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Abstract 
 

Salinity stress negatively affects key physiological phenomena in plants while plants show great variability and respond 

differentially for tolerance to salt stress. Usually, nutrients imbalances affect specific plant tissues and physiological processes 

which are requisite for normal plant growth and development. The aim of this two-year (2017 and 2018) simulated field study 

was to investigate phenotypic plasticity for growth, relative leaf water content (RLWC) and nutrient status in milk thistle 

[Silybum marianum (L.) Gaertn.] ecotypes and the potential role of soil supplementation with pre-optimized levels of plant 

growth promoters (PGPs) in modulating these attributes under control and salinity (12 dS/m) stress. Four ecotypes of milk 

thistle were collected from three ecologically distinct zones including Faisalabad (FSD) and Kalar Kahar (KK) – semi-arid 

zone, Gujranwala (GUJ) – hot semi-arid zone and Quetta (QTA) – cool semi-arid zone. The studied nutrients were nitrate-N, 

phosphate-P, sulfate-S, sodium (Na), potassium (K) and calcium (Ca). The soil supplemented PGPs, applied with irrigation 

water, were ascorbic acid (AsA), thiourea (TU) and moringa leaf extract (MLE) at 250 µM, 500 µM and 3%, respectively of 

soil moisture content at field capacity. Results indicated that soil supplementation of PGPs in the field conditions is a feasible 

approach for enhancing nutrient uptake of milk thistle ecotypes under salt stress, while the effect of salinity stress restricted the 

uptake of the studied nutrients and caused their imbalance. Although the salinity stress reduced shoot and root dry matter, 

RLWC and restricted the uptake of these nutrients irrespective of ecotypes, the levels of nitrate-N, phosphate-P, K, sulfate-S, 

Ca, and RWC contents increased more with the soil supplementation of AsA followed by MLE as compared to other soil 

supplements in both the study years. Among the ecotypes, QTA followed by KK and FSD ecotypes gained more dry weight 

with greater leaf RWC and higher tissue nutrient contents due to PGPs under salt stress. The principal component analysis and 

correlation data revealed the existence of distinct phenotypic plasticity in the milk thistle ecotypes for nutrient acquisition with 

soil supplementation of PGPs under salinity stress. To conclude, ecotypes from QTA and KK were more promising than the 

others while AsA and MLE were better soil supplements in improving shoot and root nutrients under salt stress. © 2021 

Friends Science Publishers 
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Introduction 

 

Salt stress reduces plant growth and development due to 

water deficit, ionic imbalance and ionic toxicity (Munns and 

Tester 2008; Lin et al. 2017; Zahra et al. 2018), and nutrient 

deficiencies of various macro- and micro-nutrients (Niste et 

al. 2014). These nutrients are a prerequisite for essential 

physiological processes like the synthesis of 

macromolecules, enzymes activation, stomatal regulation 

and osmotic homeostasis (Fageria and Moreira 2011; Shahid 

et al. 2020). Reduction in relative water content (RWC), 

photosynthesis and dry matter yield is a common effect of 

salinity stress (Polash et al. 2018; Saddiq et al. 2019). Ionic 

toxicity due to Na
+
 and Cl

-
 reduces the uptake of other 

nutrients and causes metabolic disturbances (Munns 2002). It 

is notable that nutrient uptake varied widely in the milk thistle 

ecotypes collected from broad range of geographical areas in 

the western USA for selenium uptake and soil characteristics 

(Feist and Parker 2001). Other studies showed the existence 

of genetic diversity for nutrient uptake in alfalfa under salt 

stress (Benabderrahim et al. 2020; Bhattarai et al. 2020). 

Plant growth promoters (PGPs) modulate plant 

responses to biotic and abiotic stresses and regulate their 

growth and developmental cascades (Zahra et al. 2020). 

Different approaches have been beneficial in ameliorating 

salt affected soils including physical, biological, and 
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amending soil properties with organic and inorganic 

chemicals (Ansari et al. 2019; Niamat et al. 2019). There are 

some important chemical growth promoters that have been 

used in different ways including, seed pretreatment, foliar 

spray and medium supplementation. For instance, thiourea 

(TU) is a synthetic compound, which contains sulfur (as –

SH) and nitrogen (as –NH2) functional groups in its structure 

(https://byjus.com/chemistry/thiourea/). It is an important 

PGP, which influences several plant growth-related 

processes under different abiotic stress factors (Wahid et al. 

