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INTRODUCTION

Medicinal plants have been considered as a 
significant basis of medication for many years. 
Plants have been used as sources of new synthetic 
compounds and treatment agents (Craker et al., 
2003). In Jordan, medicinal plants have been 
widely used in traditional medicines. The prac-
tices of using medicinal plants are deeply rooted 
in Jordan culture and are considered highly valu-
able, being preserved and respected throughout 
all groups of people from high income to low in-
come groups (Hung and Chi 2014). Therefore, for 
better living conditions, modern medicines and 

functional food sources derived from medicinal 
plants are in high demand.

Paronchia argentea is a wild medicinal 
plant that is commonly named (Rejelel Al-
Hamama). It belongs to the Caryophyllaceae 
family. It grows in uncultivated field margins 
and field borders (Braca et al., 2008). It con-
sists of important secondary metabolites, which 
have been used in folk medicine (Atta et al. 
2013). P. argentina is commonly used to treat 
a variety of ailments, including kidney stones, 
urinary tract infections, gastro-intestinal con-
ditions, as well as colds and fevers. (Noubani 
et al., 2006). The aerial parts of this plant are 
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utilized for the treatment of abdominal pain, re-
spiratory infections and as an anti-stress agent 
(Zama et al., 2007). However, the demand for 
P. argentea has increased, which requires im-
proving mass production for P. argentea by in 
vitro propagation methods.

The tissue culture methods provide a long-term 
production mechanism for this important plant, 
which could be used in medical research and industry 
in the future (Shatnawi et al., 2007; Shatnawi 2011; 
2013; Al-Ajlouni et al., 2015). The in vitro culture 
of P. argentina is capable of resolving the propaga-
tion issues. It ensures mass plant material production 
without jeopardizing (endangering) natural resourc-
es, as well as improving and conserving this plant. 
Tissue culture has been used widely in different plant 
species, including: Capparis spinose (Al-Mahmoud 
et al., 2011), Ficus carica (Shatnawi et al., 2019), 
Ruta graveolens (Al Ajlouni et al., 2015), and Mor-
inga peregrine (Alrayes et al., 2016). 

Salinity is an environmental stress that could de-
crease crop productivity (Lee et al., 2005; Othman 
et al., 2006; Al Tawaha and Al Al-Ghzawi 2013; 
Ackin and Yalcin 2016; Al-Tawaha et al. 2018; 
AL-Issa et al., 2020). Moreover, Petropouplo et al. 
(2017) indicated that the plants exposed to adverse 
abiotic stresses showed varied effect on develop-
ment and absorption. In addition, plants may change 
their characteristic by decreased cell elongation, en-
hanced division, and changing cell identification. 
Thus, this study was conducted to develop a reli-
able and simple method for in vitro propagation of 
P. argentea and to study the growth response of P. 
argentea to in vitro salinity induced stress.

MATERIAL AND METHODS

In vitro plant

In vitro microshoots of P. argentea were obtained 
from Plant Biotechnology Laboratories/Faculty of 
Agriculture, Jordan University, Amman, Jordan. 

Shoot multiplication

The method developed by Shatnawi et al. 
(2010c) was used to multiply microshoots. Ex-
plants were subdivided on the MS medium (Mu-
rashige and Skoog 1962). For shoot proliferation, 
the microshoots were cultured on the MS medi-
um supplemented with different concentration of 
6-Benzylaminopurine (BAP), kinetin, or adenine 
at 0.0, 0.3, 0.6, 1.2, 1.8, or 2.0 mg/L. 80 mL of 

the medium was distributed into a 250 mL Du-
ran flask. The media were hardened by using agar 
agar at 8.0 g/L. The media were sterilized using 
the autoclaved for 20 min at 121 ºC. Microshoots 
were incubated at 24 ± 2 ºC for 16 h. photoperiod 
and photosynthetic photon flux density (PPFD) of 
50 μmol m-2s-1 supplied by cool white fluorescent 
lamps. Each flask containing three microshoots and 
seven replicates was used for each treatment. After 
five weeks, the data were collected on number of 
new shoots, shoot length, fresh and dry weight”.

Physiological responses to NaCl

Growth in vitro

The methods used in this study were accord-
ing to the methods developed on Chrysanthemum 
morifolium by Shatnawi et al. (2010). Micro-
shoots, 15 mm in length, were cultured on the MS 
medium enhanced with 0.6 mg/L BAP, and ac-
companied with different concentration of NaCl 
(0, 40, 80, 120, 160 or 200 mM. After five weeks, 
the data on number of new shoots, shoot length, 
fresh and dry weight were collected.

