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his investigation was conducted at Sedyghazy private orchard,

which is situated on Abu Ghaleb Road, Giza Governorate,

Egypt, at El-kilo 164 km from Cairo to the Alex Desert Road.
For two seasons (2019 and 2020), the experiment was conducted on
10-year-old Abdel-Razek Annona trees budded on Baladi Annona
rootstock and planted at 3.5 x 3.5 meters apart. The trees were grown
in sandy soil under a drip irrigation system (EC= 3.41 dS m™). The
experiment was arranged in a spilt-plot design and the main plots were
represented four levels of foliar application of selenium (Se) (0, 5, 10
and 15 ppm), while the subplots included four rates of potassium
humate (KH) as a soil application (0, 15, 30 and 60 g/tree) as possible
alleviators of salinity. Data revealed that, for enhancing chlorophyll
content and dry matter (%) with the exception of KH 0 g/tree % Se 0
ppm, all other possible combinations of KH X% Se showed similar
favorable effects. It is worthy to mention that KH 60 g/tree x Se 15
ppm, KH 30 g/tree x Se 15 ppm and KH 60 g/tree x Se 10 ppm were
the most appropriate treatments for enhancing most of the significant
yield attributes, fruit quality and leaf nutrient contents of Abdel-Razek
Annona trees under salty soil. On the contrary, the same practices led
to a reduction in leaf Na* content in Abdel-Razek Annona trees. It
could be recommended that a soil application of KH 60 g/tree
followed by foliar spray with Se 15 ppm is suitable in mitigating the
effects of salt stress and provided the best results in terms of fruit
quality, production and nutritional status.

Keywords: Annona, soil amendments, total antioxidant, macronutrients,

micronutrients

INTRODUCTION

Annona sp. is an evergreen deciduous tropical fruit tree belonging to

the family Annonaceae, which is concentrated in the tropics and is endemic to
the West Indies, South and Central America, Ecuador, Peru, Brazil, India,
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Mexico, the Bahamas and Bermuda. The species most commonly cultivated
in this family are Annona cherimola (cherimoya), Annona squamosa (sugar
apple) and Annona muricata (soursop). It has been widely used globally in
traditional medicine for various diseases. In Egypt, a new hybrid, Abdel Razek
Annona is known as a hybrid between Annona cherimola * Annona
squamosal (Lora et al., 2018 and Kumar et al., 2021). The leaves and seeds of
the Annona species exhibit pharmacological activity, including antibacterial,
anticancer, antidiabetic and anti-inflammatory properties (Al Kazman et al.,
2022). Annona squamosa Linn. leaf isolates have demonstrated anticancer
properties against cervical cancer (Swantara et al., 2022). Furthermore, leaf
extract of Annona muricata L. shows potent antioxidant, anti-inflammatory
and cytoprotective effects against DOX-induced testicular dysfunctions
(Abou-El-magd et al., 2024). Crude extracts of Annona squamosa at different
concentrations were incubated with leukemia cells HL60 cells for 24 h to
evaluate the useful characteristics of its extract against oxidative damage. At
all extract concentrations, catalase and superoxide dismutase (SOD) activities
significantly increased in exposed cells. It also increased glutathione levels.
So Annona squamosa might effectively protect against oxidative damage
(Dilworth et al., 2023).

Saline conditions considerably inhibited the growth of Annona
muricata seedlings, and the rate of reduction increased by increasing salinity
level (Chima et al., 2019). A notable decrease in Annona cherimola
development was caused by NaCl, with both ions accumulating in all tissues,
especially in the leaves and shoots (Ebert, 1998). Sugar apple trees suffer from
saline conditions, whether in the soil or irrigation water. These conditions
cause the appearance of symptoms of salt stress, including tip and marginal
necrosis, leaf browning and drop (leaf death), stem dieback and death of the
tree (Crane et al., 2005).

Selenium (Se) plays a substantial role in plants tolerance to various
abiotic stresses, such as those caused by drought, salinity, heavy metals, cold,
high light and water (Feng et al., 2013). In adequate concentrations, Se can
improve plant growth with higher fruit quality, extend fruit shelf life and
increase plant resistance against a variety of stresses due to its significant
impact on the antioxidant ability of plants. It does so by increasing the activity
of antioxidant enzymes, thereby reducing the accumulation of excess reactive
oxygen species and mitigating oxidative damage to cell membranes (Ryant et
al., 2020 and Liu et al., 2022). Many studies have demonstrated that spraying
Se on pomegranate trees (Zahedi et al., 2019), peach trees under drought stress
(Al-Yazal et al., 2023) and blueberry trees (Wang et al., 2018) resulted in
significant improvements in vegetative growth and plant productivity, as well
as stimulation of chlorophyll biosynthesis and an increase in net
photosynthetic rate.