2017). Exogenous application of TU significantly improved 

the achene yield and nutrient status (N, P, and K) and 

maintained higher nitrate reductase activities in sunflower 

crop (Akladious et al. 2014). Ascorbic acid (AsA), a PGP 

and an antioxidant, was implicated in the promotion of plant 

growth and development, and in improving anti-oxidative 

defense by participating in phytohormone-mediated signaling 

networks under different abiotic stresses (Akram et al. 2017). 

AsA also alleviated salinity stress effects by reducing the 

uptake of toxic ions Na
+
 and Cl

-
 ions whilst regulating the 

plant metabolism by increasing the availability of water and 

enhancing nutrients assimilation under salt stress (Barakat 

2003; Aliniaeifard et al. 2016). Moringa is a valuable miracle 

tree, whose leaves are enriched with vitamins, amino acids, 

antioxidants, and mineral nutrients. The leaf extract of 

moringa leaves (MLE) was used as bio-stimulant of growth. 

The exogenous application of MLE efficiently increased the 

uptake of different macronutrients (N, P, K, and S) and 

increased plant growth and development (Hoque et al. 2020) 

and mitigates salt-induced adversities (Merwad 2018). 

Milk thistle [Silybum marianum (L.) Gaertn.] is a 

herbaceous plant, belonging to family Asteraceae 

(Omidbaigi and Nobakht 2001). The seed of milk thistle is 

enriched with flavonolignans such as silymarin, silybin, 

sliychristin, silydianin, and isosilybin (Bhattacharya 2011). 

Its silymarin constituent manifests excellent anti-oxidative 

properties and is used to cure different diseases (Lucini et al. 

2016). The seeds of milk thistle are extracted for 

pharmaceutical industries as a common drug to protect many 

types of liver disorders including cirrhosis, fatty liver, viral 

and toxic hepatitis, and damage induced by toxic agents 

(Lucini et al. 2016; Bhattacharya 2011). Therefore, the 

cultivation demand for milk thistle is increasing worldwide 

(Karkanis et al. 2011; Bhattacharya 2011). But to dismay, 

literature shows that no coherent and systematic research 

has been conducted to domesticate milk thistle and produce 

cultivars for efficient nutrient uptake and silymarin 

biosynthesis under abiotic stresses. We hypothesize that the 

phenotypic plasticity in milk thistle may be closely linked 

with inherent ability of ecotypes to adapt and survive in saline 

areas. Moreover, soil supplementation of PGPs may limit salt 

stress effects and improve growth, water and tissue nutrient 

status. The objective of this study was to explore phenotypic 

plasticity for changes in growth, water and nutrient contents 

in different milk thistle ecotypes with soil supplementation 

of different selected PGPs under salinity stress. 

Materials and Methods 
 

Source of milk thistle ecotypes and field simulation 

 

Milk thistle ecotypes were collected from Quetta (QTA; 

30°N latitude, 66°E longitude and 1679 m above sea level); 

Faisalabad (FSD; 31°N latitude, 73°E longitude and 184 m 

above sea level); Gujranwala (GUJ; 58°N latitude, 45°E 

longitude and 231 m above sea level) and Kallar Kahar 

(KK; 46°N latitude; 72°E longitude; 554 m above sea level). 

These ecozones were commonly dissected into three 

ecological zones cold semi-arid (QTA), semi-arid (FSD-and 

KK) and hot semi-arid (GUJ). After collecting the plants 

from their natural habitats, the ecotypes were assessed for 

their growth and multiplication in Faisalabad conditions. 

Simulated field-plot experiments were conducted to 

determine the innate behavior of different milk thistle 

ecotypes in Faisalabad conditions for nutrient uptake, and 

data were evaluated for salinity tolerance in terms of 

different morphological and physiological responses. The 

plot size was 2 m × 4 m. Before sowing seeds, the soil was 

dug out to the depth of 60 cm; the trenches lined with 

polythene sheets and soil refilled. The seeds of milk thistle 

ecotypes were sown on November 17
th
 in 2017 and on 

November 20
th
 in 2018 under open field conditions at 1–2 

cm depth and 60 cm row spacing with a seeding rate of 100 

seeds m
-2

. Two times weed hoeing was done manually 25 

and 55 days after sowing. The salinity level (to achieve 12 

dS/m) was developed at seedling stage by using NaCl salt 

(99.2% pure) with three irrigation intervals. Moringa leaf 

extract was prepared according to Khan et al. (2017). The 

seedlings were assigned to 4 sub-plots with three replicates 

each. At BBCH principal growth stage 3 (Martinelli et al. 

