 15.4b 23.5 ± 1.80d 0.43± 0.02d 

80 44.2 ± 10.4c 35.2 ± 2.11c 0.79 ± 0.08c 

120 33.2 ± 9.5d 40.1 ± 3.20b 1.20 ± 0.15b 

160 20.6 ± 11.3e 56.0 ± 6.14a 2.71 ± 0.12a 

‘Dasyphyllum’ 0 50.7 ± 18.1a 3.10 ± 2.10c 0.06 ± 0.01d 

40 51.9 ± 15.8ab 5.20 ± 4.07b 0.10 ± 0.02cd 

80 40.5 ± 10.5bc 13.5 ± 2.08a 0.33 ± 0.11bc 

120 38.2 ± 7.50cd 13.8 ± 3.10a 0.36 ± 0.10ab 

160 35.8 ± 8.30d 14.2 ± 5.08a 0.39 ± 0.05a 

Table 2: Effect of in vitro-induced salinity on sodium and potassium 
ion contents and Na+/K+ ratio of eggplant callus grown in medium 

with various salt concentrations. Data are means ± SE of 5 replications. 

Significant dissimilarities between treatments (P=0.05) based on 
Tukey’s HSD test are shown by different lower-case letters. 

Lipid peroxidation and H2O2 accumulation 
MDA content rose significantly with increasing salinity 
concentration in both species. S. macrocarpon 
‘Akwaseho’ cv has shown a substantial augmentation at 
40 mM NaCl while in S. dasyphyllum var dasyphyllum a 
moderate increase had only been noticed at 80 mM NaCl. 
Callus MDA content was enhanced respectively, 6-fold 
and 2-fold in S. macrocarpon ‘Akwaseho’ cv and in S. 
dasyphyllum var dasyphyllum at 160 mM NaCl, when 
compared to control (Figure 2A). The ROS scavenging 
machinery of callus tissues grown in salinity conditions 
was investigated through the determination of H2O2 
content. Under salt stress, S. macrocarpon ‘Akwaseho’ cv 
clearly showed higher H2O2 content than S. dasyphyllum 
var dasyphyllum for all salt concentrations. H2O2 
content was substantially increased in S. macrocarpon 
‘Akwaseho’ cv and was 360% higher at 160 mM NaCl 
relative to the control. However, in S. dasyphyllum var 
dasyphyllum the callus H2O2 content increase was less 
(25% higher compared to control at the same salinity 
level) and no significant change was noticed (Figure 2B). 

Antioxidant enzyme activity 
Increasing salt concentration resulted in a significant 
reduction of the callus SOD enzyme activity in S. 
macrocarpon ‘Akwaseho’. This reduction ranged from 
37% at 40 mM NaCl to 77.2% at 160 mM NaCl compared 
to the control. In S. dasyphyllum var dasyphyllum, 40 
mM NaCl caused a non-significant decrease of the callus 
SOD enzyme activity. In contrast, rising salinity levels to 
120 and 160 mM NaCl contributed significantly in 
enhancing the callus SOD enzyme activity by respective
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Figure 2:  Impact of salinity on callus MDA content (μmol g−1 FW) 

(a) and on callus H2O2 content (mg g−1 FW) (b) in S. dasyphyllum var 
dasyphyllum and S. macrocarpon ‘Akwaseho’ cv. exposed to various 

NaCl levels. Values represent means ± SE (n = 4). Significant 

dissimilarities between treatments (P=0.05) based on Tukey’s HSD 
test are shown by different lower-case letters 

-ly 24% and 37.5% when compared to the control (Figure 
3A). The two species showed two contrasting CAT 
activity under salt stress. The increase of salinity 
concentration to 80 mM NaCl and 160 mM NaCl caused 
callus CAT activity to be significantly elevated by 10.3% 
and 34.8%, respectively in S. dasyphyllum var 
dasyphyllum relative to control. Contrariwise, rising 
salinity level to 80 mM NaCl and 160 mM NaCl 
contributed to the reduction of callus CAT activity by 
30.8% and 45.7%, respectively in S. macrocarpon 
‘Akwaseho’ compared to control. It is noteworthy that S. 
dasyphyllum var dasyphyllum displayed higher callus 
catalase activity for all NaCl concentrations (Figure 3B). 
Increasing salinity level to 120 mM NaCl and 160 mM 
NaCl engendered the reduction of callus GPX activity in 
S. macrocarpon ‘Akwaseho’ cv by 46.4% and 61.9% 
relative to control. In contrast, rising salinity 
concentration to 120 mM NaCl and 160 mM NaCl 
enhanced callus GPX activity in S. dasyphyllum var 
dasyphyllum by 32.3% and 45.4,  

 

 

 

