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Abstract

The newly reclaimed soils suffer from some stresses, especially salinity,
whether in the soil or irrigation water that severely hinder the growth and
production of some crops. A pot experiment was conducted during 2021 and 2022
seasons at Al-Marashda Research Station, Qena, ARC, Egypt to study the
influence of silicon and endophytic fungi on germination percentage, survival
seedlings rate, biomass and chemical traits of Moringa oleifera under salinity
conditions. Pots were filled with sandy soil as substrate and arranged in completely
randomized design, having nine treatments, including silicon and endophytic fungi
together or alone with two levels of salinity. The two salinity levels were
significantly affected the germination and survival percentages, biomass as well as
chemical compositions of M. oleifera. However, addition of silicon at 100 mg/ 1 or
endophytic fungus (Chaetomium globosum) at 100 ml, together or alone led to
increase germination percentage and survival rate, biomass characters, N, P, K,
and total chlorophyll in moringa leaves under saline conditions. The improvement
was better with lower salinity level (3 dS m™!) compared to the higher one for the
15t and 2" seasons. Application of both silicon and endophytic fungi led to better
growth results compared to the individual treatments. Leaves of salt- treated plants
without any additives contained high levels of Na® and Cl" compared to those
treated with saline reducers.
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Introduction

Moringa oleifera Lam. (Moringa) is belongs to family Moringaceae and well
known for its valuable importance in industrial, medicinal, food and other uses. Its
leaves and fruits are widely consumed in the tropical regions of the world (Lockett
et al., 2000). Moringa contains a high concentration of the crude protein, nutrient
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elements and vitamins as A, B, and C in its foliage (Makkar and Becker, 1996). It
has medicinal properties and nutritional value in various parts of the tree i.e.,
leaves, seeds, pods, roots and bark. Moreover, the therapeutic effects of moringa
are due to the combined actions of the various bioactive components such as
alkaloids, flavonoids, saponins, sterols and tannins (Fahal et al., 2018). Concerning
the nutritional value of moringa leaves for livestock feeding, Ramachandran et al.
(1980) revealed that feeding could achieve a weight gain and improve the
nutritional status. Also, based on the result of Egbewole ef al. (2017) on moringa
wood, it can be concluded that its fiber length falls within short fiber cellulosic
materials and axial sampling showed no significant differences in the fiber
qualities at any stem height indicating that M. oleifera possesses good pulping
qualities that suitable for production of pulp and paper.

Salinity is the major limitations that induces desertification and restricts plant
sustainability (Siddiqui et al., 2020). Salinity effects on plant development are
attributable to a hyperosmotic and ionic imbalance with excessive-production of
reactive oxygen species that severely hamper several physiological, biochemical
and molecular changes including depletion of chlorophyll, lipid peroxidation,
nucleic acid mutilation, and reduction in cell membrane fluidity and selectivity
(Ren et al., 2020). In Egypt, the notable problems facing the plants growing in the
reclaimed soils are drought, salt and heat stresses which adversely affect the
growth and productivity of plants (Soliman et al., 2015). The major effects of salt
stress in the plants through osmotic stress, Na* and CI toxicity and uptake ions of
imbalance leading to deficiency in the nutritional elements as N, P, K*, Ca** and
micronutrients (Munns, 2005). All salinity levels significantly affected the
emergence parameters of moringa landraces. Higher salinity levels significantly
reduced root length, seedling length as well as seedling fresh and dry weights
(Farooq et al., 2022).

Silicon is one of the most available elements in the nature. It 1 is found as
silicon dioxide or silicates that chemically bond with various elements due to its
strong affinity with oxygen. Silicon is beneficial for most plants under biotic and
abiotic stress, since it causes a significant increase in the plant growth. Hence, it is
suggested to be used in agriculture (Imtiaz et al., 2016; Yan et al., 2018). In this
respect, Carballo-Méndez et al. (2022) revealed that salinity reduced emergence,
growth, biomass and increased concentration of Na® in moringa plants.
Meanwhile, Si addition resulted in increased growth of aerial part, biomass and
reduced Na' concentration in leaves.

