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Abstract

Hajaji, A. N., Dguimi, H. M., Hamouda, R. A. E. & Youssef, A. (2026). Seed origin effects on growth, physiological 
and biochemical traits of Moringa oleifera seedlings grown under drought and salinity conditions. Bulg. J. Agric. 
Sci., 32(5), 1109–1124

The versatile plant Moringa oleifera has spread beyond its native range and is now widely cultivated across diverse geo-
graphic regions. Global climate change requires careful seed selection before planting to ensure adaptation to the target en-
vironment. In the present study, M. oleifera seeds were collected from two geographical origins (Bouhedma Park, Tunisia, 
and Jeddah, Saudi Arabia) and cultivated in the National Institute of Research in Rural Engineering, Waters and Forests area 
(INRGREF, Tunisia), under salinity, drought, and combined drought–salinity treatments. Growth parameters, photosynthetic 
pigments, proteins, total carbohydrate, phenolic compounds, Malondialdehyde and hydrogen peroxide (H₂O₂) contents, anti-
oxidant enzyme activities such as superoxide dismutase, catalase, ascorbate peroxidase, and glutathione reductase were deter-
mined. The data showed that six-month-old Saudi plants reached a height of 60 cm and a stem diameter of 10 mm. Tunisian 
plants of the same age reached a height of 55.8 cm and a stem diameter of 11.34 mm. Protein and total carbohydrate contents 
were higher in seeds from Saudi Moringa plants. Saudi Moringa plants also had higher leaf protein contents than Tunisian 
plants. Antioxidant enzyme activities and total phenolic compound contents increased in both Saudi and Tunisian plants under 
drought and high salinity. Consequently, current results showed that although some morphological and biochemical differences 
were observed between plants derived from Saudi and Tunisian seeds, Moringa trees showed substantial tolerance to drought 
and salinity. The tolerance of Moringa to severe environmental conditions may contribute to its potential for sustainable culti-
vation in stress-prone environments.
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Introduction 

The United Nations Sustainable Development Goals and 
the African Orphan Crops Consortium have supported ini-
tiatives focusing on several selected crops in Africa, includ-

ing Moringa. These initiatives aim to address the growing 
problem of hidden hunger (food deficient in minerals and 
vitamins), and boost the strong and nutritious system for 
the acutely malnourished African population (Alavilli et al., 
2022; Hendre et al., 2019; Keatinge et al., 2017). Native to 
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the Indian subcontinent, Moringa oleifera L. is a fast-grow-
ing, drought-resistant tree that has been cultivated and/or 
occurs naturally in semi-arid climates worldwide (Alavilli 
et al., 2022; Farahat and Refaat, 2021; Harshika and Abdul 
Ajees, 2024). Thirteen species of M. oleifera are the most 
widely cultivated under tropical and subtropical climates 
(Olson and Fahey, 2011), naturalized in semi-arid climates 
(Alavilli et al., 2022), grown in different soil types (Fakayo-
de et al., 2019) and at different altitudes (Palada and Chang, 
2003). Moringa can grow without frequent irrigation and 
fertilization, although adequate water and nutrient availabili-
ty can enhance its growth (Labbassi et al., 2024). 

Moringa trees are cultivated all over the world for their 
edible parts, which are extraordinarily rich in nutrients and 
minerals, as well as for their many aspects and relevance in 
medicinal applications and food production (Islam et al., 
2021; Trigo et al., 2021). M. oleifera leaf polysaccharides 
may be a viable prebiotic with health-promoting properties, 
that regulate the microbial flora of the intestinal tract, and an-
ti-obesity effects (Seleiman et al., 2021; Wang et al., 2019). 
Moringa has potential uses as a multipurpose plant and a 
vital nutrient, known to improve health in animals and hu-
mans such as high phenolic content and higher concentration 
of the vitamins (Alqurashi and Aldossary, 2021; Bancessi et 
al., 2020). Moringa has various phytochemicals such as an-
tioxidants, omega-6 fatty acids, and omega-3 (Alam et al., 
2020). Moringa seeds are a good source of oil, which con-
tains important compounds such as unsaturated fatty acids 
(Salama et al., 2020). Moringa is used in the pharmaceutical, 
food, cosmetic, animal-feed, and other sectors (Němec et al., 
2020). 

Abiotic stresses such as drought and salinity limit crop 
growth and productivity, because of their negative effects on 
biochemical and physiological processes in cells (Azeem et 
al., 2023; Ma et al., 2022). Dramatic effects were reported 
on photosynthetic efficiency, production of reactive oxygen 
species (ROS), antioxidant defense, proteins, lipids, and to-
tal phenolic contents (Taha et al., 2021). The influence of 
drought stress depends on several factors, such as the length 
and intensity of the stress, the stage of the plant‘s growth, 
and the plant‘s genetic tolerance to the stress (Rivas et al., 
2013). 

Like many other plants, Moringa is susceptible to var-
ious abiotic stresses, but it has considerable potential for 
stress tolerance (Swarup et al., 2020; Zanella et al., 2019). To 
decrease stress-induced damage such as salinity and drought, 
plants have diverse pathways, like increasing the levels of 
both non-enzymatic and enzymatic antioxidants (Hajaji and 
Ammarim 2021; Hajaji et al., 2024; Nazari et al., 2021; Os-
man and El-Naggar, 2022). Precisely, the most adaptive re-

sponses of M. oleifera to stress conditions are the accumula-
tion of osmoprotectants, such as proline and soluble sugars, 
an accumulation of total polyphenol compounds and stim-
ulation of radical scavenging activity (Bekka et al., 2022).

Currently, global climate change is contributing to the 
occurrence of simultaneous stresses such as drought and sa-
linity.

This study aimed to evaluate the effects of drought and 
salinity applied separately or in combination in M. oleifera 
seedlings. M. oleifera seeds derived from two geographical 
areas (Saudi Arabia, Red Sea, and Tunisia, Mediterranean 
Sea). The study of the morphological and physiological 
M. oleifera changes under drought and salinity could help 
identify the most suitable seed origin for stress-affected en-
vironments.

