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ABSTRACT

This work was conducted at a private farm in El-Kasr city, El-Dakhla Oasis, New Valley
Governorate, during 2022 and 2023 seasons to study the effect of two sowing dates (1% and 20 February),
foliar spray with some safe materials, i.e., salicylic acid (SA) at 0.5 and 1.0 mM, ascorbic acid (AsA) at 50
and 100 ppm, and potassium silicate (KSil) at 4 and 8 ml/l, beside untreated control, and the interaction
between them on growth, yield and fruit quality of watermelon (cv. Aswan F1). The interaction between
sowing watermelon on 20™ Feb. and foliar spray with KSil at 8 ml/I recorded the highest values of vegetative
growth parameters and dry weight/plant, nitrogen, phosphorus and potassium content in leaves and average
fruit weight, fruit quality, i.e., total soluble solids, total and reducing sugars, lycopene concentration and ferric
reducing antioxidant power assay. While the interaction between sowing on 20" Feb. and spraying plants
with AsA at 50 ppm gave the highest total yield/feddan without significant differences in the interaction
between sowing at the same date and spraying plants with KSil at 8 ml/l in both seasons. The relative increase
in total yield/feddan were about 71.96 and 70.93% for the interaction between sowing on 20t Feb. and
spraying plants with KSil at 8 ml/I and 73.83 and 72.40% for the interaction between sowing on 20" Feb. and
spraying plants with AsA at 50 ppm over sowing date on 1% Feb. and spraying plants with distilled water in
the 1%t and 2" seasons, respectively.
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INTRODUCTION

Watermelon (Citrullus lanatus L.) belongs to
family cucurbitaceae. It is a popular dessert vegetable with
year round availability. Watermelon global consumption is
greater than that of any of the cucurbit family member
(Babaetal., 2014).

The total harvested area in Egypt amounting to
31501 ha, produced about 1025289 ton with an average of
32.55 ton/ha of watermelon fruits during 2022 season
(FAOSTAT, 2022).

Watermelon native to the tropical and sub-tropical
areas is particularly sensitive to cold stress. Cold stress can
cause stunted plant growth, wilting, necrotic lesions on
leaves and increased susceptibility to diseases witch
pathogens and can result in yield reduction (Korkmaz and
Dufault, 2002).

The current impacts of climate change are threatening
agricultural production globally. Climate change demand a
substantial increase in agricultural production to ensure food
Safe (Bouabdelli et al., 2022). Early harvesting is one of the
important criteria for obtaining better prices in the market for
higher profitability.

There were significant differences between sowing
dates on plant growth, yield and its components and fruit
quality of many cucurbit crops (El-Shabrawy and Hatem,
2008 on watermelon; Mohamed, 2011 and Moursy et al.,
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2014 on squash; Khaled, 2016 on bottle gourd; Mousa, 2017
on watermelon and Abdel-Aleim et al., 2023 on cucumber).

In this concern, there is an urgent need to improve
agricultural practices to ensure that crop production is
balanced with environmental sustainability. Under climate
changes the production of vegetable crops may be
improved by using various novel agricultural practices, i.e.,
suitable new cultivars, modification of sowing date, as well
as spraying growth stimulants. Growth stimulants like
potassium silicate, ascorbic acid, and salicylic acid have
drawn attention recently because they are thought to be
among the most crucial components of management
strategies to improve horticultural crops' capacity to
withstand abiotic stress, as well as their uptake and
efficiency of nutrients, and overall crop quality, especially
when stressed (Salama et al., 2019).

Salicylic acid (SA) is a naturally occurring phenolic
compound. It is play an important role in the regulation of
plant growth, development, ripening, and defense responses.
In addition to its defense responses, SA plays an important
role in the response to abiotic stresses, including drought, low
temperature, and salinity stresses (Miura and Tada, 2014).
Salicylic acid increase drought tolerance and avoids the
deleterious effect of water stress (Shehata et al., 2020).
Recent studies have revealed that exogenous SA can enhance
cold stress tolerance mechanisms in different plant species
(Duan et al., 2022). In addition, spraying plants with salicylic
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acid improved plant growth, yield and fruit quality (Abd-
Elaziz et al., 2019 on squash; Nada and Abd El-Hady, 2019
and Akshata et al., 2023 on cucumber).

