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Abstract: Salinity currently affects more than 20% of agricultural land and is expected to pose
potential challenges to land degradation and agricultural production in the future. It is a leading
global abiotic stress that affects general plants and cultivated crops adversely. The utilization of
biostimulants can enhance the efficiency of plant nutrition, facilitate the uptake of nutrients, boost
crop yield, improve the quality characteristics of fruits and enhance plants’ ability to withstand
abiotic stresses. Biostimulants serve as a vital reservoir of macro- and microelements and plant
hormones, such as auxins, cytokinins and gibberellins. Therefore, the current study was conducted
to examine the effect of the foliar application of some biostimulants on relieving the side effects
of salinity on olive trees (Olea europaea) cv. Kalamata. The olive trees were sprayed three times
with moringa leaf aqueous extract (MLE) at 2, 4 and 6%, seaweed extract (SWE) at 1000, 2000 and
3000 ppm and their combinations: 2% MLE + 1000 ppm SWE (combination 1), 4% MLE + 2000 ppm
SWE (combination 2) and 6% MLE + 3000 ppm SWE (combination 3). The results revealed that
the application of biostimulants had a beneficial effect on the overall growth and development of
olive trees, surpassing the performance of untreated trees. Spraying MLE and SWE, particularly at
concentrations of 6% and 3000 ppm, respectively, significantly enhanced various aspects of olive tree
performance. Notably, there were significant increases in leaf chlorophyll content, flower number,
fruit set percentages, fruit yields, fruit oil content, fruit firmness, total soluble solid (TSS) percentage
and leaf macro- and micronutrients. Furthermore, the combined application of MLE and SWE resulted
in a greater effect when compared to using each one individually. In both seasons, combination 3
outperformed the other treatments that were applied.

Keywords: biostimulants; fruit quality; moringa; oil content; Olea europaea; seaweed

1. Introduction

In Egypt, the cultivated area of olive trees, olive (Olea europaea L.), spans 99,102 ha
and produces 976,063 t. Globally, the cultivated area for olives is 103,382 ha, with a
total production of 230,543 t [1]. Olive trees are the predominant fruit species in the
Mediterranean basin, both in terms of the wide range of cultivated varieties and their social,
economic and environmental significance [2–6]. According to Ribeiro-Gomes and Sacks [7],
there are more than 805 million olive trees worldwide, with 98% of them concentrated in
the Mediterranean region. The global olive genetic diversity is extensive, consisting of over
2600 distinct varieties [8].
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Olive trees have adaptive morphological characteristics and physiological mechanisms
to grow well and produce fruit under water scarcity, salinity and rainfall conditions in
many arid and semiarid areas [9–11]. The olive is characterized by its low content of
carbohydrates, fiber and protein, while its fruits have almost all essential amino acids.
Moreover, olive oil contains many phenolic compounds, such as oleuropein, hydroxyty-
rosol, tyrosol, cinnamic acid, p-Coumaric acid and homovanillic acid [12], so olive fruits
have many advantageous influences like antioxidant, antimicrobial and anti-inflammatory
activities [13].

Salinity is a worldwide problem that causes a threat to sustainable agriculture and
crop productivity. It has adverse effects on crop plants and could disrupt future food
production [14–16]. When plants experience high levels of salinity stress, their ability to
access and absorb essential nutrients, such as nitrogen, calcium, potassium, magnesium,
phosphorus, nitrate, zinc and manganese, is substantially reduced, and this decrease is
primarily caused by the combined influence of chloride and sodium ions, which interact
and exacerbate the negative effects on nutrient availability and uptake and cause nutri-
tional imbalances in both the soil and plant tissues [17–20]. Consequently, this imbalance
results in metabolic disorders and compromised enzyme functionality, leading to adverse
consequences on crucial biological processes, such as stomatal function, photosynthesis,
germination, respiration, transpiration, plant growth and yield [21–26], phytohormone
regulation and protein biosynthesis [27]. Therefore, there is a growing need to develop
methods that can minimize the impact of salinity on crops.

Moringa leaf aqueous extract (MLE) is rich in zeatin, a natural cytokinin, as well as
amino acids, proteins, phenolics, ascorbates, vitamin E and essential nutrients; hence, it
is considered a plant growth regulator and an effective natural growth stimulator [28,29].
Furthermore, MLE aids in relieving the toxic impact of salt stress by improving plant
growth characteristics [28]. MLE promotes flowering, enhances the quality of fruits and
increases their yield [30]; its application helps mitigate the undesirable effects of salinity
by enhancing proline, total sugar and phenol levels as well as catalase (CAT), ascorbate
peroxidase (APX) and superoxide dismutase (SOD) activities [31,32]. The application of
MLE has the ability to alleviate the side effects of environmental stresses and to raise the
immunity of plants by enhancing plant physiological and biochemical characteristics [33].
Moreover, MLE has the advantage of being easily obtainable, cost-effective and eco-friendly,
making it a promising candidate for utilization as a crop biostimulant [34]. MLE is rich
in nutrients, including calcium, magnesium, potassium, manganese, zinc and iron, as
well as proteins and amino acids [35]. Additionally, it was reported by Sun [36] that the
application of MLE on grapefruit (Citrus paradise Macf.) resulted in the improvement
of phenol, flavonoid and anthocyanin content. Zulfiqar [37] noticed that MLE acts as a
growth and photosynthesis enhancer during salt stress [38]; therefore, its application has a
contrary impact on modifying stress signaling, thus leading to raising the plant’s tolerance
to stress by balancing phytohormone levels. As a result, it promotes the plant’s growth and
its development. Abd El–Hamied and El-Amary [39] found that the use of MLE in pear
cultivation resulted in enhanced yields as well as improvements in fruit size and weight.
The treatment of grapes (Vitis vinifera L.) cv. Flame seedless with 2%, 4% and 6% MLE
resulted in notable improvements in vine length, vine thickness, leaf chlorophyll levels,
productivity and fruit quality when compared to the control treatment [40].

Seaweed extract (SWE) is an inexpensive and beneficial source of nutrients and plant
growth stimulators, and its foliar spray has proven to be an effective approach for enhancing
vegetative growth, photosynthetic rate, proline content and total soluble sugars in fruit
crops, thus improving biotic and abiotic stress tolerance, increasing yield and fruit quality
and extending the fruit’s shelf life [41–45]. Moreover, it was mentioned that SWE is
characterized by its high content of cytokinins, auxins [46] and polysaccharides, so it can
improve plant growth [47]. The use of SWE has been found to positively impact leaf
coloration by promoting chlorophyll biosynthesis or reducing chlorophyll degradation [48].
Additionally, these extracts stimulate the accumulation of photosynthetic pigments and
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enhance leaf mineral content, particularly phosphorus and potassium [49]. Spraying SWE
at concentrations of 0.2 and 0.4% on peach (Prunus persica (L.) Batsch) trees resulted in
remarkable improvements in leaf area and elevated levels of chlorophyll content when
compared to the control [50]. The foliar application of SWE improves the yield and quality
of pears (Pyrus communis L.) [51] and strawberries (Fragaria X ananassa Duch.) [52]. Fornes
et al. [53] stated that the exogenous foliar applications of SWE improved fruit yield by
reducing the pre-mature fruit drop percentages in mandarin oranges (Citrus reticulata
Blanco). Applying SWE to pear (P. communis) trees [54] and mangos (Mangifera indica
L.) [55] resulted in higher leaf area, leaf chlorophyll content, photosynthetic rates, flower
percentage and increased fruit yield. Spraying SWE on apples (Malus domestica Borkh)
improved the development of shoots, leaves, the formation of flowers, fruit set percentage,
fruit yield, fruit weight and size [56,57].