 
Materials and Methods  

Material origin and experimental site description 
Seeds used in this study were collected in 2020 from 

Moringa oleifera trees growing in two distinct agro-climatic 
regions. The first batch of seeds was from Tunisia (National 
Park Bouhedma, 814 m relative to Mediterranean Sea T°), 
whereas the second one was from Saudi Arabia (Jeddah, 
characterized by 12 m relative to Red Sea T°). Experiments 
were conducted in the National Institute of Research in Ru-
ral Engineering, Waters and Forests (INRGREF) of Tunis 
area (Tunisia). The first part of the work was conducted 
under Tunisian climate conditions for eight months (May–
December 2021). Changes in temperature and rainfall are 
presented in Table 1 (Deputy Direction of Climatology Cli-
mate Products Department/Tunisian National Institute of 
Metrology https://www.meteo.tn). The second part of our 
study was conducted in a greenhouse under controlled irri-
gation conditions.

Table 1. Minimum, maximum temperature and rainfall 
during height months (2021)

Monthly Min Temp  Max Temp 
Rainfall amount (mm) (°C) (°C) 

May 30 15 26 
June 12.5 18.4 31.66 
July 4 21.25 33.33 
August 0.31 24.41 37.27 
September 4.8 23.18 35 
October 51.66 17 25.1 
November 20 12.61 21.25 
December 55 9.1 17.16 

Source: Authors’ own elaboration
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Experimental design and treatments 
Disinfected and soaked Moringa seeds from the two geo-

graphical origins were used to establish two experimental 
groups. The first group of seeds was sown in pots placed in 
the INRGREF area to follow the growth response from May 
2021 to December 2021. Irrigation was carried out every 10 
days to prevent water deficiency. A second group of germi-
nated seeds were transferred to a pot (greenhouse) containing 
a mixture of sand and vermiculite (1/3). During the first two 
weeks, culture was conducted under controlled conditions 
using Hoagland solution for soaking. After that, young seed-
lings were divided into six sub-groups to grow under differ-
ent stress conditions. Two field capacities (25%, 12.5%), and 
two salinity doses (7.5, 10g/L NaCl) were applied to create 
drought and salt stress conditions. Besides, another group of 
germinated seeds was cultivated under combined stresses of 
drought (25% FC), and salinity (7.5g/L). Plants were har-
vested after four weeks. 

Morphological parameters
Morphological changes of leaves (fresh and dry weight, 

water content, and number) and stem (height and diameter) 
were measured during seven months (June-December) in 
M. oleifera grown from Tunisian (T) and Saudi (S) seeds. In 
leaves, studied parameters are water content of different foli-
ar stages, Leaf length, Leaf width, Leaf area, Leaf Perimeter 
and Leaf water content. In roots, parameters are Root length, 
Root diameter, Root volume and number of Ramified roots. 

Relative growth rate (RGR: mg. g-1.d-1), (W, shoot 
weight) was determined following equation:  

RGR mg. g-1.d-1 = (lnw4 – lnw0)/(t4 – t0)

The relative growth rate of the principal stem in height 
(RGRh: cm. cm–1 d–1) (h – stem height) was calculated ac-
cording to the following formula: 

RGRh, cm. cm–1.d–1 = (lnhf – lnhi/tf – ti), 

where t is the time at two-time intervals, ti at the beginning 
and tf – at the end of the experiment. 

The different leaf parameters were measured using a 
planimeter (model CI-202, USA). 

Determination of photosynthetic pigments content and 
fluorescence measurements extraction of photosynthetic 
pigments from fresh leaves was done with acetone solu-
tion (80%). The contents of Chla, Chl a+b, and carotenoid 
were determined by spectrophotometer (PG instrument, T60 
UV-V /United Kingdom) (DI et al., 1956). The measurement 
of the maximum quantum efficiency of PSII photochemistry 
(Fv/Fm) was done using a modulated chlorophyll fluorom-

eter OS1p. 

Determination of nitrogen and crude proteins contents 
Nitrogen content was determined by Kjeldahl method 

(AOAC, 1994), to determine the nitrogen content of the sam-
ples. The following formula was used:

N % = [(V × N × 0.014)/m] × 100.

(V: volume of hydrochloric acid used in the titration. N: nor-
mality of hydrochloric acid and m: mass of the sample in 
grams). 

Crude protein content was determined using the follow-
ing formula: 

Crude protein % = % N × 6.25. (N: Nitrogen).

Determination of malondialdehyde (MDA) and Hydro-
gen peroxide (H2O2) contents 

Determination of MDA content, indicating lipid per-
oxidation level of cellular membrane, was done accord-
ing to Heath and Packer (1968). The method was deter-
mined by measuring thiobarbituric acid reacting substances 
(TBARS). About 0.5 g of leaf samples were homogenized 
in trichloro-acetic acid (TCA) (0.1%). After centrifugation 
(15,000 × g for 5 min), 2 ml of the supernatant was mixed 
with 4 ml of thiobarbituric acid (TBA) (0.5%). The mixture 
was heated at 95°C for 30 min. The absorbance was mea-
sured by Spectrophotometer (PG instrument, T60 UV-V /
United Kingdom), at 532 nm and 600 nm (non-specific value 
at 600 nm).  

The content of H2O2 in fresh leaves was determined based 
on measurement of titaniumhydroperoxide complex content 
according to Patterson et al. (1984). Firstly, samples (0.5 g) 
were homogenized in acetone solution. After centrifugation 
(5 min at 10,000 g and 4°C), 0.75 ml of supernatant was 
dissolved in 0.75 ml of potassium phosphate buffer (10 mM, 
pH 7.0) and 1.5 ml of potassium iodide (1M). Colorimetric 
measure (PG instrument, T60 UV-V /United Kingdom) of 
absorbance was performed at wavelength 508 nm against a 
blank, and using H2O2 as a standard. 

Total phenolic compounds, total flavonoids, and con-
densed tannins contents quantification 

Secondary metabolites were extracted (maceration) from 
leaf DW by ethanol solution (70%).  

Total phenolic compounds (TPC) 
Total phenolic compounds (TPC) in dry leaf samples 

were quantified using the method of Li et al., (2005). This 
method is based on the use of Folin Ciocalteu and Na2CO3 
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as reagents. Gallic acid is the standard used to determine 
TPC content. Optic absorbance was determined at 760 nm 
using UV/Vis spectrophotometer (PG instrument, T60 UV-V 
/United Kingdom).

Total flavonoids
According to Dehpour et al. (2009), aluminium chloride 

was used as a reagent. Using a UV/Vis spectrophotometer 
(PG instrument, T60 UV-V /United Kingdom), absorbance 
was measured at 430 nm. Flavonoid content was quantified 
using quercetin as the standard.