Ascorbic acid (AsA) is the most abundant antioxidant
compound essential for various biological functions in plants
(Chaturvedi et al., 2022). It also plays an important role in
cell division and expansion, osmotic adjustment, and
hormone biosynthesis, processes that are essential to plant
growth and development. According to (Kamal et al., 2017)
revealed that exogenously applied AsA can alleviate the
adverse effects of various abiotic stresses.

In this regard, spraying with ascorbic acid
significantly enhanced plant growth, productivity and fruit
quality of many cucurbit crops (Naz et al., 2016 on
cucumber; Youssef et al., 2017 on squash; Abdel-Wahab,
2018 on cucumber and Mohamed et al., 2021 on squash).

In agricultural production systems, potassium
silicate (KSil) is a useful supply of highly soluble silicon
and potassium. By enhancing plant resistance to biotic and
abiotic challenges, including disease infections and pests,
salt, drought, high temperature, and nutrient imbalance, it
has a significant impact on the growth, production, and
fruit quality of watermelon (Ma, 2004).

Some authors showed that spraying with potassium
silicate significantly enhanced growth, yield and fruit

quality of some cucurbit plants (Shehata, 2018 on
cucumber; Shehata and Abdelgawad, 2019 on squash;
Wehedy, 2019 on watermelon and Qassem et al., 2022 on
cucumber.

This study was conducted with the aim of reaching
the most appropriate sowing time and foliar spraying with
safe materials to obtain high productivity and the best
quality of fruits under the conditions of El-Dakhla Oasis in
New Valley Governorate.

MATERIALS AND METHODS

This work was conducted at a private farm in El-
Kasr city, located at El-Dakhla Oasis district (25°41°33° N,
28751°51° E, altitude 616 m), New Valley Governorate,
during 2022 and 2023 seasons to study the effect of two
sowing dates (1%t and 20™ February), foliar spray with some
safe materials; salicylic acid (SA), ascorbic acid (AsA) and
potassium silicate (KSil) and the interaction between them
on growth, productivity and fruit quality of watermelon
(cv. Aswan F1), witch supplied by SAKATA Company,
Japan and obtained from Gaara Seeds Company.

Physical and chemical analysis of experimental soil
according to the methods of Page et al. (1982), as the average
of the 2022 and 2023 seasons, are shown in (Table 1).

Table 1. Physical and chemical analysis of experimental soil as the average of the 2022 and 2023 seasons.

Soil properties

Soil properties

Soil properties

Physical analysis Values Chemical analysis Values Soluble anions Values
Coarse sand (%) 4.95 SP (%) 11.95 CI (meg/L) 5.40
Fine sand (%) 75.11 CaCOs (%) 5.88 HCOs (meg/L) 1.00
Silt (%) 13.09 Soluble cations Values Auvailable nutrients Values
Clay (%) 6.85 Na* (meg/L) 11.02 N (ppm) 42.25
Textural class Sandy K* (meg/L) 1.10 P (ppm) 5.39
Chemical analysis Values Ca®* (meg/L) 2.50 K (ppm) 87.70
E.C. (dsm* 1:2.5) 1.28 Mg?* (meg/L) 0.75

pH (1:2.5 wiv) 8.14

Organic matter (%) 0.62

The average temperature and relative humidity (RH
%) in two growing seasons 2022 and 2023 were determined
according to Meteorological Station of El-Dakhla Oasis, New
Valley Governorate, Egypt, and shown in (Table 2).

Table 2. Meteorological data during the two growing

seasons 2022 and 2023.
Temperature degree (°C) Relative humidity (%)

Month 2022 2023 2022 2023

season season season season
1-10 Feb. 14.00 13.60 47.00 45.00
11-20 Feb 15.40 15.30 46.00 43.00
21-28 Feb 17.10 17.80 39.00 41.00
1-10 March 21.10 22.90 31.00 28.00
11-20 March  15.80 20.60 35.00 33.00
21-31 March ~ 19.00 21.40 28.00 35.00
1-10 April 31.30 24.70 15.00 29.00
11-20 April 26.80 25.00 23.00 30.00
21-30 April 29.10 27.00 21.00 26.00
1-10 May 28.40 27.30 22.00 27.00
11-20 May 31.10 29.00 20.00 25.00
21-31 May 30.40 32.10 22.00 23.00
1-10 June 32.70 35.20 22.00 22.00
11-20 April 32.90 33.40 24.00 26.00
21-30 June 32.80 32.40 25.00 27.00