2015), salt stress (12 dS/m) and PGPs viz., TU (500 µM), 

AsA (500 µM), and MLE (3%) solutions were soil 

supplements were applied to maintain their final 

concentrations at soil field capacity. The experiment was 

performed in randomized complete block design with three 

replicates. The soils from these four locations were analyzed 

for physicochemical properties. Faisalabad soil was more 

fertile due to having higher organic matter and P contents. 

The K was higher in QTA soils while NO3
-
-N were similar 

in the soil from both locations. The decreasing order of 

electrical conductivity of soil extract (ECe) was obtained as 

FSD < GUJ < QTA and KK. Availabale sodium in QTA 

and KK soil was higher than from GUJ and FSD soil. In 

Faisalabad soil, the Cl
-
 concentration was higher than the 

QTA soil. Besides, sodium adsorption ratio (SAR), and Ca 

and Mg were also higher in QTA and KK soil, respectively 

(Table 1). 
 

Plant dry matter yield 

 

Plants were harvested at BBCH principal growth stage 5 on 

May 17 of 2017 and May 13 in 2018. Shoot and root fresh 

and dry weights were measured after harvesting the plants 
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(nine plants per treatment). The intact plants were carefully 

dug out from the soil to ensure maximum recovery of root 

mass; excess of soil removed, washed and blotted dry. Fresh 

weight of shoot and root was taken after cutting the shoot 

from root with a portable balance. To measure dry weight, 

these parts were put in paper bags, dried in an oven at 65
o
C 

for seven days and dry weight recorded for each treatment 

in triplicate. 

 

Relative leaf water content (RLWC) 

 

Leaves from the mature plants were collected to determine 

RLWC. A 0.5 g of fresh discs cut from fully expanded 

leaves (FW) were floated in petri dishes containing distilled 

water under light for 4 h. To get turgid weight (TW), the 

excess water was blotted away. These discs were dried for 

72 h at 80°C to get dry weight (DW). The RLWC was 

calculated with the equation: 
 

RLWC (%) = (FW-DW) × 100 / (TW-DW) 

 

Measurement of tissue nutrients 

 

To measure nitrate-N with the methods of Kowalenko and 

Lowe (1973), 0.5 g of dried grinded material was extracted 

in 5 mL of distilled water by boiling for 1 h, filtered and 

made the volume up to 50 mL. To 3 mL of the extract, 7 mL 

of working chromotropic acid solution was pipetted with a 

thrust and briefly vortexed. After 20 min, the intensity of 

yellow colored complex was read at 430 nm with UV-VIS 

spectrophotometer (U-2001, Tokyo, Japan) using distilled 

water as blank. The nitrate-N content in the unknown 

samples was ascertained by preparing a standard curve 

(10‒100 mg/L NO3
-
). 

To measure phosphate-P, K and Ca contents, the plant 

samples were digested in 2 mL of acid mixture (HNO3 and 

HClO4 in 3:1 ratio) with the methods of Yoshida et al. 

(1976). To estimate phosphate-P, 1 mL of the extract from 

the above was added to 2 mL of the 2N HNO3 and diluted to 

8 mL. After adding 1 mL of molybdatevandate reagent, the 

final volume was made up to 10 mL, briefly vortexed and 

let stand for 20 min at room temperature. The color intensity 

was measured at 420 nm using UV-VIS spectrophotometer 

(U-2001, Tokyo, Japan) using distilled water as blank. 

The amount of phosphate-P was determined from the 

unknown samples by preparing a standard curve (2.5 to 15.0 

mg/L PO4
3-

). The amounts of K and Ca in the samples were 

determined using flame photometer (Sherwood 410, UK), 

while standard curves were constructed by preparing graded 

series (0‒40 mg/mL) separately for both the ions. 

Tendon et al. (1993) method was used for 

determination of sulfur-S. Ten mL of extract was taken in a 

50 mL volumetric flask and added with 1 mL of 6N HCl 

and 1 mL of 0.5% gum acacia solutions. Swirled and added 

0.5 g barium chloride crystals and waited for 1 min. Flasks 

were swirled again until the crystals were dissolved. 

