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ABSTRACT 
Plants biostimulants (PBs) have been shown to play multiple roles in plant growth and to improve crop tolerance to 
abiotic stresses such as salinity. The present investigation was undertaken for the first time to study the effect of PBs 
- a plant-derived protein hydrolysate (PH), a root activator (RA) and a root stimulator (RS) - on Portulaca oleracea L. 
tolerance to salt stress. For this purpose, a Tunisian P. oleracea cultivar was cultivated in pots under a greenhouse. 
Plants were treated with a factorial combination of three nutrient solutions (non-salt control, 50 and 100 mM NaCl) and 
three PBs were applied to roots. Growth and physiological parameters were then determined. Main results showed 
that salt stress decreased shoot and root dry biomass, chlorophyll and carotenoid contents while it increased the 
content in total soluble sugars, proline and relative water contents. However, root application of the three PBs induced 
some significant differences in the agronomical and physiological responses between PB treated and untreated plants 
when subjected to sodium chloride salinity from 50 and 100 mM NaCl. Overall, the present study proves that the root 
application of these PBs increases the performance of P. oleracea plants under salinity conditions. Therefore, PBs can 
be used to improve the salt-stress tolerance of vegetable crops by increasing their physiological responses to abiotic 
stress 
 
Keywords: Portulaca oleracea L.; plant; salinity; biostimulant; growth; physiology. 
ABBREVIATIONS: PBs = Plants biostimulants; PH = a plant-derived protein hydrolysate; RA = a root activator; RS = 
a root stimulator. 
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INTRODUCTION 
 
Salinity is considered as a major environmental stress 
that limits agricultural productivity and affects the quality 
of harvest (Zhang et al., 2019). Henceforth, alternative 
methods for improving the nutrient use efficiency of 
crops and consequently enhancing their performance as 
well as their tolerance to salt stress are of great interest 
in sustainable agriculture (Bulgari et al., 2015). 
Therefore, plant biostimulants (PBs) use can be a 
promising alternative to face salt stress in various 
vegetable crops and other plants (Ertani et al., 2013; 
Lucini et al., 2015; Rouphael et al, 2017a; Bulgari et al., 
2017; Bulgari et al., 2019a). PBs represent an emerging 
class of agricultural inputs that can accelerate plant 
growth, protect plants against abiotic stresses and/or 
improve nutrient use efficiency by enhancing plant 
physiological processes such as nutrient uptake, growth 
and tolerance to abiotic stresses (Calvo et al., 2014; 
Colla et al., 2017; Posmyk and Szafrańska, 2016; 
Rouphael and Colla, 2018). In contrast to bioregulators 

and hormones, PBs improve plant metabolic processes 
without changing their natural pathway (Posmyk and 
Szafrańska, 2016) and their action could be synergistic 
(Rouphael et al., 2017b) multidirectional as 
demonstrated in tomato (Ertani et al., 2017) and maize 
plants (Santi et al., 2017).  
The major categories of biostimulants are listed as: 
humic and fulvic acids, protein hydrolysates (PH) and 
other N-containing compounds, seaweed extract 
chitosan and other biopolymers, inorganic compounds, 
beneficial fungi and bacteria (Du Jardin, 2015). However, 
PH are among the main categories of PBs that have 
been given special attention hence, recent progress has 
been made in research and applications of this category 
of PBs in sustainable horticulture (Calvo et al., 2014; 
Bulgari et al., 2015; Parađiković et al., 2018; Zulfiqar et 
al., 2020). In brief, the PH enhances growth, with 
mechanisms based on improved key physiological, 
biochemical   and   molecular   processes.   Thus,    their  
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positive effect on horticultural production is mostly due to 
plant growth-enhancing bioactive compounds such as 
phytohormones, amino acids and nutrients (Zulfiqar et 
al., 2020). 
In summary, stress tolerance provided by PBs has been 
attributed to a number of mechanisms, most of them 
involving oxidative stress mitigation, an increase in 
osmolytes, changes in sterols and terpenes composition 
as well as an increase in glucosinolates. The degree of 
mitigation seems also to be related to the application 
way, being the root and foliar application the most 
effective treatment (Lucini et al., 2015).  
Purslane (Portulaca oleracea L.) is an annual succulent 
plant belonging to the Portulacaceae family with wide 
geographic and environmental distribution. From ancient 
times, P. oleracea is typically regarded as a weed of 
vegetables as well as other crops. However, this plant is 
considered as a potential vegetable crop in many regions 
of the world since its identification as one of the best 
plant sources of ω-3 fatty acid, α-linolenic acid, as well 
as some antioxidants (α -tocopherol, β-carotene, 
ascorbic acid, and glutathione) (Gonnella et al., 2010). 
Moreover, P. oleracea has been used as a medicinal 
plant in folk medicine in many countries. In this context, 
several authors reviewed the phytochemistry and the 
pharmacological effects as well as the potential of P. 
oleracea (Gonnella et al., 2010; Zhou et al., 2015) for 
health and they have also described prospective 
research especially for genetic improvement of this crop 
(Amirul et al., 2014a). 
Besides, purslane is highly adaptable to various stress 
conditions and could be considered as a moderately salt-
tolerant plant (Yazici et al., 2007) with a salinity threshold 
value, given in terms of the electrical conductivity of 
saturated-soil extract (ECe) of 6.3 dS m-1 (Kumamoto et 
al., 1990 cited in Grieve and Suarez, 1997). Recently, 
the responses to salt stress of different species of 
Portulaca have been investigated in order to specify the 
mechanisms of salinity tolerance in this genus, 
promoting hence their use as a source of plant nutrients 
or ornamental species, in saline agriculture and 
sustainable development (Borsai et al., 2020). 
Although many reports have been previously published 
on the effects of salt stress on P. oleracea (Yazici et al., 
2007; Teixeira and Carvalho, 2009; Kafi and Rahimi, 
2011; Sabir Ali et al., 2014; Amirul et al., 2014b; Amirul 
et al., 2015; Amirul et al., 2016), however to the best of 
our knowledge, no studies have been yet conducted on 
the influence of the plant biostimulants on purslane 
tolerance to salinity. Thus, the present study was 
undertaken for the first time to study the root application 
effects of three PBs - a plant-derived protein hydrolysate 
(PH), a root activator (RA) and a root stimulator (RS) - 
on the salt tolerance of a Tunisian cultivar of P. oleracea 
L. when subjected to NaCl stress. 
 