Condensed tannins 
The vanillin method in an acid medium described by Ba 

et al. (2010), was adopted to determine condensed tannin 
content. Absorbance was measured at 500 nm by a UV spec-
trophotometer (PG instrument, T60 UV-V /United King-
dom). Catechol was used as standard. 

Proline and soluble sugars contents 
The quantification of free proline in leaves was con-

ducted using the method of Bates et al. (1973). Proline was 
extracted from dry leaf samples with a sulfosalicylic acid 
solution. Ninhydrin was supplied as a reagent. By spectro-
photometer (PG instrument, T60 UV-V /United Kingdom), 
the absorbance was read at 520 nm using toluene as blank. 
Total soluble sugars were measured according to the method 
of Sunderwirth et al. (1964). Soluble sugars were extracted 
with ethanol solution (80%) at 70°C. Anthrone used as a re-
agent was added to extract sugar from dried leaves. Absor-
bance was measured at 640 nm. 

Antioxidant enzymatic extraction and assays 
Enzyme extractions were carried out at 4°C. The fresh 

plant tissues (0.5g) were powdered in liquid nitrogen and ex-
tracted at a ratio of 1:3 (w/v) in potassium phosphate buffer 
(0.1mM, pH 7.5) containing EDTA (0.5mM). 

Superoxide dismutase (SOD) 
Superoxide dismutase (SOD) was estimated according 

to the method of Beyer and Fridovich (1987). It was as-
sayed as the inhibition of the reduction of nitro-blue tetra-
zolium chloride (NBT). 3 mL of reaction mixture solutions 
(0.1 ml of sodium carbonate (1.5 M), 0.2 mL of methionine 
(200 mM), 0.1 mL of Nitro-blue tetrazolium (2.25 mM), 0.1 
mL of EDTA (3mM), 1.5 mL of potassium phosphate buffer 
(pH 7.8)) was added to 1 mL distillate water and 0.5 mL of 
enzyme extract. Enzyme activity started after the supply of 
0.1ml of riboflavin solution (60 µM), by placing the reaction 
mixture under a fluorescent lamp (15 W). The reaction was 

stopped by covering the light source. One unit of SOD cor-
responds to the amount of enzyme reducing 50% of NBT. 
Absorbance was determined at 560 nm. 

Catalase (CAT) 
Catalase activity (CAT) was assayed according to Cak-

mak (1993). Catalase activity was determined based on the 
residual H2O2 concentration using a titanium reagent. To 
3 mL of reaction solution containing a mixture of 1mL H2O2 
(6 mM) and 1.9 mL of phosphate buffer (0.1M, pH 7.0), the 
supply of 0.1mL enzyme extract initiated enzyme reaction. 
After 5 min the addition of 4 mL of titanium reagent caused 
stop of activity. A similar mixture of solutions without ex-
tract was prepared to serve as control tube. Absorbance was 
taken at 415 nM by spectrophotometer.

Ascorbate peroxidase (APX) 
Ascorbate peroxidase activity (APX) was measured by 

monitoring the rate of ascorbate oxidation according to Na-
kano and Asada (1981). About 3 mL of reaction mixture of 
phosphate potassium buffer (200mM, pH 7), 0.05ml Ascor-
bate (5 mM), 0.05 mL (H2O2), was added to 50 µL of enzyme 
extract. The reaction was initiated by adding the enzyme ex-
tract. A blank tube was prepared similarly, but using boiled 
extract enzyme for each leaf sample. Recording the decrease 
in absorbance was realized at 290 nM using a spectropho-
tometer. The enzyme activity was calculated using the mo-
lar extinction coefficient (absorbance of one molar solution) 
of E = 2.8/ mM–1 cm–1. One unit of APX enzyme was the 
amount necessary to decompose 1.0 μmol of NADPH /min-
ute at 25°C. 

Glutathione reductase (GR) 
Glutathione reductase activity (GR) was determined 

according to the method of Rao et al. (1996). The method 
was based on record of absorbance increase in presence of 
oxidized glutathione and 5.5-dithiobis-2-nitrbenzoic acid. A 
total volume (2.9 mL) of mixture of 1 ml potassium phos-
phate buffer (0.1 M, pH 7.5), 0.1 ml EDTA (0.1 mM), 0.5 ml 
DTNB (3  mM),0.1 mL NADPH (2 mM) was added with 
0.1 mL enzyme extract and distilled water. Start of reaction 
was induced by the supply of 0.1 mL of oxidized glutathione 
(2mM). Absorbance at 340 nM was recorded by spectropho-
tometer at 25°C during 5 min. 

Statistical analysis 
All data were subjected to analysis of variance 

(ANOVA) and Tukey’s HSD test (SPSS Statistics 27), to 
determine significant differences among treatment means 



1113Seed origin effects on growth, physiological and biochemical traits of Moringa oleifera seedlings grown...

at a probability level of 5%, and also applied to two-way 
ANOVA, to determine the combination of seeds origin and 
stress conditions factors, with studied variables: leaf fresh 
weight, stem fresh weight, roots fresh weight, stem length, 
stem diameter, and root length. Pearson’s correlation coef-
ficient measures linear correlation between two data sets. 
Correlation analyses were used to correlate between fresh 
weights and dry weight, water content, leaves number, stem 
height, and stem diameter.

Results

Morphological parameters during seven months 
Morphological traits of M. oleifera derived from Tuni-

sian (T) and Saudi (S) regions were measured during seven 
months (June – December). The summarized results in Table 
1 demonstrate that there was a significant difference in the 
growth parameters according to the seed’s origin.  

During the first four months, the Saudi-M. oleifera, 
showed better growth (leaf FW and DW, and plant height) 
than Tunisia-M. oleifera. However, the leaf water content 
and stem diameter were highest in Tunisia-M. oleifera. The 
plant height increased in Saudi-M. oleifera till October. Since 
October, leaf FW and DW and stem diameter increased more 
in Tunisia-M. oleifera, while the plant height in Saudi-M. 
oleifera was higher in all months compared to Tunisian-M. 
oleifera. In November, a significant decrease in leaf num-
ber of Tunisian seedlings, and a total falling leaves of Saudi 
seedlings were recorded (Table 2). October saw an increase 
in rainfall to 51.66 mm, which then declined in November. 
These factors may have had an impact on M. oleifera’s veg-
etative parameters during these months. The average mini-
mum and maximum temperature during this time were 12.61 
and 21.25°C, respectively. Therefore, we suggested that tem-
perature is the principal factor affecting Tunisian and Saudi 
-Moringa trees.  