Transmittance of the solution was taken on a UV-VIS 

spectrophotometer (U-2001, Tokyo, Japan) at 440 nm. The 

sulfate-S in the unknown samples was estimated by 

preparing graded sulfate standards (0, 4, 8, 12, 16, and 20 

mg/L) from 100 ppm stock solution prepared from K2SO4. 

 

Statistical analysis 

 

The data were subjected to statistical analysis using online 

software Statisix8.1 to find out significance of variance 

sources while Least Significant Difference (LSD) test was 

applied to compare the treatment means at 5% level of 

probability. The Principal Component Analysis (PCA) was 

made keeping the ecotypes and nutrients as the components 

grown under salinity and soil supplementation. Furthermore, 

Pearson’s correlations were drawn between dry weight and 

their nutrient contents of shoot and root. 
 

Results 
 

Plant dry matter yield 
 

Statistical data revealed significant (P<0.01) differences in 

root and shoot dry weight of salinity, ecotypes, and PGPs, 

and the interaction among them was also significant 

(P<0.01) in both years. Importantly, irrespective of the soil 

supplementation, the shoot dry weight reduced to higher 

extent under salinity stress in all ecotypes during both 

experimental years; however, during 2017 the shoot dry 

weight of MLE treated plants in KK ecotype was higher 

under salinity stress as compared to control plants. Data 

further revealed that AsA followed by MLE, and TU was 

Table 1: The physico-chemical properties of soil collected from the native areas of each ecotype  

 
 Sample  AB-DTPA Extractable  pH ECe (dS/m) mmol/L SAR 

(mg/kg) 

P   K Organic carbon (%)  Saturation (%) Na+ Cl- Ca+Mg 

Faisalabad  2.24 169 1.15 38.29 7.97 0.56 2.39 2 5.10 1.49 

Faisalabad  2.15 164 1.06 38.16 8.05 0.58 2.65 2 5.50 1.60 

Gujranwala 1.25 159 1.13 35.21 8.20 0.65 3.68 3 5.70 1.50 
Gujranwala 1.04 167 0.85 36.24 8.10 0.75 4.03 3 5.90 1.39 

Quetta 0.58 244 0.49 41.21 7.86 2.23 8.30 6 18.40 2.73 

Quetta 0.44 212 0.34 40.63 7.81 2.29 8.17 6 18.60 2.68 
Kallar Kahar 2.2 157 0.81 34.20 8.30 4.20 6.28 4 10.12 1.85 

Kallar Kahar 2.1 195 0.85 36.21 8.40 3.90 6.38 5 11.24 1.67 
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effective in increasing shoot dry weight during 2017 and 

2018 under control and salt stress conditions. Conversely, 

highest shoot dry weight was recorded in FSD by following 

QTA, KK, and GUJ under saline and non-saline conditions 

during 2017, while during 2018 the order of change in this 

attribute was: FSD > QTA > GUJ and KK. As for QTA 

ecotype, the shoot dry weight during 2017 was much higher 

as compared to 2018 (Fig. 1). Data recorded for root dry 

weight of FSD ecotype followed by QTA, KK, and GUJ 

was higher under saline and non-saline conditions during 

2017 and 2018. Overall, root dry weight increased with the 

soil supplementation of all the treatments in different 

ecotypes, and salinity stress caused antagonistic effects in 

both year studies (Fig. 1). 

 

Relative water content (RWC) 

 
Results showed that RWC revealed significant (P<0.01) 
differences in all ecotypes and different soil 
supplementations under salt stress, and the interactions of 
different factors were also significant in both years. Under 
control conditions during 2017 the order of improvement in 
RWC of FSD and KK ecotypes was at maximum with the 
supplementation of TU, while in QTA and GUJ ecotypes 
the application of TU and MLE showed remarkable 
differences as compared to other PGPs. Under stress 
condition, MLE supplementation showed maximum water 
content in FSD ecotype, whereas AsA supplemented plants 
had retained higher RWC in other three ecotypes. 
Considering the ecotypes, QTA ecotype was efficient in 
retaining higher water contents, while GUJ ecotype was the 
least efficient under control and salinity stress (Fig. 2). Data 
recorded during 2018 revealed that under control conditions 
during 2018 the order of improvement in FSD ecotypes was 
at its maximum with the supplementation of TU, while in 
other three ecotypes the application of AsA was more 
effective as compared to other PGPs. However, under salt 
stress condition the order of improvement of FSD and GUJ 
ecotypes was the highest with the supplementation of MLE, 
while in QTA and KK ecotypes the application of MLE 
showed remarkable differences. The decreasing order in 
respect to ecotypes was observed as: FSD < GUJ < QTA < 
KK (Fig. 2). 
 