 
MATERIALS AND METHODS 
 
Plant material and growth conditions 
 
Purslane (Portulaca oleracea L.) seeds were collected in 
June 2015 from plants of a Tunisian cultivar grown in the  
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local region of Hiboun in Mahdia (Southern Tunisia, 
latitude.35°30' N; longitude 11°0,4' E; altitude 13 m). 
After harvest, purslane seeds were air‐dried and stored 
at 4°C until use for further analysis. 
After surface disinfection with sodium hypochloride 2% 
and washing with distilled water, seeds of purslane were 
germinated in peat on March, 11th 2016. After that, 
purslane seedlings were transplanted on April, 12th 2016 
into 1.5 L volume pots filled with a mixture of 50:50 
natural sand and brown peat as substrate. The pots were 
placed in a 68 m² polyethylene greenhouse at daylight 
(photoperiod varying from 13 to 16 hours) at the Higher 
Agronomic Institute of Chott-Mariem (latitude 35°49′31″ 
N; longitude 10°38′13″ E; altitude 24 m) in Sousse (East 
coast of Tunisia) and where the average temperature 
was 25°C and the relative humidity varied from 60 to 
70%. 
 
Experimental design, biostimulant and NaCl 
treatments 
 
The experimental design was the split-plot with three 
replications for each treatment and each experimental 
unit consisted of 7 plants. The NaCl treatments (control, 
50 and 100 mM NaCl) were considered as the main 
factor while the sub-factor was the root application of 
three commercial PBs: a plant-derived protein 
hydrolysate (PH; Trainer®; Italpollina S.p.A., Rivoli 
Veronese, Italy), a root activator (RA; Acrecio ®; 
Agronutrition, Carbonne, France) and a root stimulator 
(RS; Osiryl®; Frayssinet, France). These lasts were 
applied at concentrations complying with the 
recommendations from the manufacturers (PH = 3 mL   
L-1; RA = 10 mL L-1; RS= 1 mL L-1; The detailed 
composition of each PB was the following: PH contained 
41% of organic matter, 5% of nitrogen and 31% of free 
amino acids and peptides; RA is made up of 4 active 
ingredients (humic acids, pure L-Tryptophan, pure L-
Methionine and Acreciactiv = a stimulator for roots); RS 
consisted of 50% ‘of Osyr’ = a component which is 
effective to protect the auxins against enzymatic 
degradation). A control (CT) consisting of no application 
of biostimulants was also considered in this experiment. 
Before initiation of treatments, purslane plants were 
fertigated daily with a slightly modified Coïc and Lesaint 
(1973) nutrient solution (pH 5.0) which is composed of 

12.2 meq L-1 NO3
-
; 2.2 meq L-1 NH4

+
; 3.05 meq L-1  

H
2
PO

4

-
; 5.7 meq L-1 K

+
; 6.2 meq L-1 Ca2+

; 1.5 meq L-1 

Mg
2+

; 1.4 meq L-1 SO42- and 2 mg L-1 Fe2+. The three 
NaCl treatments (0, 50, and 100 mM NaCl) were 
obtained by adding 25 mM NaCl gradually (to avoid 
salinity shock) to nutrient solutions during a 4 days 
period. Finally, the NaCl × PB treatments started on 
April, 26th 2016 and were applied to plant roots using a 
volume of 30 mL pot-1 at weekly intervals during the 
experiment. 
 
Growth measurements 
 
Plant growth determination was performed on 7 treated 
and  untreated (control)  plants. Measurements   of   plant  



 

 
 
 
 
height (cm), total root length (cm) and fresh as well as 
dry matter weights of shoot and root plant parts were 
evaluated by destructive harvests. Besides, the leaf area 
(cm².cm-1) of treated plants was also determined using a 
planimeter (Li-Cor area meter, model 3100, Li-Cor USA). 
Thus, plants were separated firstly into shoot and root 
parts. Each part was immediately weighed (fresh matter 
weight) then wrapped in clean paper bags, labeled 
before oven-dried at 65°C for 48 h to constant weight and 
reweighted (dry matter weight).  
Finally, the dry matter contents of shoots and roots were 
determined according to the following formula: 
 

               DMW (%)=
DMW

FMW
×100 

 
Where DM: dry matter weight (g), FMW: fresh matter 
weight (g) and DMW: dry matter weight. 
 
Chlorophyll and carotenoid analyses 
 
Chlorophyll and carotenoids pigments in fresh leaves of 
treated and untreated (control) plants were extracted 
according to the standard method of Torrecilas et al. 
(1984). The extraction took place in darkness at 4 °C for 
72 h by adding 5 milliliters of 80% pure acetone to fresh 
leaf samples cut into discs of approximately 100 mg 
each. The absorbance of the extract was measured at 
460 nm, 645 nm and 665 nm.  
Chlorophyll and carotenoids contents were calculated 
using the formulas described by Mackinney (1941) and 
Arnon (1949) and then expressed as mg.g-1 fresh matter 
weight. 
 
Determination of total soluble sugars 
 
Total soluble sugar contents were determined from fresh 
leaves following the phenol-sulphuric acid method of 
Robyt and White (1987). The absorbance of the solution 
was measured at 640 nm and compared with a standard 
curve to determine total soluble sugar contents before 
their expression as mg.g-1 fresh matter weight. 
 
