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Moringa oleifera is an amazing tree with various applications. Salinity is a world major barrier to crop pro-
ductivity. This study was conducted to investigate salinity and seaweed extract’s effect on Moringa olei-
fera’s growth and yields. Measurements were made of growth characteristics, fresh and dried leaf,
inflorescence, mature pod and seed weight, and yield per tree, as well as chemical parameters. Seasons
had no substantial effect on any of these traits. In terms of seaweed concentrations, the treatment con-
taining 20% seaweed outperformed the treatment containing 0% seaweed in all measurements.
Concerning the salinity levels, the maximum level of all studied attributes was at 18.75 mmol/L NaCl,
while the level of 70.31 mmol/L NaCl has the lowest values. The interaction between salinity levels
and seaweed revealed that T4 (18.75 mmol/L NaCl plus 20 % seaweed) was the highest for all traits
and T9 (70.31 mmol/L NaCl plus 0 % seaweed) was the lowest for all traits except for the potassium con-
tent. Concerning potassium content, T7 (54.69 mmol/L NaCl plus 0 % seaweed) was the lowest. These
findings could help to develop efficient breeding methods for Moringa oleifera in the future.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Moringa oleifera is a marvel tree with enormous uses such as
vegetable farming, alley cropping, medicinal, water purification,
gardening, etc. It is typically found in a variety of environments
at an altitude of 600–1800m (Jama et al., 1989). It comes from Pak-
istan and India and belongs to the Moringaceae family, but it is
now grown all over the worldsuch as African, South American,
and Southeast Asian countries (Olson and Carlquist, 2001; Anwar
and Bhanger, 2003).
The entire moringa plant, including the flowers, fruits, and
leaves, is used to make highly nutritious foods (Anwar and
Bhanger, 2003). Moringa leaves have a high percentage of protein
(28.2%) and also have a feasible amount of vital amino acids in
comparison to soybean (Melsse and Berihun, 2013). A significant
amount of macro and micronutrients have been in Moringa leaves
and pods (Aslam et al., 2005). Moringa has recently been recog-
nized for numerous uses, and farmers are taking steps to produce
it as a forage crop or food production, as well as for farm forestry.

Salinity is one of the main issues affecting crop productivity
globally. The majority of dry and semi-arid regions are affected
by the global problem of soil salinity. Due to poor drainage, irriga-
tion methods, little rainfall, and high rates of transpiration, it is sig-
nificantly growing on irrigated lands. Salinity is regarded as a
severe threat to agriculture because it has already negatively
impacted around 1,125 million hectares of agricultural lands
(Islam et al., 2019; Sanower-Hossain, 2019). Consequently, our
agricultural economy is being decreased by soil salinity by persis-
tently decreasing the territory of crop cultivation. So, if this heavily
influenced area is effectively utilized, it will be of significant eco-
nomic benefit. Salinity is an old, critical abiotic problem that
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accords baleful effects on farming is practiced in many regions of
the world (Abdel Latef, 2010). According to Ramoliya and Pandey
(2003), excessively salty soils have detrimental impacts on seed
germination, seedling development, and plant growth. According
to studies, higher amounts of Cl- and Na + in the soil reduce the
nutrient selectivity of root membranes and cause ionic imponder-
ables in plants, like a deficiency in calcium or potassium (Chow
et al., 1990), which can cause damage to plant growth.

Salinity is related to a disorder of plant water relationship that
ends with physiological drought and a disorder of homeostasis
(Munns, 2002; Rady, 2011). Despite the Moringa oleifera tree’s
enormous potential, many studies, like those by Sanchez et al.
(2006) and Ghazali and Yasin (2016), have handled it as an herbal
plant rather than a tree. On the mature tree, however, as well as its
pods and seeds, little research has been done. This study was done
in order to find out how salinity affected the Moringa oleifera
plant’s productivity and quality.