Nutrient status 
 

Nitrate-N: Shoot NO3
-
-N content manifested significant 

(P<0.01) differences in ecotypes and salt stress under 

different soil supplementations and the interaction among 

them was also highly significant in year 2017, while it was 

non-significant (P>0.05) during 2018. Furthermore, shoot 

and root NO3
-
-N content was non-significant (P>0.05) 

during 2017, while the interaction between these factors was 

significant (P<0.01) during 2018. During 2017 maximum 

shoot NO3
-
-N content was noted in QTA and followed by 

FSD > KK > GUJ ecotypes (Fig. 3). Soil supplementations 

with AsA was effective for FSD and QTA ecotypes, while 

in others the MLE was more effective as compared to other 

PGPs under control conditions during 2017 and 2018. 

Under salt stress, AsA supplementation was effective for all 

ecotypes during 2017, while MLE improved the NO3
-
-N 

content during 2018. Root NO3
-
-N content in control plants 

of all ecotypes improved maximally with MLE 

supplementation during 2017. However, during 2018, soil 

supplementation of AsA was the most effective in 

increasing NO3
-
-N content in FSD followed by GUJ, KK 
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Fig. 1: Plant dry weight (shoot and root) under control and salinity 

stress conditions. The plants were soil supplemented with 

different PGPs during 2017 and 2018 
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Fig. 2: RWC of milk thistle under control and salinity stress 

conditions. The plants were soil supplemented with different 

PGPs during 2017 and 2018. In this and subsequent figures, the 

data points labeled with alphabets show significant (P<0.05) 

overall interaction of all the factors 
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and QTA ecotypes. Under salt stress, MLE treatment was 

the most effective in FSD and GUJ ecotypes, and AsA soil 

supplementation proved better in QTA and KK ecotype as 

compared to other PGPs. Ecotype from QTA in 2017 and 

FSD in 2018 displayed higher NO3
-
-N content irrespective 

of the salinity treatment in roots. Nonetheless, salinity stress 

during both the years tended to decrease the NO3
-
-N content 

in all ecotypes in comparison to their control plants. 

Furthermore, greater NO3
-
-N content was noted in shoot as 

compared to root, and that also was higher in the year 2017 

as compared to 2018 (Fig. 4). 

Phosphate-P: Results for shoot and root phosphate-P 

contents displayed non-significant (P>0.05) differences in 

ecotypes and salinity under different soil supplementations, 

and the interaction among these three factors was also non-

significant (P>0.05) in 2017 and 2018. In 2017 under 

control conditions, MLE was more effective in improving 

this attribute in the shoot of FSD and GUJ ecotypes while in 

other ecotypes, the effect of AsA was more evident. Under 

salt stress, the soil supplementation with AsA was more 

effective for GUJ, while for other ecotypes, MLE was more 

effective. During 2018 under control conditions, AsA was 
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Fig. 3: Changes in the shoot nutrient contents of milk thistle 

ecotypes under control and salinity stress conditions. The plants 

were soil supplemented with different PGPs during 2017 and 2018 
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Fig. 4: Changes in the root nutrient contents of milk thistle 

ecotypes under control and salinity stress conditions. The plants 

were soil supplemented with different PGPs during 2017 and 2018
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more effective in improving shoot phosphate-P in FSD and 

QTA ecotype, while MLE and TU, respectively were more 

effective in GUJ and KK ecotypes (Fig. 3). Data recorded 

for root PO4
-
-P contents revealed that in 2017, AsA was 

effective for FSD, QTA and KK ecotypes, while TU was 

more effective for GUJ as compared to other PGPs under 

control and stress conditions. Data recorded during 2018, 

revealed that under control conditions, AsA was effective 

for FSD ecotype, while MLE and TU showed more 

effectiveness in GUJ and QTA ecotypes, respectively; while 

for KK ecotype, TU was more effective. Under salt stress, 

MLE supplementation was effective for FSD and GUJ 

ecotypes, while for QTA and KK the effect of TU was 

greater. Overall, result revealed that salinity during both 

experiment years tend to decrease the shoot and root PO4
-
-P 

contents in all ecotypes in comparison to control plants. 

Nonetheless, QTA ecotype exhibited highest improvement 

in this attribute with soil supplementation during 2017–2018 

under control than under salinity stress (Fig. 4). 