 
Figure 3: Effect of salt stress on callus activity of SOD (U mg-1 
proteins) (A), CAT (µmol min-1 mg-1 proteins) (B), GPX (µmol min-1 

mg-1 proteins) (C) and of APX (µmol min-1 mg-1 proteins) (D) in S. 

dasyphyllum var dasyphyllum and S. macrocarpon ‘Akwaseho’ cv. 
exposed to various NaCl levels. Significant dissimilarities between 

treatments (P=0.05) based on Tukey’s HSD test are shown by different 
lower-case letters.
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respectively when compared to control (Figure 3C). In S. 
dasyphyllum var dasyphyllum, salt stress enhanced 
callus APX activity from 80 mM NaCl to 160 mM NaCl. 
The rise ranged from 15% in 80 mM NaCl, 41.5% in 120 
mM NaCl to 80% in 160 mM NaCl compared to control. 
However, callus APX activity declined in S. macrocarpon 
‘Akwaseho’ cv under saline condition. For instance, the 
reduction ranged from 36% in 40 mM NaCl, to 54.5% in 
160 mM NaCl, compared to control (Figure 3D). 

Discussion 

Salt tolerance involves the development of several 
physiological and biochemical mechanisms by plant cell 
tissue in order to cope with salinity. Many authors 
emphasized the role of plant tissue culture as a 
promising and useful technique leading to the 
establishment and selection of salt tolerant somaclones 
or lines [5,13,36]. Growth decline under salinity 
conditions has been reported in several plant species 
grown in vitro [4,37]. In our experiment, callus growth 
parameters were adversely affected by increasing salt 
stress. However, S. dasyphyllum var dasyphyllum was 
more performant than S. macrocarpon ‘Akwaseho’ cv by 
showing less decrease in term of callus FW and DW 
(Table 1) and maintaining a quite stable callus RWC 
(Table 1) under stressful environment. The growth 
reduction might be due to the generated dehydration 
[36] combined to high toxic ion uptake such as Na+ and 
Cl−. According to the previous work [9], growth decrease 
appears in two specific steps: the osmotic stress fast 
reaction pursued by slow reaction induced by Na influx 
in cell tissue. Our results showed the capacity of S. 
dasyphyllum var dasyphyllum callus tissue in 
maintaining enhanced turgor and cell expansion using 
an effecient plasmolytic mechanism in order to 
overcome salt stress [4, 5, 38]. According to [38] proline 
accumulation in salt-tolerant tissues is more enhanced 
than in salt-sensitive ones. In S. dasyphyllum var 
dasyphyllum, callus accumulated higher proline amount 
than in S. macrocarpon ‘Akwaseho’ cv depending on 
NaCl level (Figure 1A). Consequently, the 
osmoregulation mechanism via proline synthesis was 
more effective to provide S. dasyphyllum var 
dasyphyllum better ability to adapt and tolerate salinity. 
In contrast, this osmoregulation process was inefficient 
in S. macrocarpon ‘Akwaseho’ cv. Plant adaptation to 
salinity is closely related to the osmoregulation 
efficiency. It is generally accepted that the majority of 
salt tolerant plants are provided with an effective 
osmoregulation system through a high capacity of 
accumulating organic or inorganic osmolytes, for 
example proline [ 39, 40]. In the present work callus of S. 
dasyphyllum var dasyphyllum displayed the lowest Na+ 

associated to the highest K+ content and consequently 
the lowest Na+/K+ ratio (Table 2). Thus contributing to 
higher FW, DW and RWC in all treatments (Table 1). This 
salt tolerance behavior could be explained by the fact 
that S. dasyphyllum var dasyphyllum developed a 
successful osmotic adjustment through the 
accumulation of K+ in the cells and maintained stable 
callus growth and water status and consumed less 
energy in producing and accumulating organic 
osmolytes. Similar findings has been reported earlier by 
[4, 38]. 

Interestingly, a low NaCl level was combined with 
slight elevated nutritional uptake of both Na+ and K+ by 
callus tissues in S. dasyphyllum var dasyphyllum. It is 
evident that low salt stress level provided a more 
optimal environment for cellular functions of eggplant 
callus tissue, as previously found with other species [41]. 
In contrast, S. macrocarpon ‘Akwaseho’ cv exhibited the 
highest Na+ associated with lowest K+ concentration and 
Na+/K+ ratio which generated lower growth rate (FW and 
DW) and RWC in all salinity levels. This may be caused 
by the high toxic ions accumulation in the cytoplasm 
and the depletion of elevated energy level in 
accumulating these ions in the vacuole [4, 16]. 

Marcum et al., [42] emphasized that the high Na+/K+ 
ratio engenders cytoplasmic enzymatic processes 
disruption. Under salinity condition, salt-tolerant callus 
tissue kept low cytosolic Na+ with elevated cytosolic K+ 
(via the extrusion and/or intracellular 
compartmentalization and consequently higher K+/Na+ 
ratio than salt sensitive callus tissue [5, 43]. 