Consequently, this study is the first of its kind by investigating the effects of SWE
and MLE, individually and in combination, as environmentally friendly biostimulants and
exploring how these biostimulants can enhance the olive tree’s resistance to salinity stress
and improve its overall performance without any undesirable effects.

2. Materials and Methods
2.1. Characterization of the Experimental Area and Experimental Design

The present study was performed on 8-year-old olives cv. Kalamata, which were
cultivated in a private orchard at Wady El Natron, Beheira Governorate, Egypt, during the
2021–2022 seasons. The olive trees were cultivated in sandy soil with a planting distance of
6 × 6 m, and irrigation was implemented using a drip irrigation system. The trees were
fertilized with 48 m3 manure, 240 kg of calcium superphosphate, 240 kg sulfur, 4 L of
liquid phosphoric acid, 900 kg of ammonium nitrate, 1500 kg of ammonium sulfate, 600 kg
potassium sulfate and 120 kg of magnesium sulfate per ha. Table 1 provides a description
of the soil characteristics of the sandy soil in which the olive trees were cultivated [58].
The water quantity and chemical composition of the water utilized in the study is shown
in Table 2. The experiment consisted of eighty trees with similar vigor, growth and size,
and a randomized complete block design (RCBD) was employed for arranging the trees in
the study, where each treatment consisted of eight replicates (trees). The trees within the
experimental orchard were subjected to the same treatments.

Table 1. The composition of the experimental soil.

Mechanical analysis

Clay Silt Sand Soil texture

12.2% 22.8% 65% Sandy loam

CaCO3
− Organic matter EC dSm−1 (1:1) pH (1:1)

13% 0.2% 4.54 (Saline) 8.3

Soluble cations and anions (meq/L)

Ca2+ Mg2+ Na+ K+ HCO3
− Cl− SO4

2−

14.40 6.80 13.05 9.38 16.06 13.78 12.65

Available macronutrients (mg/kg soil) Available micronutrients (mg/L)

N P K Fe Zn Mn

98 6.82 508 0.85 0.11 0.27

Olive trees were sprayed during the 2021–2022 seasons three times: middle of March,
during full bloom (start of May) and the third spray was after three weeks of using
MLE at 2, 4 and 6%, SWE at 1000, 2000 and 3000 ppm and their combinations, i.e., 2%
MLE + 1000 ppm SWE (combination 1), 4% MLE + 2000 ppm SWE (combination 2) and 6%
MLE + 3000 ppm SWE (combination 3), as compared to the untreated trees which were a
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control treatment. At the beginning of the experiment, we performed a chemical analysis
of both MLE and SWE. The composition of SWE was 48% organic matter; 3.0% N; 3.0%
P; 18% K2O; 0.2% Fe; 1.5% Zn; 0.5% B; 0.1 Mo; 18% alginic acid; 320–400 (mg/g) plant
hormones. The composition of MLE was (mg/100 g); 208 P; 2100 K; 2225 Ca; 400 Mg; 900 S;
28 Fe; 0.5 Cu; 2.95 Se; 3700 carbohydrates; 2800 protein, 30 VB; 18.30 VC; 118.43 phenolic
compounds. The effects of these treatments were evaluated on the following parameters:

Table 2. Water quantity and chemical composition of the water used in this study.

Water quantity per tree (L/day)

January-February March April–September October November–December

50 80 100 80 50

Water chemical composition of the used water

Parameter Sample

Textural class Micronutrients

pH 7.88 Fe 0.39 mg/L

EC 5.22 ds/m Zn 0.02 mg/L

Salinity 2067 ppm Mn 0.03 mg/L

Soluble cations Cu 0.14 mg/L

Na+ 42.1 Meq/L Soluble anions

K+ 0.55 Meq/L Cl− 44.0 Meq/L

Ca+ 4.6 Meq/L HCO3
− 5.20 Meq/L

Mg+ 3.8 Meq/L CO3
2− -

SO4
2− 1.15 Meq/L

2.2. Total Chlorophyll (SPAD)

The total chlorophyll content in fresh leaves was measured in SPAD units using a
Minolta chlorophyll meter (SPAD-501) [59].

2.3. Flower Number, Fruit Set Percentages, Fruit Drop Percentages and Fruit Yield

Flower number: it was quantified per m2. To determine the fruit set percentage and
fruit drop as well as fruit yield, four branches were carefully selected from each side of
every replicate (tree) and labeled. The number of flowers on each branch was counted,
and as described by El-Hady et al. [60], the fruit set was calculated using the following
Equation (1):

Fruit set % =
number of fruit setting

total number of flowers
× 100. (1)

Fruit drop percentages were calculated using the following Equation (2):

Fruit drop % =
number of fruit setting − number of mature fruits

number of fruit setting
× 100. (2)

Fruit yields: They were estimated for each replicate/tree in kg and in t per ha by
multiplying the average of tree yield with the number of trees in one ha.

2.4. Fruit Quality

At the time of harvesting (October 2021–2022), 50 fruits from each replicate were
chosen randomly and their weight, size, pulp weight and seed weight were measured by
taking their average. Fruit length and diameter were estimated using a digital Vernier
caliper (Cangxian Sanxing Hose Clamp Co., Ltd., Custom manufacturer, Cangzhou, China).
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Fruit firmness was estimated using a Magness and Taylor pressure tester with a 7/18-inch
plunger [61].

The moisture content of fruits was determined by measuring the initial weight of
50 fresh fruits; these fruits were then dried until a constant weight was reached and
the moisture content was calculated as the difference between the initial weight and the
final constant weight of the fruits. Total soluble solids were determined using a hand
refractometer and the result was expressed as a percentage (%). Oil content: Samples from
the flesh fruit were dried and then grinded, and 2 g were weighed, then filtered and placed
in the Soxhlet apparatus using petroleum ether [62]. The oil percentage was calculated
using the following Equation (3):

Oil % =
weight of extracted oil

weight of sample
× 100. (3)

2.5. Leaf Chemical Composition

Following the harvesting period in November 2021–2022, thirty leaves were ran-
domly selected from the middle part of the shoots in each replicate, as described by
Arrobas et al. [63]. These selected leaves were then analyzed to determine their mineral
content. The leaf samples were subjected to a series of preparation steps: First, they were
washed with tap water and then rinsed with distilled water. Afterwards, the leaves were
dried at 70 ◦C until a constant weight was achieved. Subsequently, the dried leaves were
ground and subjected to acid digestion using H2SO4 and H2O2 until the solution became
clear. Then, the digested solution was utilized for the analysis of nitrogen, phosphorus
and potassium content. The nitrogen content (N) was determined using the micro Kjel-
dahl method [64]. Phosphorus content (P) was measured using the Vanadate-molybdate
method [65]. Potassium content (K), on the other hand, was determined using a flame
photometer following the method described by Asch et al. [66]. Leaf calcium (Ca), mag-
nesium (Mg), iron (Fe), zinc (Zn) and manganese (Mn) concentrations were determined
using atomic absorption spectroscopy, following the method described by Stafilov and
Karadjova [67].

2.6. Statistical Analysis

The collected data were subjected to analysis of variance (ANOVA) using RCBD.
Duncan’s test was performed at a significance level of 0.05 to assess the differences among
treatment means. The means were further compared using the least significant difference
method at a probability of 5% [68]. The statistical analysis was conducted using CoHort
Software version 6.311 (Pacific Grove, CA, USA).