Sulfate-S: Data for shoot SO4
-
-S contents in both shoot and 

root showed significant (P<0.01) differences in ecotypes 

and salinity under different soil supplementations and the 

interaction of these factors was non-sugnificant (P>0.05) 

during 2017 but significant (P<0.01) during 2018. In 2017, 

considering shoot SO4
-
-S contents of control plants, AsA 

was more effective for FSD ecotype, and MLE was more 

supportive for GUJ and KK ecotypes, while in QTA the 

effect AsA was more evident. A similar trend of increase 

was found under stress in all ecotypes for improving this 

attribute. Data recorded during 2018 exhibited that MLE 

supplementation was effective for FSD and GUJ ecotypes, 

while TU supplied plants from QTA and KK ecotypes 

showed higher content of SO4
-
-S as compared to other 

PGPs. Importantly, AsA soil supplementation performed 

better results in saline subjected plants (Fig. 3). Considering 

root SO4
-
-S in 2017, the AsA was highly effective for FSD 

and QTA ecotypes, while in GUJ and KK the effect of 

control and TU supplementation was at its maximum 

However, under salt stress, AsA increased sulfate-S content 

more in FSD, while in GUJ no difference was seen with soil 

supplementations, while in QTA and KK the effect of TU 

was greater. Data recorded during 2018 exposed that MLE 

was effective for FSD and GUJ ecotypes, while TU and 

AsA showed more effectiveness in QTA and KK ecotypes, 

respectively. However, under stress the effect of AsA was at 

maximum in all ecotypes. Data recorded for root SO4
-
-S 

contents revealed that all soil treatments were effective in 

enhancing root SO4
-
-S contents irrespective of stress and 

ecotypes differences. On the other hand, highest root SO4
-
-S 

contents was recorded in FSD by following KK, QTA and 

GUJ under non-saline conditions but under saline was noted 

as KK > FSD > QTA > GUJ in 2017. However, in 2018 

maximum root SO4
-
-S contents were recorded in QTA by 

following FSD, KK and GUJ under saline and non-saline 

conditions (Fig. 4). 

K: Results for both shoot and root K contents showed 

significant (P<0.01) differences in ecotypes and salinity 

under different soil supplementations, and the interaction 

among them was non-significant (P>0.05) during 2017 but 

highly significant (P<0.01) during 2018. In 2017, the MLE 

supplementation indicated maximum K content in the shoot 

of all ecotypes under control conditions. However, under 

salt stress the AsA was more effective in all ecotypes except 

for KK, in which the MLE supply was more effective in 

improving this attribute. During 2018, AsA supplementation 

was better in increasing shoot K content in all ecotypes 

except for FSD, in which MLE treatment showed maximum 

increase as compared to other PGPs under control 

conditions. Centrality, under stress the effect of MLE was 

more profound for GUJ, QTA and KK ecotypes, while in 

FSD the AsA treatment was more effective for attaining 

more K. Considering root part during 2017, the MLE 

supplied had more K content as compared to other soil 

supplements under control conditions. Contrarily under salt 

stress AsA supplementation was effective for FSD, GUJ, 

and QTA ecotypes, while MLE increase K content in KK 

ecotype. Similar results were confirmed during 2018 under 

control conditions, while under stress AsA treatment was 

effective for all ecotypes except for QTA ecotype, in which 

the TU treatment attained superiority over all other 

treatments. Graphical data showed that during both 

experimental years (i.e., 2017 and 2018) ecotype QTA had 

higher K content followed by KK > FSD > GUJ under 

control and stressed plants (Fig. 3). Data recorded for root K 

content revealed that all soil treatments were rather 

ineffective in enhancing root K content irrespective of stress 

and ecotypes differences during 2017. On the other hand, 

highest root K content was recorded in QTA by following 

FSD, KK, and GUJ under saline and non-saline conditions 

during 2017. In 2018 maximum root K was noted in QTA 

followed by KK, FSD, and GUJ. Overall, result revealed 

that salinity during both experiment years tend to decrease 

the root K content in all ecotypes in comparison to their 

control plants (Fig. 4). 