Endophytic fungi are microbes that reside inside plants without causing
disease (Khan et al., 2015), and there is increasing evidence of their high impact
on the plant development, physiology, evolution, adaptation and the ability to
supply nitrogen to host plant through the biological nitrogen fixation (Compant et
al., 2010). On the other hand, production of phytohormones have been
demonstrated by the plant growth promoting endophytic fungi, which modulate
the endogenous levels of auxins in plants and enhancing plant resistance to various
stresses (Asad Ullah et al., 2021). Therefore, our objectives were to determine the
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effect of Si and endophytic fungi addition on germination, survival rate, biomass
as well as chemical compositions of M. oleifera under salinity stress conditions.

Materials and Methods

A pot trial was undertaken during the 2021 and 2022 seasons at Al-Marashda
Research Station, Qena governorate, ARC, Egypt (26° 9' N, 32° 42' E). The main
objective was to investigate the effect of silicon and endophytic fungi on
germination, growth performance and chemical compositions of moringa under
salinity stress.

Fungal isolation, identification, and cultivation

Moringa oleifera leaves were collected and washed carefully by tap water,
then by sterilized distilled water. Leaf samples were surface sterilized by
sequential immersion in 75% ethanol for 1 min, 4 % sodium hypochlorite for 3
min finally, 75% ethanol for 30 s. The samples were then rinsed by using sterilized
distilled water, and shade dried (Filip ef al., 2003). Leaves were cut for small
pieces and placed on prior poured glucose-Czapek’s agar, then incubated at 28+ 2
°C for 2 - 3 weeks in a microbiological incubator until the desired Chaetomium
globosum fungi growth (Smith and Dawson, 1944). It contained mycelia and
spores; the filtration was done with the Watman filter paper No. 2 for a spore
suspension. Concentration of 5 x 107 spores/ml was adjusted to be used in the
treatments.

Table 1. Some physical and chemical analysis of the used soil at the beginning of the
experiment (average of 2021and 2022 seasons)

. Cation (meq/L.)
3 A L.
Soil E.C. (m.mohs/cm”) pH  P:0s% nion (meq/L.)
type HCO5 Cr SO, Ca*t Mg++ K+
Sand 1.95 7.6 0.14 422 720 1.17 421 334 5.11

Seeds of Moringa oleifera Lam. were collected from healthy tree from
Faculty of Agriculture, Beni-Suef University, and soaking for 24 h. in tap water
and planted on poly pots (20 x 20 cm), filled with sandy, some physical chemical
properties of the soil used were done according to the methods described by
Jackson (1973) as shown in Table (1). Pots were arranged in a completely
randomized design, having nine treatments with three replicates, each pot filled
with 2 kg of soil and 5 seeds sown. The nine treatments including: 1) control soil
without salinity or Si addition; 2) saline-treated soil at 3 dS/m-1 NaCl (3g NaCl/
kg soil); 3) saline-treated soil at 6 dS/m-1 NaCl (6 g NaCl/ kg soil); 4) 3 dS m-1
NaCl + 100 mg/ 1 Si as foliar spraying; 5) 6 dS m-1 NaCl + 100 mg/I Si; 6) 3 dS
m-1 NaCl + 100 ml endophytic fungi; 7) 6 dS m-1 NaCl + 100 ml endophytic
fungi; 8) 3 dS m-1 NaCl + 100 mg/ 1 Si + 100 ml endophytic fungi; 9) 6 dS m-1
NaCl +100 mg/ 1 Si + 100 ml endophytic fungi. Salinity treatments were added
weekly for the two levels, while silicon as potassium silicate and EF as
Chaetomium globosum treatments were added together or individually one time
every two weeks (3 times). However, after germination, seedlings were supplied
three doses with nitrogen, phosphorus and potassium as: 1.5 g NH4NO3 and 1.5 g
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KH2PO4 per pot, respectively. The first dose was added 15 days after germination,
while the next two doses were applied every 15 days. All treatments were
performed on the top surface of the soil, the pots were placed under open field, and
normally irrigated for 50 days from sowing seeds, which were on 1% March for
both seasons.