Figure 1 illustrated the relative growth rate (RGR) of 
shoot and in height (RGRh) of Tunisian and Saudi M. oleif-
era. Results showed that RGR of Saudi-M. oleifera was 
higher than Tunisia-Moringa during the first three months 
(summer). After this period, the RGR started to slow down in 
several plants. But, compared to Tunisian M. oleifera, RGR 
in Saudi one was broken in November (Fig. 1A). In addition, 
the RGRh was enhanced during the first three months with 
a higher level in Tunisia-M oleifera (Fig. 1B). Regardless 
seed origin, RGRh was declined in December. Saudi origi-
nated plants began to grow more rapidly in the first grown 
season and begin dormancy (the leaves dropped) earlier in 
November and December, while, Tunisian originated plants 
could grow better under low temperatures (autumn). These 

patterns of seedling growth responses seemed to be related 
to the environmental conditions noted favourable for the dif-
ferent M. oleifera seed origin growth (Table 2). 

Figure 2 (A, B, C, D) illustrates leaf parameter growth of 
different foliar stages of seven months old Moringa plants. 
The results indicated that the leaf foliar stage of Tunisian 
Moringa was higher than Saudi plants through six months. 
Also, results showed the complete disappearance of the sev-
enth and eighth foliar stages in Saudi-M. oleifera plants. 
Results also showed, that leaf width, leaf area and leaf pe-
rimeter were higher in Tunisian plants (Fig. 2B, 2C and 2D). 
During the three first months, leaf water content was higher 
in Tunisian plants (Fig. 2E). 

In contrast, in seven months old plants, the longest and 
largest diameter roots were found in Tunisian seed origin 
Moringa (Fig. 2F, 2G). Meanwhile, Saudi seed-origin plants 
present the largest root volume and ramified roots and the 

Fig. 1. Relative growth rate of shoot and in height (A 
and B) changes of Moringa oleifera of Tunisian (T) and 
Saudi (S) seeds origins  during seven  months of growth

Means showing different letters are statistically different  
(p ˂ 0.05) from each other. Data was computed from five  
replications consisting of three plants in each replication.

Source: Authors’ own elaboration

A)

B)



1114 Afef Nasraoui Hajaji, Houda Maaroufi Dguimi, Ragaa Abd Elfatah Hamouda and Ammari Youssef

(Fig. 2H, 2I). The characteristic of ramification seemed to be 
related to the purpose of occupation of a bigger volume of 
rhizospheres to enhance water acquisition. In current study, 
plants presented different ways of root establishment and 
significant difference in RGRh under the same environmen-
tal conditions, as explained by the Moringa plant‘s morphol-
ogy and growth profiles.

Correlation analysis 
Pearson correlation analysis was used to investigate the 

association between plant morphological parameters during 
seven months of cultivation M. oleifera derived from Tuni-
sian, and Saudi seeds (Table 3). A positive correlation was 
observed between FW and DW, water content (r = 0.650*), 
water content (r = 0.720), stem height (r = 0.854*), stem di-
ameter (r = 0.909**), while results revealed a weak positive 
correlation with leaves number (r = 0.331). 

It is noticed a strong correlation between stem height and 
stem diameter (r = 0.938**). In Saudi plants, a strong posi-
tive correlation was obtained between FW, DW (r = 0.809*), 
and leaves number (0.927**), and between stem height and 
stem diameter (r = 0.987**). 

Primary metabolites and pigment contents 
Figure 3 demonstrated that the two plants contained vital 

amounts of carbohydrates and proteins (Fig. 3A). In Saudi 
originated plants, the Chla, Chlb and carotenoid levels were 
higher than that in Tunisian plants (Fig 3B). Figure 3C re-

vealed a higher PSII efficiency in Saudi originated plants. 
The PSII efficiency enhancement might be attributed to the 
underground development of roots to absorb and translocate 
water to shoots.

Effect of salinity and drought stress on morphological 
parameters 

Table 4 showed morphological changes in six-week-old 
M. oleifera grown from Tunisian (T) and Saudi (S) seeds, 
cultivated under drought (25 and 12.5% FC), salinity (0, 
7.5, and 10g/l NaCl), simultaneously salinity (7.5 g/l NaCl) 
and drought (25% FC) conditions. Morphological parame-
ters of M. oleifera derived from Tunisian (T) and Saudi (S) 
seed showed significant changes under different treatments. 
After four weeks, the leaf FW was higher in Saudi-M. oleif-
era compared to Tunisian-M. oleifera in control conditions. 
Leaf, stem and root FW decreased in both Saudi and Tu-
nisian plants under drought, salinity and especially under 
the co-treatment salinity-drought. Stem length and stem di-
ameter decreased progressively under salinity and drought. 
Root length increased under low salinity and low drought 
in both Tunisian and Saudi plants. Saudi-M. oleifera was 
less affected by drought and salinity than Tunisian-M. oleif-
era. Results showed that Moringa derived from Saudi seeds 
presented a higher potential of resistance than plants grown 
from Tunisian seeds. However, under co-stress drought and 
salinity, there was no significant difference between their 
abilities to tolerate the abiotic stresses.

Table 2. Morphological parameters changes in M. oleifera issued from Tunisian (T) and Saudi (S) seeds during seven 
months
Origin Date Leaves Stem

Fresh weight  
(g)

Dry weight  
(g)

Water content 
(%)

Number of 
leaves 

Height  
(cm) 

Diameter  
(cm) 

T

June 0.2±0.01g 0.01±0.00g 14.748±1.05f 3±0.01e 10.093±1f 6.353±0.52f

July 0.75±0.03f 0.02±0.00f 31.33±2.07c 6±0.02c 16.03±1.0e 8.303±0.04e

August 1.51±0.01e 0.07±0.00c 19.13±1.024e 8±0.1b 25±2.07d 9.05±0.14d

September 2.49±0.014c 0.1±0.01b 22.27±1.035d 9±0.01a 38.8±2.05c 11.173±1.0c

October 3.58±0.018a 0.75±0.03a 46.773±0.24ab 8±0.01b 46.33±3b 11.253±1b 
November 3.068±0.02b 0.051±0.00d 59.157±3.0 a 4±0.01d 55.8±4.01a 11.343±1a 
December 2.04±0.01d 0.045±0.00e 44.344±1.25b 2±0.02f 55.8±3.16a 11.343±1.0a 