Ca: Results obtained for shoot Ca content displayed non-

significant (P>0.05) differences in ecotypes and salinity 

under different soil supplementations, and the interaction 

among these three factors was also non-significant (P>0.05) 

in both the years (2017–2018). Furthermore, root Ca content 

was found statistically significant (P<0.01) during 2017, 

while the interaction between the factors observed non-

significant (P>0.05) during 2018. Considering shoot part 

during 2017 maximum Ca content was noted in QTA 

followed by FSD, KK and GUJ ecotypes, while all soil 

supplements were effective in all ecotypes in improving 

shoot Ca. Likewise, AsA supplementation was effective for 

FSD, while MLE improved Ca in all other ecotypes. While 

under salt stress AsA was effective for FSD and QTA 

ecotype, while MLE was more effective for GUJ and KK 

ecotypes. During 2018 AsA supplementation was effective 

in all ecotypes as compared to other PGPs under control or 

salt stress conditions. During 2018, higher Ca content was 
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observed in QTA followed by KK, FSD and GUJ under 

control and saline condition (Fig. 3). As regards root Ca 

contents of control plants during 2017, MLE and AsA were 

equally effective for FSD and QTA ecotype, while AsA did 

so for KK ecotype. However, under salt stress the MLE was 

more effective for all ecotypes except for GUJ, in which 

AsA was more effective. During 2018, under control 

conditions, MLE was effective for FSD and QTA ecotype, 

while TU showed more effectiveness in GUJ and KK 

ecotypes. Ca content in roots was maximally increased 

during 2017 as compared to 2018. Furthermore, it was 

observed that salinity during both experiment years tend to 

decrease the Ca content in all ecotypes in comparison to 

their control plants. Furthermore, maximum Ca content was 

found in shoot as compared to root (Fig. 4). 

Na: Results showed that Na content in both shoot and root 

had significant (P<0.01) differences in ecotypes and salinity 

treatment under different soil supplementations and the 

interaction among them was also highly significant during 

2017, while non-significant (P>0.05) during 2018. 

Considering shoot Na content of control plants, during 2017 

the order of increase in shoot Na was: control > TU=MLE > 

AsA in FSD ecotype, and in GUJ ecotype the effectiveness 

was: MLE > control > TU > AsA >, while in QTA this order 

was: control > TU=MLE=AsA, and in KK the order was: 

control > TU > MLE=AsA. Under salinity stress, this order 

in FSD was: MLE > control > TU > AsA, and in GUJ 

ecotype the effectiveness was: TU=AsA=MLE > Control, 

while in QTA this order was: Control > TU > AsA > MLE, 

and in KK the trend was found as: Control > TU > 

AsA=MLE. During 2018 the effect of AsA supplementation 

was more effective in lowering the Na content in all 

collected ecotypes irrespective of salinity and control 

conditions. It was observed that during both experimental 

years (i.e., 2017 and 2018) ecotype GUJ had higher Na 

content followed by KK > QTA > FSD under control and 

stressed plants (Fig. 3). Data recorded for root Na content 

revealed that all soil treatments were highly effective in 

lowering root Na content irrespective of stress and ecotypes 

differences during 2017. On the other hand, highest root Na 

content was recorded in GUJ by following KK, FSD and 

QTA under saline and non-saline conditions during 2017. 

Under control conditions, the effect of AsA supplementation 

was more in all ecotypes except for GUJ, in which MLE 

supplementation was more effective in reducing Na uptake. 

Under salt stress, the effect of MLE was more profound in 

lowering Na content in all ecotypes than the other PGPs. 

Furthermore, data recorded during 2018 revealed that AsA 

supplementation was more effective for reducing Na uptake 

irrespective of salinity treatments. Overall, result revealed 

that GUJ and KK ecotypes exhibited highest increase in Na 

content with salinity stress during 2017–2018 while soil 

supplementation proved quite effective in reducing both 

shoot and root Na content. Overall, higher Na was present in 

root part as compared to shoot, and year 2017 was more 

effective in lowering the Na uptake (Fig. 4). 

Principal component analysis (PCA) 

 

According to the PCA, the components showed 98.24% 

variance. Of the components, PC1 (F1) had 70.94% 

variance and PC2 (F2) exhibited 27.30% variance. First link 

was more positively associated with Ca and phosphate-

P. The phosphate-P was closely linked with ecotype 

from QTA, while K was weekly associated with FSD 

ecotype. Na contents showed strong association with KK 

ecotype; while all ions showed no or weak association 

with GUJ area (Fig. 5). 