This experiment included 14 treatments, which
were the combinations between two sowing dates (1%

February and 20" February) and 6 treatments with some
safe materials as foliar spray; SA at 0.5 and 1.0 mM, AsA
at 50 and 100 ppm and KSil at 4 and 8 ml/l, beside
untreated control (sprayed plants with distilled water).
These treatments were arranged in a split plot
design with three replicates. Sowing dates were randomly
arranged in the main plots and some safe materials were
randomly distributed in the sub plots. The plot area was
12.0 m?, with two ridges of 4.0 m long and 1.5 m width
and the distance between two plants on the same ridge was
0.5 m apart. Seeds were sowed directly in the soil at two
sowing dates (1% and 20" February) during both seasons.
Plants were sprayed with different safe materials
four times, starting at the fourth true leaf stage (45 days
from sowing dates in both seasons), and repeated three
times with an interval of 10 days. Each plot received 0.4,
0.6, 0.8, and 1.0 liter of aqueous solution at the first,
second, third, and forth foliar applications, respectively,
and used a spreading agent (reflecting materials). In
addition, control plants were sprayed with the same
quantity of distilled water. Potassium silicate (FTE Silika)
contained 30% SiOz and 20% KO; SA, AsA, and KSil
were obtained from EI-Gomhouria Company, Egypt.
During soil preparation a mixture of 20 m® poultry
manure plus 200 kg calcium super phosphate (15.5%
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P,0s), 100 kg ammonium sulphate (20.6% N), 100 kg
potassium sulphate (48% K:0), and 75 kg sulfur per
feddan. Other rates of N, P, and K fertilizers were added
weekly, and other agricultural practices for watermelon,
such as irrigation, weed control and pest control, were
carried out according to the recommendations of the
Ministry of Agriculture, Egypt.

Data recorded:

1- Vegetative growth characters:

Representative samples, five plants were randomly
taken from each plot at 90 days from sowing in both seasons,
before fruit harvesting to estimate the following characteristics
from chosen plants: Vine length (cm), number of branches per
plant, and leaf area (cm?), which was determined as the fifth
leaf number (fully expanded leaf) from the plant top for five
plants, according to the formula of (Almeida, 2013). Also,
plant parts such as vine, branches, leaves, and root were dried
at 70 °C until they reached a constant weight, and then the
plant dry weight (g) was determined.

2- Chemical constituents of leaves:

The amounts of nitrogen, phosphorus, and
potassium in leaves were measured at 90 days from sowing
dates in both seasons using the techniques outlined by
A.0.A.C. (2019).

3- Yield:

Ripe fruits were harvested three times, starting at
125 and 98 days from sowing dates 1 Feb. and 20" Feb.,
respectively, in both seasons, and the average fruit weight
(kg) and total yield (ton/feddan) were determined.

4- Fruit quality:

Ripened fruits (5 fruits per plot) were sampled for
laboratory analysis, and the edible portion of the fruit, was
analyzed for: Total soluble solids (TSS) were determined
using a refractometer. Lycopene concentration was
determined as mg/100g FW according to Ranganna (1977).

Total sugars and reducing sugars were determined in
dried flesh of fruits according to the method described by
Sadasivam and Manickam (1996) and Naguib (1964),
respectively. Ferric Reducing Antioxidant Power (FRAP)
was determined in flesh fruits according to Benzie and Strain
(1996).

Statistical analysis:

Data were subject to the statistical analysis of
ANOVA, and the entries means were compared according
to the least significant differences (LSD) at 5% levels, as
reported by Gomez and Gomez (1984).

RESULTS AND DISCUSSION

1. Vegetative growth characters:
Effect of sowing date:

There were significant differences between the two
sowing dates concerning all plant growth parameters of
watermelon plants grown in El-Kasr city, El-Dakhla Oasis
in both seasons (Tables 3-6). The highest values of these
traits, i.e., vine length (366.50 and 375.36 cm), number of
branches per plant (11.24 and 11.43), leaf area (197.96 and
203.32 cm?), and plant dry weight (192.81 and 196.48 g)
were obtained by late sowing date 20" February compared
with early sowing 1% February in both seasons. The relative
increases in plant dry weight were about 35.16 and 34.83%
for sowing date on 20" February over early sowing 1%
February in the 1% and 2" seasons, respectively.