Germination and growth parameters

Germination percentage (%) = Number of emerged plants/ Number of sown
seeds x 100. The survival seedlings rate was measured by recording dead and alive
seedlings on 19" April i.e., after 50 days from sowing seeds and using the formula:

Survival seedling rate (%) = Number of survived seedlings/Number of seeds
sown x 100. Biomass: herb fresh and dry weight as well as root fresh and dry
weight (g).

Chemical Analysis

The fresh and dry weights of moringa seedlings were recorded. Three plants
from every replicate were picked, cleaned and oven dried at 70°C till constant
weight. Leaf samples were ground in a stainless-steel mill and a portion of the
dried leaves was digested with di-acid mixtures (sulfuric and perchloric acids) in
laboratory of Medicinal and Aromatic plants Department, Faculty of Agriculture,
Beni-Suef Univ. Then the digested aliquot was analyzed for N, P, K, Na and Cl.
Percentages of N, P and K were determined as described by Anderson and Ingram
(1993), while Na'% and CI° contents were determined using a flame
spectrophotometer according to Jameel and Kahayri (2002). Total chlorophyll
content was extracted using the method described by Nornai (1982).

Statistical analysis

The obtained data were subjected to the statistical analysis of variance and
means were compared using LSD test at the 5% level, according to Little and Hills
(1978).

Results
Germination and survival (%)

There were significant differences between the used treatments for
germination and survival percentages for both seasons (Table 2). Seed germination
percentage and survival seedlings rate were higher in the control treatment,
followed by that receiving salinity at 3 dS m™ + 100 mg Si + 100 ml/ I EF in the
15t and 2" seasons. The lowest values of these traits were due to the addition of
salinity only, whether at 6 or 3 dS m™! NaCl. The addition of silicon or endophytic
fungi, together or alone led to an improvement in the germination percentage and
survival rate under saline conditions. Also, the improvement was better with lower
salinity level (3 dS m'! NaCl) compared to the higher one for both seasons.
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Table 2. Effect of silicon and endophytic fungi addition on germination percentage
(%) and survival rate of Moringa oleifera under salinity stress

Germination (%) Survival rate
Treatments st nd st nd

SE;SOH SeflSOI'l Mean SB;SOH SG:ISOH Mean
Control 8500 87.00  86.00  81.00 8400  82.50
Salinity 3 dS/m™ NaCl 5200 5567  53.84 2867 3467  31.67
Salinity 6 dS/m™ NaCl 4333 50.00  46.67 2333 2267  23.00
Salinity 3 dS/m™ + 100 mg/ 1 Si 66.00  63.00 6450 5867  53.00  55.84
Salinity 6 dS/m™ + 100 mg/ 1 Si 6133 5800  59.67  49.67  49.00  49.00
Salinity 3 dS/m™' NaCl + 100 ml EF 6633 6267 6450 5867  57.67  58.17
Salinity 6 dS/m™' NaCl + 100 ml EF 6133 5800  59.67 5500  53.67  54.34

Salinity 3 dS/m™+100 mg Si/l+100 mlEF 7533 7433 7333 6933 7133 7033

Salinity 6 dS/m™ + 100 mg Si/ 1 +100 mlEF 6367 6733 6800 6600 6633  66.17

Mean 64.04 64.00 54.48 54.70

LSD5% 3.85 3.61 4.43 432

Table 3. Effect of silicon and endophytic fungi addition on herb fresh and dry weight
(g) of Moringa oleifera under salinity stress
Stem fresh weight (g) Stem dry weight (g)