Using seaweed in either soil or foliar treatments improves the
plant’s physiological state and adaptability under stress conditions
(Ali et al., 2022). The use of seaweed extracts as an organic biostim-
ulant has become more common in the horticulture and crop
industries, is obtainable as an extract and powder system, helps
the plant to be more disease and stress resistant and helps supply
rapid root growth. Blue-green seaweed is free-living and a fixer of
photosynthetic nitrogen. Green algae can breakdown a variety of
toxins and have huge advantages as it can biodegrade microorgan-
isms (Subramanian & Uma, 1996). Secretion of substances that
encourage growth like hormones, amino acids, and vitamins
(Rodrguez et al., 2006). Following their decomposition and death,
soil biomass increased (Saadatnia and Riahi, 2009). Therefore it
prevents the growth of weeds and boosting soil phosphate through
the release of organic acids (Sahu et al., 2012). Significant searches
have identified some well-known biostimulants, including fulvic
acid, protein hydrolysates, and seaweed extracts (Van Oosten
et al., 2017). By maintaining tissue water equilibrium, the combi-
nation of proline, glycine, soluble protein, soluble sugar, and total
free amino acids reduces the detrimental effects of stress (Abdel
Latef and Tran, 2016; Ahmad et al., 2016).

But in salt stress regimes, nutrient screening absorption and the
subsequent build-up of Na+, Cl-, and K + ions play a significant part
in osmoregulation. The researchers Layek et al., 2018 and Mzibra
et al., 2018 showed that seaweed had a favourable impact on plant
output and quality. Seaweed extracts have health benefits in addi-
tion to their vitamin, polyamine, betaine, and amino acid content
(Lötze and Hoffman, 2016; Singh et al., 2016). Arioli et al. (2015)
and Mansori et al. (2015) looked at the effects of seaweed extracts
on plants that could withstand stress, such as biotic and abiotic dif-
ficulties. Therefore, the primary objectives of this inquiry were to:
(1) identify the impact of salinity on the Moringa oleifera tree’s
leaves, inflorescences, and seeds yield and quality. (3) Look into
how applying seaweed extract and salinity interact. The antici-
pated outcomes might help in the future development of efficient
methods for breeding Moringa oleifera.
2. Materials and methods

2.1. Moringa oleifera pots management

In the open air, a pot experiment was conducted throughout the
2020–2021 and 2021–2022 seasons at the University of Tabuk’s
main campus in Tabuk, Saudi Arabia. Split-plot designs with three
replicates in randomized complete block designs made up the
experiment. It was done the combination analysis. In the main plot,
there were five irrigation water salinity levels (Tap water, 18.75,
39.06, 54.69, and 70.31 mmol/LNaCl) and two concentrations of
2

seaweed foliar spray (0 and 20%) (Table 1). In plastic pots with a
30 cm diameter and 20 cm height (14 cm3), three Moringa oleifera
seeds were manually planted in them in the months of February
2020 and 2021. One plant per pot was preserved after 20 days.
As a result, 900 pots containing 900 plants were left after the allo-
cation of 10 experimental units (pots) per replication and per treat-
ment. Tables 1 and 2 exhibited the physical and chemical
characteristics of water irrigation and soil samples, according to
Jackson (1973) and Cottenie et al. (1982). The field where the cul-
tivation took place was open. The growing season’s temperatures
and rainfall totals are displayed in Table 3.

2.2. Plant material

Moringa oleifera seeds were obtained from a single tree planted
alone in an isolated area of the study site. Its seed had previously
been obtained from the national research center - Egypt.

2.3. Irrigation treatments

Moringa oleifera seeds were watered with tap water. Once seed-
lings were established, irrigation was applied every three days
until 50 days after sowing, when salt treatments were applied.
After that, irrigation was applied once or twice a week. Around
twice a week, irrigation with (tap water or control, 18.75, 39.06,
54.69, and 70.31 mmol/L NaCl) was utilized (Table 3). After every
four irrigations with salt water, pot soil was given one irrigation
with tap water to prevent the buildup of salt. Up until the field’s
capacity, irrigation was used around 750 mL of water per pot.

2.4. Seaweed treatments

Ulva lactuca seaweed was collected from three selected coast
zones in the regions of Tabuk including Sharma (27� 550

48.43200’ N and 35� 160 38.38080’ E), Alkhuraybah (28�03024.000N
35�09050.900E) and Gayal (28�07033.500N 35�01040.100E). Drying sea-
weed material at 70 �C for 72 h resulted in the creation of Ulva lac-
tuca aqueous extract solutions. The dried product was processed
for filtration using a 40-mesh screen after being ground in a grin-
der. To make the extracts, 400 g of each pulverized plant material
was macerated in 1000 mL of distilled water. Solutions were sha-
ken in an orbital shaker at room temperature for 24 h. Using What-
man filter paper No. 1, the extracts were filtered. The
concentrations could only be achieved by diluting the dried
extracts. Table 4 displays the findings of the Ulva lactuca seaweed
extract study’s various analyses. Table 5 Ulva lactuca seaweed
extract chemical properties lists the treatments that used this
extract. The foliar spray with seaweed extract solution was applied
to every plant at 15-day intervals until the pods were ripped
(around 15 month from planting) with a manual sprayer until fell
off at a true two-leaf growth stage (around 9 day from sowing). The
control plants had an equal amount of distilled water sprayed on
them. The soil of the pot was covered with plastic during spraying.