Determination of proline content 

 
Proline content was determined using a ninhydrin 
colorimetric method of Troll and Lindsay (1955) as 
modified by Dreier and Göring (1974). The proline 
content was calculated from a standard curve 
(absorbance = 528 nm) and then expressed as µg 
proline.g-1 fresh matter weight. 

 
Determination of relative water content 

 
The relative water content (RWC) of leaves was 
calculated from the equation of Schonfeld et al. (1988): 

 

        RWC (%) = (
FW − DW

TW − DW
) × 100 

 
Where FW = fresh weight of leaves (mg); DW= dry 
weight of leaves (mg) and TW = turgid weight of leaves 
(mg). 
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Statistical analyses 
 
All experiments were conducted in triplicates and the 
results were expressed as mean values ± standard 
deviation (SD). Data were statistically analyzed using the 
two-way analysis of variance (ANOVA) procedure by the 
statistical package SAS 8.00 version (SAS Institute, 
1999) for estimating the effects of factors and their 
interactions. The differences between treatment means 
were compared by using the Duncan’s multiple range 
tests at the probability level of 5%. 
 
 
RESULTS 
 
Effects of plant biostimulant application and NaCl 
treatments on plant growth 
 
Table 1 summarizes the effects of the application of the 
three PBs (PH, RAo and RS) and NaCl treatments (0, 
50, 100 mM NaCl) on some growth parameters (plant 
height, leaf area and total root length) of P. oleracea. 
As shown in Table 1, plant height was significantly 
affected by NaCl treatments and was decreased by 8.40 
and 16.03% compared with the control under 50 and 100 
mM NaCl, respectively. On the contrary, no significant 
reduction in plant height has been recorded when the 
biostimulant RS was applied under increasing levels of 
salinity although a slight decrease of 0.92 and 2.95% 
was noted under moderate (50 mM NaCl) and severe 
(100 mM NaCl) salt stress, respectively. However, the 
application of the biostimulant PH did not affect 
significantly the plant height under moderate (50 mM 
NaCl) salt stress. In contrast, we noted that severe salt 
stress (100 mM NaCl) led to a substantial decline in plant 
height estimated by 7.78%. Additionally, the same trend 
is observed with the biostimulant RA which didn’t induce 
a significant difference in the height between treated and 
untreated (CT) plants under moderate salt stress (50 mM 
NaCl) although a slight decrease of 7.54% in comparison 
to the control was observed. However, this decline by 
about 13.67% was rather significant under severe salt 
stress (100 mM NaCl) (Table 1). 
In addition, salt stress caused a significant decrease of 
leaf area of P. oleracea in control plants and this 
decrease is more pronounced with the increasing of 
NaCl concentrations (Table 1). However, no significant 
difference was observed between the leaf area of control 
and treated plants when the biostimulant PH was 
applied, whereas this parameter decreased slightly 
under moderate (50 mM NaCl) and severe salt stress 
(100 mM NaCl) by 2.01 and 6.77%, respectively, 
compared to the control (Table 1). Besides, the leaf area 
of the plants treated by the two biostimulants RA and RS 
and when subjected to moderate salt stress (50 mM 
NaCl) decreased but not significantly by 16.71 and 
6.31%, respectively, in comparison to the control. Under 
severe salt stress (100 mM NaCl), the leaf area of the 
plants treated by the biostimulants RA and RS was 
significantly reduced by 24.55 and 14.91%, compared 
with the control (Table 1).  
Indeed, increasing NaCl concentration from 50 to 100 
mM induced a significant increase of the total root  length  
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Table 1. Effects of plant biostimulant application (CT, PH, RA and RS) and NaCl treatments (control, 50 and 100 mM NaCl) 
on some growth parameters (plant height, leaf area and total root length) of a Tunisian Portulaca oleracea L. cultivar. 

 

Plant 
biostimulant 

Salinity level 
(mM NaCl) 

Plant height 
(cm. plant-1) 

Leaf area 
(cm².plant-1) 

Total root length (mm 
plant-1) 

CT 

Control  24.64 ± 1.83 c 17.35 ± 0.08 b 11.11 ± 2.93 c 

50  
22.57 ± 2.31 d 
(- 8.40 %) 

15.50 ± 0.70 c 
(- 10.66 %) 

13.11 ± 1.76 ab 
(+18.00 %) 

100 
20.69 ± 0.45 e 
(- 16.03 %) 

15.31 ± 0.92 c 
(- 11.75 %) 

14.11 ± 4.04 a 
(+ 27.00 %) 

PH 

Control 28.15 ± 2.42 a 17.87 ± 2.31 b 17.33 ± 2.74 a 

50 
27.72 ± 1.24 a 
(- 1.52%)  

17.51 ± 1.70 b 
(- 2. 01 %) 

15.11 ± 2.67 a 
(- 12.81 %) 

100 
25.96 ± 1.25 bc 
(- 7.78 %) 

16.66 ± 0.97 bc 
(- 6.77 %) 

14.22 ± 3.11 a 
(- 17.94 %) 

RA 

Control 25.97 ± 1.36 bc 21.54 ± 2.34 a 13.67 ± 2.18 ab 

50 
24.01 ± 1.51 c 
(- 7.54 %) 

17.94 ± 2.77 b 
(- 16.71 %) 

13.11 ± 3.86 ab 
(- 4.09 %) 

100 
22.42 ± 1.40 d 
(- 13.67 %) 

16.25 ± 1.05 bc 
(- 24.55 %) 

13.00 ± 3.39 ab 
(- 4.90 %) 

RS 

Control 27.05 ± 3.29 a 20.07 ± 2.85 a 14.33 ± 3.12 a 

50 
26,80 ± 2,25 a 
(- 0.92 %) 

18.80 ± 1.90 ab 
(-6.32%) 

14.00 ± 3.28 a 
(- 2.30%) 

100 
26.25 ± 1.80 ab 
 (- 2.95 %) 

17.06 ± 0.98 b 
(- 14.91%) 

13.89 ± 2.20 ab 
(- 3.07%) 

 

*Values followed by different superscripts (a-e) in the same row are significantly different at probability level p < 0.05 (Duncan test). 
**Values in parentheses represent reduction or increase percentages compared to the control. 
CT: Control (no biostimulants added); PH: Plant-derived protein hydrolysate; RA = Root activator; RS = Root stimulator. 