S

June 0.31±0.02e 0.03±0.002e 9.417±0.61d 3±0.01d 17.08±1.2e 4.33±0.31e 
July 0.89±0.04d 0.078±0.00d 10.43±0.05c 6±0.01b 25.18±1.5d 5.297±0.34d 
August 2.43±0.02b 0.124±0.01c 18.623±0.97a 9±0.21a 40±2.01c 7.39±0.5c 
September 3.16±0.02a 0.25±0.015a 11.295±1.01b 9±0.32a 50.63±2.1b 9.8±0.32b 
October 2.1 c 0.36±0.041b 5.05±0.1e 6±0.04c 60±4.87a 9.963±0.52a 
November 0 f 0 f 0 f 0 e 60±4.87a 9.965±0.52a 
December 0 f 0 f 0 f 0 e 60±2.6a 10±0.98a 

Тhe means showing different letters are statistically different (p ˂0.05). Data are computed from five replications consisting of three plants in each replication.
Source: Authors’ own elaboration
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Fig. 2. Leaves parameters and water 
content of different foliar stages (A, B, 
C, D, E), root length, diameter, volume 

and ramified roots number (F, G, H, 
I), in seven months aged Moringa 

oleifera of Tunisian (T) and Saudi (S) 
seeds origins

Means showing different letters are statis-
tically different (p ˂ 0.05) from each other. 
Data was computed from five replications 

consisting of three plants in each replication 
Source: Authors’ own elaboration
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Effect of salinity and drought stress on secondary me-
tabolites 

MDA is a principal indicator that can prove that oxidative 
stress damage takes place in cells as a consequence of abiotic 
stress conditions. Data in Table 5 indicated that nevertheless 
applied stress, Moringa leaf contents of MDA were higher 

in Tunisian-Moringa compared to Saudi plants, especially, 
when stresses are co-applied, the lipid peroxidation of cell 
membranes had same level in leaves of both Tunisian and 
Saudi-Moringa. In contrast, hydrogen peroxide accumulated 
to a greater extent in Moringa leaves independently of the 
constraint type (drought, salt, drought-salinity).

Table 3. Pearson‘s correlation coefficient of morphological changes during seven months aged – M. oleifera derived 
from grown Tunisian (T) and Saudian (S) seeds 
Seeds 
origin

 Fresh weight  
(g) 

Dry weight  
(g) 

Water content 
(%) 

Leaves  
number 

Stem height 
(cm) 

Stem diameter 
(cm) 

T

Fresh weight (g) 1      
Dry weight (g) 0.650 1     
Water content (%) 0.720r 0.337 1    
Leaves Number 0.331 0.438 -0.29 1   
Stem height (cm) 0.854* 0.306 0.820* -0.114 1  
Stem diameter (cm) 0.909** 0.388 0.708 0.204 0.938** 1 

S

Fresh weight (g) 1      
Dry weight (g) 0.809* 1     
Water content (%) 0.663 0.264 1    
Leaves number 0.927** 0.672 0.862* 1   
Stem Height (cm) 0.099 0.276 -0.570 -0.238 1  
Stem diameter (cm) 0.203 0.332 -0.506 -0.147 0.987** 1 

**Correlation is significant at the 0.01 level (2-tailed). 
*Correlation is significant at the 0.05 level (2-tailed). 
Source: Authors’ own elaboration

Fig. 3. Protein and total carbohydrate seeds contents 
(A), photosynthetic pigments (B) and PSII efficiency (C) 
of six months aged Moringa oleifera of Tunisian (T) and 

Saudi (S) seeds regions
Means showing different letters are statistically different (p ˂0.05) 

from each other. Data was computed from five replications con-
sisting of three plants in each replication.

Source: Authors’ own elaboration



1117Seed origin effects on growth, physiological and biochemical traits of Moringa oleifera seedlings grown...

To tolerate environmental stresses, stressed plants accu-
mulated more total polyphenols, flavonoids, and condensed 
tannins. The results in Table 5 showed that stress increased 
secondary metabolite levels such as flavonoids and tannins. 

Osmo-protectant accumulation such as soluble proteins, sol-
uble sugars, and amino acids, like proline, is another import-
ant physiological process adopted by plants to avoid stress. 
Results indicated that, regardless of seed origin, leaf proline, 

Table 4. Morphological changes in six-week- old M. oleifera issued from Tunisian (T) and Saudi (S) seeds origins, cul-
tivated under drought (25 and 12.5% FC), salinity (0, 7.5 and 10g/l NaCl), simultaneously salinity (7.5g/l NaCl) and 
drought (25% FC) conditions
Seeds 
origin 

Treatments Leaf fresh 
weight (gm) 

Stem fresh 
weight (gm) 

Roots fresh 
weight (gm) 

Stem length 
(cm) 

Stem diameter 
(cm) 

Root length 
(cm) 

T

Control 0.21±0.04e 1.09±0.0f 0.48±0.0cd 15.36±0.2g 5.43±0.1f 3.4±0.20g

Drought 25% FC 0.129±0.0c 0.59±0.0cde 0.33±0.0bc 11.03±0.1f 3.2±0.09bc 3.72±0.0h

Drought 12.5% FC 0.022±0.0a 0.22±0.0a 0.23±0.0ab 8.1±0.041d 1.41±0.0a 1.47±0.1c

Salinity 7,5g/l NaCl 0.131±0.0c 0.51±0.0cd 0.26±0.0ab 6.78±0.22c 2.98±0.0bc 3.26±0.2g

Salinity 10g/l NaCl 0.026±0.0a 0.22±0.0a 0.12±0.0a 3.57±0.11a 1.07±0.0a 0.98±0.0a 
Salinity (7.5g/L) 
+drought (25% FC) 

0.021±0.0a 0.19±0.0a 0.09±0.0a 9.25±0.20e 2.73±0.1b 1.33±0.1bc 

S

Control 0.30±0.0f 1.48±0.0g 0.53±0.0d 15.8±0.0g 5.39±0.1f 2.79±0.0e

Drought 25% FC 0.19±0.1d 0.74±0.0e 0.44±0.0cd 10.7±0.1f 4.01±0.0e 3.06±0.0f

Drought 12.5% FC 0.05±0.0b 0.27±0.0ab 0.24±0.0ab 5.01±0.0b 1.37±0.0a 1.33±0.1bc

Salinity 7.5g/L NaCl  0.19±0.0d 0.69±0.0de 0.49±0.1cd 9.33±0.1e 3.89±0.0de 2.82±0.0e 
Salinity 10g/L NaCl 0.08±0.0c 0.44±0.0bc 0.2±0.0ab 6.5±0.18c 2,97±0.0bc 1.28±0.1b 
Salinity (7.5g/L) 
+drought (25% FC) 