3. Results
3.1. Total Chlorophyll, Flower Number and Fruit Set Percentages

The results presented in Table 3 demonstrated a significant enhancement in leaf
total chlorophyll content, flower number and fruit set percentages in both the 2021 and
2022 seasons through the application of foliar sprays containing MLE, SWE and their
combinations as compared to the control. These improvements were observed to be
substantially higher when compared to untreated trees. The results demonstrated that
the effectiveness of MLE and SWE increased with higher applied doses. Specifically,
concentrations of 6% for MLE and 3000 ppm for SWE were found to be the most optimal
during both experimental seasons. Among the different combinations tested, combination
3 exhibited the most favorable results, followed by combination 2.
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Table 3. Effect of foliar spraying of MLE, SWE and their combinations on leaf total chlorophyll, flower
number and fruit set percentages of olive cv. Kalamata during 2021–2022.

Treatments

Total Chlorophyll
(SPAD)

Flower Number
(cm2)

Fruit Set
%

2021 2022 2021 2022 2021 2022

Control 0 54.63 f 57.18 f 576.00 f 671.00 g 4.21 d 4.39 f

MLE
2% 62.00 e 62.00 e 673.00 e 711.00 f 4.43 d 4.70 ef
4% 63.78 de 67.47 d 712.00 d 757 e 5.64 c 5.73 bc
6% 69.21 bc 70.76 c 752.00 c 787 d 5.85 bc 6.04 ab

SWE
1000 ppm 63.26 de 64.36 de 686.00 e 719.00 f 4.34 d 5.01 de
2000 ppm 69.15 bc 71.70 c 752.00 c 753.00 e 566 c 5.63 bc
3000 ppm 72.87 b 74.80 b 797.00 b 836 c 6.12 ab 6.14 ab

Combinations
1 66.27 cd 66.25 d 673.00 e 746 e 5.55 c 5.42 cd
2 72.87 b 75.62 b 798.00 b 860.00 b 6.51 a 6.37 a
3 81.32 a 81.96 a 892.60 a 936.00 a 6.54 a 6.49 a

LSD0.05 3.50 3.04 16.55 23.16 0.43 0.48

Duncan’s test at 0.05 indicates that treatments labeled with the same letters did not have significant differences
among them within each column.

3.2. Fruit Drop Percentage and Fruit Yield

Data in Table 4 indicated that the application of MLE and SWE statistically decreased
the fruit drop percentages in the two seasons when compared with the control treatment. It
was clear that the least percentage of the dopped fruits was accompanied by the spraying
of combinations 3 and 2 as well as the spraying of 6% MLE or 3000 ppm SWE. On the other
hand, the foliar spraying of MLE and SWE was effective in increasing the fruit yields as
compared with unsprayed trees. The application of combination 3 was the most effective
treatment that had the strongest positive effect on increasing the obtained yield in contrast
with the other applied treatments and control. Additionally, combination 2 and 3000 ppm
SWE significantly also increased the fruit yields over the application of combination 1, 2%
MLE or 1000 ppm in the two seasons.

Table 4. Effect of foliar spraying of MLE, SWE and their combinations on fruit drop percentage; fruit
production in kg or in a ton of olive cv. Kalamata during 2021–2022.

Treatments
Fruit Drop (%) Production (kg/Tree) Yield (t/ha)

2021 2022 2021 2022 2021 2022

Control 0 92.37 a 89.47 a 37.60 e 39.96 g 4.17 e 4.43 g

MLE
2% 90.28 b 86.59 b 37.84 e 41.14 fg 4.20 e 4.57 fg
4% 87.73 cd 83.51 cd 41.96 d 44.14 e 4.66 d 4.90 e
6% 86.87 d 82.46 d 43.64 cd 49.88 c 4.84 cd 5.54 c

SWE
1000 ppm 89.55 bc 86.06 b 37.90 e 41.98 f 4.20 e 4.66 f
2000 ppm 88.07 cd 83.88 cd 43.42 cd 46.32 d 4.82 cd 5.14 d
3000 ppm 86.56 d 82.44 d 44.86 bc 51.28 bc 4.98 bc 5.69 bc

Combinations
1 90.09 b 84.22 c 41.70 d 44.58 e 4.63 d 4.95 e
2 84.08 e 80.48 e 46.46 b 51.58 b 5.16 b 5.72 b
3 79.96 f 78.17 f 51.44 a 53.96 a 5.71 a 5.99 a

LSD0.05 1.77 1.49 2.45 1.49 0.27 0.16

Duncan’s test at 0.05 indicates that treatments labeled with the same letters did not have significant differences
among them within each column.

3.3. Fruit Quality

According to the results presented in Table 5, the application of MLE and SWE via
spraying led to notable enhancements in the physical characteristics of olive cv. Kalamata
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during the 2021–2022 period. Specifically, fruit weight, size, length and diameter exhibited
significant improvements when treated with 4 or 6% MLE, 2000 or 3000 ppm SWE as well
as combinations of 2 or 3 of these biostimulants. Significant increases in fruit weight, size,
length and diameter were observed by applying combination 3, followed by combination 2,
during the 2021–2022 seasons. Furthermore, it was demonstrated that the effects of MLE
and SWE increased gradually as the applied doses were raised, where 6% MLE showed su-
perior results when compared to 4 or 2% concentrations, and 3000 ppm SWE outperformed
2000 or 1000 ppm concentrations.

Table 5. Effect of foliar spraying of MLE, SWE and their combinations on fruit weight, size, length
and diameter of olive cv. Kalamata during 2021–2022.

Treatments

Fruit Weight
(g)

Fruit Size
(cm3)

Fruit Length
(cm) Fruit Diameter (cm)

2021 2022 2021 2022 2021 2022 2021 2022

Control 0 5.28 f 5.76 f 6.41 f 6.94 f 2.40 e 2.70 g 1.70 e 1.67 f

MLE
2% 5.49 ef 5.83 f 6.67 f 7.03 f 2.86 c 2.90 f 1.72 e 1.81 e
4% 6.41 d 6.60 cde 7.63 cd 7.54 d 2.91 c 3.05 e 1.86 d 1.99 cd
6% 6.88 bcd 6.76 cd 8.05 bc 7.85 cd 3.22 b 3.31 d 1.97 c 2.07 bc

SWE
1000 ppm 5.64 ef 5.98 f 6.78 ef 7.47 de 2.68 d 2.84 f 1.85 d 1.89 de
2000 ppm 6.52 cd 6.51 de 7.77 bcd 7.71 d 3.27 b 3.34 d 1.89 d 1.92 de
3000 ppm 6.96 bc 6.90 c 8.19 bc 8.18 c 3.31 b 3.47 c 2.12 b 2.08 bc

Combinations
1 5.91 e 6.31 e 7.24 de 7.13 ef 3.01 c 306 e 1.85 d 1.86 e
2 7.09 b 7.47 b 8.23 b 8.97 b 3.39 b 3.61 b 2.05 bc 2.18 b
3 7.81 a 8.35 a 9.13 a 9.61 a 3.60 a 3.76 a 2.23 a 2.39 a

LSD0.05 0.50 0.32 0.52 0.39 0.16 0.11 0.08 0.10

Duncan’s test at 0.05 indicates that treatments labeled with the same letters did not have significant differences
among them within each column.

Results in Table 6 showed that pulp fruit, seed weights and fruit firmness were
increased by the application of MLE at 6 or 4%, 2000 or 3000 ppm and their different
combinations in the two seasons as compared to the control. Furthermore, the highest
increases were observed when applying combination 3, followed by combination 2, in both
seasons. In terms of the flesh-to-fruit ratio, it was noticed that the most pronounced increase
was accompanied by spraying combination 3 and then combination 2, 3000 ppm SWE and
6% MLE in both 2021–2022 seasons as compared with the control. Conversely, the results
revealed that the application of combinations 3 and 2 significantly reduced fruit moisture
content when compared to combination 1 in both experimental seasons. Furthermore, the
application of 3000 or 2000 ppm SWE, along with 6 or 4% MLE, proved to be more effective
in reducing fruit moisture content when compared to 1000 ppm SWE or 2% MLE in the
2021–2022 seasons.