This may be due to summer vegetables such as
watermelon are sensitive to low temperature, especially
blew 15°C throughout plant development, i.e., seed
germination, vegetative growth and reproduction. Under
low temperatures, many seeds may do not germinate or
germinate irregularly and plants grow differentially with
delayed plant formation leading to variability in crop
development. During later stages, plant growth and
development are extremely retarded that either limit or lead
to no flower and fruit production (Foolad and Lin, 2000).

In this connection higher vegetative growth of the
20" Feb. sowing date might be due to the prevailing suitable
temperature (Table 2) and better meteorological conditions
compared with 1% February early sowing date. Also, the
increase in leaf area may be due to availability of higher light
intensity and temperature resulting in production of more
active leaves and also affecting leaf physiology which finally
increased leaf photosynthesis (Watako, 2015).

Similar results were obtained by El-Shabrawy and
Hatem (2008) on watermelon; Igbal et al. (2019) on Bitter
ground and Abdel-Aleim et al. (2023) on cucumber.

Effect of foliar spray with some safe materials:

All safe materials as foliar spray had increased all
plant growth parameters of watermelon plant at 90 days
after sowing in both seasons as compared to control
treatment (Tables 3-6).

Spraying plants with KSil at 8 ml/l significantly
increased vine length (363.36 and 374.62 cm), number of
branches per plant (10.72 and 11.11), and plant dry weight
(181.04 and 184.65 g), while spraying with AsA at 50 ppm
gave the highest value of leaf area (202.34 and 207.90 cm?)
at 90 days after sowing in both seasons. There were no
significant differences between spraying with KSil at 8
ml/l and SA at 0.5 mM as for vine length in both seasons,
KSil at 8 ml/l and AsA at 50 ppm as for number of
branches per plant and leaf area in both seasons. The
relative increases in plant dry weight due to spraying with
KSil at 8 ml/l were about 17.63 and 17.58% over the
control in the 1% and 2" seasons, respectively.

This increment in dry weight of watermelon plants
(Table 6) could be attributed to the role of potassium on
plant nutrition and the enhancement of assimilate
translocation and protein synthesis. Silicon addition to
plants reduced the inhibitory effect on watermelon growth
and photosynthesis, also the improving effect of silicon
seemed to be due to increasing root hydraulic conductance
of the plants (Shi et al., 2016).

This may be due to the role of silicon that improves
plant development and growth through promoting several
desirable physiological processes (Desoky et al., 2021) in
addition, deposited in the walls of epidermal cells after
absorption by plants, contributes considerably to stem
strength (Shehata et al., 2018). Also, the positive effect of
AsA on root length and leaf area per leaves may be due to its
role in enhancing the efficiency of photosynthesis, cell
expansion and cell division (Naz et al., 2016). However,
application of vitamins to plants may enhance plant growth
by acting as growth regulators under normal conditions
and/or produce hormones and vitamins such as IAA,
thiamine, riboflavin and biotin, in addition fixing nitrogen
which might stimulates plant growth due to enhancing root
development (Oertli, 1987).
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Similar results were obtained by Hegazi et al.
(2015) on squash and Omar (2017) on cucumber who
noticed that plant foliar spray with silicon caused an
increase in the vegetative growth.

Effect of the interaction:

The interaction between sowing dates (1% and 20%
February) and spraying with (SA, AsA, and KSil) at
different concentrations had significant effect on all plant
growth characters of watermelon as compared to control
plants during 2022 and 2023 seasons (Tables 3-6).

The findings demonstrated that in both seasons,
planting of watermelon on 20" Feb. and spraying with

KSil at 8 ml/l scored the highest values of vine length
(389.39 and 398.56 cm), and plant dry weight (205.93 and
209.74 g) in the 1%t and 2™ seasons, respectively.

There were no significant differences between the
interaction on 20" Feb. and spraying with KSil at 8 ml/I
and with AsA at 50 ppm for vine length, number of
branches per plant and leaf area in both seasons. The
relative increases in plant dry weight due to the interaction
between planting watermelon on 20" Feb. and spraying
with KSil at 8 ml/l were about 59.97 and 59.77% over
planting on 1% Feb. and treated plants with distilled water
in the 1%t and 2™ seasons, respectively.

Table 3. Effect of sowing date, foliar application with some safe materials and the interaction between them on vine
length (cm) of watermelon plants in the two growing seasons.