 

 
 

Figure 1. Effects of plant biostimulant application (CT, PH, RA and RS) and NaCl treatments (0, 50 and 100 mM 
NaCl) on shoot (A) and root dry matter (B) of a Tunisian Portulaca oleracea L. cultivar. 
*Values followed by different superscripts (a-c) are significantly different at probability level p < 0.05 (Duncan test). 
CT: Control (no biostimulants added); PH: Plant-derived protein hydrolysate; RA = Root activator; RS = Root 
stimulator. 

 
 
of P. oleracea plants by 18 and 27%; respectively in 
comparison to the control (Table 1). However, this 
decrease in the root length is not significant in plants 
treated with the three PBs and subjected to moderate (50 
mM NaCl) and severe (100 mM NaCl) salt stress. 
Indeed, the highest values are, on one hand, observed 
when plants have been treated by the biostimulant PH 
and on the other hand, the root length of these treated 
plants decreased but not significantly under moderate 
(50 mM NaCl) and severe (100 mM NaCl) salt stress by 
17.9% and 12.8%, respectively, in comparison to the 
control. The same tendency was recorded when the two 
others biostimulants RA and RS have been applied to 
the plants whose root lengths decreased under 

moderate (50 mM NaCl) salt stress by 4.0 and 2.3%, 
respectively when compared to untreated plants. This 
decrease is almost the same under severe (100 mM 
NaCl) salt stress in plants treated by the biostimulants 
RA and RS and whose root length decreased by 4.90 
and 3.07%, respectively, compared to the control (Table 
1). 
 
Effects of plant biostimulant application and NaCl 
treatments on shoot and root biomass 
 
The dry matter of P. oleracea shoots and roots as a 
function of plant biostimulant application and NaCl 
treatments are presented in Figure 1. 

b

a

b
b

b
b b

bb
b

bc

c

0

5

10

15

20

25

30

35

CT PH RA RS

R
o

o
t
 d

r
y

 m
a

t
t
e

r
 (

%
)

Plant biostimulant

B

0 mM NaCl 50 mM NaCl 100 mM NaCl

a

b

bc
bc

bc
bc

cd bcd
cd d e

0

5

10

15

20

CT PH RA RS

S
h

o
o

t
 d

r
y

 m
a

t
t
e

r
 (

%
)

Plant biostimulant

A

0 mM NaCl 50 mM NaCl 100 mM NaCl



 

J.Agric. Sci. Food Technol.         40 
 
 
 

 
 

Figure 2. Effects of plant biostimulant application (CT, PH, RA and RS) and NaCl treatments (0, 
50 and 100 mM NaCl) on chlorophyll a (A), chlorophyll b (B), total chlorophyll (C) and carotenoid 
contents (D) of a Tunisian Portulaca oleracea L. cultivar. 
*Values followed by different superscripts (a-c) are significantly different at probability level p < 
0.05 (Duncan test). 
CT: Control (no biostimulants added); PH: Plant-derived protein hydrolysate; RA = Root activator; 
RS = Root stimulator. 

 
 
As shown in Figure 1a, the highest shoot dry matter 
(15.30 %) was recorded in the control. However, results 
showed that salinity severely affected shoot dry matter in 
untreated plants by PBs and this effect is more 
pronounced with the salt constraint sharpness. However, 
no significant difference was observed between the 
shoot matter in control plants and those treated with PBs 
under moderate salt stress (50 mM NaCl). On the other 
hand, the shoot dry matter of plants grown under severe 
salt stress (100 mM NaCl) decreased but not significantly 
in control plants (6.69%) as well as in treated plants by 
PH (7.14%) and RA (6.40%). However, this reduction 
was significantly more remarkable in plants treated by 
RS (5.30%) (Figure 1a). 
As shown in Figure 1b, root dry matter of control P. 
oleracea plants was not significantly different between 
untreated plants (0 mM NaCl) and those subjected to 
moderate (50 mM NaCl) and severe salt stress (100 mM 
NaCl). 
Despite that the highest significant root dry matter 
(21.75%) was noted in control plants treated with the 
plant biostimulant PH, the application of the two plant 
biostimulants RA and RS didn’t improve significantly the 
root dry matter in control (0 mM NaCl). Furthermore, root 
dry matter of plants treated with the three PBs was not 
significantly different between plants subjected to 
moderate (50 mM NaCl) and severe salt stress (100 mM 
NaCl); with the exception of those treated with the plant 
biostimulant RS and grown under severe salinity 
constraint (Figure 1b). It is important to note that under 
severe salt stress conditions, the lowest root  dry matter 

(10.47 %) was observed in plants treated with the plant 
biostimulant RS although this value was not significantly 
different from that recorded in plants treated with RA 
(Figure 1b). 
 