The results displayed in Table 7 provide clear evidence that the application of com-
binations 3 and 2, along with the use of 3000 ppm SWE and 6% MLE, had a substantial
positive impact on fruit quality attributes, including total soluble solid percentages (TSS
%) and fruit oil content, over unsprayed trees in both experimental seasons. Furthermore,
in experimental seasons, the application of 2000 ppm SWE and 4% MLE enhanced TSS
percentage and fruit oil content when compared to untreated trees.



Horticulturae 2023, 9, 825 8 of 16

Table 6. Effect of foliar spraying of MLE, SWE and their combinations on fruit pulp weight, seed
weight, pulp–fruit ratio, fruit firmness and moisture content of olive cv. Kalamata during 2021–2022.

Treatments
Pulp Weight (g) Seed Weight (g) Pulp–Fruit Ratio Fruit Firmness (Ib/inch2) Moisture Content%

2021 2022 2021 2022 2021 2022 2021 2022 2021 2022

Control 0 4.04 f 4.53 g 1.23 ab 1.23 de 0.77 e 0.78 e 4.44 e 4.55 e 68.8 a 72.10 a

MLE
2% 4.37 ef 4.63 g 1.13 b 1.19 e 0.79 bcd 0.79 de 4.56 e 5.11 d 65.39 b 70.23 b
4% 4.79 de 5.32 de 1.31 a 1.29 bcd 0.79 bcd 0.80 cd 5.32 c 5.50 cd 61.84 cd 67.38 cd
6% 5.47 bc 5.48 cd 1.35 a 1.28 bcd 0.80 bc 0.81 bc 5.74 b 5.56 c 61.87 cd 64.42 e

SWE
1000 ppm 4.44 ef 4.76 fg 1.24 ab 1.22 de 0.78 de 0.79 de 4.90 d 5.40 cd 63.55 bc 68.60 c
2000 ppm 5.03 cd 5.18 de 1.35 a 1.32 abc 0.79 bcd 0.80 de 5.38 c 5.46 cd 61.47 cd 67.05 d
3000 ppm 5.51 bc 5.65 c 1.30 a 1.25 cde 0.82 ab 0.82 b 5.62 b 6.23 b 59.92 d 63.90 e

Combinations
1 4.66 de 5.03 ef 1.25 ab 1.28 bcd 0.79 cde 0.80 de 4.82 d 5.36 cd 62.58 c 67.97 cd
2 5.61 b 6.13 b 1.36 a 1.34 ab 0.81 bc 0.82 b 5.68 b 6.07 b 56.67 e 61.12 f
3 6.29 a 6.99 a 1.31 a 1.37 a 0.83 a 0.84 a 6.20 a 6.70 a 54.38 f 58.26 g

LSD0.05 0.46 0.31 0.14 0.07 0.02 0.01 0.22 0.39 1.99 1.33

Duncan’s test at 0.05 indicates that treatments labelled with the same letters did not have significant differences
among them within each column.

Table 7. Effect of foliar spraying of MLE, SWE and their combinations on fruit content from TSS %
and fruit oil content of olive cv. Kalamata during 2021–2022.

Treatments
TSS (%) Oil Content (%)

2021 2022 2021 2022

Control 0 12.45 f 13.20 d 13.19 g 14.47 g

MLE
2% 13.12 def 13.71 cd 13.63 g 15.06 g
4% 13.32 cde 13.98 c 15.43 e 17.63 d
6% 13.83 cd 14.72 b 16.50 cd 18.03 cd

SWE
1000 ppm 13.22 cde 13.82 c 14.57 f 15.72 f
2000 ppm 13.81 cd 14.00 c 15.94 de 17.78 cd
3000 ppm 14.64 b 15.04 b 17.01 bc 18.32 bc

Combinations
1 12.65 ef 13.80 c 15.37 e 16.96 e
2 13.89 c 14.88 b 17.52 b 18.81 b
3 15.37 a 15.81 a 18.50 a 20.43 a

LSD0.05 0.67 0.53 0.60 0.62
Duncan’s test at 0.05 indicates that treatments labelled with the same letters did not have significant differences
among them within each column.

3.4. Nutritional Status
3.4.1. Leaf Mineral Content from Nitrogen, Phosphorous and Potassium

The results presented in Table 8 indicate that the application of combination 3 resulted
in significant improvements in the leaf mineral content of macronutrients, such as nitrogen,
phosphorous and potassium. This treatment exhibited the most pronounced increments in
the mentioned nutrients when compared to the other treatments applied. Furthermore, the
spraying of combination 2 showed significant effectiveness in increasing the fruit content of
nitrogen, phosphorus and potassium when compared to the application of combination 1
in both seasons. Additionally, during both study seasons, the application of 2000 ppm
SWE or 4% MLE demonstrated significant effectiveness in increasing the leaf content of
nitrogen, phosphorus and potassium. These concentrations proved to be more effective
when compared to the application of 1000 ppm SWE or 2% MLE in terms of nutrient uptake.
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Table 8. Effect of foliar spraying of MLE, SWE and their combinations on leaf content from nitrogen,
phosphorous and potassium of olive cv. Kalamata during 2021–2022.

Treatments
Nitrogen (%) Phosphorous (%) Potassium (%)

2021 2022 2021 2022 2021 2022

Control 0 1.41 f 1.46 e 0.39 f 0.40 e 0.95 f 0.99 e

MLE
2% 1.43 f 1.48 e 0.43 e 0.43 de 1.01 e 1.01 e
4% 1.49 de 1.54 d 0.47 d 0.49 c 107 d 1.10 d
6% 1.51 d 1.61 c 0.49 cd 0.52 b 1.12 c 1.13 cd

SWE
1000 ppm 1.47 e 1.49 e 0.46 d 0.43 de 1.00 e 1.03 e
2000 ppm 1.48 de 1.55 d 0.47 d 0.49 c 1.08 d 1.12 cd
3000 ppm 1.58 c 1.67 b 0.51 bc 0.52 b 1.17 b 1.16 c

Combinations
1 1.47 e 1.48 e 0.46 d 0.44 d 1.06 d 1.09 d
2 1.63 b 1.65 bc 0.52 b 0.54 b 1.15 b 1.22 b
3 1.76 a 1.78 a 0.54 a 0.57 a 1.24 a 1.30 a

LSD0.05 0.03 0.04 0.02 0.03 0.04 0.04

Duncan’s test at 0.05 indicates that treatments labeled with the same letters did not have significant differences
among them within each column.

3.4.2. Leaf Mineral Content from Boron, Zinc, Iron and Manganese

The results concerning the effect of MLE and SWE on the leaf mineral content of
macronutrients, such as boron, zinc, iron and manganese, are listed in Table 9. The foliar
application of MLE, SWE and their various concentrations exhibited varying effects, with
the most substantial increases observed when spraying combination 3, followed by com-
bination 2, in both seasons. Furthermore, the results demonstrated that the application
of 3000 ppm SWE and 6% MLE resulted in significant and noticeable increases in the leaf
mineral content of boron, zinc, iron and manganese when compared to the application of
1000 ppm SWE or 2% MLE in both seasons.

Table 9. Effect of foliar spraying of MLE, SWE and their combinations on leaf content of boron, zinc,
iron and manganese of olive cv. Kalamata during 2021–2022.