2.5. Measurements

The respective data was gathered each season:

2.5.1. Parameters of development, leaves and inflorescences yield
The following growth characteristics were examined at the end

of the experiment: plant height (cm), stem diameter (mm), num-
ber of leaves per tree, fresh and dry leaf weight (g), fresh leaf yield
(g tree-1), dry leaf yield (g tree-1), number of inflorescences per
tree, fresh and dry inflorescence weight (g), fresh and dry inflores-
cence yield (g tree-1). Five plants were randomly chosen from each
block and fifteen plants from each treatment.



Table 1
The experimental soil’s physical and chemical properties.

Characteristic

O.M. 1.25 Clay% 31 Soluble ions (mg kg�1)

Sand 31 pH* 7.9 HCO3
– 2.33 Ca2+ 6.00

Silt % 36 EC* (mS cm�1) 2.24 K+ 0.30 Na+ 4.38

* EC: Electrical Conductivity.

Table 2
This study’s irrigation water’s chemical properties.

Parameters pH* EC* Ca2+ Mg2+ Na+ K+ HCO3– Cl- SO4-2

dS m�1 meq L-1

Values 7.64 0.45 1.12 0.54 2.53 0.22 0.13 2.87 1.23

* EC: Electrical Conductivity.
* pH: Potential of Hydrogen.

Table 3
The maximum, minimum air temperatures (C�), and rain (mm day�1) in Tabuk region
during two growing seasons of 2020/2021 and 2021/2022.

Growing Seasons Temperature (�C) Rain

Max Min (mm day�1)

February 2020 20.9 4.4 1.73
March 2020 24.8 6.4 3.9
April 2020 28.7 10 1.2
May 2020 30.5 14.3 1.8
June 2020 37.9 22 0
July 2020 39.2 24 0
August 2020 39.5 24.2 0.7
September 2020 37.2 21.4 0
October 2020 32.2 16.9 4.8
November 2020 25 10.8 4.1
December 2020 19.9 5.9 4.17
January 2021 18.9 4.4 4.4
February 2021 27.5 3.6 33.4
March 2021 25.2 10.2 4.4
April 2021 30.5 14.8 1.2
May 2021 34.8 19.2 1.8
June 2021 37.9 22 0
July 2021 39.2 24 0
August 2021 39.5 24.2 0.7
September 2021 29.4 21 0
October 2021 24.6 16.1 2.9
November 2021 17.6 10.4 3.3
December 2021 19.9 5.8 1.7
January 2022 18.3 4.5 9.1
February 2022 21 6.5 2.2
March 2022 25.2 10.2 4.4
April 2022 30.5 14.8 1.2

Source: Saudi National Center of Meterology.
https://ncm.gov.sa/Ar/MediaCenter/Reports/Pages/SeasonClimate.aspx.

Table 4
Ulva lactuca dried seaweed extracts chemical characteristics.

Parameters Units Values

Amino acids % 8.9
Lipid % 5.6
Zn ppm 3
Mg ppm 46
Fe ppm 2
K ppm 13
Ca ppm 43

Table 5
All different combinations of salinity and seaweed
treatments were used with the following.

Treatments

T1 Tap water plus 0 % seaweed
T2 Tap water plus 20 % seaweed
T3 18.75 mmol/L NaCl plus 0 % seaweed
T4 18.75 mmol/L NaCl plus 20 % seaweed
T5 39.06 mmol/L NaCl plus 0 % seaweed
T6 39.06 mmol/L NaCl plus 20 % seaweed
T7 54.69 mmol/L NaCl plus 0 % seaweed
T8 54.69 mmol/L NaCl plus 20 % seaweed
T9 70.31 mmol/L NaCl plus 0 % seaweed
T10 70.31 mmol/L NaCl plus 20 % seaweed
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2.5.2. The characteristics and yield of pods and seeds
After around 15 months of sowing, Five plants at random were

chosen from each block and fifteen plants from each treatment to
evaluate the characteristics of the pods per inflorescence, pods per
3

tree, mature pod weight (g), mature pod yield (g tree-1), seeds per
pod, mature seed weight, and mature seeds yield (g tree-1).
2.5.3. Content of total chlorophyll
The amount of total chlorophyll (measured in SPAD units) was

determined using a SPAD-502 Chlorophyll Meter from Minolta
Camera Co. in Ramsey, New Jersey.
2.5.4. Vitamin C (mg/g dry weight), phosphorus percentage (P2O5) and
potassium percentage (K2O)