Safe materials (B)

Sowing contral SA SA AsA ASA Kl Ksil '\?25;”
(05mM)  (1.0mM) (50 ppm) (100 ppm) (4 ml/) (8 mi/l
) 2022 season
1t Feb. 292.89 340.11 321.78 330.67 298.56 319.00 337.33 320.05
20" Feb. 341.67 375.78 360.56 381.89 350.44 365.78 389.39 366.50
Mean (B) 317.28 357.94 341.17 356.28 324,50 342.39 363.36
A (F test); ** B (LSD o0s) =7.82 AB (LSD o05) =11.04
2023 season
1t Feb. 304.17 354.72 327.00 342.50 315.11 335.89 350.69 332.87
20" Feb. 349.17 384.00 369.28 392.28 358.72 375.50 398.56 375.36
Mean (B) 326.66 369.36 348.13 367.38 336.91 355.69 374.62
A (F test): =* B (LSD 00s5) = 11.88 AB (LSD o0s) = 16.76

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.
Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.

Table 4. Effect of sowing date, foliar application with some safe materials and the interaction between them on
branches number of watermelon plants in the two growing seasons.

Safe materials (B)

gg‘t’g'”g Control SA SA AsA AsA KSil KSil '\?;&)‘”
©05mM) (1.0 mMm) (50 ppm) (100 ppm) (4 miin (8 mln
A) 2022 season
1t Feb. 8.67 9.67 9.00 9.89 8.78 9.56 9.78 9.33
20" Feb. 10.66 1144 11.00 11.89 10.78 11.22 11.67 11.24
Mean (B) 9.67 10.56 10.00 10.89 9.78 10.39 10.72
A (F test): =* B (LSD o0s) = 0.61 AB (LSD o05) = 0.86
2023 season
1 Feb. 9.22 10.00 9.56 10.44 9.33 9.89 10.22 9.81
20" Feb. 10.89 11.78 1144 12.22 11.11 11.56 12.00 11.43
Mean (B) 10.06 10.39 10.50 11.33 10.22 10.72 11.11

A (F test): *

B (LSD o0s) =0.48

AB (LSD o0s) = 0.68

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.
Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.

Table 5. Effect of sowing date, foliar application with some safe materials and the interaction between them on leaf
area (cm?) of watermelon plants in the two growing seasons.

Safe materials (B)

gg‘t’zmg Control SA SA AsA AsA KSil KSil 'V(';a)‘“
A) O05mM)  (1.0mM) (50 ppm) (100 ppm) (4 min) (8 mi/N

2022 season
1t Feb. 159.60 185.19 180.37 194.60 168.31 175.54 191.96 179.37
20" Feb. 181.07 204.79 197.94 210.08 191.64 193.74 206.42 197.96
Mean (B) 170.33 194.90 189.16 202.34 179.98 184.64 199.19

A (F test): ** B (LSD 005) =7.01 AB (LSD 005) =9.90

2023 season
1t Feb. 164.73 190.32 184.88 200.20 174.45 180.29 197.71 184.66
20" Feb. 186.20 210.08 203.23 215.60 196.47 198.88 212.80 203.32
Mean (B) 175.47 200.20 194.06 207.90 185.46 189.58 205.26

A (F test): **

B (LSD o0s) =8.49

AB (LSD o05) =11.99

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.

Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.
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Table 6. Effect of sowing date, foliar application with some safe materials and the interaction between them on dry
weight (g) of watermelon plants in the two growing seasons.
Safe materials (B)

ig‘t’g'”g Control SA SA AA AsA KSil KSil 'V(';"’)‘“
(0.5 mM) (1.0 mM) (50 ppm) (100 ppm) (4 miim (8 mi/m
*) 2022 season
1t Feb. 128.73 148.17 137.05 150.26 134.99 143.18 156.15 142.65
201 Feb. 179.08 197.97 187.59 202.02 183.54 193.53 205.93 192.81
Mean (B) 153.90 173.07 162.32 176.14 159.26 168.36 181.04
A (F test); ** B (LSD o05) =2.58 AB (LSD o05) = 3.63
2023 season
1t Feb. 131.27 151.01 140.72 154.38 137.93 145.21 159.56 145.72
201 Feb. 182.82 201.83 191.53 205.54 186.94 196.92 209.74 196.48
Mean (B) 157.04 176.42 166.13 179.95 162.45 171.06 184.65
A (F test); ** B (LSD o05) = 3.88 AB (LSD o0s) =5.47

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.
Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.