Treatments I 9nd 15t 9nd
season season Mean season season Mean
Control 334 347 341 109 110 110
Salinity 3 dS/m™' NaCl 157 137 147 052 053  0.53
Salinity 6 dS/m"! NaCl 1.17 119 118 044 046 045
Salinity 3 dS/m™ + 100 mg/ 1 Si 1.99 198  1.19 064 067 0.66
Salinity 6 dS/m™ + 100 mg/ 1 Si 1.74 167 171 055 057 0.56
Salinity 3 dS/m™ NaCl + 100 ml EF 1.96 184 190 068 064  0.66
Salinity 6 dS/m™ NaCl + 100 ml EF 177 175 176 056 053 055

Salinity 3 dS/m™! + 100 mg Si/l + 100 ml EF 2.87 2.82 2.85 0.93 0.95 0.94

Salinity 6 dS/m™ + 100 mg Si/ 1 +100 ml EF 233 230 232  0.78 0.74 0.76

Mean 2.08 2.04 0.69 0.68
LSD5% 0.14 0.12 0.09 0.06

Herb fresh and dry weight

The herb fresh and dry biomass of the moringa obtained at 50 days after
sowing seeds presented in (Table 3) indicated that there was a significant
difference between treatments (p < 0.05). The greatest herb biomass was obtained
from the treatment without any additives (control), followed by the addition of
silicon with EF under 3 dS m™! NaCl treatment. Treatments with 6 or 3 dS m™! NaCl
recorded low fresh and dry aerial plant weight compared to the other treatments
for both seasons. Addition of both silicon and EF together or individually led to an
increase of herb fresh and dry weights under salinity stress compared to the control.
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Table 4. Effect of silicon and endophytic fungi addition on root fresh and dry weight
(g) of Moringa oleifera under salinity stress

Root fresh weight (g) Root dry weight (g)
Treatments 1%t 2nd 18t 2nd
Mean Mean
season season season season

Control 155 146 151 0.49 050 0.50
Salinity 3 dS/m™ NaCl 0.64 063 064 023 024 0.4
Salinity 6 dS/m™ NaCl 052 056 054 0.8 018 0.18
Salinity 3 dS/m™ + 100 mg/1Si 094 094 094 033 031 032
Salinity 6 dS/m™ + 100 mg/1Si 080 079 080 026 024 025
Salinity 3 dS/m™ NaCl + 100 ml EF 090 0.87 _ 0.89 0.34 034 034
Salinity 6 dS/m™ NaCl + 100 ml EF 083 086 085 0.27 025 0.6
Salinity 3 dS/m™ +100mgSi1+100 5 445 g 0.47 046 047
ml EF
Salinity 6 dS/m™ + 100 mg Si/ 1+100 106 104 105 0.34 032 033
ml EF
Mean 094 092 0.32 031
LSD5% 0.103 __ 0.058 0050 0.042

Root fresh and dry biomass

Data in Table (4) shows the influence of adding silicon and EF on the biomass
of moringa roots affected by salinity. There were significant differences between
the used treatments for germination and survival percentages for both seasons.
Salinity at rate of 3 or 6 dS m™! NaCl considerably decreased root fresh and dry
weight (58, 64%) and (52, 64%) in the mean of seasons relative to the control,
respectively. Nevertheless, this inhibition of root biomass was alleviated by adding
both Si and EF together or alone in the 1% and 2" seasons. With Si and EF addition,
root fresh and dry weights were significantly higher than that in salt-affected plants
in both seasons.

Nitrogen, phosphorus and potassium content

Nitrogen, phosphorus and potassium percentages in salinity-stressed moringa
leaves were decreased relative to those of the control plants. Conversely, silicon
and EF supplementation to salinity-stressed plants increased these element
concentrations more than that of the stressed plants (Figures 1, 2 and 3). Addition
of silicon and EF was more effective with a salinity level of 3 or 6 dS m™! NaCl
than in the rate of 6 dS m™! in increasing the percentages of N, P and K in moringa
leaves.