Treatments
Boron (ppm) Zinc (ppm) Iron (ppm) Manganese (ppm)

2021 2022 2021 2022 2021 2022 2021 2022

Control 0 41.51 e 45.22 d 30.79 f 33.19 f 102.23 f 103.73 f 31.52 g 33.90 d

MLE
2% 44.33 e 45.32 d 31.11 f 34.60 ef 103.10 ef 104.17 f 33.74 f 35.42 d
4% 48.68 d 51.52 c 36.03 cd 36.70 de 107.23 cd 107.43 cd 36.22 e 38.76 c
6% 53.64 c 52.18 c 36.15 cd 37.58 cd 109.40 bc 111.10 bc 38.97 cd 41.76 b

SWE
1000 ppm 47.68 d 46.57 d 32.83 ef 34.53 ef 105.63 de 105.70 ef 35.44 e 35.38 d
2000 ppm 51.68 c 52.42 c 34.53 de 38.11 cd 108.63 bcd 108.77 cd 37.92 d 39.72 c
3000 ppm 54.37 c 53.87 c 38.16 bc 39.34 c 110.13 bc 112.50 b 39.81 bc 42.58 b

Combinations
1 47.83 d 47.31 d 32.93 ef 35.38 ef 105.40 de 106.33 def 35.14 ef 37.87 c
2 57.88 b 60.17 b 39.17 b 42.19 b 111.23 b 113.03 b 40.55 b 42.51 b
3 63.10 a 64.60 a 42.73 a 46.06 a 115.13 a 116.97 a 42.29 a 45.1 a

LSD0.05 3.00 3.14 2.45 2.07 3.00 2.53 1.42 1.98

Duncan’s test at 0.05 indicates that treatments labeled with the same letters did not have significant differences
among them within each column.

4. Discussion

According to the obtained results, the application of the highest concentrations and
combinations of MLE and SWE had positive effects on leaf total chlorophyll, yield, oil
content and fruit quality, as well as leaf mineral content of macro- and micronutrients in the
two experimental seasons. Moreover, they increased the resistance of olive trees to salinity
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because of their nutritional content, which led to improving the absorption of nutrients.
These results were previously explained by many authors; they reported that in saline
soil, increasing the salinity usually decreases the absorption of nutrients from the soil and,
consequently, it negatively affects vegetative growth, yield, fruit oil content and the fruit
quality of olive trees [16,20,69,70]. Moreover, Gopalakrishnan et al. [34] stated that moringa
(Moringa oleifera Lam.) is known for its rich nutrient content, including vitamins, β-carotene,
flavonoids, phenolic acids and fatty acids. Additionally, MLE acts as a natural biostimulant
due to its composition of hormones, like auxins, gibberellins, cytokinins, sugars, tannins,
proline, flavonoids, sterols, tannins, proteins, minerals, vitamins, essential amino acids,
glucosinolates, isothiocyanates, phenolics and ascorbates [71–73]. Therefore, applying
MLE resulted in enhancing plant growth and the levels of nutrients, such as nitrogen,
phosphorus, potassium, iron, calcium and magnesium in the leaves, as well as improving
fruit set percentage, fruit quality and quantity and yield characteristics [34,74]. Additionally,
it was also reported that MLE plays a crucial role in improving plant nutrition, seed
germination, vegetative growth, flowering level, photosynthetic rate, fruiting, gas exchange
rates, water content regulation and utilization efficiency. Hence, it can increase root growth,
yield components and fruit quality traits, particularly under stressful conditions like salinity,
drought and heavy metals, by improving the activity of antioxidant enzymes and sugar
content [38,75,76]. The application of MLE reduced the percentage of fruit drop in pears
(P. communis) trees [39] and in mandarins (C. reticulata) [77]. In the same trend, Hassan
et al. [78] stated that the application of MLE at concentrations of 2% and 4% on olive
(O. europaea) trees increased fruit number, leaf area and leaf mineral contents of nitrogen,
phosphorous, potassium, fruit set percentage, yield and fruit oil content when compared
to a control. Mahmoud et al. [79] found that spraying plums (Prunus domestica L.) cv.
Hollywood with 4%, 5% and 6% MLE at different growth stages improved fruit set, yield,
weight, firmness, color, soluble solid content, ascorbic acid and anthocyanin content. It also
reduced fruit drop and titratable acidity. Among the treatments, the 6% MLE spray was the
most effective in enhancing these characteristics when compared to the other concentrations
used. Spraying MLE at 2, 4 and 6% on peach (P. persica) cv. Early Grand trees increased
yield, fruit diameter, fruit weight, pulp, pulp/stone ratio, TSS, TSS-acidity ratio and total,
reducing and non-reducing sugars, as well as vitamin C levels, while it minimized the
percentages of fruit drop and total acidity [80]. The application of 4 and 6% MLE on apple
trees (M. domestica) cv. Anna exhibited notable increases in shoot length, shoot diameter,
leaf chlorophyll content, fruit set, fruit yield, fruit weight, fruit size, soluble solids content,
total sugar content and the leaf content of macronutrients when compared to untreated
trees [81].

SWE is often considered a biostimulant due to its high content of cytokinin, auxin and
gibberellins [46,82,83]. When SWEs are applied to plants, they can have several beneficial
effects, such as increasing the total chlorophyll content of the leaves in treated plants;
this improves the photosynthetic process, efficiency and plant growth [49,84,85]. SWEs
are believed to boost the internal synthesis of polyamines and inhibit their breakdown,
which likely contributes to the observed improvements in plant growth and productiv-
ity [48,86,87]. It was documented that applying SWE on date palms promoted their growth
and characteristics, like total dry matter, leaf area, stomatal conductance and nitrogen and
phosphorus content [88]. SWE is known for its rich content of organic material, micronutri-
ents, macronutrients, vitamins, cytokinins and auxins. Consequently, these components
play a crucial role in increasing crop yield by improving nutrient uptake and promoting the
growth of roots, leaves, flowers and fruits. SWE also enhances soil structure, productivity
and microbiological content, while stimulating the growth of beneficial soil microbes and
the production of soil-conditioning substances. Additionally, SWEs can enhance plants’
tolerance to abiotic stresses like salinity, cold or drought [89–93]. Furthermore, it has been
stated by many authors that SWE is rich in macro- and micronutrients, such as Ca, C, Mg,
P, K, S, B, Co, Fe, Mn, Mo, Se, Si and Zn [94,95]; therefore, its application can enhance
plants’ uptake of nutrients from the soil [96–98]. Spraying mangos (M. indica) with SWE
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at 1, 2, 3 and 4% increased the number of fruits, fruit set percentage and fruit retention,
number of fruits per panicle, number of fruits/tree, fruit yields in kilograms or tons and
marketable fruit; 1% was the best treatment over the rest of the applied treatments [99]. The
application of SWE on apples (M. domestica) cv. Gala at 0.1, 0.2, 0.3, 0.4 and 0.6% increased
the percentage of fruit set percentage, fruit number, weight and length over control [100].
Spraying apple (M. domestica) cv. Anna with 0.3 or 0.4% SWE led to notable improvements
in shoot length, shoot diameter, leaf chlorophyll content, fruit set, fruit yield, fruit weight,
fruit size, soluble solids content, total sugar content, reduced sugar content and the leaves’
content of macronutrients when compared to untreated trees [81]. Additionally, SWE also
greatly improved fruit set percentage, fruit number, fruit retention, yield, fruit firmness and
flesh and fruit skin color in avocados (Persea americana Mill.) cvs. Hass and Shepard [101].
It was reported by many authors that spraying SWE was more effective in enhancing
vegetative growth, yield, fruit chemical and physical characteristics and the nutritional
status of grapes when compared to untreated trees [102–104]. In previous studies, it was
found that treating orange trees with SWE led to an increase in the maturity index and
yield, while simultaneously reducing fruit drop [105,106]. Al-Saif et al. [107] found that
spraying apricot trees with SWE at concentrations of 1000, 2000 and 3000 ppm resulted in
noteworthy enhancements in various aspects like shoot length, leaf area, leaf chlorophyll
content, fruit set, fruit yields and macro- and micronutrients in the leaves as well as the
physical and chemical characteristics of the fruit. Notably, the application of a 3000 ppm
concentration demonstrated superior results when compared to the other concentrations,
showing greater improvements in these parameters.