2. Chemical constituents of leaves:
Effect of sowing date:

Obtained data in (Tables 7-9) show that there were
significant differences between the two sowing dates in
nitrogen, phosphorus, and potassium content in
watermelon leaves. Sowing watermelon seeds on 20" Feb.
gave the higher values of nitrogen (2.77 and 2.97%),
phosphorus (0.307 and 0.340%) and potassium contents
(2.09 and 2.31%) in the 1% and 2" seasons, respectively. In
this respect Esho and Saeed (2017) on summer squash
reported that planting date 10" August gave a highest K
content in leaves than 31" August planting date.

Effect of foliar spray with some safe materials:

The contents of nitrogen, phosphorus, and potassium
in watermelon leaves at 90 days from the sowing date were
significantly affected by different foliar spray treatments
compared to control treatment in both seasons (Tables 7-9).

It has been found that spraying plants with KSil at 8
ml/l significantly increased and recorded the highest values
for N (2.79 and 2.96%), P (0.309 and 0.340%), and K
content (2.13 and 2.33%) in the 1% and 2™ seasons,
respectively, followed by spraying with AsA at 100 ppm in
both seasons. While, the lowest values for N, P, and K
respectively (2.35 and 2.45%), (0.263 and 0.275%) and
(1.66 and 1.68%) were obtained from control treatment
(spraying plants with distilled water) in both seasons.

Silicon is not considered an essential element for
plant growth, its beneficial role in plant nutrition is well
known (Epstein, 1999). Plants absorb silicon as

monosilicic acid (H2SiOs4), which builds up in leaf
epidermal cells more than in any other cell type (Currie
and Perry, 2007).

Similar results were found by Kim et al. (2015) on
watermelon; Shehata and Abdelgawad (2019) and El-
Shoura (2020) on squash. They demonstrated that KSil
application increased leaf chemical content. On the other
side, Emara (2019) came up with similar results for SA.
They showed that spraying tomato plants with SA
significantly increased N, P, and K contents of the plants
compared to unsprayed plants.

Effect of the interaction:

Data in Tables (7-9) showed that the interaction
significantly affected N, P, and K contents in leaves in both
seasons. The highest values of nitrogen (2.94 and 3.15%),
phosphorus (0.326 and 0.361%), and potassium (2.32 and
2.59%) were obtained with the interaction between sowing
date on 20" Feb. and spraying plants with KSil at 8 ml/l.
While, the lowest values (2.21 and 2.26%), (0.250 and
0.255%), and (1.54 and 1.51%) for N, P, and K were when
sowing on 1% Feb. and spraying plants with distilled water
(control) in the 1% and 2™ seasons, respectively.

Growth stimulants like KSil, AsA, and SA have
drawn attention recently because they are thought to be
among the most crucial components of management
strategies to improve horticultural crops' capacity to
withstand abiotic stress, as well as their uptake and
efficiency of nutrients, and overall crop quality, especially
when stressed (Salama et al., 2019).

Table 7. Effect of sowing date, foliar application with some safe materials and the interaction between them on
nitrogen content (%o) in leaves of watermelon plants in the two growing seasons.

Safe materials (B)

gg‘t’zmg Control SA SA AsA AsA KSil KSil 'V(';a;“
(0.5 mM) (1.0 mM) (50 ppm) (100 ppm) (4 mi/n (8 mi/l
) 2022 season
1t Feb. 221 227 2.55 2.39 2.62 2.45 2.64 2.45
201 Feb. 2.49 2.70 2.84 2.76 291 2.79 2.94 2.77
Mean (B) 2.35 2.49 2.69 2.57 2.77 2.62 2.79
A (F test): ** B (LSD o0s) =0.05 AB (LSD o0s5) = 0.05

2023 season
1t Feb. 2.26 241 2.69 249 2.73 2.56 2.78 2.56
20" Feb. 2.64 2.89 3.07 2.95 3.12 2.99 3.15 297
Mean (B) 2.45 2.65 2.88 2.72 2.92 2.78 2.96

A (F test): **

B (LSD o0s) =0.09

AB (LSD o0s) =0.13

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.

Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.
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Table 8. Effect of sowing date, foliar application with some safe materials and the interaction between them on

phosphorus content (%) in leaves of watermelon plants in the two growing seasons.