Using a titration approach and the indicator dye 2,6-
dichloroindophenol, the vitamin C content of moringa leaves was
determined (Nielsen and Nielsen, 2017). Moringa leaves’ phospho-
rus content was measured using a colorimetric technique and the
Murphy and Riley reagent at a wavelength of 660 nm (Ward, R.
E.; Legako, 2017). According to Harris et al.’s (2017) description,
the amount of potassium in leaves was determined using atomic
absorption spectrophotometry.
2.6. Statistical analysis

Using SAS v9.1 and a split-plot design, the analyzed ANOVA and
variance analysis were performed on the data. It was done the
combination analysis. All attributes were put through a homogene-
ity test. The Duncan test was used to compare the means within
treatments at a 5% level of probability. Using R v3.5.1, the Pearson’s
correlation coefficient between the various parameters was
determined.

https://ncm.gov.sa/Ar/MediaCenter/Reports/Pages/SeasonClimate.aspx
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3. Results

3.1. Growth characteristics

The height, diameter of the stem, and number of major
branches per tree of the plant were all assessed under the two sea-
weed concentrations and salinity stress conditions. Seasons had no
discernible impact on any of the growth features, according to an
ANOVA study, but salinity levels, seaweed concentrations, and
the impacts of their interactions did. All growth traits responded
differently to different salinity levels and seaweed treatments. In
comparison to other seaweed treatments, the salinity level
(18.75 mmol/L NaCl) produced the highest average plant height
(142.81), leaf number per tree (16.35), and stem diameter
(36.07 mm). But for plant height (98.83), the number of leaves
per tree (8.00), and stem diameter (18.53 mm), the salinity level
(70.31 mmol/L NaCl) was the lowest (Fig. 1). When compared to
the seaweed concentration (0%), which produced the following
results (plant height 114.25, number of leaves per tree 11.26, and
stem diameter 26.42 mm), the seaweed treatment (20%) had the
highest results for all traits (plant height, number of leaves per
tree, and stem diameter), as follows: (124.53, 12.98, and
29.35 mm, respectively) (Fig. 1). When salinity levels and seaweed
treatment were combined, T4 treatment produced plants with the
highest height (156.15), number of leaves per tree (17.79), and
stem diameter (39.33 mm), while T9 treatment produced plants
with the lowest height (97.84), number of leaves per tree (7.9),
and stem diameter (17.79 mm) (Fig. 1).

Plant height, leaves per tree, fresh leaves per tree, and stem
diameter were all significantly correlated (P 0.01) with one another
(Table 6). All defining characteristics revealed a significant associ-
ation. The diameter of the tree’s trunk and leaves, however, had the
most significant association (r = 0.98; P 0.001).
3.2. Fresh and dried leaf yield and weight

We measured the fresh leaf weight, dry leaf weight, fresh leaf
yield per tree, dry leaf yield per tree under salinity stress condi-
tions, and the two concentrations of seaweed. An ANOVA study
revealed that none of these traits were significantly influenced
by seasons, but that salinity levels, seaweed concentrations, and
their interactions were all highly significant (P 0.01) for all traits.
Depending on the amount of salt and how the seaweed was trea-
ted, each feature responded differently. The maximum salinity
(18.75 mmol/L NaCl) was observed for the fresh weight of leaf trait
(6.43), dry weight of leaf (2.06), fresh leaf yield per tree (107.25),
and dry leaf yield per tree (34.32 mm) in the seaweed treatments
(Fig. 3). The fresh weight of a leaf was 4.98, the dry weight of a leaf
was 1.58, fresh leaves yield per tree was 72.33, and dry leaves yield
per tree was 23.14 compared to the seaweed concentration (0%)
that produced its results (fresh weight of leaf was 4.48, dry weight
of leaf was 1.43, fresh leaves yield per tree was 54.74, and dry
leaves yield was 23.14). The concentration (20%) of seaweed was
the highest across all traits in the seaweed treatments. The results
of the interaction between the seaweed treatment and salt levels
showed that T4 had the greatest leaf fresh weight, leaf dry weight,
yield of fresh leaves per tree, and dry leaves per tree values, which
were, in order, 6.91, 2.21, 124.53, and 39.84, respectively. T9 had
the lowest fresh leaf weight, dry leaf weight, fresh leaf to tree ratio,
and dry leaf to tree ratio as follows: 2.96, 0.94, 23.72, and 7.59,
respectively (Fig. 2).