Salt stress reduced significantly the total protein 
content in both species. In S. macrocarpon ‘Akwaseho’ 
cv, the total soluble protein decrease was more 
pronounced than in S. dasyphyllum var dasyphyllum, for 
all treatments (Figure 1B). The decline in total protein 
accumulation under stressful environment is in 
coherence with previous findings [36, 38]. [44] 
emphasized that the reduced protein level in plant 
subjected to salt stress might be due to a down 
regulation of protein synthesis via a rising protein 
hydrolyzing enzymes activities. The examination of 
lipid peroxidation level constitutes an effective tool to 
evaluate the oxidative damage in response to salt stress 
[45]. Callus of S. macrocarpon ‘Akwaseho’ cv had a 
relative high level of MDA and H2O2 content at 160 mM 
NaCl. For callus of S. dasyphyllum var dasyphyllum, less 
lipid peroxidation and oxidative stress were generated in 
callus tissue (Figure 3) and this should make less 
oxidative damage. This pointed out that S. dasyphyllum 
var dasyphyllum tissue showed better ability to cope 
with salt induced oxidative damage. This tolerance 
could be due to a stronger antioxidant enzymes 
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machinery in S. dasyphyllum var dasyphyllum callus 
tissue (Figure 3). Our findings are in coherence  with the 
results of earlier studies conducted on callus [16, 38]. 

Increasing salinity level caused SOD activity to be 
significantly declined in in S. macrocarpon ‘Akwaseho’ 
cv and substantially increased in S. dasyphyllum var 
dasyphyllum. Consequently, S. dasyphyllum var 
dasyphyllum showed a more performant scavenging 
system than S. macrocarpon ‘Akwaseho’ cv. Our results 
are in line with several previous reports [16,17] stating 
that salt tolerant species showed higher capacity in 
enhancing SOD activity than salt susceptible species. 

Pessarakli et al., [44] emphasized that intracellular 
H2O2 levels is mostly regulated by CAT, GPX, APX, and 
GR under saline conditions. In the present work, the 
aggravated CAT activity reduction in S. macrocarpon 
‘Akwaseho’ cv is closely linked to high H2O2 

accumulation, while the CAT activity enhancement in S. 
dasyphyllum var dasyphyllum is related to low H2O2 level 
(Figure 2B and Figure 3B). This is in agreement with 
previous results reported by [46]. 

GPX activity followed the same trend as CAT activity. 
For instance, under saline condition GPX activity 
significantly rose in S. dasyphyllum var dasyphyllum and 
decreased in S. macrocarpon ‘Akwaseho’ cv (Figure 3C). 
This could be explained by higher capacity of 
decomposing H2O2 in S. dasyphyllum var dasyphyllum 
callus tissue than in S. macrocarpon ‘Akwaseho’ cv. This 
is in coherence with previous studies reported by [43]. 

Similar to CAT and GPX activity, rising salt stress 
declined APX activity in S. macrocarpon ‘Akwaseho’ cv 
callus tissue and increased it in S. dasyphyllum var 
dasyphyllum callus tissue (Figure 3D). As emphasized by 
[47] APX has an effective contribution to the regulation 
of the plant intracellular H2O2 level. It is evident that the 
combined enhancement of SOD and APX activity in S. 
dasyphyllum var dasyphyllum callus tissue efficiently led 
to overcoming oxidative stress. Our finding is in 
concordance with earlier results reported by [48] who 
stated that rising APX activity seems to be an adaptive 
mechanism giving the best regulation of H2O2 induced 
by a high SOD activity under saline conditions.  

S. dasyphyllum var dasyphyllum callus tissue (seems 
more tolerant) was capable of exploiting its antioxidant 
enzyme machinery more actively than S. macrocarpon 
‘Akwaseho’ cv callus tissue (seems more susceptible). 
Depending on the genotype (more tolerant or more 
susceptible), several differences have been found in 
levels of expression and activity of antioxidative 
enzymes [9]. The antioxidative enzymes activity was 
found to be up regulated during salt stress in many 
plants like chickpea [49], Cicer arietinum [50], melon 
[51], rice [52], rice [16] and tomato [53]. 

In conclusion, salt stress affects differentially the 
antioxidant enzyme machinery in the two studied 
species. S. dasyphyllum var dasyphyllum callus tissue 
occurs with higher ROS scavenging system, enhanced K+ 
content, low H2O2, and MDA accumulation, thus 
highlighting its better ability to tolerate salt stress than 
S. macrocarpon ‘Akwaseho’ cv which seems to be less 
protected and more susceptible to salt stress. The 
present work indicates that callus tissue offers a useful 
tool for future strategies to select salt-tolerant 
somaclonal variants in eggplant. 
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