2.5 = [ 1st season Treatments
Ti=Control
T2=Salinity 3 dS/m NaCl

T3=Salinity 6 dS/m NaCl

M 2nd season

15 ' T4=Salinity 3 dS/m NaCl+ 100 mg/ | Si
T5=Salinity 6 dS/m NaCl+ 100 mg/ I Si
1 T6=Salinity 3 dS/m NaCl + 100 m| EF
T7=Salinity 6 dS/m NaCl + 100 m| EF
0.5 o T8=Salinity 3 dS/m NaCl+ 100 mg Si/l + 100 m| EF

T9=Salinity 6 dS/m NaCl + 100 mg Si/ | +100 m| EF

T1 T2 T3 T4 15 T6 T7 T8 T9

Figure 1. Effect of silicon and endophytic fungi addition on nitrogen content (%)
of Moringa oleifera leaves under salinity stress.
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Figure 2. Effect of silicon and endophytic fungi addition on phosphorus content
(%) of Moringa oleifera leaves under salinity stress.
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Figure 3. Effect of silicon and endophytic fungi addition on potassium content (%)

of Moringa oleifera leaves under salinity stress.

Sodium and chloride content

Figures (4 and 5) illustrated the sodium and chloride contents in moringa
leaves at 50 days and were in general, more increased in all treatments than of the
control in the 1st and 2nd seasons. The most significant increase in Na and CI
contents were recorded when moringa were treated with salinity, whether at 3 or 6
dS m-1 NaCl. Application of silicon and EF together or separately led to a decrease
in Na and CI contents in moringa leaves compared to plants affected by salinity

alone.

1 1st season

g2 M 2nd season

0.7
0.6

0.5

T T2 13 T4 T5 T6

Treatments

Ti=Control

T2=Salinity 3 dS/m NaCl

T3=Salinity 6 dS/m NaCl

T4=Salinity 3 dS/m NaCl+ 100 mg/ 1 Si

T5=Salinity 6 dS/m NaCl+ 100 mg/1Si

Té=Salinity 3 dS/m NaCl + 100 ml EF

T7=Salinity 6 dS/m NaCl + 100 ml EF

T8=Salinity 3 dS/m NaCl+ 100 mg i/l + 100 ml EF
T9=Salinity 6 dS/m NaCl + 100 mg Si/ | +100 ml EF

T9

Figure 4. Effect of silicon and endophytic fungi addition on Na" content (mg/g
DW) of Moringa oleifera leaves under salinity stress.
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1st season

50 ® 2nd season Treatments

Ti=Control

T2=Salinity 3 dS/m NaCl

T3=Salinity 6 dS/m NacCl
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T5=Salinity 6 dS/m NaCl+ 100 mg/ 1 Si

T6=Salinity 3 dS/m NaCl + 100 ml EF

T7=Salinity 6 dS/m NaCl + 100 ml EF

T8=Salinity 3 dS/m NaCl+ 100 mg Si/l + 100 ml EF
T9=Salinity 6 dS/m NaCl + 100 mg Si/ | +100 ml EF

|

Figure 5. Effect of silicon and endophytic fungi addition on Cl" content (mg/g
DW) of Moringa oleifera leaves under salinity stress.

Chlorophyll content

Figure (6) shows the effect of adding silicon and EF on the chlorophyll
content in moringa leaves affected by salinity. The highest values of chlorophyll
content were obtained from control plants, followed by salinity- stressed plants,
which treated with silicon and EF together in both seasons. On the other hand, the
lowest values of chlorophyll content were recorded with salinity- stressed plants,
and the decrease was greater with 3 or 6 dS m™! NaCl compared to other treatments.