Moisture content decreased in parallel to the increase in the oil content in the fruits.
There is an inverse relationship between the oil content of fruits and their moisture con-
tent. This was previously confirmed by many authors, who stated that moisture content
decreases while oil content increases until a certain level of maturity is reached [108–110].

5. Conclusions

The current study proved that the application of 6% MLE + 3000 ppm SWE increased
the growth, yield, fruit quality traits and nutritional status of olive under salinity conditions
when compared to the application of MLE or SWE individually; the combinations of 2%
MLE + 1000 ppm SWE, 4% MLE + 2000 ppm SWE; and the control. Our results suggest that
the combination of the biostimulants MLE and SWE could be utilized as an eco-friendly
alternative to reduce full dependency on the use of chemical fertilizers in olive orchards
under salinity to improve the production quality and maintain soil characteristics.

Author Contributions: Conceptualization, W.F.A.M. and A.B.S.B.H.; methodology, W.F.A.M.; soft-
ware, W.F.A.M., A.M.A.-S. and A.B.S.B.H.; validation, A.M.A.-S., M.M.A. and A.B.S.B.H.; formal
analysis, W.F.A.M., M.M.A., A.M.A.-S. and A.B.S.B.H.; investigation, W.F.A.M., resources, W.F.A.M.,
A.M.A.-S. and A.B.S.B.H.; data curation, W.F.A.M., A.M.A.-S. and A.B.S.B.H.; writing—original draft
preparation, W.F.A.M., A.B.S.B.H. and M.M.A.; writing—review and editing, W.F.A.M., A.B.S.B.H.,
A.M.A.-S. and M.M.A.; supervision, W.F.A.M. and M.M.A. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by Researchers Supporting Project number (RSP2023R334), King
Saud University, Riyadh, Saudi Arabia.

Data Availability Statement: All the required data are inserted in the manuscript.

Acknowledgments: The authors extend their appreciation to the Researchers Supporting Project
number (RSP2023R334), King Saud University, Riyadh, Saudi Arabia.

Conflicts of Interest: There are no conflicts of interest among all the authors.



Horticulturae 2023, 9, 825 12 of 16

References
1. FAO. Food and Agriculture Organization of the United Nations. 2021. Available online: http://faostat-fao.org (accessed on 19

December 2021).
2. Langgut, D.; Cheddadi, R.; Carrión, J.S.; Cavanagh, M.; Colombaroli, D.; Eastwood, W.J.; Greenberg, R.; Litt, T.; Mercuri, A.M.;

Miebach, A. The origin and spread of olive cultivation in the Mediterranean Basin: The fossil pollen evidence. Holocene 2019, 29,
902–922. [CrossRef]

3. Di Vita, G.; Chinnici, G.; D’AMICO, M. Sustainability of olive oil production in sicilian marginal agricultural areas. Qual. Access
Success. 2015, 16, 118–125. Available online: https://www.researchgate.net/publication/273443713 (accessed on 1 March 2023).

4. Palese, A.M.; Pergola, M.; Favia, M.; Xiloyannis, C.; Celano, G. A sustainable model for the management of olive orchards located
in semi-arid marginal areas: Some remarks and indications for policy makers. Environ. Sci. Policy 2013, 27, 81–90. [CrossRef]

5. Perrino, E.V.; Wagensommer, R.P.; Medagli, P. Aegilops (Poaceae) in Italy: Taxonomy, geographical distribution, ecology,
vulnerability and conservation. Syst. Biodivers. 2014, 12, 331–349. [CrossRef]

6. Vossen, P. Olive oil: History, production, and characteristics of the world’s classic oils. Hort. Sci. 2007, 42, 1093–1100. [CrossRef]
7. Ribeiro-Gomes, F.L.; Sacks, D. The influence of early neutrophil-Leishmania interactions on the host immune response to infection.

Front. Cell. Infect. Microbiol. 2012, 2, 59. [CrossRef]
8. Muzzalupo, I.; Vendramin, G.G.; Chiappetta, A. Genetic biodiversity of Italian olives (Olea europaea) germplasm analyzed by SSR

markers. Sci. World J. 2014, 2014, 296590. [CrossRef]
9. Fernandez, J.-E. Understanding olive adaptation to abiotic stresses as a tool to increase crop performance. Environ. Exp. Bot. 2014,

103, 158–179. [CrossRef]
10. Lorite, I.; Gabaldón-Leal, C.; Ruiz-Ramos, M.; Belaj, A.; De la Rosa, R.; León, L.; Santos, C. Evaluation of olive response and

adaptation strategies to climate change under semi-arid conditions. Agric. Water Manag. 2018, 204, 247–261. [CrossRef]
11. Connor, D.J.; Fereres, E. The physiology of adaptation and yield expression in olive. Hortic. Rev. 2010, 31, 155–229. [CrossRef]
12. Tuck, K.L.; Hayball, P.J. Major phenolic compounds in olive oil: Metabolism and health effects. J. Nutr. Biochem. 2002, 13, 636–644.

[CrossRef]
13. Hussain, S.Z.; Naseer, B.; Qadri, T.; Fatima, T.; Bhat, T.A. Olive (Olea europaea L.)—Morphology, taxonomy, composition and

health benefits. In Fruits Grown in Highland Regions of the Himalayas: Nutritional and Health Benefits; Springer: Berlin/Heidelberg,
Germany, 2021; pp. 117–129.

14. Parihar, P.; Singh, S.; Singh, R.; Singh, V.P.; Prasad, S.M. Effect of salinity stress on plants and its tolerance strategies: A review.
Environ. Sci. Pollut. Res. 2015, 22, 4056–4075. [CrossRef]

15. Parmoon, G.; Moosavi, S.A.; Siadat, S.A. How salinity stress influences the thermal time requirements of seed germination in
Silybum marianum and Calendula officinalis. Acta Physiol. Plant. 2018, 40, 175. [CrossRef]

16. Majeed, A.; Muhammad, Z.; Islam, S.; Ahmad, H. Salinity imposed stress on principal cereal crops and employing seed priming
as a sustainable management approach. Acta Ecol. Sin. 2019, 39, 280–283. [CrossRef]

17. Han, Y.; Yin, S.; Huang, L. Towards plant salinity tolerance-implications from ion transporters and biochemical regulation. Plant
Growth Regul. 2015, 76, 13–23. [CrossRef]

18. Han, J.; Shi, J.; Zeng, L.; Xu, J.; Wu, L. Effects of nitrogen fertilization on the acidity and salinity of greenhouse soils. Environ. Sci.
Pollut. Res. 2015, 22, 2976–2986. [CrossRef]

19. Garg, N.; Bhandari, P. Silicon nutrition and mycorrhizal inoculations improve growth, nutrient status, K+/Na+ ratio and yield of
Cicer arietinum L. genotypes under salinity stress. Plant Growth Regul. 2016, 78, 371–387. [CrossRef]

20. Zörb, C.; Geilfus, C.M.; Dietz, K.J. Salinity and crop yield. Plant Biol. 2019, 21, 31–38. [CrossRef]
21. Plett, D.; Moller, I. Na+ transport in glycophytic plants: What we known and would like to know. Plant Cell Environ. 2010, 33,