Effects of plant biostimulant application and NaCl 
treatments on chlorophyll and carotenoid contents 
 
The effects of plant biostimulant application and NaCl 
treatments on chlorophyll a, chlorophyll b and total 
chlorophyll as well as carotenoids contents in the leaves 
of P. oleraceae plants are shown in Figure 2. As shown 
in figure 2, salt stress-induced decreases, as well as 
chlorophyll as in carotenoid contents and this decrease, 
is more pronounced with the salinity constraint 
sharpness.  
Nevertheless, the application of the three PBs does not 
significantly affect chlorophyll and carotenoid pigment 
contents in plants grown under moderate salt stress (50 
mM NaCl) compared to control plants (Figure 2). On the 
contrary, the chlorophyll and carotenoid contents in 
plants subjected to severe salt stress (100 mM NaCl) 
were significantly lower in comparison with the control 
and even lower when the PBs have been applied (Figure 
2). 
 
Effects of plant biostimulant application and NaCl 
treatments on total soluble sugar, proline and 
relative water contents 
 
Table 2   showed    the   effects  of  the  plant  biostimulant 
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Table 2. Effects of plant biostimulant application (CT, PH, RA and RS) and NaCl treatments (control, 50 and 
100 mM NaCl) on total soluble sugars, proline and relative water contents (RWC) of a Tunisian Portulaca 
oleracea L. cultivar. 

 

Plant biostimulant 
Salinity level 
(mM NaCl) 

Total soluble sucres 
(mg g-1 FW) 

Proline 
(µg g-1 FW) 

RWC 
(%) 

CT 

Control 3.05 ± 1.13 c 3.429 ± 0.004 a 88.28 ± 1.35 ab 

50 
4.34  ± 1.40 bc 
(+ 42.29 %) 

3.434 ± 0.001 a 
(+ 0.146 %) 

87.33 ± 0.73 bc 
(- 1.09 %) 

100 
4.04 ± 1.49 bc 
(+ 32.45 %) 

3.430 ± 0.003 a 
(+ 0.029 %) 

82.91 ± 1.85 d 
(- 6.48 %) 

PH 

Control 4.19 ± 0.57 bc 3.426 ± 0.003 a 84.68 ± 0.50 cd 

50 
5.14 ± 1.00 ab 
(+ 22.67 %) 

3.434 ± 0.011 a 
(+ 0.234 %) 

84.73 ± 0.35cd 
(+ 0.06 %) 

100 
6.80 ± 1.70 a 
(+ 62.29 %) 

3.426 ± 0.007 a 
(+ 0.00%) 

88.34 ± 0.87 ab 
(+ 4.32 %) 

RA 

Control 4.97 ± 1.43 b 3.430 ± 0.008 a 88.62 ± 0.69 ab 

50 
5.10 ± 1.60 ab 
(+ 2.61 %) 

3.432 ± 0.006 a 
(+0.058 %) 

89.38 ± 0.57 ab 
(+ 0.86 %) 

100 
5.62 ± 1.47 ab 
(+ 13.07 %) 

3.473 ±0.069 a 
(+ 1.195 %) 

91.23 ± 0.47 a 
(+ 2.95 %) 

RS 

Control 3.91 ± 1.18 c 3.429 ± 0.004 a 83.00 ± 0.96 d 

50 
4.42 ± 1.25 bc 
(+ 13.04 %) 

3.441 ± 0.004 a 
(+ 0.350 %) 

88.11 ± 1.33 ab 
(+ 6.15%) 

100 
5.39 ± 0.32 ab 
(+ 37.85 %) 

3.430 ± 0.006 a 
(+ 0.029 %) 

88.68 ± 0.77 ab 
(+ 6.84 %) 

 

*Values followed by different superscripts (a-c) in the same row are significantly different at probability level p < 0.05 
(Duncan test). 
**Values in parentheses represent reduction or increase percentages compared to the control. 
CT: Control (no biostimulants added); PH: Plant-derived protein hydrolysate; RA = Root activator; RS = Root 
stimulator. 

 
 
 
application and NaCl treatments on total soluble sugars, 
proline and relative water contents in the leaves of P. 
oleraceae plants. 
Salt stress increased the total soluble sugar contents in 
control as well as in plants treated with the three PBs. 
Thus, the highest significant soluble sugar content (6.80 
mg.g-1 FW) was recorded within plants treated by the 
plant biostimulant PH and subjected to 100 mM NaCl, 
whereas the lowest one (3.05 mg.g-1 FW) was noted in 
the control without application of salt stress nor plant 
biostimulant (Table 2). 
As shown in Table 2, we noted a slight but not significant 
increase of the proline content in the control as well as in 
plants treated by the three PBs, respectively under 
moderate (50 mM NaCl) and severe (100 mM NaCl) salt 
stress. Thus, the proline content in P. oleraceae leaves 
increased in response to NaCl stress.  
The relative water content (RWC) in purslane leaves was 
significantly affected by salinity and biostimulant 
application (Table 2). Irrespective of the biostimulant 
treatment, increasing levels of NaCl reduced the RWC 
by 1.09 and 6.48%, respectively under moderate (50 mM 
NaCl) and severe (100 mM NaCl) salt stress. Although 
the highest significant RWC was noted when the 
biostimulant RA was applied to plants subjected to 100 
mM NaCl, the application of the two plant biostimulants 
PH and RA does not significantly affect the RWC in 
leaves of plants grown under both moderate (50 mM 
NaCl) and severe (100 mM NaCl) salt stress. However, 
when plants were treated with the biostimulant RS, a 
significant increase was observed in RWC by 6.15 and 
6.84%, respectively under moderate (50 mM NaCl) and 

severe (100 mM NaCl) salt stress, in comparison to 
control plants (Table 2). 
 