The fresh leaf weight, dry leaf weight, fresh leaf yield per tree,
and dry leaf yield per tree attributes all showed a highly significant
connection (P 0.01) (Table 7). All traits revealed a very strong asso-
ciation. The weight of fresh leaf and the weight of dried leaf, as well
4

as the yield of fresh and dry leaves per tree, were shown to be sig-
nificantly correlated (r = 1) and to be positively correlated (P 0.01)
with one another.

3.3. Parameters of inflorescences

The flowering of moringa plant in this experiment began after
nine month of sowing. Salinity levels, seaweed concentrations,
and their interaction effects were highly significant (P 0.01) for
all inflorescence parameters (fresh weight of inflorescence, dry
weight of inflorescence, fresh inflorescences per tree, and dry inflo-
rescences per tree), whereas seasons had no significant influence
on any of the traits. The greatest number of characteristics were
seen in the 20% seaweed concentration (3 Figures). Salinity levels
for the four characteristics—fresh weight of inflorescence, dry
weight of inflorescence, fresh inflorescences per tree, and dry inflo-
rescences per tree—ranged from the highest (18.75 mmol/L NaCl)
to the lowest (70.31 mmol/L NaCl) (Fig. 3). The greatest of the four
traits, T4, had the following values for the fresh weight of an inflo-
rescence, the dry weight of an inflorescence, the number of fresh
inflorescences per tree, and the number of dry inflorescences per
tree, respectively: 4.07, 1.41, 58.5, and 20.37. T4 had values for
fresh weight of inflorescence, dry weight of inflorescence, fresh
inflorescences per tree, and dry inflorescences per tree that were
respectively 1.78, 0.67, 7.77, and 2.95, making it the least signifi-
cant of the four traits (Fig. 3).

The correlation between the fresh weight of inflorescence and
dry inflorescence per tree was the lowest (r = 0.93) (P < 0.01),
whereas the correlation between fresh inflorescence per tree and
dry inflorescence per tree exhibited the strongest significant corre-
lation (r = 0.99) (P < 0.01) (Table 8).

3.4. Parameters of mature pods and seeds

All of these variables were assessed, including the number of
mature pods per inflorescence, the weight of mature pods, the
number of mature pods per tree, the weight of mature pods per
tree, the number of seeds per pod, the weight of seeds, and the
yield of seeds per tree. For every feature, there was a very signifi-
cant relationship (P 0.01) between the amounts of seaweed pre-
sent, the salt levels present, and their interaction. The largest
amount of all traits was present at the 20% seaweed concentration
(Fig. 4). The lowest salinity level was 70.31 mmol/L NaCl, while the
highest salt level across all seaweed treatments was 18.75 mmol/L
NaCl (Fig. 4). Seasons have no discernible impact on any of the
traits of mature pods and seeds. The results of the interaction
between the treatment of seaweed and salinity levels were as fol-
lows: 1.92, 7.43, 27.68, and 205.39. T4 was the highest of all traits
(pods number per inflorescence, weight of mature pod, pods num-
ber per tree, mature pods weight per tree, seeds number per pod,
seed weight, and yield of seeds per tree) (Fig. 4). Of all the mature
pods and seeds attributes, T9 was the least desirable (Fig. 4).

Table 9 revealed that the correlation between all traits was very
strong. In addition to the correlation between the weight of a
mature pod and the seeds number per pod, the correlation
between the pod’s number per inflorescence and the pod’s number
per tree also demonstrated a very high significant correlation
(r = 0.99; P < 0.01).