The application of various chemicals and organic materials is
commonly practiced in soil reclamation and the enhancement of
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physicochemical soil properties (Gongalo Filho et al., 2020). Adding
potassium humate (KH) could improve organic matter, soil structure, cation
exchange capacity and water properties, all of which affect plant growth (Abo-
Gabien et al., 2020).

Furthermore, KH has a positive effect in alleviating stresses such as
drought and salinity (Kumari et al., 2021). In ‘Red Roumi’ grapevines,
supplementing with KH at a rate of 6.0 g/vine gained the highest values of
yield per vine and per feddan, berry and cluster weight, SSC, total anthocyanin
and total proteins and carbohydrates in canes (Sefan, 2020). KH also enhances
growth, yield and fruit quality of Manfalouty pomegranate trees, Fagri Kalan
mango trees under salinity conditions and date palm trees under South Sinai
conditions (Abd EI-Rhman, 2017; Abdalla et al., 2022 and Ataya et al., 2022).

Application and integration between KH and Se at appropriate rates
to alleviate the deleterious impact of salinity were evaluated to sustain and
enhance the yield and quality of Abdel Razek Annona under saline conditions.

MATERIALS AND METHODS

1. Field Experiment

A field experiment was conducted during two seasons (2019 and
2020) in a private orchard (“Sedyghazi” farm) located on Abu Ghaleb Road
at El-kilo 164 from Cairo-Alex Desert Road, Giza Governorate, Egypt. The
study was carried out on 10-year-old Abdel-Razek Annona trees, known as a
hybrid between Annona cherimola x Annona squamosa, budded on Baladi
Annona planted at 3.5 x 3.5 meters apart (320 trees/ feddan). The trees were
grown in sandy soil under a drip irrigation system (EC= 3.41 dS m™). Table
(1) displays the chemical analysis of the irrigation water and the soil attributes
of the experiment are displayed in Table (2).

Each experimental season started in January and ended at the end of
August. Sixty-four fruitful Abdel-Razek Annona trees were selected based on
similarity in their shape, size and for being disease-free. They were given the
same horticultural practices adopted in Annona orchards of the region.

Table (1). Chemical analysis of water.

EC Soluble cations (meq/L) Soluble anions (meq/L)
PH O @sm) “ca® Mg~ Na' K' CO; _ HCOsy __ SOs cr
8.2 341 10 1.3 20.2 012 - 0.8 10.1 20.1
Table (2). Physical and chemical attributes of the experiment soil.
Sand  Silt Clay Soil EC Soluble cations (meq/L) Soluble anions (meq/L)
% % % Texture PU (dsim) —o Mg”© Na© K CO- HCOy S0, CF
93.1 0.2 6.4 Sandy 7.0 2.71 9.1 7.2 13.1 03 - 1.3 5.8 187
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2. Experiment Design

The experiment was arranged in a split-plot design. The main plots
were assigned to the foliar application of Se, and the subplots were designated
for KH. Consequently, the experiment was consisted of sixteen treatments
with four replicates; each replicate was represented by one tree.

3. Rates and Application Methods of Experimental Materials

Four levels of Se were applied as a foliar application (main plots)

1. Control (without Se)

2. Se at 5 ppm

3. Se at 10 ppm

4. Se at 15 ppm

Se as sodium selenite (Na,SeOs) was sprayed to the point of runoff
three times during each growing season: the first in the last week of February
at the beginning of new leaves emergence, the second at the last week of
March, and the third at last week of April. Control trees were sprayed with
irrigation water only. As a wetting agent, 0.1% Triton B was applied to every
treatment, including the control.

Four rates of potassium humate as a soil application (subplots):

1. Control (without KH)

2. KH 15 g/tree/year

3. KH 30 g/tree/year

4. KH 60 g/tree/year

The different KH levels were applied once in winter (mid-January) as
a ditch application beneath the drippers for each selected tree.