 
DISCUSSION 
 
Drought and salinity are the most serious consequence 
of anthropogenic climate change on agricultural 
systems, which can be reduced in some way by using 
PBs. The advantage of using these substances is due to 
their effectiveness in improving crop productivity and 
quality (Del Buono, 2021). Indeed, it has been reported 
that application of PBs improved in one hand, the plant 
growth and yield of several horticultural crops by 
stimulating carbon and nitrogen metabolism and 
increasing nitrogen assimilation. On the other hand, PBs 
have been reported to enhance the tolerance to biotic 
and abiotic stresses of many crops (Paul et al., 2019; 
Rouphael and Colla, 2020). Interestingly, the application 
of the PBs as biostimulants imposed a marked 
remodulation of the metabolic pathways of amino acids 
by an accumulation of secondary metabolites which are 
involved in plant stress responses (Rouphael et al., 
2020). 
In the present study, as expected, salinity decreased the 
growth and cause alterations in the physiological 
process of purslane plants as recently reported by 
Zaman et al. (2020). Thus, it can be seen in Table 1 that 
salinity limited the plant height of P. oleracea. This result 
is in agreement with those of Amirul et al. (2016) who 
noted that at varying salinity levels, there are 
consecutive and significant  decreases  in plant height of  



 

 
 
 
 
12 purslane accessions collected from different locations 
in western peninsular Malaysia. In a previous study, 
Amirul et al. (2014b) noted that plant heights of salt-
treated purslane accessions were significantly reduced 
in comparison to the control and this decrease is more 
pronounced with increasing salt stress. Additionally, the 
plant height of purslane from Sudan was adversely 
affected by increasing concentrations of NaCl salts 
(Sabir et al., 2014). Reductions in plant height caused by 
salt stress have also been observed in fennel 
(Foeniculum vulgare Mill.) (Abou El Maged et al., 2008). 
In contrast, the three PBs tested did not affect 
significantly the plant height of P. oleracea under 
moderate salt stress (50 mM NaCl). Indeed, it has been 
reported that the application of a plant-derived protein 
hydrolysate increases lettuce (Lactuca sativa L.) 
performance when plants are grown under salinity 
conditions (Lucini et al., 2015). However, the positive 
effect of the plant biostimulant application depends on 
the plant species, the cultivar, the climatic conditions, the 
concentration, the origin and the period of their 
application (Lisiecka et al., 2011). 
Based on our experimental data, it was shown that the 
leaf area of P. oleracea decreased in the control with the 
increasing of NaCl concentrations (Table 1). Indeed, it 
has been shown that the immediate response to salt 
stress is the reduction of leaf area expansion rate and 
this expansion is inhibited with extending NaCl severity 
(Wang and Nii, 2000). However, the application of the 
PBs to P. oleracea plants treated with moderate salt 
stress (50 mM NaCl) didn’t induce a significant reduction 
of their leaf area whereas this reduction is significantly 
more pronounced under severe salt stress (100 mM 
NaCl). In contrast, Lucini et al. (2015) showed that the 
total root surface of lettuce was significantly affected by 
salinity and biostimulant application, with no significant 
salinity × biostimulant interaction. Thus, increasing the 
NaCl concentration from 1 to 25 mM in the nutrient 
solution decreased the total root surface by 6.7%. 
However, the root surface was significantly higher when 
leaf and root plants were treated with the biostimulant PH 
in comparison to the control. Indeed, the application of 
biostimulant can alter the morphology of the lettuce root 
system and thereby increasing the root surface, which 
could be considered as a salt tolerance mechanism 
(Tuteja, 2007). 
Despite the decrease of leaf area, our experiment 
showed an increase in the total root length of P. oleracea 
plants grown only under salt stress (Table 1). Indeed, 
Kafi and Rahimi (2011) demonstrated that purslane root 
characteristics are effective at salt tolerance and help to 
absorb water and essential elements under salt 
conditions. In the same context, Neamatollahi et al. 
(2009) have shown that increasing NaCl concentrations 
induced an increase of the root length in fennel 
(Foeniculum vulgare Mill.) which could be considered as 
a mechanism to tolerate salt stress. In contrast, results 
of Lucini et al. (2015) showed that salinity didn’t affect 
significantly the total root length of plants in lettuce. 
These study noted that total root length was highly 
influenced by bio stimulant application, but not by 
salinity, while there was no salinity × biostimulant 
interaction. They also reported that the highest  value  of  
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the total shoot length was recorded in the root-foliar 
application treatment, followed by the root application 
treatment, whereas the lowest value was observed in the 
untreated lettuce plants. 
Salinity severely affected shoot dry matter of P. oleracea 
in untreated plants by PBs and this effect is more 
pronounced with increasing NaCl levels (Figure 1a). This 
result is in accordance with that previously reported by 
Yazici et al. (2007) who found that shoot fresh and dry 
weight of purslane seedlings decreased by 35 and 62%, 
respectively under 70 and 140 mM NaCl after 30 days 
treatments. Similarly, Amirul et al. (2014b) observed a 
significant decrease of the dry matter contents in salt 
treated purslane accessions when compared to control 
and this reduction is more pronounced increasing salinity 
stress. Our results are also in agreement with those of 
Lucini et al. (2015) who observed a greater shoot dry 
weight of lettuce plants treated with the biostimulant PH 
in comparison to the control, which indicate that both 
foliar application and foliar-root application of this bio 
stimulant can mitigate the deleterious effects of salinity. 
Indeed, the application of the plant-derived protein 
hydrolysate (PH) containing amino acids and small 
peptides elicited a hormone-like activity and hence, 
increased the total dry biomass of plants as 
demonstrated by Colla et al. (2014). In a previous study, 
Ertani et al. (2013) also  showed that the application of a 
PH increased the plant biomass in Zea mays and this 
effect is due to the content of this bio stimulant in plant 
growth regulators, such as triacontanol and indole-3-
acetic acid. More recently, Bulgari et al. (2019b) reported 
that the bio stimulant tested increased significantly the 
fresh weight of lettuce grown under salinity conditions. 
Moreover, our results indicated that in case of severe salt 
stress, the plant-derived bio stimulant is inefficient to 
improve the shoot dry biomass of P. oleracea plants 
while in the absence of salinity conditions, several 
beneficial effects of the plant-derived protein hydrolysate 
bio stimulants on plant growth including biomass 
production as well as nutrient uptake, especially nitrogen 
and iron have been reported (Cerdán et al., 2009; Colla 
et al., 2014). 
On the other hand, root dry matter of control P. oleracea 
plants was not significantly different between control 
plants and those subjected to salt stress treatments 
(Figure1b). In the same context, Kafi and Rahimi (2011) 
noted that salinity induced a negative effect on both 
shoot and root dry weights of purslane, but shoot tissues 
received more stress than roots. Although, growth of 
purslane was disturbed in high salinity, this plant could 
produce enough biomass at the level of 120 mM NaCl 
(Kafi and Rahimi, 2011). Results of this study showed 
that the root dry weight of P. oleracea plants was 
significantly affected by salinity and bio stimulant 
application (Figure1b). In the same context, Lucini et al. 
(2015) demonstrated that the root dry weight of lettuce 
plants was significantly higher when leaf and root were 
treated with the bio stimulant PH in comparison to the 
control. Previously, Ertani et al. (2009) showed that the 
use of two types of PH as bio stimulants increased 
significantly root dry weight in maize plants grown under 
salt stress. 
Overall, the findings concerning the  effect  of  salt-stress 