Safe materials (B)

ig‘t’g'”g Control SA SA AA ASA KSil KSil 'V('gf)‘”
O5mM)  (1.0mM) (50 ppm) (100 ppm) (4 mif (8 ml/m
A
2022 season
1t Feb. 0.250 0.258 0.280 0.266 0.288 0.270 0.292 0.272
201 Feb. 0.275 0.298 0.312 0.307 0.322 0.310 0.326 0.307
Mean (B) 0.263 0.278 0.296 0.287 0.305 0.290 0.309
A (F test): ** B (LSD 005) = 0.006 AB (LSD o0s5) = 0.009
2023 season
1t Feb. 0.255 0.271 0.306 0.275 0.312 0.286 0.320 0.289
201 Feb. 0.295 0.332 0.352 0.337 0.356 0.345 0.361 0.340
Mean (B) 0.275 0.301 0.329 0.306 0.334 0.315 0.340
A (F test); ** B (LSD o.5) = 0.004 AB (LSD o0s5) =0.007

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.
Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.

Table 9. Effect of sowing date, foliar application with some safe materials and the interaction between them on

potassium content (%o) in leaves of watermelon plants in the two growing seasons.

Safe materials (B)

3Z¥ng contral SA SA AsA ASA KSil KSil “?'23‘”
O05mM)  (1.0mM) (50 ppm) (100 ppm) (4 mif (8 ml/n
) 2022 season
1t Feb. 154 161 181 1.70 1.90 1.73 1.93 174
201 Feb. 1.79 1.97 2.15 2.06 2.27 2.09 2.32 2.09
Mean (B) 1.66 1.79 1.98 1.88 2.08 1.91 2.13
A (F test); ** B (LSD 0.05) =0.08 AB (LSD o05) =0.11

2023 season
1t Feb. 151 1.69 1.95 1.73 1.99 1.82 2.06 1.82
201 Feb. 1.86 2.16 2.44 2.27 2.52 2.32 2.59 2.31
Mean (B) 1.68 1.92 2.19 2.00 2.26 2.07 2.33

A (F test): * B (LSD o0s) = 0.08 AB (LSD 005) = 0.12

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.
Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.

3. Yield:
Effect of sowing date:

As shown in Tables (10 and 11) there was significant
difference between the two sowing dates concerning average
fruit weight and total yield per feddan of watermelon plants.

Sowing watermelon seeds on 20" Feb. gave
significantly higher value of average fruit weight (6.50 and
6.68 kg) and total yield (35.61 and 35.88 ton/feddan.) in
the 1%t and 2" seasons, respectively.

The relative increases in total yield per feddan were
about 57.63 and 56.47% for sowing date on 20" Feb. over
early sowing 1% Feb. in the 1% and 2™ seasons, respectively.

The increments in yield of watermelon may be due
to the increases in the vegetative growth characters (Table
3-5), dry weight per plant (Table 6), mineral contents
(Tables 7-9) and also due to the increase in average fruit
weight (Table 10).

Cucurbit crop yield depend on the presence of
optimal temperatures for foliage and fruit growth and for
pollination. Higher fruit weight at the end of February
sown crop might be due to increased dry matter and greater
translocation of photosynthates along with metabolites
from source to sink. Irvin and Micheal (1995) in their
studies on influence of environmental factors on cucumber
concluded that, high nocturnal temperatures are conducive
to assimilate translocation into reproductive sinks, thereby
enhancing the fruit growth rate.

Our findings are consistent with those of Khaled
(2016) on bottle gourd; Mousa (2017) on watermelon and
Abdel-Aleim et al. (2023) on cucumber.

Effect of foliar spray with some safe materials:

Data recorded in (Tables 10 and 11) show the effect of
spraying with some safe materials on yield and its components
of watermelon plants in both growing seasons. It has been
found that foliar application with some safe materials
significantly affected these traits as compared to control
treatment in both seasons. Whereas, the highest value of
average fruit weight (6.64 and 6.79 kg) was produced by
potassium silicate at 8 ml/l without significant differences
between spraying with AsA at 50 ppm (6.43 and 6.60 kg) in thel*
season, and the lowest value for this trait (5.28 and 5.42 kg) was
obtained from control in the 1% and 2™ seasons, respectively.