4. Data Recorded and Determinations
4.1. Total leaf chlorophyll content (SPAD reading)

At the end of the growing season (last August), six leaves were
collected and chlorophyll content was determined using a SPAD — 502
MINOLTA chlorophyll meter.

4.2. Leaf dry matter percentage
The same leaf samples were weighed and then oven-dried at 70°C

until their weight remained constant. Leaf dry matter (%) was calculated using
the equation: Leaves dry weight/ Leaves fresh weight) * 100

4.3. Yield and its components
At harvest time (late August), Abdel-Razek Annona fruits were

harvested in both seasons (2019 and 2020). The yield, expressed as the number
and weight of fruits per tree, was determined. Three fruits from each tree were
used to calculate the average fruit weight, which was then multiplied by the
number of fruits per tree to obtain the yield per tree (kg).
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4.4. Fruit quality

Three fruits from each tree were used to measure the following fruit
physical and chemical characteristics.
4.4.1. Fruit physical attributes

Fruit volume (cm?®), seed weight (g), peel weight (g), pulp weight (g)
and pulp percentage (pulp weight/fruit weight x 100) were calculated. Fruit
length (cm) was measured from the top to the base of the fruit and fruit width
(cm) was measured at the broadest point.
4.4.2. Fruit chemical attributes

Total soluble solids percentage (TSS%) were determined using a hand
refractometer. Total titratable acidity percentage in fruit juice was expressed
as anhydrous citric acid according to AOAC (2012). TSS/acid ratio was then
computed. Total antioxidants in the fruit were determined according to Prieto
et al. (1999).
4.5. Leaf mineral content

Twenty-five spring flush leaves from each tree were collected at the
end of August in each season, washed with distilled water and dried in an
electric oven (60-70°C) until their weight remained consistent. The samples
were then milled into fine powder for mineral analysis. For nitrogen (N) and
potassium (K), samples were digested using sulfuric acid and hydrogen
peroxide according to Parkinson and Allen (1975). Total N was determined
by modified micro-Kjeldahl according to Pregl (1945), and K and sodium (Na)
were measured by a flame photometer (Irri, 1976).

For calcium (Ca), magnesium (Mg), iron (Fe), zinc (Zn), manganese
(Mn), and Se, leaf samples were digested with nitric acid and hydrogen
peroxide using a microwave digestion labstation closed system (Ethos Pro,
Milestone, Italy) and analyzed by inductively coupled argon plasma (ICAP
6500 Duo, Thermo Scientific, England). A 1000 mg/L multi-element certified
standard solution (Merck, Germany) was used as a stock solution for
instrument standardization.
4.6. Proline

Proline amino acid was determined according to Bates et al. (1973).

5. Statistical Analysis

Data were subjected to computerized statistical analysis using
Statistix 9 for analysis of variance (ANOVA) according to Snedecor and
Cochran (1972). The treatment means were compared using LSD at 0.05 level.

RESULTS

1. Leaf Relative Chlorophyll Content (SPAD) and Leaf Dry Matter
Percentage

Results in Table (3) show that the relative chlorophyll content (SPAD
reading) and dry matter percentage were statistically affected by KH in both
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seasons. All KH rates outperformed the untreated trees in enhancing SPAD
readings and dry matter percentage. Regarding Se spraying, in the first season,
Se at 15 ppm or 10 ppm produced the highest SPAD readings, while in the
second season all Se rates surpassed the untreated trees in increasing SPAD
readings, regardless of the concentration. Meanwhile, the highest leaf dry
matter percentage was achieved by Se at 15 ppm in both seasons. Concerning
the interaction, it is clear that untreated trees recorded the lowest significant
values for both traits. Other combinations produced more boosting impact on
both traits, with KH at 60 g/tree x Se at 15 or 10 ppm and KH at 30 g/tree x
Se at 10 ppm being the most effective treatments for SPAD readings and leaf
dry matter percentage in the first and second seasons, respectively.