612–626. [CrossRef]
22. De Souza Miranda, R.; Gomes-Filho, E.; Prisco, J.T.; Alvarez-Pizarro, J.C. Ammonium improves tolerance to salinity stress in

Sorghum bicolor plants. Plant Growth Regul. 2016, 78, 121–131. [CrossRef]
23. Kumar, V.; Khare, T. Differential growth and yield responses of salt-tolerant and susceptible rice cultivars to individual (Na+ and

Cl−) and additive stress effects of NaCl. Acta Physiol. Plant. 2016, 38, 1–9. [CrossRef]
24. Mohamed, A.K.S.; Qayyum, M.F.; Abdel-Hadi, A.M.; Rehman, R.A.; Ali, S.; Rizwan, M. Interactive effect of salinity and silver

nanoparticles on photosynthetic and biochemical parameters of wheat. Arch. Agron. Soil Sci. 2017, 63, 1736–1747. [CrossRef]
25. Zhang, P.; Senge, M.; Dai, Y. Effects of salinity stress on growth, yield, fruit quality and water use efficiency of tomato under

hydroponics system. Rev. Agric. Sci. 2016, 4, 46–55. [CrossRef]
26. Sayyad-Amin, P.; Jahansooz, M.-R.; Borzouei, A.; Ajili, F. Changes in photosynthetic pigments and chlorophyll-a fluorescence

attributes of sweet-forage and grain sorghum cultivars under salt stress. J. Biol. Phys. 2016, 42, 601–620. [CrossRef] [PubMed]
27. Flores, P.; Botella, M.Á.; Cerdá, A.; Martínez, V. Influence of nitrate level on nitrate assimilation in tomato (Lycopersicon esculentum)

plants under saline stress. Canad. J. Bot. 2004, 82, 207–213. [CrossRef]
28. Howladar, S.M. A novel Moringa oleifera leaf extract can mitigate the stress effects of salinity and cadmium in bean (Phaseolus

vulgaris L.) plants. Ecotoxicol. Environ. Saf. 2014, 100, 69–75. [CrossRef]
29. Rady, M.M.; Mohamed, G.F. Modulation of salt stress effects on the growth, physio-chemical attributes and yields of Phaseolus

vulgaris L. plants by the combined application of salicylic acid and Moringa oleifera leaf extract. Sci. Hortic. 2015, 193, 105–113.
[CrossRef]

http://faostat-fao.org
https://doi.org/10.1177/0959683619826654
https://www.researchgate.net/publication/273443713
https://doi.org/10.1016/j.envsci.2012.11.001
https://doi.org/10.1080/14772000.2014.909543
https://doi.org/10.21273/HORTSCI.42.5.1093
https://doi.org/10.3389/fcimb.2012.00059
https://doi.org/10.1155/2014/296590
https://doi.org/10.1016/j.envexpbot.2013.12.003
https://doi.org/10.1016/j.agwat.2018.04.008
https://doi.org/10.1002/9780470650882.ch4
https://doi.org/10.1016/S0955-2863(02)00229-2
https://doi.org/10.1007/s11356-014-3739-1
https://doi.org/10.1007/s11738-018-2750-4
https://doi.org/10.1016/j.chnaes.2018.09.004
https://doi.org/10.1007/s10725-014-9997-6
https://doi.org/10.1007/s11356-014-3542-z
https://doi.org/10.1007/s10725-015-0099-x
https://doi.org/10.1111/plb.12884
https://doi.org/10.1111/j.1365-3040.2009.02086.x
https://doi.org/10.1007/s10725-015-0079-1
https://doi.org/10.1007/s11738-016-2191-x
https://doi.org/10.1080/03650340.2017.1300256
https://doi.org/10.7831/ras.4.46
https://doi.org/10.1007/s10867-016-9428-1
https://www.ncbi.nlm.nih.gov/pubmed/27586195
https://doi.org/10.1139/b03-152
https://doi.org/10.1016/j.ecoenv.2013.11.022
https://doi.org/10.1016/j.scienta.2015.07.003


Horticulturae 2023, 9, 825 13 of 16

30. John, N.R.; Gala, V.C.; Sawant, C.S. Inhibitory effects of plant extracts on multi-species dental biofilm formation in-vitro. Int. J.
Pharm. Bio. Sci. 2013, 4, 487–495. Available online: https://www.researchgate.net/publication/255784456 (accessed on 1 March
2023).

31. Azra, Y.; Basra, S.; Farooq, M.; Rehman, H.U.; Hussain, N.; Athar, H.U.R. Exogenous application of moringa leaf extract modulates
the antioxidant enzyme system to improve wheat performance under saline conditions. Plant Growth Regul. 2013, 69, 225–233.
[CrossRef]

32. Desoky, E.; Elrys, A.; Mohamed, G.; Rady, M. Exogenous application of moringa seed extract positively alters fruit yield and its
contaminant contents of Capsicum annuum plants grown on a saline soil contaminated with heavy metals. Adv. Plants Agric. Res.
2018, 8, 591–601. [CrossRef]

33. Latif, H.; Mohamed, H. Exogenous applications of moringa leaf extract effect on retrotransposon, ultrastructural and biochemical
contents of common bean plants under environmental stresses. S. Afr. J. Bot. 2016, 106, 221–231. [CrossRef]

34. Gopalakrishnan, L.; Doriya, K.; Kumar, D.S. Moringa oleifera: A review on nutritive importance and its medicinal application.
Food Sci. Hum. Wellness 2016, 5, 49–56. [CrossRef]

35. Khan, S.; Basra, S.M.A.; Afzal, I.; Wahid, A. Screening of moringa landraces for leaf extract as biostimulant in wheat. Int. J. Agric.
Biol. 2017, 19, 999–1006. [CrossRef]

36. Sun, R.-Z.; Cheng, G.; Li, Q.; He, Y.-N.; Wang, Y.; Lan, Y.-B.; Li, S.-Y.; Zhu, Y.-R.; Song, W.-F.; Zhang, X. Light-induced variation
in phenolic compounds in Cabernet Sauvignon grapes (Vitis vinifera L.) involves extensive transcriptome reprogramming of
biosynthetic enzymes, transcription factors, and phytohormonal regulators. Front. Plant Sci. 2017, 8, 547. [CrossRef]

37. Zulfiqar, F.; Casadesús, A.; Brockman, H.; Munné-Bosch, S. An overview of plant-based natural biostimulants for sustainable
horticulture with a particular focus on moringa leaf extracts. Plant Sci. 2020, 295, 110194. [CrossRef]

38. Arif, Y.; Bajguz, A.; Hayat, S. Moringa oleifera extract as a natural plant biostimulant. J. Plant Growth Reg. 2023, 42, 1291–1306.
[CrossRef]

39. Abd El–Hamied, S.A.; El-Amary, E.I. Improving growth and productivity of pear trees using some natural plants extracts under
north sinai conditions. J. Agric. Vet. Sci. 2015, 8, 1–9. [CrossRef]

40. Mosa, W.F.; Salem, M.Z.; Al-Huqail, A.A.; Ali, H.M. Application of glycine, folic acid, and moringa extract as bio-stimulants for
enhancing the production of ‘Flame Seedless’ grape cultivar. BioResources 2021, 16, 3391–3410. [CrossRef]

41. Norrie, J.; Keathley, J. Benefits of Ascophyllum nodosum marine-plant extract applications to ´Thompson Seedless´ grape production.
Acta Hortic. 2006, 727, 243–248. [CrossRef]

42. Sharma, H.S.; Fleming, C.; Selby, C.; Rao, J.; Martin, T. Plant biostimulants: A review on the processing of macroalgae and use of
extracts for crop management to reduce abiotic and biotic stresses. J. Appl. Phycol. 2014, 26, 465–490. [CrossRef]