Chlorophyll and carotenoid content

After growing for five weeks on MS media 
containing salts, pigments were assessed. A 0.1 g 
fresh weight of leaves was tested per replicate. Fol-
lowing the method of De Filippis et al. (1981), the 
samples were extracted by using acetone. Using a 
pestle and mortar, a 0.1 g shoot fresh weight was 
homogenized in 2.0 ml of 80% acetone (v/v). The 
obtained solution was pipetted into 2.0 ml micro-
tubes and centrifuged at 15000 g for two min. The 
floatable solution was collected with a Pasteur pi-
pette, and topped up to 3.0 ml in a 10 ml calculating 
tube with extra 80% acetone. At 480, 510, 626, 645, 
649, 663, and 665 nm absorbance, the absorption 
spectra were calculated by a spectrophotometer, 
(as a reference, 80% acetone was used). Accord-
ing to Anderson and Boardman (1964), the chlo-
rophyll a, and chlorophyll b contents were studied, 
whereas according to Duxbury and Yentsch (1956) 
carotenoids content was assessed. 

Mineral composition

The plant samples were dried for 24 hours 
at 80 °C and then ground to determine the nitro-
gen, sodium, and potassium content. Total nitro-
gen was determined using the Micro-Kjeldahl 
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digestion procedure. A plant sample dry weight 
of 0.5 g was placed in test tubes. Ten g of mix-
ture (1M K2SO4 + 1M CuSO4.5H2O) and 20 ml of 
concentrated H2SO4 were added to each test tube. 
The test tubes were then placed in the digester 
(Buchi Digest Automat K-438) for 135 min at 
400 ºC. The samples were cooled down and then 
placed in the distiller (Buchi Autokjeldahl Unit 
K-370) to evaluate nitrogen according to Brem-
ner et al. (1992). For evaluation, the crude protein 
content in the microshoots the total nitrogen was 
multiplied by 6.25 (Balman and Smith 1993). 
The Na and K concentrations were calculated us-
ing a flame photometer. The plant samples were 
turned to ash in a Thermolyne muffle furnace at 
500–550 ºC for 20–24 hours (6000 Furnace). A 
total of 10 ml of 2N HCl was supplemented to 
the samples and gently heated for 7-10 min at 
75–80 ºC. The solution was filtered and diluted to 
50 ml with distilled using Whatman No. 42 filter 
paper. Using Flame photometer 410, the Na and 
K concentrations were determined after calibra-
tion with different concentrations of either Na or 
K solutions (Chapman and Pratt 1961).

Statistical analysis 

Treatments were organized in a fully ran-
domized design in each experiment (CRD). Each 
treatment was replicated three times in the shoot 
multiplication experiments. According to Tukey’s 
HSD, the analysis of variance (ANOVA) was per-
formed, and mean separation was tested at a 0.05 
probability level. The data were statistically ana-
lyzed using the SPSS (2017) analysis system. 

RESULTS

In vitro shoot proliferation of P. argentea

Effect of BAP

In vitro propagation showed that BAP, ad-
enine, and kinetin have increased shoot formation 
of new microshoots (Table 1). When explants were 
inoculated on MS media containing 0.6 mg/L BAP, 
3.9 microshoots were produced (Table 1, Fig. 1). 
Moreover, using BAP at 1.8 mg/L did not increase 

Table 1. Effect of different BAP concentrations on in vitro growth of Paronychia argentea after five week growth periods
Dry weight

(g)
Fresh weigh

(g)
Microshoot length

(cm)Number of new shootsBAP
(mg/L)

0.018a0.09a1.90a1.2a0.0

0.025a0.09a2.34a1.6a0.3

0.025a0.09a2.34a3.9b0.6

0.026a0.12a2.02a1.6a1.2

0.022a0.12a2.21a1.3a1.8

Figure 1. Multiple microshoots formation of Paronychia. argentea. Extensive microshoot 
formation grown on MS containing 0.3 mg/L BAP. Bar represents 6 mm
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the formation of new microshoots (1.30) (Table 
1). With the use of BAP treatment (0.0–1.8 mg/L), 
the shoot length ranged from (1.9 to 2.21 cm). The 
highest microshoots (2.34 cm) were obtained on 
the MS media supplemented with 0.3 to 0.6 mg/L 
BAP. Fresh and dry weight displayed no signifi-
cant differences at all treatment tested (Table 1). 
Using the MS medium containing 1.2 mg/L BAP a 
dry weight of 0.026 g was reported (Table 1).