2. Yield and Its Components

Table (4) presents yield and its constituents. Fruit weight, fruit
number and tree yield were significantly affected by both KH application and
Se foliar spraying. For KH, applying 30 g/tree or 60 g/tree gained the highest
significant values of yield and its components in both seasons, except for fruit
weight in the second season, where only the higher rate (60 g/tree) achieved
the highest significant values. Regarding Se, all yield traits generally increased
progressively with increasing Se levels up to 15 ppm, which exhibited the
highest significant values of all yield traits. The only exceptions were fruit
number/tree and fruit weight in the first season, where Se at 10 ppm and 15
ppm showed the highest significant values with insignificant differences
between the two rates. The interaction between KH and Se was significant in
both seasons, with various combinations. The combinations of KH at 30 g/tree
or 60 g/tree x Se at 15 ppm were the most effective which resulted in the
greatest fruit number/tree, heaviest fruit weight and highest yield/tree in both
seasons. Additionally, the combination of KH at 30 g/tree x Se at 10 ppm gave
a similar increment in yield and its components in the first season. Other
combinations had more boosting effect on the yield and its components as
compared with untreated trees, which recorded the least significant values.

3. Fruit Quality
3.1. Fruit physical attributes

Data in Tables (5 and 6) show the impact of KH and Se foliar spray
on some physical attributes of “Abdel Razek” Annona fruits during 2019 and
2020 seasons. Data in Table (5) illustrate that KH and Se treatments
significantly affected fruit volume, length and width in both seasons.
Regarding KH, in most cases, treatment of KH at 30 g/tree and 60 g/tree
achieved the highest significant values in both seasons, except for fruit volume
in the second season, where only the highest level of KH (60 g/tree) gave the
highest fruit volume.
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Concerning Se effect, foliar spraying with 10 ppm or 15 ppm in the
first season achieved the highest values, with no significant difference
between them. In the second season, Se at 15 ppm alone gave the highest
significant values.

On the other hand, treatment of Se at 15 ppm alone proved to give the
highest significant values in the second season. With respect to the interaction,
untreated trees KHO x Se 0 recorded the least significant values in the two
growing seasons. The result also revealed that, although there were many
promising combinations that resulted in increasing fruit volume, length and
width, the most notable and remarkable treatments in the 2" season were KH
60 x Se 10 ppm and KH 60 g/tree x Se 15 ppm. While in the first season all
combinations between KH and Se gave higher values as compared with
untreated trees.

Data in Table (6) reveal that pulp weight was significantly affected by
KH and Se levels in both seasons. Trees treated with KH at 30 g/tree and 60
g/tree gave the heaviest pulp in the first season, while in the second season,
the highest pulp weight was recorded only with KH at 60 g/tree. Regarding
Se, the highest level of 15 ppm produced the highest pulp weight in both
seasons. For the interaction between two factors, treatments of KH at 60 g/tree
x Se at 15 ppm, KH at 60 g/tree x Se at 10 ppm and KH at 30 g/tree x Se at 15
ppm were the most notable combinations in both seasons. Result also
demonstrated that, KH, Se foliar spraying and their interaction had no
significant effect on peel weight and seed weight in the first season. Whereas
in the second season, fruits obtained from trees treated with KH at 60 g/tree x
Se at 10 ppm exhibited the lowest peel weight, while the lowest seed weight
was obtained with KH at 60 g/tree x Se at 5 ppm, through no consistent trend
was observed among the other treatments. Pulp percentage was significantly
affected by KH in both seasons. The greatest significant pulp percentage was
recorded by KH at 30 g/tree or 60 g/tree in both seasons. For Se, spraying at
10 or 15 ppm resulted in the highest pulp percentage in the second season.
Concerning the interaction, the most remarkable combination was KH at 60
g/tree x Se at 10 ppm, which produced the greatest pulp percentage.

3.2. Fruit chemical attributes

As shown in Table (7), all fruit chemical attributes except total acidity
were significantly impacted by KH soil amendment and Se foliar spraying in
the 2019 and 2020 seasons.

Data regarding TSS% revealed that, fruits of Annona trees that
received KH 60 g/tree outperformed the untreated trees in both the first and
second seasons. As for Se, spraying Se with 10 ppm or 15 ppm was an
effective application for increasing TSS in Annona fruits in the two seasons.
Concerning interaction, except for untreated trees the remaining possible
interactions between KH x Se exhibited similar improvement in TSS% in the
first season. While treatment of KH 60 g/tree x Se 15 ppm had a higher value
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compared with other treatments and untreated trees which gave the lowest
value.