 

 
 
 
 
on plant growth of P. oleracea indicate that increasing 
NaCl concentration didn’t affect the root dry matter 
plants. This confirmed the idea that this plant is a salt-
tolerant plant (Kafi and Rahimi, 2011; Sabir Ali et al., 
2014) such as several vegetable crops (Shannon and 
Grieve, 1999) and barley (Katerji et al., 2006) but unlike 
other species such as fennel (Foeniculum vulgare Mill.) 
(Ashraf and Akhtar, 2004; Abou El Maged et al., 2008). 
Indeed, the P. oleracea root absorbing area increased 
when the plant-derived bio stimulants were applied and 
hence, could be considered as a salt tolerance 
mechanism (Tuteja, 2007). 
In this study, salt stress causes a decrease in 
photosynthetic activity in leaves of P. oleraceae plants 
by reducing the content in chlorophyll pigments (Figure 
2) as demonstrated by Leblebici et al. (2009) in Spirodela 
polyrrhiza. In fact, the older leaves begin to develop 
chlorosis and eventually fall with the extending salt 
stress severity (Agastian et al., 2000). Furthermore, this 
decrease could be attributed to an increasing of the 
chlorophyllase activity or changes in the lipid-protein 
ratio of protein pigment complexes (Iyengar and Reddy, 
1996). On the contrary, Kafi and Rahimi (2011) noted 
that relative chlorophyll content value (SPAD) in 
purslane leaves significantly increased with increasing 
salt concentration. Besides, Amirul et al. (2015) reported 
that total carotenoid contents of 12 purslane accessions 
were significantly reduced when plants were subjected 
to 8 dS.m-1 of salinity. However, plant responses to salt 
stress were variables in comparison to control because 
the carotenoid content has increased in some 
accessions while it has decreased in other ones with 
increasing salinity levels. Recently, it has been 
demonstrated that chlorophyll levels decreased in some 
of the studied genotypes of Portulaca under salt stress 
notably P. oleracea L. subsp. oleracea and to a lesser 
extent in P. grandiflora. Furthermore, an increase in 
these pigments was registered in P. oleracea “Toucan 
Scarlet Shades” and P. halimoides. On the contrary, 
carotenoids contents increased at the highest salt stress 
level (400 mM NaCl) in all genotypes tested except P. 
oleracea L. subsp. oleracea where it nearly remained 
equal to that determined in its control plants (Borsai et 
al., 2020). In a recent study, Xing et al. (2020) studied 
the molecular mechanisms underlying tolerance of 
purslane to saline stress through transcriptome and 
metabolome profiles. Results of their investigation 
showed that expression levels of genes for 
photosynthesis and aquaporins were depressed at 200 
mM NaCl, suggesting that saline stress might inhibit 
photosynthesis and water uptake.  
However, finding from this study showed that chlorophyll 
and carotenoid pigment contents were not significantly 
different between the control and treated-plants with the 
three PBs under moderate salt stress (50 mM NaCl) 
(Figure 2). In contrast, chlorophyll and carotenoid 
contents in plants subjected to severe salt stress (100 
mM NaCl) were significantly lower in comparison with the 
control and even lower when the PBs have been applied 
(Figure. 2). In the same context, Lucini et al. (2015) 
reported that the SPAD index which is indicative of 
chlorophyll contents was highly influenced by salinity 
application, but not by bio stimulant; and there  was  also  
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no salinity × biostimulant interaction. Irrespective of the 
biostimulant treatment, increasing the NaCl 
concentration from 1 to 25 mM decreased by 14.0% the 
SPAD index in lettuce leaves. On the contrary, Bulgari et 
al. (2019b) showed that biostimulant treatments 
positively affected the chlorophyll and carotenoid 
contents of lettuce grown under increasing NaCl 
concentrations. Although that biostimulant treatments 
caused a slightly increment of the considered pigments, 
the effect was not statistically relevant in comparison to 
controls. Additionally, Di Mola et al. (2019) found that the 
foliar application of vegetal-based bio stimulants induced 
a higher SPAD index as well as chlorophyll and 
carotenoids content in leaves of baby rocket. 
Furthermore, salt stress increased the total soluble sugar 
contents in control as well as in plants treated with the 
three plant-derived biostimulants (Table 2). As expected, 
plants subjected to salt stress and without application of 
biostimulants increased their content in total soluble 
sugars which is consistent with previous studies 
conducted on others crops grown under salt constraint 
such as common wheat (Triticum aestivum) (Sairam et 
al., 2002), barley (Hordeum vulgare) (Hassani et al., 
2008), and cucumber (Cucumis sativus) (Dong et al., 
2011). Nonetheless, a slight increase or a decline of total 
soluble sugar contents in response to salinity was noted 
in different species and cultivars of Portulaca. 
Consequently, it is difficult to assess the role of total 
soluble sugars in salt tolerance of the analyzed Portulaca 
plants (Borsai et al., 2020). In contrast, the total sugars 
levels were not affected by biostimulant treatments in 
greenhouse lettuce grown under salt stress as reported 
by Bulgari et al. (2019b). 
In our case and to the best of our knowledge, no earlier 
studies were reported in the literature about the effect of 
PBs on the total soluble sugars of purslane grown under 
salt stress conditions. Thus, it was reported for the first 
time that the total soluble sugar contents in leaves of P. 
oleraceae increased in response to increasing salt stress 
and even more when PBs were applied in comparison to 
the control. 
Besides, the proline content in P. oleraceae leaves 
increased in response to NaCl stress (Table 2). The 
results of this study are in agreement with those of Yazici 
et al. (2007) who noted an accumulation of this 
osmoprotectant in purslane seedlings grown under 
salinity conditions. Indeed, free proline content in leaves 
of purslane reached the highest level when the plants 
were exposed to 140 mM NaCl for 30 days and showed 
three times higher proline accumulation when compared 
to control plants (Yazici et al., 2007). Additionally, proline 
levels significantly increased in different species and 
cultivars of Portulaca cultivated under salt stress. 
However, proline accumulation was not related to the 
degree of salt tolerance. Indeed, the lower content was 
observed in the most least damaged genotype, P. 
grandiflora (Borsai et al., 2020). In fact, accumulation of 
the proline in leaves of purslane grown under salt-
stressed conditions might be an adaptive feature to 
improve its succulence and maintain water balance 
against salinity-induced osmotic stress (Kafi and Rahimi, 
2011). Nevertheless, the osmotic potential couldn’t be 
adjusted  because  the proline  contents  are  not  always  