3.5. Physical and chemical parameters

The physical and chemical parameters (total chlorophyll, vita-
min c content, potassium content, and phosphorus content) were
greatly influenced by salinity levels, seaweed concentrations, and
their interactions. For all these traits, the effect of the seasons
was not significant. Except for the antioxidant activity trait, the



Fig. 1. Effect of seaweed concentrations, salinity levels and their interactions on plant height, no. leaves\tree, fresh leaves\tree and stem diameter (mm).

Table 6
The relationships between plant height (in cm), number of leaves, tree diameter (in
mm), and seaweed concentrations.

Plant height No.leaves\ tree Stem diameter

Plant height 1
No.leaves\ tree 0.965626** 1
Stem diameter 0.973461** 0.982085** 1
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20% seaweed concentration was the greatest for all these traits
(Fig. 5). Regarding the total chlorophyll, vitamin C content, potas-
sium content, and phosphorus content among the seaweed treat-
ments, the salinity level (18.75 mmol/L NaCl) was the highest
5

and the salinity level (70.31 mmol/L NaCl) was the lowest
(Fig. 5). With the exception of potassium content, which was trea-
ted with T7, the attributes of total chlorophyll, vitamin C, potas-
sium content, and phosphorus content were all highest with T4.
However, T9 of salinity was the lowest on these features.

The association between all chemical and physical properties
was extremely significant (P < 0.01). The strongest correlation
was between vitamin c content and phosphorus content
(r = 1.00) whereas the correlation between potassium content
and phosphorus content was the lowest (Table 10).



Fig. 2. Effect of seaweed concentrations, salinity levels, and their interactions on the fresh and dry weights of leaves, as well as the weights of fresh and dry leaves of trees.
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Fig. 3. Effects of seaweed concentrations, salinity concentrations, and their interactions on the fresh weight (g), dry weight (g), fresh inflorescence-tree (g), and dry
inflorescence-tree (g) characteristics.

Table 7
The correlations between the fresh leaf weight (g), dry leaf weight (g), fresh leaf yield per tree (g), and dry leaf yield per tree (g) at different salinity levels and seaweed
concentrations.

fresh weight of leaf dry weight of leaf fresh leaves/tree dry leaves/tree

fresh weight of leaf 1
dry weight of leaf 0.999993*** 1
fresh leaves/tree 0.991155*** 0.991218*** 1
dry leaves/tree 0.991163*** 0.991225*** 1*** 1
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Table 8
The correlations between the fresh weight of inflorescence (g), dry weight of inflorescence (g), fresh inflorescence\tree (g) and dry inflorescence\tree (g) across the salinity levels
and seaweed concentrations.

fresh weight of inflorescence dry weight of inflorescence fresh inflorescences/tree dry inflorescences/tree

fresh weight of inflorescence 1
dry weight of inflorescence 0.961217*** 1
fresh inflorescences/tree 0.932144*** 0.930317*** 1
dry inflorescences/tree 0.909076*** 0.93967*** 0.99243*** 1

Fig. 4. Effect of seaweed concentrations, salinity levels and their interactions on pods number per inflorescence, the mature pod’s weight (g), pods number per tree, the
mature pod’s weight per tree (g), seed’s number per pod, seed weight (g) and seed yield per tree (g) traits.
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Fig. 4 (continued)

Table 9
The correlations between pod number per inflorescence, the mature pod’s weight (g), pod number per tree, the mature pod weight per tree (g), seed number per pod, seed weight
(g), and seed yield per tree (g) across the salinity levels and seaweed concentrations.

N. pods/
inflorescenes

N. pods/
tree

Weight of mature
pod

Weight of mature pod/
tree

N. seed / pod Seed
weight

Yield of seed/
tree

N. pods/inflorescenes 1
N. pods/tree 0.987393*** 1
Weight of mature pod 0.947338*** 0.929941*** 1
Weight of mature pod/

tree
0.982233*** 0.995821*** 0.931639*** 1

N. seed / pod 0.968706*** 0.961322*** 0.991997*** 0.960086*** 1
Seed weight 0.961344*** 0.97856*** 0.956239*** 0.984753*** 0.977804*** 1
Yield of seed/tree 0.931165*** 0.962552*** 0.872383*** 0.980248*** 0.907231*** 0.966691*** 1
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4. Discussion

4.1. Growth characteristics

Most trees, including moringa, have varying levels of salt toler-
ance, as do different plants (Farooq et al., 2022). According to
Nouman et al. (2012), moringa plants have a fair amount of toler-
9

ance for salinity. The findings of the present study were in agree-
ment with those of Elhag and Abdalla (2012), who found that
moringa’s development was hindered when exposed to high salt
concentrations. Salinity stress is detrimental to the growth and
development of moringa. According to Arif et al. (2020), this
adverse effect of salt on moringa growth may be brought about
by blocking K + and Ca2 + uptake as well as increasing Na + toxicity



Fig. 5. Effect of seaweed concentrations, salinity levels and their interactions on total chlorophyll (SPAD unit), vitamin C content (mg/g dry weight), potassium content (%K2O)
and phosphorus content (% P2O5) traits.