Data concerning fruit acidity showed that the application of KH and
Se spraying had a non-significant effect on fruit acidity in both seasons. With
respect to interaction, one can notice that untreated trees KH 0 x Se 0 had
higher values as compared with other combinations. g/tree

Concerning TSS/acid ratio, data showed clearly that applying KH
irrespective the level had a noticeable significant improvement in values of
TSS/acid ratio compared with untreated trees in the two seasons. As for Se
spraying, spraying Se at 10 ppm and 15 ppm gave the highest TSS/acid ratio
in both seasons. With respect to the interaction, the combination of KH 30
g/tree x Se 15 ppm in both seasons and KH 60 g/tree x Se 15 ppm in the second
season was the most beneficial treatment.

Regarding total antioxidant, as shown in Fig. (1) all KH levels had
significantly higher values of total antioxidant as compared with control
which had the lowest values in both seasons. Foliar spraying of Se at 15 in the
first season and 10 or 15 ppm in the second one enhanced the total antioxidant
by 38.44, 45.31 and 37.45% greater than control in both seasons respectively.
Concerning the interaction combination of KH 30 g/tree x Se 15 ppm was the
most promising treatment in both seasons.

4. Leaf Mineral Content
4.1. Macronutrient content

Both leaf nitrogen and potassium content as shown in Table (8) of

“Abdel Razek” Annona trees were assessed under application of KH and
spraying of Se in 2019 and 2020 seasons.
Results concerning leaf potassium content illustrated that, leaf potassium
content was improved gradually by increasing KH up to 60 g/tree in both
seasons. Regarding Se spray, Se at 15 ppm resulted in higher leaf potassium
content as compared with other treatments in both seasons. As for interaction,
despite there being many remarkable combinations that enhanced leaf
potassium content however KH 60 g/tree x Se 15 ppm, KH 60/tree x Se 10
ppm and KH 30 g/tree x Se 15 ppm were the noteworthy combinations in the
two seasons.

Data in Table (9) clarify that leaf Ca and Mg content were
significantly affected with KH, foliar application of Se and their interaction in
both seasons. Regarding KH it is worth mentioning that the highest level of
KH 60 g/tree resulted in the highest Ca content in both seasons while KH at
30 g/tree and 60 g/tree had the highest Mg content in both seasons without
significant differences between them. As for Se foliar spray, it was noticed
that untreated trees gained the lowest values of Ca and Mg, in contrast to all
Se levels which recorded the highest values of Ca and Mg in the first season.
While in the second season Se at 15 or 10 ppm gave the highest Ca content.
Moreover, Se at the highest level (10 ppm) had higher Mg content as
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compared with other levels. With respect to interaction, it is apparent that the
interaction between KH x Se was significant with varied affirmative
combinations KH 60 g/tree x Se 15 ppm, KH60 g/tree x Se 10 ppm and KH
30 g/tree x Se 10ppm were the most effective interaction for enhancing leaf
Ca and Mg content.

As shown in Tables (10 and 11) micronutrients in “Abdel Razek”
Annona leaves were significantly enhanced by KH and Se spraying in the 2019
and 2020 seasons.

Data concerning leaf Fe content demonstrated that KH at 30 g/tree or
60 g/tree had the highest values in the first season, whereas in the second
season, the high level of KH 60 g/tree had the highest leaf Fe content. The
result also revealed that all Se rates surpassed Se O ppm for enhancing leaf Fe
content in the first season while in the second season trees receiving Se at 10
pm or 15 ppm resulted in the highest Fe content. Regarding the interaction,
untreated trees gained the least significant values in both seasons. Other
combinations between the KH x Se improved leaf Fe content while treatment
of KH 60 g/tree x Se 15 ppm or 60 g/tree x Se 10 ppm were the most beneficial
treatments in the two seasons.

Data regarding leaf Zn content showed clearly that Zn content was
enhanced gradually by increasing the KH level up to 60 g/tree, especially in
the first season. As for Se foliar spray, it was noticed that leaf Zn content
significantly increased by increasing Se level up to 10 ppm. Meanwhile the
difference between Se at 10 ppm and Se at 15 ppm was insignificant in both
seasons. With respect to the interaction, despite several promising
combinations that improved leaf Zn content however KH 60 g/tree x Se 10
ppm in both seasons and KH 60 g/tree x Se 15 ppm in the second season were
the prominent combinations.

Results concerning leaf Mn content clarified that, applying KH at 30
g/tree and 60 g/tree achieved the highest values of Mn content with a non-
significant difference between them in the two seasons. Results also showed
that, all Se levels improved leaf Mn content especially in the second season.
With respect to the interaction between KH and Se, many combinations
caused similar improvement in leaf Mn content especially in the first season;
meanwhile, the combination of KH 60 g/tree x Se 15 ppm had higher values
as compared with other treatments in the two seasons.