0.03±0.0ab 0.55±0.00cd        0.18±0.02ab 11.43±0.28f 3.37±0.16cd 1.97±0.29d 

Sig 0.000 0.000 0.000 0.000 0.000 0.000 
Means showing different letters are statistically different (p ˂ 0.05) from each other (in each column). 
Data are computed from five replications consisting of three plants in each replication.
Source: Authors’ own elaboration

Table 5. Effect of drought (25 and 12.5% FC), salinity (0, 7.5 and 10g/l NaCl), co-treatment salinity (7.5g/l NaCl) and 
drought (25%FC) on M. oleifera derived from Tunisian (T) and Saudi (S) seeds origins, that cultivated for four weeks 
on MDA, H2O2, total phenolic, flavonoids, condensed tannins, proline and soluble sugar of leaves
Seeds 
origin

Treatment MDA nmol.g-1 

(DW)
H2O2  

nmol.g-1 (FW)
Total Phenolic 
eqAG g-1 (DW)

Flavonoids mg 
Qu g-1 (DW)

Condensed 
tanins mg eq 

catch g-1 (DW)

Proline 
μmol.g-1 (DW)

Soluble sugar 
μmol.g-1 (DW)

T 

Control 9.12±0.8a 1.33±0.1a 0.31±0.02a 0.20±0.01a 0.19±0.01a 3.2±0.02a 2.77±0.12a 
Drought 25% FC 60.25±3.25b 2.57±0.11bc 1.85±0.01cd 0.43±0.015bc 0.40±0.03bc 7.55±0.031def 5.03±0.4bc 
Drought 12.5% FC 105.67±9.25d 3.88±0.2d 1.08±0.09b 0.42±0.02bc 0.39±0.03bc 7.12±0.014cd 4.44±0.22b 
Salinity 7.5g/l NaCl 108.23±6.78d 2.9±0.17c 2.40±0.14c 1.661±0.03g 0.57±0.02e 8.53±0.045fgh 6.26±0.41de 
Salinity 10g/L NaCl 147.1±6.52e 4.02±0.25d 2.011±.0.1d 1.45±0.04f 0.50±0.001de 8.02±0.07defg 6.1±0.31de 
Salinity (7.5g/L)+ 
drought (25% FC) 

168.02±8f 3.85±0.27d 1.427±0.07bc 0.97±0.004d 0.36±0.02b 6.32±0.35c 4.95±0.18bc 

S

Control 8.75±0.71a 1.11±0.09a 0.50±0.2a 0.28±0.01ab 0.233±0.02a 4.79±0.034b 2.96±0.14a

Drought 25% FC 58.74±2.18b 2.14±0.145b 2.23±0.018d 0.50±0.014c 0.46±0.025cd 8.83±0.02ghi 6.84±0.32ef 
Drought 12.5% FC 90.94±3.51c 3.08±0.18c 1.96±0.084d 0.5±0.01c 0.42±0.02bcd 8.2±0.018efgh 6.02±0.065de 
Salinity 7.5g/l NaCl 100±3.4cd 2.11±0.11b 3.74±0.22f 1.99±0.04h 0.74±0.04fd 9.68±0.036i 7.84±0.56f 
Salinity 10g/L NaCl 139.08±5.26e 2.056±0.17b 3.601±0.22f 1.75±0.1g 0.71±0.03f 9.22±0.061hi 7±0.01ef 
Salinity (7.5g/L) 
+drought (25% FC) 

167.8±9.01f 3.86±0.13c 1.74±0.01cd 1.25±0.01e 0.44±0.01bcd 7.48±0.12de 5.66±0.26cd 

 Sig 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Means showing different letters are statistically different (p ˂0.05) from each other (in each column). Data are computed from five replications consisting of 
three plants in each replication.
Source: Authors’ own elaboration
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and soluble sugar contents were increased under drought 
and salinity applied separately or simultaneously (Table 5). 
When the two stresses were co-applied, the osmolyte accu-
mulation was reduced compared to severe salinity and wa-
ter-deficient levels.

Effect of salinity and drought stress in nitrogen and 
crude protein contents 

Figure 4 (A and B) showed that the most important de-
crease in crude protein content in Moringa from both Saudi 
and Tunisian seeds origins was detected when co-stresses 
were applied, followed by water deficit (12.5% FC) and sa-
linity (10 g/L NaCl). Conversely, the changes in these pa-
rameters are more pronounced in Tunisian Moringa leaves.

Effect of salinity and drought stress in SOD, CAT, APX 
and GR 

The activity of antioxidant enzymes such as superoxide 
dismutase (SOD), Catalase (CAT), Ascorbate peroxidase 
(APX), and Glutathione reductase (GR) is generally up-reg-
ulated in stressed plants. The change in antioxidant enzyme 
activity is one of the different ways adopted, to overcome 
stress conditions. Figure 4 (C and D) showed that all stud-
ied antioxidant enzymes were activated under stress. How-
ever, the highest increase in antioxidant enzyme activities 
in both Tunisian and Saudi-Moringa was observed with 
simultaneous treatment with 25% drought and 7.5% NaCl. 
The co-treatment drought-salinity resulted in accentuated 
oxidative stress levels. Moringa showed stimulation of an-
tioxidant enzyme activities, which support plants to tolerate 
oxidative damage. Under salinity, the increase of antioxidant 
activation in Moringa plants help sustain nutritional qual-
ity despite stress. They mitigate environmental stresses. In 
fact, the decrease in photosynthetic efficiency induced over-
production of reactive oxygen species (ROS), which could 
generate lipid peroxidation. Under salinity, malondialdehyde 
(MDA) level increased, which is reflected as a marker of lip-
id peroxidation in plants. Plants detoxify ROS through the 
activity of ROS-scavenging enzymes such as CAT and APX. 
The SOD had higher activity in Saudi plants under drought 
(12.5% FC), salinity (10 g/L) and co-treatment drought-salt. 
Meanwhile, catalase activity was higher in Tunisian origin 
plant. GR had activity no significant differences due to plant 
origin. 