Table 10
The correlations between total chlorophyll (SPAD unit), vitamin c content (mg/g dry weight), potassium content (%K2O) and phosphorus content (% P2O5) across the salinity levels
and seaweed concentrations.

Chlorophyll Vitamin c Potassium Phosphorus

Chlorophyll 1
Vitamin c 0.987145*** 1
Potassium 0.879676*** 0.838181*** 1
Phosphorus 0.984469*** 0.996312*** 0.833962*** 1
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at the high salinity level, which obstructs the plant’s crucial func-
tion. Plant length and fresh and dry biomass are thus impacted
(Fatima et al., 2018). Osmotic stress is exacerbated by salinity,
which prevents water from being absorbed and transported.
According to Sarker and Oba (2020), this inhibition results in
hormone-induced sequential reactions that can lower the rate of
photosynthetic activity, CO2 assimilation, and stomatal opening.
According to Atkin and Macherel (2009) and Sarker and Oba
(2020), two other factors for the decline in growth could be the
divergence of energy from growth to the homeostasis of salinity
stress and a decrease in carbon gains. The current study’s pheno-
typic findings all point to the possibility that salinity’s detrimental
effects on cell division and elongation are to blame for the decline
in growth and biomass. Additionally, salinity results in nutritional
imbalance, excessive ROS formation, and inhibition of enzymatic
activities, all of which have a negative impact on biological mem-
branes and cellular components, resulting in a reduction in bio-
mass production (Ali et al., 2017; Alzahrani et al., 2019).

4.2. Physical and chemical parameters

Salinity is known to significantly reduce photosynthetic
(chlorophyll a, b) activity, as reported in our work. High salt con-
centration reduced plant development and output by disrupting
the photosynthetic machinery and altering the fine structure of
cellular components by increasing reactive oxygen species (ROS)
(Hasanuzzaman et al., 2014). A high NaCl concentration impacts
photosynthesis, and prolonged salt stress reduces the production
of the chlorophyll protein-lipid complex (Akbari Ghogdi et al.,
2012). High salt levels resulted in a reduction in chlorophyll, which
was in line with the findings of Soliman et al. (2015). Effective food
uptake and consequent ion accumulations such sodium (Na + ),
chloride (Cl-), and potassium (K + ) play a bigger role in osmoreg-
ulation during salinity stress (Liu et al., 2016). Numerous studies
have shown that potassium and sodium have antagonistic relation-
ships with a variety of other important ions (Abd-Allah et al.,
2015). According to the latest findings, sodium absorption has
improved, which has a negative impact on the uptake of other ions
like potassium and phosphorus. The findings are consistent with
those made by Yasmeen et al. (2013) and Iqbal et al. (2015) for
Brassica juncea, which found decreased absorption of some impor-
tant minerals including potassium and phosphorus for wheat.

4.3. Parameters of mature pods (dark brown pods) and seeds

The findings of the current study showed that high salt levels
affected the characteristics of pods and seed. The similar result
was found by Fatima et al. (2018). Due to ion toxicity and an
instantaneous rise in anion and cation levels, high salt concentra-
tions have a detrimental effect on plant growth (Panuccio et al.,
2014). Furthermore, salinity stress results in an ion imbalance that
makes Na and chloride hazardous, slowing the growth of seeds and
pods and decrease they yield (Khajeh-Hosseini et al., 2003; Atteya
et al., 2022).