The different adenine concentrations added in 
the MS medium was found to affect the formation 
of microshoots (Table 2). At 0.3 mg/L, it proved 
to be better compared with other adenine concen-
trations (2.30 microshoots) (Table 2). Using the 
MS medium containing 1.2 or 1.8 mg/L adenine, 
microshoot length of 2.03 cm was produced. 
Fresh weight was significantly higher on the MS 
medium added with 1.2 or 1.8 mg/L. On the other 
hand, using 0.6 and 1.2 mg/L adenine produced 
maximum dry weight (Table 2).

Microshoot multiplication could be achieved 
from the explants of P. argentea inoculated on the 
MS medium with different kinetin concentrations 
(Table 3). The effect of kinetin on P. argentea shoot 
induction in vitro showed statistically significant dif-
ferences among treatments on the number of micro-
shoots, shoot length, fresh and dry weights (Table 3). 
Kinetin at 1.2 mg/L effectively induced 2.65 micro-
shoots (Table 3). Higher levels of kinetin 1.8 mg/L 
were significantly less effective (p<0.05) regarding 
microshoot multiplication, compared with 1.2 mg/L. 
Maximum fresh weight was recorded at 1.2 mg/L 
(0.120 g). In addition, at 1.2 mg/L kinetin maximum 
dry weight (0.0.035 g) was recorded (Table 3).

In vitro plant growth

Table 4 shows the impact of different NaCl 
concentrations on length of shoot, shoot number, 
fresh (g), and dry weight (g) after five week growth 

Table 2. Effect of different adenine concentrations on in vitro growth of Paronychia argentea after five 
week growth periods

Dry weight
(g)

Fresh weigh
(g)

Microshoot length
(cm)

Number of new 
microshoots

Adenine
(mg/L)

0.020a0.092a1.90a1.22a0.0

0.025b0.085a2.90c2.30c0.3

0.035c0.085a1.85b1.47b0.6

0.035c0.120b2.03a1.57b1.2

0.025b0.110b2.03a1.24a1.8

Table 3. Effect of different kinetin concentrations on in vitro growth of Paronychia argentea after five week 
growth periods

Dry weight
(g)

Fresh weigh
(g)

Microshoot length
(cm)

Number of new  
microshoots

Kinetin
(mg/L)

0.020a0.090a1.20a1.22a0.0

0.020a0.090a1.40b1.92b0.3

0.025a0.095a1.40b1.87b0.6

0.035b0.120b1.99c2.65c1.2

0.020a0.110b2.04c2.35c1.8

Table 4. Effect of different NaCl concentrations on shoot length, number of shoots, fresh and dry weight of 
Paronychia argentea after five week growth in the MS medium containing 0.2 mg/L BAP

NaCl concentration
(mM)

Length of shoot
(cm) Shoot number Fresh weight

(g)
Dry weight

(g)

0.0 2.61d 3.90e 0.090b 0.015b

40 2.11bc 2.85e 0.089b 0.015b

80 1.90c 2.33d 0.092b 0.015b

120 1.60b 1.90c 0.092b 0.015b

160 1.50b 1.60b 0.070a 0.010a

200 1.20a 1.12a 0.070a 0.090a
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periods in the MS media containing 0.6 mg/L 
BAP. The maximum shoot length of P. argentea 
decreased significantly with NaCl applications 
(Table 4). With the increase in the NaCl levels, the 
number of shoots, fresh weight, and dry weight 
decreased significantly. The NaCl levels from 120 
to 200 significantly reduced all growth parameters. 
The maximum shoot length was obtained with the 
control (2.61 cm) compared to other NaCl treat-
ments. Furthermore, NaCl increased fresh weight 
and dry weight significantly (Table 4). 

Chlorophyll and nutrient content

The chlorophyll content decreased sig-
nificantly with increased NaCl concentrations 
(Table 5). A decrease in the photosynthetic pig-
ment content of P. argentea was observed with 
increasing NaCl treatment. 