 

Correlation 

 

Among the essential nutrients, shoot nitrate-N, sulfate-S, 

phosphate-P, K and Ca showed positive correlation with 

SDW during both experimental years under control and 

stressed conditions. However, the K and Ca showed more 

statistically significant correlation (P<0.01) as compared to 

other nutrients. Contrarily, Na content exhibited a negative 

correlation with SDW. Besides, root NO3
-
-N indicated 

significant (P<0.01) positive correlation with RDW during 

both experimental years. For RDW, PO4
3-

-P showed 

positive correlation during 2017 irrespective to salinity 

treatment, while non-significant relationship was noted 

during 2018. The SO4
2-

-S indicated non-significant 

relationship with RDW during 2017, whereas positive 

association was seen during 2018. Conversely, K and Ca 

showed non-significant correlation with RDW. Na contents 

indicated negative correlation with RDW during 2017 and 

2018 (Table 2). 
 

Discussion 
 

There exist substantial phenotypic plasticity in milk thistle 

for tolerance to salinity and responsiveness of milk thistle of 

different PGPs both under control and salinity conditions. 

From these findings, the milk thistle can be ranked as 

moderately tolerant to salinity based on changes in plant dry 

weight, but this aspect needs further probe by using a 

broader range of salinity levels. It has been reported that 

milk thistle shows the variable response in salinity from 

different ecological zones of the world (Ghavami and 

Ramin 2007; Egamberdieva et al. 2013; Hammami et al. 

2020), and salinity response ranges from 9–30 dS/m. 

Salinity is an adverse environmental abiotic factor for 

plant growth and development as it is known for 

arresting the cell elongation and expansion (Munns and 

Tester 2008; Zahra et al. 2018). In this study, in addition 

to reduction in dry weight (Fig. 1), there was a 

substantial decline in the RLWC (Fig. 2), which is 

attributed to ion-toxicity and induced water deficit 

effects of salinity stress (Munns and Tester 2008). 

Like other plants, milk thistly acquires and assimilates 

nutrients in requisite quantities for better growth and yield 

(Geneva et al. 2007; Školníková et al. 2019). Some 
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nutrients are both structurally and functionally important 

(e.g., nitrogen, phosphorous, calcium and sulfur), while 

others (e.g., K and Ca) are not part of plant structure but are 

required for physiological processes in soluble form (Taiz et 

al. 2015). The salinity has an adverse effect on the uptake 

and assimilation of these essential nutrients by having an 

ion-specificity effect, which results in reduced tissue 

nutrient content (Volkov and Beilby 2017). It has been 

reported that soil supplementation with PGPs has beneficial 

effects on the root uptake and shoot assimilation of essential 

nutrients both under saline and non-saline conditions 

(Abdallah et al. 2020). In this study, the analysis of root and 

shoot tissues of milk thistle ecotypes for nitrate-N, sulfate-S, 

phosphate-P, Na, K
 
and Ca

 
supplemented with of PGPs 

revealed that salinity reduced the tissue concentration of all 

the essential nutrients, except Na concentration, which was 

increased many folds under salt condition (Fig. 3–4). It 

is important to indicate that nitrate-N is among the most 

vital nutrients absorbed by the roots and assimilates in 

the number of macromolecules such as proteins, 

alkaloids and many others nitrogen containing 

metabolites (Taiz et al. 2015). 

Worthily, the ecotypes from QTA and FSD displayed 

a lesser decline in the shoot and root Na content under salt 

stress as compared to those from and GUJ and KK (Fig. 3–

4). This appears to be due to innate ability of these ecotypes 

to physiologically regulate this toxic ion. As regards 

changes in the tissue concentration of essential nutrient 

measured in this study, we found a great deal of variability 

in the ecotypes to acquire and assimilate different nutrients 

in shoot and root tissues. Differences in the correlation 

coefficients of control and salinity stressed plants (Table 2) 

combined with PCA results (Fig. 5) supported the view that 

great phenotypic flexibility exists in milk thistle for 

maintenance of tissue nutrients and eventually salinity 

tolerance in milk thistle. 

 

Conclusion 

 

Differences in the four milk thistle ecotypes for growth, leaf 

water status and contents of analyzed nutrient indicated 

phenotypic plasticity, in the two years of study under 

salinity as revealed from correlation coefficient and PCA 

data. AsA and MLE were more effective PGPs in reducing 

salt stress effect on the ecotypes. The benefit of soil 

supplementation with PGPs was not only seen in terms of 

improved plant biomass but also in the form of higher tissue 

content of the studied nutrients in curtailing the effect of 

salinity on milk thistle ecotypes. 
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