43. Bulgari, R.; Franzoni, G.; Ferrante, A. Biostimulants application in horticultural crops under abiotic stress conditions. Agronomy
2019, 9, 306. [CrossRef]

44. Frioni, T.; Sabbatini, P.; Tombesi, S.; Norrie, J.; Poni, S.; Gatti, M.; Palliotti, A. Effects of a biostimulant derived from the brown
seaweed Ascophyllum nodosum on ripening dynamics and fruit quality of grapevines. Sci. Hortic. 2018, 232, 97–106. [CrossRef]
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65. Wieczorek, D.; Żyszka-Haberecht, B.; Kafka, A.; Lipok, J. Determination of phosphorus compounds in plant tissues: From
colourimetry to advanced instrumental analytical chemistry. Plant Meth. 2022, 18, 22. [CrossRef] [PubMed]

66. Asch, J.; Johnson, K.; Mondal, S.; Asch, F. Comprehensive assessment of extraction methods for plant tissue samples for
determining sodium and potassium via flame photometer and chloride via automated flow analysis. J. Plant Nutr. Soil Sci. 2022,
185, 308–316. [CrossRef]

67. Stafilov, T.; Karadjova, I. Atomic absorption spectrometry in wine analysis. Maced. J. Chem. Chem. Eng. 2009, 28, 17–31. [CrossRef]
68. Snedecor, G.; Cochran, W. Statistical Methods; Analysis and Book; Iowa State Univ. Press: Ames, IA, USA, 1990; pp. 129–131.
69. Machado, R.M.A.; Serralheiro, R.P. Soil salinity: Effect on vegetable crop growth. Management practices to prevent and mitigate

soil salinization. Horticulturae 2017, 3, 30. [CrossRef]
70. Safdar, H.; Amin, A.; Shafiq, Y.; Ali, A.; Yasin, R.; Shoukat, A.; Hussan, M.U.; Sarwar, M.I. A review: Impact of salinity on plant

growth. Nat. Sci. 2019, 17, 34–40. [CrossRef]
71. Merwad, A.-R.M. Using Moringa oleifera extract as biostimulant enhancing the growth, yield and nutrients accumulation of pea

plants. J. Plant Nutr. 2018, 41, 425–431. [CrossRef]
72. Abdalla, M.M. The potential of Moringa oleifera extract as a biostimulant in enhancing the growth, biochemical and hormonal

contents in rocket (Eruca vesicaria subsp. sativa) plants. Int. J. Plant Physiol. Biochem. 2013, 5, 42–49. [CrossRef]
73. Makkar, H.; Francis, G.; Becker, K. Bioactivity of phytochemicals in some lesser-known plants and their effects and potential

applications in livestock and aquaculture production systems. Animal 2007, 1, 1371–1391. [CrossRef]
74. Sardar, H.; Nisar, A.; Anjum, M.A.; Naz, S.; Ejaz, S.; Ali, S.; Javed, M.S.; Ahmad, R. Foliar spray of moringa leaf extract improves

growth and concentration of pigment, minerals and stevioside in stevia (Stevia rebaudiana Bertoni). Ind. Crops Prod. 2021, 166,
113485. [CrossRef]

75. Mashamaite, C.V.; Ngcobo, B.L.; Manyevere, A.; Bertling, I.; Fawole, O.A. Assessing the usefulness of Moringa oleifera leaf extract
as a biostimulant to supplement synthetic fertilizers: A Review. Plants 2022, 11, 2214. [CrossRef]

76. keya Tudu, C.; Dey, A.; Pandey, D.K.; Panwar, J.S.; Nandy, S. Role of plant derived extracts as biostimulants in sustainable
agriculture: A detailed study on research advances, bottlenecks and future prospects. In New and Future Developments in Microbial
Biotechnology and Bioengineering; Elsevier: Amsterdam, The Netherlands, 2022; pp. 159–179. [CrossRef]

77. Nasir, M.; Khan, A.S.; Basra, S.A.; Malik, A.U. Foliar application of moringa leaf extract, potassium and zinc influence yield and
fruit quality of ‘Kinnow’mandarin. Sci. Hortic. 2016, 210, 227–235. [CrossRef]

78. Hassan, A.; Abd-Alhamid, N.; Aly, R.B.; Hassan, H. Effect of foliar application with algae and moringa leaves extracts on
vegetative growth, leaf mineral contents, yield and chemical fruit quality of picual olive trees. Arab. Univ. J. Agric. Sci. 2019, 27,
659–671. [CrossRef]

79. Mahmoud, T.S.M.; Kassim, N.; AbouRayya, M.; Abdalla, A. Influence of foliar application with moringa (Moringa oleifera L.) leaf
extract on yield and fruit quality of Hollywood plum cultivar. J. Hortic. 2017, 4, 1–7. [CrossRef]

80. Bakhsh, A.; Javaad, H.W.; Hussain, F.; Akhtar, A.; Raza, M.K. Application of Moringa oleifera leaf extract improves quality and
yield of peach (Prunus persica). J. Pure Appl. Agric. 2020, 5, 42–51. Available online: https://www.researchgate.net/publication/
343230978 (accessed on 1 March 2023).

81. Mosa, W.F.; Sas-Paszt, L.; Głuszek, S.; Górnik, K.; Anjum, M.A.; Saleh, A.A.; Abada, H.S.; Awad, R.M. Effect of some biostimulants
on the vegetative growth, yield, fruit quality attributes and nutritional status of apple. Horticulturae 2022, 9, 32. [CrossRef]

82. Oancea, F.; Velea, S.; Fãtu, V.; Mincea, C.; Ilie, L. Micro-algae based plant biostimulant and its effect on water stressed tomato
plants. Rom. J. Plant Prot. 2013, 6, 104–117. Available online: https://www.researchgate.net/publication/318489795 (accessed on
1 March 2023).

https://doi.org/10.1080/15538360802365251
https://doi.org/10.3389/fpls.2018.01342
https://doi.org/10.2136/sssaj2014.0002br
https://doi.org/10.21273/HORTSCI.21.6.1449
https://www.researchgate.net/publication/281265322
https://doi.org/10.1186/s13065-017-0238-8
https://doi.org/10.1016/j.scienta.2017.10.027
https://doi.org/10.1016/j.xphs.2016.03.039
https://doi.org/10.1186/s13007-022-00854-6
https://www.ncbi.nlm.nih.gov/pubmed/35184722
https://doi.org/10.1002/jpln.202100344
https://doi.org/10.20450/mjcce.2009.218
https://doi.org/10.3390/horticulturae3020030
https://doi.org/10.7537/marsnsj170119.06
https://doi.org/10.1080/01904167.2017.1384012
https://doi.org/10.5897/IJPPB2012.026
https://doi.org/10.1017/S1751731107000298
https://doi.org/10.1016/j.indcrop.2021.113485
https://doi.org/10.3390/plants11172214
https://doi.org/10.1016/B978-0-323-85579-2.00017-4
https://doi.org/10.1016/j.scienta.2016.07.032
https://doi.org/10.21608/ajs.2019.43679
https://doi.org/10.4172/2376-0354.1000193
https://www.researchgate.net/publication/343230978
https://www.researchgate.net/publication/343230978
https://doi.org/10.3390/horticulturae9010032
https://www.researchgate.net/publication/318489795


Horticulturae 2023, 9, 825 15 of 16

83. Durand, N.; Briand, X.; Meyer, C. The effect of marine bioactive substances (N PRO) and exogenous cytokinins on nitrate
reductase activity in Arabidopsis thaliana. Physiol. Plant. 2003, 119, 489–493. [CrossRef]
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