Total chlorophyll significantly decreased with 
increasing NaCl concentration in the medium 
from 40 to 200 mM. As NaCl increased in the me-
dium, the chlorophyll a and b content decreased 
significantly (Table 5). Moreover, NaCl signifi-
cantly decreased carotenoid (μg/g FW) in the P. 
argentea plants. Maximum carotenoid at 0.0 mM 
was 40.1 μg/g FW, while at 200 mM NaCl, carot-
enoid was equal to 17.1 μg/g FW. Furthermore, 

maximum Carot-Chloro value (0.187) was recorded 
at 80 mM NaCl (Table 5).

The K and N concentrations in P. argentea 
were significantly decreased under different 
NaCl treatments compared with control plants 
(Table 6). Na increased with higher NaCl treat-
ments (Table 6). The exposure to 40 to 80 mM 
NaCl did not cause significant differences in the 
K and N content in the microshoot. Na increased 
along with the NaCl concentrations, compared 
with the control treatment (Table 1). In turn, as 
the NaCl level concentration increased, N de-
creased significantly (Table 6). NaCl applied 
to the in vitro grown plants caused a noticeable 
difference in proline concentration on in vitro 
plantlets (Fig. 2). With increasing NaCl concen-
trations in the media, the proline content was 
increased. At 200 mM NaCl concentration, the 
high value of proline was recorded. However, 
using 120 or 160 mM NaCl did not show any 
significant difference in the proline content 
(Fig. 2). Increasing NaCl significantly raised 
the content total soluble solids in P. argentea 
(Fig. 3). Maximum value was recorded at 200 
mM NaCl (12.8), while control treatment (0.0 
NaCl) recorded (2.8) (Fig. 3).

As shown in Figure 4, high protein content 
was obtained after five weeks of in vitro growth 
periods at low NaCl treatments. Increasing the 

Table 5. Influence of different NaCl concentrations on chlorophyll and carotenoid pigments of the Paronychia 
argentea plantlets after five weeks growth on the MS medium containing 0.2 mg/L BAP

NaCl concentration
(mM)

Chlorophyll a
(μg/g FW)

Chlorophyll b
(μg/g FW)

Tot. Chlorophyll
(μg/g FW)

Carotenoid
(μg/g FW) Carot-Chloro ratio

0.0 120c 100f 220f 40.1f 0.182a

40 112c 80e 192e 35.0e 0.182a

80 100b 72d 160d 30.0d 0.187c

120 85b 66c 142c 26.2c 0.184b

160 66a 54b 120b 22.2b 0.185b

200 55a 44a 94a 17.2a 0.182a

Table 6. Influence of different NaCl concentrations on the sodium, potassium and nitrogen content in the Paronychia 
argentea plantlets after five week growth on the MS medium containing 0.2 mg/L BAP

NaCl concentraion
(mM) Na% K% N%

0.0 0.25a 5.01e 6.83e

40 1.20b 4.79e 6.70e

80 1.91b 4.26e 5.90d

120 3.10c 3.15c 5.30c

160 4.15d 2.81b 4.21b

200 4.35d 1.18a 3.90a



60

Ecological Engineering & Environmental Technology 2021, 22(5), 55–64

NaCl concentrations in the culture medium sig-
nificantly decreased the protein content in the in 
vitro plantlets (Fig. 4). The level of protein in leaf 
tissue generally decreased with increased NaCl 
level in the medium (Fig. 4). The protein content 
in medium supplemented with 40 mM NaCl was 

(38.3 mg/g FW), while by using 160 mM in the 
medium, it dropped to (25 mg/g. FW). Moreover, 
the protein content was highly reduced at high 
NaCl (160 mM) (Fig. 4). As the NaCl concentra-
tion in the medium increased, the relative water 
content (RWC) was decreased. Maximum RWC 

Figure 2. Impact of different NaCl concentrations on the proline content in the Paronychia 
argentea plantlets after five weeks on the MS media containing 0.2 mg/L BAP

Figure 3. Impact of different NaCl concentrations on the total soluble solids (TSS) content on in 
vitro Paronychia argentea plantlets after five weeks on the MS media containing 0.2 mg/L BAP

Figure 4. Impact of different NaCl concentrations on the protein content in the Paronychia 
argentea plantlets after five week growth on the MS media containing 0.2 mg/L BAP
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(96.89) was recorded when MS media added with 
0.0 mM NaCl, which was significantly different 
from 160 mM NaCl (82.7%) (Fig. 5).