Data in Table (11) revealed that, both Se and sodium content of
“Abdel Razek” Annona leaves were significantly affected by applying KH and
Se in both seasons.

Trees receiving the highest level of KH at 60 g/tree resulted in the
highest leaf Se content in the two seasons. As for Se spraying, the highest leaf
Se values were recorded with Se at 10 ppm and Se 15 ppm in the two seasons.
With respect to the interaction, it is worth noting that, the highest values were
obtained by the combination of KH at 60 g/tree x Se 15 in both seasons. On
the contrary untreated trees exhibited the lowest values in the two seasons.
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4.2. Micronutrients content

As shown in Table (11), trees receiving the highest level of KH at 60
g/tree resulted in the lowest leaf sodium content in the two seasons. As for Se
spraying, the lowest sodium content values were recorded with Se at 15 ppm
in the first season. Meanwhile in the second season, treatments of Se at 10
ppm and Se 15 ppm had the least values with no significant difference between
them. With respect to the interaction, it is worth noting that, least values were
obtained by the combination of KH at 60 g/tree x Se 15 ppm in the both
seasons. On the contrary untreated trees exhibited the highest values in the
two seasons.

5. Proline Content

Data in Fig. (2) revealed that, proline content of “Abdel Razek”
Annona leaves was significantly affected by applying KH and Se in both
seasons. Trees receiving the highest level of KH at 60 g/tree resulted in the
highest leaf proline content in the two seasons. As for Se spraying, the highest
leaf proline content values were recorded with Se 15 ppm the first season.
While in the second one, Se at 10 ppm or 15 ppm showed the highest
significant values. With respect to the interaction, it is worthy to note that, the
highest values were obtained by the combination of KH at 60 g/tree x Se 15
in both seasons. On the contrary, untreated trees exhibited the lowest values
in the two seasons.

DISCUSSION

The noticeable effect of KH could be due to stimulating root growth
through enhancing the root fresh mass and delaying the senescence of roots
(Liang et al., 2007). Moreover, KH contains many nutrients in addition to
natural humic acid, which enhances the uptake of minerals such as P, N and
K. So it improves the nutritional status of the plant, which is reflected in
increasing yield and its components (Ibrahim and Ali, 2018). Many studies
have demonstrated that, KH considerably increases Red Roumi’ grapevines
yield (Sefan, 2020). Manfalouty pomegranate (Abd El-Rhman, 2017) and
Fagri Kalan mango (Abdalla et al., 2022). Our findings regarding yield and its
constituents in Table (4) are consistent with these observations, where
application of KH 30 g/tree or 60 g/tree achieved increases of 42.47 and 34.40
% higher than the control treatment in the 1% season and 33.08 and 29.93% in
the 2" season.

Additionally, KH had a prominent effect on promoting hormone
production, stimulating root growth, and improving the absorption of
minerals. Thus, it improved chlorophyll and enhancing photosynthesis (Shen
et al., 2024). This remarkable influence could explain the increase in SPAD
reading and dry matter (Table 3).
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KH had a noticeable impact on enhancing microbial activity in the
rhizosphere, boosting nutrient availability through chelation processes, and
improves soil structure by encouraging aggregate formation. Moreover, KH
improved soil respiration and soil organic carbon and the available nutrient
content in the soil. Consequently, the effects of salt are reduced (Liu et al.,
2024 and Rupngam et al., 2025). This remarkable influence could explain the
increased macro- and micronutrients. On the other hand, Sun et al. (2022)
reported that the soil's available B, Ca, N and K, had the biggest impact on the
weight of a single fruit, whereas the soil's available Fe, K, B and Ca had the
biggest impact on the amount of soluble solids in the fruit. Hence, the
increased availability of elements, which was enhanced due to KH, led to an
increase in fruit physical and chemical attributes (Tables 5, 6 and 7).