 

 
 
 
 
high in leaves of some plants grown under stress (Hoque 
et al., 2007). However, the proline content in the leaves 
of P. oleraceae plants treated with the three PBs didn’t 
increased significantly under salinity conditions (Table 
2). A similar result has also been reported by Lucini et al. 
(2015) in lettuce plants treated with the bio stimulant PH 
and subjected to 1 and 25 mM NaCl. These authors 
suggested that the mechanism underlying the alleviating 
effects of the bio stimulant on salt stress is not similar to 
that inducing the stimulation of the proline accumulation. 
Additionally, Bulgari et al. (2019b) found that increasing 
levels of salinity caused an increase in proline 
concentration in control plants of greenhouse lettuce 
while the bio stimulant treatments at 0.2 mL.plant-1 dose 
kept lower the proline levels. 
On the other hand, the relative water content (RWC) in 
purslane leaves was significantly affected by salinity as 
well as by bio stimulant treatments (Table 2). In the same 
context, Yazici et al. (2007) noted that RWC in purslane 
leaves increased by 26% after 18 days of salinity 
treatments while a reduction by 17% in this parameter 
was observed under both 70 mM and 140 mM NaCl 
exposures after 30 days. Similarly, Kafi and Rahimi 
(2011) reported that the leaf RWC of purslane decreased 
partly up to 120 mM salinity and then remained 
unchanged. In contrast, Teixeira and Carvalho (2008) 
reported that salinity treatments did not significantly 
affect the RWC of purslane leaves when the experiment 
was conducted in spring. These studies suggested that, 
although the plants were exposed to salt stress, they 
were able to maintain the water levels in their leaves. It 
is noteworthy to mention that results obtained herein are 
the first report studying the effect of PBs on RWC in 
leaves of purslane. Therefore, it could be suggested that 
the root application of the plant biostimulant RS under 
salinity conditions increased significantly the RWC in 
leaves of purslane when compared to control plants and 
hence, enhanced it salt-stress tolerance. In another case 
and when the microorganisms or microorganism-based 
biostimulants are applied to enhance salt tolerance of 
plants, it has been reported that RWC was 5% higher in 
root inoculated tomato plants with Azotobacter 
chroococcum 76A, in comparison to the control (Van 
Oosten et al., 2018). 
 
 

CONCLUSION 

 
In conclusion, the results obtained herein on the effects 
of three PBs namely PH, RA and RS on a Tunisian P. 
oleraceae cultivar grown under salt stress indicated 
some significant differences concerning all agronomic 
and physiological parameters considered. On one hand, 
P. oleraceae was shown to be significantly affected by 
increasing sodium chloride salinity from 50 and 100 mM 
NaCl and the effect was even more pronounced with the 
severity of salt stress. On the other hand, the root 
application of the three PBs acted in general, positively 
on the most parameters studied. Interestingly, the 
biostimulant PH was selected as the best compared to 
the two other ones for the majority of the growth and 
physiological parameters determined under salt 
constraint. It could be also emphasized  that   this   study  
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confirmed the idea that P. oleraceae is a moderate salt-
tolerance species but it is recommended to apply PBs as 
effective means to improve its crop performance when it 
is cultivated under saline environment.  
Therefore, PBs may represent a potentially interesting 
tool, especially within the framework of organic farming, 
to improve in one hand, the tolerance to abiotic stresses 
and on the other hand, to enhance the productivity and 
quality of crops. Finally, it would be interesting to 
characterize the bioactive components of PBs and 
overall, to elucidate the physiological stimulation and 
molecular mechanisms since the mode of action of these 
PBs is still largely unknown. In the future, researches 
should focus on the development of a second generation 
of PBs where synergies and complementary 
mechanisms can be functionally designed for more 
sustainable agriculture. 
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