DISCUSSION

In vitro propagation

The current results show that BAP, adenine, 
and kinetin have significantly affected the num-
ber of newly developed microshoots, length, 
fresh and dry weights of P. argentea plantlets 
(Table 1, 2, or 3). BAP was found to enhance 
the number of newly developed microshoots 
and length at 0.6 mg/ (Tables 1, 2 or 3). In ad-
dition, the obtained results show that BAP at 
a level of 0.3–0.6 mg/L produced the highest 
shoot number. Meanwhile, BAP had no signifi-
cant effect on fresh and dry weights (Table 1). 
The current results are similar to the previous 
studies on Moringa peregrine by Alrayes et al. 
(2016). BAP was the most appropriate cyto-
kinin for shoot multiplication compared with 
adenine or kinetin. Furthermore, Poudel et al. 
(2018) reported that 1.0 mg/L BAP and 1.0 
mg/L IBA was very effective for shoot prolif-
eration of Amomum subulatum. In addition, on 
lavender, the maximum number of newly de-
veloped microshoots was developed on the MS 
media containing 0.1 mg/L BAP (TienVinh et 
al. 2017). These results are similar to the previ-
ous findings on Achillea millefolium and Ste-
via rebaudiana (Shatnawi et al., 2011; 2013). 
Therefore, BAP was utilized for micropropaga-
tion of many plant species because of its capa-
bility for enhanced formation of shoot. 

The current study indicates that the in vitro 
shoot formation of P. argentea is strongly de-
pendent on BAP. In this study, BAP showed to 
be beneficial for the P. argentea shoot formation 
because of its remarkable capability to prompt 
shoot formation compared with kinetin and ade-
nine. Naeem et al. (2004) reported that that kine-
tin enhanced shoot elongation by blocking shoot 
extension. In the current study, adenine and ki-
netin was noticed to slightly improve shoot mul-
tiplication compared with the control (Table 2 
and 3). Meanwhile, shoot length had increased 
significantly. However, adenine and kinetin were 
reported to enhance growth by increasing shoot 
length rather than expansion, which was proven 
by Naeem et al. (2004). Meanwhile, enhance-
ment of shooting is governed by the specific cy-
tokinin type and level added to the culture me-
dia, in addition to plant species and explant type 
used (Al-Mahmood et al. 2012). 

Salinity

Responses of in vitro microshoots of P. 
argentea to different NaCl concentrations 

Plant growth

Salinity is one of the main environmental con-
straints in different essential areas of the world. 
Salinity influences plant metabolism, such as the 
uptake of certain essential nutrients, enzyme ac-
tivity, photosynthesis, and osmotic adjustment; 
therefore, it affects the growth of most plants 
(Kaur and Kumar 2017; Jiang et al. 2017). Salin-
ity affects photosynthesis, the respiration rate of 
plants, seed germination, development, growth, 
and survival percentages (Kaur and Kumar 2017). 

Figure 5. Impact of different NaCl concentrations on the relative water content (RWC) in the 
Paronychia argentea plantlets after five week growth on the MS media added with 0.2 mg/L
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Haq et al. (2007) reported that the tissue culture 
technique is a useful tool to study salt tolerance or 
avoid it at the cellular level, and it can be consid-
ered as a simple method of salinity study.

Effect of NaCl on plant pigment

In the current study, all growth parameters 
of P. argentea were significantly decreased with 
high NaCl concentrations (Table 4 and 5). With 
increasing salinity levels, shoot number, fresh 
and dry weights decreased significantly (Table 
4). Moreover, higher salinity concentrations 
reduced the chlorophyll a, chlorophyll b, and 
carotenoid contents in the P. argentea plant-
lets (Table 5). Accumulation of ions of various 
NaCl concentrations in the P. argentea plantlets 
causes a reduction in the chlorophyll a and b 
content which is probably due to accumulated 
ions of various salts in the plants which may af-
fect the biosynthesis of chlorophyll. Zhao et al. 
(2007) revealed that salinity affects the chloro-
phyll content through reducing the synthesis of 
chlorophyll or by acceleration its degradation. 

The main effect of salinity related to the de-
crease availability of water as well as the toxic 
influence of salt ions that are amenable to saliniza-
tion. Similarly to the obtained results, a previous 
study by Ackin and Yalcin (2016), indicted that 
high NaCl concentration decreased total chloro-
phyll pigments and carotenoid. Carotenoids pro-
tect plasma membrane lipids from oxidative stress 
when plants are grown under stressful conditions 
(Conceição Gomes et al. 2017). Moreover, under 
NaCl stress, plants may exhibit a set of physiologi-
cal alterations enabling the plants to resist severe 
salinity. At 80 mM, the maximum anthocyanin 
content was recorded, but at higher concentrations, 
it showed a remarkable decrease. 