Discussion  

Morphological traits of M. oleifera, derived from Tuni-
sian and Saudi regions, were measured during seven months 
(June  – December). Results in Table 2 showed that there 
was significant difference in the growth parameters accord-
ing to the seed‘s origin. At the first four months, the Sau-
di-M. oleifera, showed better growth (leaf FW and DW, and 
plant height) than Tunisian-M. oleifera. In October and No-
vember, an important change in rainfall and in the average 
minimum and maximum temperature was recorded. These 
factors had an impact on M. oleifera‘s vegetative parameters 
during these months. In November, a significant decrease 
in leaf number of Tunisian seedlings, and a total falling 
leaves of Saudi seedlings were recorded. The rainfall and 
the temporal distribution of the precipitation pulses affected 
growth, duration of the flowering and fruiting phenophases 
in M. oleifera (João et al., 2022). The current results suggest 
that temperature is an important factor affecting Tunisian and 
Saudi Moringa trees. Amongst all climatic factors that af-

Fig. 4. Nitrogen leaf and crude proteins contents and 
SOD, CAT, APX and GR percent changes in six months 
aged Moringa oleifera leaves of  Tunisian (A and C) and 

Saudi (B and D) seeds regions
Data was computed from five replications consisting of three 

plants in each replication 
Source: Authors’ own elaboration
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fect plant growth, temperature is one of the most important 
factors governing tree growth, physiology and productivity 
(Mashamaite et al., 2021). This result was previously dis-
cussed by Muhl et al. (2011), who showed that M. oleifera 
seedlings‘ growth increased exponentially with tempera-
ture. This study demonstrated a correlation between higher 
growth potential and a high temperature regime of 20–30°C. 

According to Alshoaibi (2021), in Saudi Arabia, M. oleif-
era prefers a temperature regime of 32–35°C in order to grow 
larger. In contrast, the same author has confirmed that 25°C 
is the ideal temperature for the highest M. oleifera growth.  

Current results also showed that RGR of Saudi-M. oleif-
era was higher than Tunisia-Moringa during the first three 
months (summer) (Fig. 1). The RGR and RGRh were de-
clined in December in both Saudi and Tunisian plants (Fig. 
1A and  1B). Saudi originated plants began to grow more 
rapidly in the first grown season and begin dormancy (the 
leaves dropped) earlier in November and December. In con-
trast, plants grown from Tunisian seeds could grow better 
under low temperatures (autumn). These patterns of seedling 
growth responses seemed to be related to the environmen-
tal conditions noted favourable for the different M. oleifera 
seed origin growth (Table 1). In current study, plants pre-
sented different ways of root establishment and significant 
difference in RGRh face to same environmental conditions, 
as explained by the Moringa plant‘s morphology and growth 
profiles. Current results confirmed the alternative hypothe-
sis (Ha) that Moringa oleifera seed sources differed consid-
erably in stem diameter and height (Santoso and Parwata, 
2020). These results remained debated by several studies 
(Olaborode et al., 2022; Santoso and Parwata, 2020). Differ-
ences were also recorded in photosynthetic pigment level be-
tween Saudi and Tunisian plants (Fig. 3B). Results revealed 
a higher PSII efficiency in Saudi originated plants (Fig. 3C). 
The PSII efficiency enhancement might be attributed to the 
underground development of roots, to absorb and translocate 
water to shoots (Liao et al., 2022).  

Morphological parameters of M. oleifera derived from 
Tunisian and Saudi seeds showed significant changes under 
salinity and drought stresses. Leaf, stem and root FW de-
creased in both Saudi and Tunisian plants under drought sa-
linity, and especially under the co-treatment salinity-drought. 
Stem length and stem diameter decreased progressively un-
der salinity and drought. Saudi-M. oleifera was less affected 
by drought and salinity than Tunisian-M. oleifera. Results 
showed that Moringa derived from Saudi seeds presented 
a higher potential of resistance to drought and salinity than 
plants grown from Tunisian seeds. Under co-stress drought – 
salinity, there was no significant difference between their 
abilities to tolerate this applied stress. Water limitation re-

stricted water transport to the shoots and indirectly altered 
the photosynthetic machinery and metabolism, resulting in 
growth inhibition (Hajaji and Gouia, 2019; Li et al., 2020). 
Compared to drought, the stronger negative effects of salini-
ty on Moringa are because of both salt-induced dehydration 
and osmotic stress. Indeed, water deficit can disrupt cellu-
lar structure by reducing cell turgor, thereby reducing leaf 
biomass (Miranda et al., 2021). Under abiotic stress causing 
changes in morphological traits and growth inhibition, plants 
adopted several strategies to tolerate stress, such as produc-
tion of stress hormones, osmotic adjustment, and activation 
of stress-related genes (Hasan et al. 2020; Liu et al., 2018). 
Under stress, the leaf and stem growth parameter reduction 
is compensated by root expansion, density, and elongation. It 
presented one of the strategies developed by Moringa to alle-
viate the reduction of water availability (Farooq et al., 2009; 
Hsiao and Xu, 2000; Nouman et al., 2014, 2018). Compared 
to water deficit and salinity stress separately applied, their 
combination presented more accentuated effects. Such a 
note was mentioned by Chaves et al. (2009) and Cohen et 
al. (2021). 

The co-treatment salinity- drought induced rapid gene 
expression alteration (Chaves et al. 2009). In this regard, 
there were very close responses to the combined stress of 
Moringa derived from the two seeds‘ origins. Therefore, it 
is extremely important to research the principal indicators 
that can prove that oxidative stress damage takes place in 
cells as a consequence of abiotic stress presence. Data in Ta-
ble 5 indicated that under different studied stresses, MDA 
leaf contents were higher in Tunisian-Moringa compared to 
Saudi plants. Under co-treatment drought-salinity, MDA lev-
el was quite similar in Tunisian and Saudi-Moringa leaves. 
Hydrogen peroxide accumulated to a greater extent in Mo-
ringa leaves independently of the constraint type (drought, 
salt). According to previous studies (Miranda et al., 2021), 
it is largely demonstrated that, Malondialdehyde and hydro-
gen peroxide accumulated under water deficiency or salinity 
(Adnan et al., 2020; Goche et al., 2020). The results denoted 
that oxidative stress damage as lipid peroxidation in Moringa 
is more pronounced in Moringa treated by co-applied stress 
(drought-salinity) followed by salinity stress (10 and 7.5 g 
NaCl) and deficit water (12.5 and 25% FC). In agreement 
with Nouman et al. (2018) and Alhakmani et al. (2013), re-
sults also showed that Moringa‘s sensitivity to environmen-
tal stresses could be explained in relation to the geographical 
area origin of seeds. 