Under salinity stress, high amounts of Na have a negative effect on
the uptake of nutrients, especially potassium; where elevated Na™ causes a
decrease in K" availability by inhibiting K" activity in the soil solution and
also Na® competes with K for uptake sites at the plasma membrane
(Abdeldym et al., 2020). Therefore, maintaining cellular K* level above a
certain threshold and preserving a high cytosolic K*/Na" ratio (either by
retaining K* or preventing Na“ from accumulating in leaves) is crucial for
plant growth and salt tolerance (Farag et al., 2022). Under saline conditions,
our findings indicate that KH enhanced the K* level of leaves and the Na*
concentration decreased. This outcome is consistent with earlier research by
El-Beltagi et al. (2023).

The remarkable effect of Se could be identified as its effectiveness in
increasing cell division (Aghaie and Forghani, 2023). Furthermore, Se
improved photosynthetic pigments such as carotenoids, pheophytins and
chlorophylls. It also increases the enzymatic metabolism of antioxidants
(Cunha et al., 2022), which enhances plant growth under stress conditions.
This positive impact could explain the increased relative chlorophyll content
and dry matter (Table 3). Where Se spray at 15 ppm increases the SPAD
reading by 5.09% and 7.40% also improves dry matter by 5.59 and 6.98%
greater than Se 0 in both seasons.

Se regulates physiological functions, such as osmoregulation, which
preserves water retention in plant cells (Liu et al., 2022). So, Se can be applied
to alleviate the adverse effects of salinity stress (Feng et al., 2013). This
positive effect could explain the increased yield (Table 4) and fruit chemical
traits (Table 7). Where Se at 15 ppm improves yield/tree by 56.72 and 59.38%
greater than control in the two seasons. Similar findings were documented by
Zhu et al. (2017) revealed that Se fertilizer increases soluble solids, soluble
protein, vitamin C and soluble sugar. In addition, Karimi et al. (2020) showed
that Se had an additive effect on the accumulation of total phenol, total
flavonoid and soluble sugars in leaves of vines under salinity stress (75 mM
NacCl).

Egyptian J. Desert Res., 75, No. 1, 273-300 (2025)



Shaimaa M.M. Ataya

294

$31) puouUE Y3z [3pqY Jo mp 3/ aurjord Jes] uo Aeids Ierjo] wmrtaas pue ey wmisselod Jo 1oedwn uondeIanm pue urely *(7) 81

k1

e eqe
E

UOSEDS PUZ |

9p

u0sEDs IST M

ot

apa=pa

a

qe

HAx35

13 op EIE]

<L

(3211/8) Hx

avy

=]

"STIOSEas (70T PUe 6107 I

0 ST
22 _
vv

(wdd) as

(1]

0ZT

(1) 48

09T

08T

0oz

0Zz

ove

09z

08z

0oe

(mp fwnd) awjoag

Egyptian J. Desert Res., 75, No. 1, 273-300 (2025)



EFFECT OF FOLIAR BY SELENIUM AND POTASSIUM.......... 295

In addition, Se boosts both enzymatic and non-enzymatic antioxidant
capacities in grapevine leaves. On the other hand, numerous studies showed
that Se enhances yield and its components in peach trees (Al-Yazal et al.,
2023), Manfalouty pomegranate (Abdelghany et al.,, 2024) and Mango
(Almutairi et al., 2023). Additionally, Shahverdi et al. (2020) observed that
under salinity conditions (30, 60 and 90 mM NaCl), spraying Se individually
or in combination with Fe and boron gained alleviated salt stress and enhanced
the root morphological traits (root length, root volume, root area, root dry
weight and root fresh weight) of Stevia rebaudiana. This beneficial effect
could account for the rise in macro- and micronutrients (Tables 8, 9 and 10).
Moreover, many studies reported that the external application of Se led to an
increase in salt stress tolerance by promoting osmolyte accumulation, such as
proline and soluble sugar (Karimi et al., 2020 and Mushtaq et al., 2023). These
observations align with our findings regarding proline (Fig. 2). Additionally,
Farag et al. (2022) demonstrated that Se achieves significant improvement in
K, Ca and the K/Na ratio, which aligns with our findings.

CONCLUSION

The current investigation demonstrated that salt stress effects could be
mitigated by enhancing soil attributes as an indirect effect of KH, as well as
the direct impact of Se foliar spray to modify the physiological state and
productivity of Abdel-Razek Annona trees. In general, under salinity stress,
adding KH as a soil application of 60 g/tree, followed by spraying Se (15 or
10 ppm), achieved noticeable improvement in relative chlorophyll content,
dry matter, fruit productivity traits, and fruit quality.
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