Salinity and nutrient uptake

The K and N concentrations in the P. argen-
tea plantlets decreased significantly under NaCl 
treatments (Table 6). Haq et al. (2007) stated that 
NaCl affects the biochemical processes leading 
to decrease in the K+ content and increases in 
Na+ and Cl-. Al-Khayri (2002), reported that at 
high salinity levels, there was a negative effect 
on in vitro grown plantlets. In addition, Mo-
savi et al. (2018) stated that increased Na and 
Cl ions in the protoplasm cause ion imbalance 
and phosphorylation effects in the respiratory 

chain producing very small amounts of energy; 
therefore, nitrogen assimilation and protein me-
tabolism are disturbed, and the accumulation of 
diamines and polyamines occurs. In addition, 
Amiro and Qados (2010) reported that salin-
ity decreased the N, P, and K contents in plant 
tissues and significantly increased the Na, Cl, 
Ca, and Mg contents. Petropoulos et al. (2017) 
reported that Cichorium spinosum showed sig-
nificant changes in fatty acids, minerals, ascor-
bic acid, macro and micro-nutrients, sugars, and 
tocopherols as a result of salinity.

Proline

In the current study, the proline content in the 
P. argentea plantlets increased significantly with 
increasing NaCl concentrations (Fig. 2). A simi-
lar result was obtained in tomato plants (Qary-
outi 2001). Furthermore, Yaish (2015) and Abbas 
(2016) showed that proline was accumulated as a 
response to NaCl stress. The proline accumula-
tion in the plant refers to physical responses re-
sulting from abiotic and biotic stress in plants.

Protein content

Figure 4 shows that level of protein in leaf tis-
sue generally decreased with increasing NaCl con-
centrations in the medium. Reduction of the pro-
tein content under elevated salinity was correlated 
with low nitrate reeducates activity and a reduction 
in plant growth (Silveira et al. 2001). Furthermore, 
significant reductions in the protein content under 
high salinity were also observed in tomato and 
rice (Abdalah et al. 2016). In the current study, in-
creased protein content coincides with the increase 
in salinity levels. Moreover, the results obtained 
are in agreement with previous findings by Sibole 
et al. (2003) on Medicago citrna. This study con-
firmed that NaCl treatments reduced the protein 
content on the in vitro plant tissues.

Total Soluble Solids (TSS)

Increasing the NaCl concentrations in the 
media significantly increased total soluble sol-
ids in the leaves of P. argentea (Fig. 3). TSS 
increased in plant tissue along with the NaCl 
concentrations in the medium. Similar to the 
obtained finding, Qaryouti (2001) indicated that 
increased NaCl concentrations in the medium 
raised total soluble solids of tomato. 
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Relative water content (RWC)

As salinity level increased, the relative wa-
ter content significantly decreased (Fig. 5). This 
might be due to the decrease in water flow from 
the root to the shoot. Similar results were obtained 
by Siddiqi and Ashraf (2008) on safflower culti-
vars. The in vitro culture of P. argentea can solve 
propagation problems, it guarantees mass produc-
tion of plant material without menacing natural 
resources; moreover, it can improve and conserve 
this plant. This finding has led to a sudden rise in 
demand for such herbal medicines plant. Simple 
and reliable methods from the current study have 
been achieved for the P. argentea plant. More-
over, the in vitro growth was significantly de-
creased with increasing NaCl concentration.

CONCLUSIONS

With increasing NaCl concentration, the in vi-
tro growth was significantly reduced. The concen-
trations of potassium (K) and nitrogen (N) in the 
P. argentea plantlets decreased significantly after 
NaCl treatment. The protein levels in leaf tissue 
generally decreased as the NaCl concentrations 
in the medium increased. With increasing NaCl 
concentrations, the proline content in the P. argen-
tea plantlets increased significantly. A rise in total 
soluble solids (TSS) in plant tissue was observed 
when the NaCl concentration in the medium was 
increased. Furthermore, as the salinity level in-
creased, the relative water content decreased. In 
general, it can be concluded that high NaCl sig-
nificantly affected the in vitro growth of plants. P. 
argentea showed that in vitro the P. argentea plant-
lets could be tolerant to in vitro salinity. 
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