25
1st season
Treatments

3 M 2nd season T1=Control

T2=Salinity 3 dS/m Nacl

| T3=Salinity 6 dS/m NaCl

| T4=Salinity 3 dS/m NaCl+ 100 mg/ | Si
T5=Salinity 6 dS/m NaCl+ 100 mg/ | Si
1 H T6=Salinity 3 dS/m NaCl + 100 ml EF

!‘ . [\ H T7=Salinity 6 dS/m NaCl + 100 ml EF

0.5 ‘ I | | " i T8=Salinity 3 dS/m NaCl+ 100 mg Si/l + 100 ml EF

; | ‘ A | 2 £ H ‘ T9=Salinity 6 dS/m NaCl + 100 mg i/  +100 m! EF

i\ / 14 I\ | B
Tl T2 T3 T4 15 Té 17 T8 T9

Figure 6. Effect of silicon and endophytic fungi addition on total chlorophyll
content (mg/g FW) of Moringa oleifera leaves under salinity stress.

15

Discussion

The seed germination and plant growth are greatly affected under stress
conditions such as salinity stress. Our study showed that germination percentage,
survival rate, and biomass as well as chemical compositions of moringa plants
were drastically suppressed under salinity conditions. Similar results have been
observed in previous studies of Elhindi ez al. (2016); Farouk et al. (2020); Sofy et
al.(2020) and Ren et al. (2020). Also, Farooq et al. (2022) revealed that all salinity
levels significantly affected the germination and growth parameters of M. oleifera
landraces. Soliman ef al. (2015) pointed out that salinity levels reduced growth
parameters and chlorophyll content in M. peregrina. However, the reduction in
germination, biomass and chemical compositions under salinity stress may be as a
consequence of some physiological processes as photosynthetic activity, water
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status, stomatal aperture, mineral nutrition, ion imbalance and carbon allocation
(Bregnoli and Loutari, 1991; Li et al., 2015 and Farouk et al., 2020). On the other
side, the present study revealed that adding of silicon and EF was more effective
with a salt- affected moringa plants in increasing germination, survival rate, and
biomass as well as chemical compositions, with decreased of Na* and CI- content.
The positive effects of silicon on the plant growth may be due to the increment in
antioxidant capacity (Farouk and Omar, 2020 and Farouk et al., 2020). Our results
agree with Carballo-Méndez et al. (2022) who suggested that silicon addition
should be considered as an alternative to reduce the harmful effects of salinity in
M. oleifera plants. Li et al. (2015) concluded that addition of silicon in plants under
salinity conditions, regulates the expression of aquaporins, which increased the
root hydraulic conductivity and improved water absorption. They added that
silicon application increased the stem hydraulic conductivity, which induces water
supply to the leaves and led to increase the growth of leaves and shoots. Ali et al.
(2021) suggested that the endophytic fungus can serve as a good way to improve
growth of maize plants under salinity conditions. Application of Aspergillus
ochraceus alleviated the negative effects of seawater on the growth and
physiological characters of barley plants (Badawy et al., 2021). The beneficial
effects of Endophytic fungi on growth and plant biomass were found in another
species, such as Solanum [lycopersicum (Azad and Kaminskyj, 2016);
Chrysophyllum oliviforme (Ebeid and Shebany, 2017); Zea mays L. (Rho et al.,
2018); Oryza sativa L. (Saddique et al., 2018) and Triticum aestivum L. (Zhang et
al., 2019). The positive effects of endophytic fungi under salinity stress may be
due to induce plants to synthesis of hormones that respond to stress (Manasa et al.,
2020), or enable plants to regulate stress genes and by maintaining a low level of
Na': K" ratio (Abdelaziz et al., 2017). Also, endophytic-fungi induced interplay of
strigolactones that play regulatory roles in tolerance of salinity by interacting with
phytohormones (Gupta et al., 2020). Salt tolerance by endophytic fungi coincide
with the enhanced gibberellic acid concentration, which stimulated the
physiological mechanism and gene in response to salinity stress that improved crop
productivity (Siddiqui et al., 2022). In conclusion, M. oleifera is affected under
saline conditions, especially at high levels. Addition of endophytic fungi and
silicon together or individually leads to improve the germination, survival rate,
biomass and chemical compositions. More studies should be conducted in this field
on moringa species and their tolerance to salinity and the use of biological
compounds and stimulants that mitigate the harmful effects of salinity.
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