Thus, to investigate Moringa‘s ability to tolerate environ-
mental stresses, several adaptive processes were discussed in 
previous studies (Álvarez-Román et al., 2020; Batool et al. 
2020; Daryanto et al. 2017). One of the physiological pro-
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cesses is the accumulation of total polyphenols, flavonoids, 
and condensed tannins in stressed plants. The results in Table 
5 showed that stress increased secondary metabolite levels 
such as flavonoids and tannins. 

Osmo-protectant accumulation such as soluble proteins, 
soluble sugars, and amino acids, like proline, is another im-
portant physiological process adopted by plants to avoid 
stress. Results indicated that, regardless of seed origin, leaf 
proline, and soluble sugar contents were increased under 
drought and salinity applied separately or simultaneously 
(Table 5). Under co-treatment drought-salinity, the osmolyte 
accumulation was reduced compared to severe salinity and 
water-deficient levels. The crucial role of osmolyte produc-
tion is the maintenance of homeostasis for the metabolism 
process, resulting in the improvement of the Moringa’s ca-
pacity to tolerate current stresses. In addition to maintain-
ing cellular redox homeostasis and scavenging free radicals, 
proline and soluble sugars accumulate under water deficit or 
salinity stress (Dobra et al., 2010; Omari Alzahrani, 2021; 
Osakabe et al., 2020).

Under co-stresses, an important decrease in crude pro-
tein content in both Saudi and Tunisian plants was recorded. 
Conversely, the changes in these parameters are more pro-
nounced in Tunisian Moringa leaves. It is largely suggested 
that differences in leaves’ protein contents were in reality 
depending on species (Balfany et al., 2023; Görgüç et al., 
2020; Nynäs et al., 2021). In this study, significant changes 
shown in Moringa are related to the type and level of applied 
stress. While proteins are presented in the majority of chlo-
roplasts (Rubisco) to activate photosynthesis, and are used 
in carbohydrate synthesis, this may be due to the decline of 
protein level under stress conditions (Hasan et al., 2018; Ra-
ven, 2013). 

Changes in antioxidant enzyme activity represent one 
of the mechanisms by which plants cope with stress condi-
tions. (Ghasemlou et al., 2019). Current results showed that 
all studied antioxidant enzymes were activated under stress. 
The most important increase in antioxidant enzyme activi-
ties in both Tunisian and Saudi-Moringa was observed with 
co-treatment with drought – salinity (Fig. 4C and 4D). Mo-
ringa showed stimulation of antioxidant enzyme activities, 
which support plants to tolerate oxidative damage (Nouman 
et al., 2018). Under salinity, the increase of antioxidant acti-
vation in Moringa plants, help sustain nutritional quality de-
spite stress; they mitigate environmental stresses (Nouman et 
al., 2014). In fact, the decrease in photosynthetic efficiency 
induced overproduction of reactive oxygen species (ROS), 
which could generate lipid peroxidation (Xi et al. 2021).

Under salinity, leaf MDA level increased (Table 5). Lip-
id peroxidation had adverse effects on cell growth processes 

(Kh et al., 2010). Plants detoxify ROS by the motivation of 
ROS scavenging enzymes such as CAT and APX. The an-
tioxidant protection systems have vigorous roles in hando-
ver plant tolerance to environmental stresses (Bernstein et 
al., 2010; Mansour and Salama, 2019; Wang et al., 2016). 
The SOD had higher activity in Saudi plants under drought 
(12.5% FC), salinity (10 g/L) and co-treatment drought-salt. 
Catalase activity was higher in Tunisian origin plant. GR ac-
tivity had no significant differences between Tunisian and 
Saudi plants. 

Results showed that Moringa is an exceptional tree that 
could adapt and grow in various climates. Current results 
showed some differences in morphological and growth pa-
rameters between Tunisian and Saudi plants. Tunisian orig-
inated plants could grow better under low temperatures. 
Results showed that Moringa derived from Saudi seeds pre-
sented a higher potential of resistance to drought and salinity 
than plants grown from Tunisian seeds. Whatever the origin 
of the seeds, Moringa is always able to tolerate drought and 
salinity applied separately or simultaneously. Moringa toler-
ance efficiency was linked to morphological, physiological 
and biochemical processes highly advanced under environ-
mental stresses. 

Conclusion

Recent climatic changes are serious threats that affect 
the sustainable production of plants and, as a result, food 
security. As a consequence, there is a need to examine the 
potential of seeds derived from different geographical sourc-
es before planting them in various areas and climates. The 
current study showed that Moringa oleifera from Saudi 
(Jeddah, which lies along the Red Sea) selected seeds could 
adapt to Tunisian climatic conditions. While, under low daily 
minimum temperature average, Saudi-Moringa showed an 
earlier senescence compared to Tunisian one. On the oth-
er hand, to cope with water scarcity and salinity factors, 
M. oleifera employs various tolerance mechanisms such 
as morphological, physiological as well as biochemical re-
sponses. Results showed that resistance potential to drought 
and salinity seems to be different according to the origin of 
grown seeds. Compared to drought (25 and 12.5% FC) that 
hampers Moringa plant growth, salinity stress had more pro-
nounced adverse effects (7.5 and 10 gNaCl/l), because of its 
more pronounced adverse effects on Moringa derived from 
both seeds‘ origins. The co-treatment of drought (25% FC) 
and salinity (7.5 gNaCl/l) induced more the oxidative stress 
compared to the separate application of drought and salin-
ity. To tolerate salt and drought- induced oxidative stress, 
Moringa leaf tissues accumulated higher levels of polyphe-
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nols, osmoprotectants, and antioxidants (SOD, CAT, APX, 
and GR). Results showed that regardless of the geograph-
ical seed sources, Moringa presented the potential to cope 
with drought and salinity, caused by global climate change, 
and maintain its biochemical functions. It is also important 
to note that Moringa derived from Saudi seeds presented a 
higher potential of resistance to drought and salinity than 
plants grown from Tunisian seeds. 
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