4.4. Seaweed effect on yield, physical and chemical parameters of
moringa

Because salt stress hinders root water uptake and results in a
water deficit, it inhibits plant growth and production through its
osmotic action (Pardo, 2010; Roy et al., 2014; Meng et al., 2020).
This is because an increase in soil salt concentration coincides with
a decrease in soil water potential. (Munns, 2005; Munns and
Tester, 2008) Salt stress suppresses intracellular turgor and
reduces cell growth. In addition to negatively affecting stomatal
conductance, water scarcity also lowers biomass production and
11
carbon fixation and absorption (Almeida et al., 2017). Because salt
stress hinders root water uptake and results in a water deficit, it
inhibits plant growth and production through its osmotic action
(Pardo, 2010; Roy et al., 2014; Meng et al., 2020). This is because
an increase in soil salt concentration coincides with a decrease in
soil water potential. (Munns, 2005; Munns and Tester, 2008) Salt
stress suppresses intracellular turgor and reduces cell growth. In
addition to negatively affecting stomatal conductance, water scar-
city also lowers biomass production and carbon fixation and
absorption (Almeida et al., 2017). In actuality, the exogenous appli-
cation of minerals or amino acids to increase plants’ tolerance to
salt. This was in connection with the advantageous benefits of sea-
weed extracts, which also contain polysaccharides, betaines, vita-
mins, and amino acids (Singh et al., 2016). Amino acids reduced
the amount of Na in plant cells while increasing the concentration
of macronutrients during salt stress (Abd El-Samad et al., 2010). By
increasing biomass conversion per plant nitrogen, carbon produced
from amino acids stimulates plant development (Franklin et al.,
2017). Proline as one of these amino acids control the osmotic
potential. By maintaining the osmotic strength of the cytosol with
that of the vacuole and the surrounding environment, proline accu-
mulation under stress situations protects the cell. Proline plays an
important role in the protection of enzymes from damage and the
stabilization of their structural integrity in addition to its role in
osmoprotection (Rahneshan et al., 2018; Alzahrani et al., 2019).
Semida et al. (2020) found that, exogenously administered proline
improves photosynthetic efficiency, water consumption efficiency,
and up-regulates osmoprotectants to increase growth and yield.
From Table 4 in this study the used seaweed extract had a percent-
age of minirals in in its composition which have agreat role in
increasing plants’ tolerance to salinity such as Zn, Ca, and Mg.
Through controlling the absorption of Na + and K + and influencing
photosynthetic rate, zinc plays a significant role in regulating the
nutritional balance (Jan et al., 2019). According to studies (Tobe
et al., 2003; Zehra et al., 2012), calcium has been shown to dimin-
ish Na +’s negative effects and enhance plant development by
inhibiting its uptake. By enhancing the activity of antioxidant
enzymes that are directly engaged in the processing of active oxy-
gen species and calcium catalyzes the interactions of these
enzymes, calcium ions detoxified the oxidative molecules (Rental
and Knight, 2004). The fundamental structural and metabolic com-
ponents of plants require a significant amount of magnesium. With
75% of leaf Mg used in protein synthesis and 15–20% of all Mg
being linked to chlorophyll pigments, Mg is the main constituent
of chlorophyll molecules and is particularly important to plants
(White et al., 2009). The structural stabilization of tissues, includ-
ing nucleic acids, proteins, cell membranes, and walls, as well as
several enzyme activities, are other functions of this element
(Sreedhara and Cowan, 2002).

According to Bulgari et al (2019), seaweed extracts have been
shown to help plants retain water and minimize water loss. A
decrease in chlorophyll concentration, a slower rate of photosyn-
thetic respiration, and decreased plant health and production were
all effects of salinity stress, which also activated the enzymes that
break down chlorophyllase and lowered nitrogen uptake
(Krishnamurthy et al., 2007; Paul and Lade, 2014). Our research
showed that seaweed has positive effects on plant productivity
and quality attributes, supporting the findings of Mzibra et al.
(2018) and Pramanick et al. (2017). Enhancing plant development,
agricultural production, and tolerance to biotic challenges like
salinity and drought are some benefits of seaweed, claim Arioli
et al. (2015). In accordance with the results of our investigation,
Mansori et al. (2015) found that seaweed extract increased a num-
ber of biochemical and physiological indicators as well as growth
metrics in bean plants under both drought-stressed and non-
stress circumstances.
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5. Conclusion

Salinity levels had an effect on the growth, physical, chemical,
and inflorescence parameters of Moringa oleifera in the current
study. It might be argued that growing moringa with seaweed
can improve plant development and yield when salinity stress is
present. Future research might examine this component to deter-
mine the maximal survival potential of moringa under abiotic chal-
lenges, notably salt stress. Therefore, we support increased interest
in Moringa planting and financial investments.
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