As for total yield per feddan, the highest value of
total yield (30.28 and 30.57 ton/feddan) was produced by
ascorbic acid at 50 ppm in the 1% and 2" seasons,
respectively, with no significant differences with spraying
by KSil at 8 m/I (30.22 and 30.56 ton/feddan) in the 1% and
2" seasons, respectively. While, the lowest value for this
trait (27.65 and 27.95 ton/feddan) was obtained from
control in both seasons, respectively.

The increases in total yield per feddan were about
9.51 and 9.37 for AsA at 50 ppm and 9.29 and 9.33% for
KSil at 8 ml/l over control treatment (spraying plants with
distilled water) in the 1% and 2™ seasons, respectively.

The increments in total yield of watermelon may be
due to the increases in the vegetative growth characters
(Table 3-5), dry weight per plant (Table 6), N, P, and K
contents (Tables 7-9) and also due to the increase in
average fruit weight (Table 10).
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This outcome was consistent with studies by
Youssef et al. (2017) on squash and Abdel-Wahab (2018)
on cucumber, which discovered that spraying ascorbic acid
on the plants increased overall yield. Moreover, this
findings may be due to the fact that ascorbic acid plays an
important role in increasing fruit yield and one of the
essential ingredients necessary in plants to increase the cell
division and increase the effectiveness some of enzymes
which consists of photosynthesis and breathing (Eifediyi
and Remison, 2009), consequently controlling the timing
of flowering and aging and increasing the fruit.

Effect of the interaction:

Data revealed that the interaction between sowing
date and spraying with some safe materials significantly
increased average fruit weight and total yield per feddan
than control treatment in both seasons (Tables 10 and 11).
The highest value of average fruit weight (7.25 and 7.40
kg) recorded when sowing on 20" Feb. and spraying with
KSil at 8 ml/l. While, the lowest value (4.80 and 4.94 kg)

recorded when sowing on 1% Feb. and sprayed with
distilled water in the 1% and 2™ seasons, respectively.

However, the highest value of total yield (37.20 and
37.43 ton/feddan) was recorded by the interaction between
planting on 20" Feb. and spraying with AsA at 50 ppm
without significant difference with the interaction between
planting at the same date and spraying with KSil at 8 ml/|
(36.80 and 37.11 ton/feddan) in the 1% and 2" seasons,
respectively. While, the lowest value of total yield per
feddan (21.40 and 21.71 ton/feddan) was recorded when
sowing on 1%t Feb. and spraying plants with distilled water
in both seasons, respectively.

The increases in total yield per feddan were about
71.96 and 70.93% for the interaction between sowing on
20" Feb. and spraying with KSil at 8 ml/l and 73.83 and
72.40% for the interaction between sowing on 20 Feb.
and spraying with AsA at 50 ppm over sowing date on 1%
Feb. and spraying plants with distilled water in the 1% and
2" seasons, respectively.

Table 10. Effect of sowing date, foliar application with some safety materials and the interaction between them on
average fruit weight (kg) of watermelon plants in the two growing seasons.

Sowing Safety materials (B) . . Mean
date Control SA SA AsA AsA KSil KSil A)
(0.5 mM) (1.0 mM) (50 ppm) (100 ppm) (4 ml/l (8 mi/l
) 2022 season
1%t Feb. 4.80 5.73 5.16 5.84 495 5.39 6.03 5.41
20" Feb. 5.75 6.81 6.20 7.02 6.00 6.50 7.25 6.50
Mean (B) 5.28 6.27 5.68 6.43 5.48 5.95 6.64
A (F test); ** B (LSD o0s) =0.216 AB (LSD o05) = 0.306

2023 season
1%t Feb. 4.94 5.86 5.32 5.99 5.11 5.55 6.17 5.56
20" Feb. 5.90 7.01 6.36 7.20 6.18 6.69 7.40 6.68
Mean (B) 5.42 6.44 5.84 6.60 5.65 6.12 6.79

A (F test): ** B (LSD o0s) = 0.109 AB (LSD o0s) = 0.150

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.
Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.

Table 11. Effect of sowing date, foliar application with some safety materials and the interaction between them on

total yield (ton/feddan) of watermelon in the two growing seasons.

Sowing Safety materials (B) ' _ Mean
date Control SA SA AsA AsA KSil KSil A)
O5mM) (1.0 mMm) (50 ppm) (100 ppm) (4 ml/l (8 ml/n
) 2022 season
15t Feb. 21.40 23.07 22.24 23.36 21.80 22.62 23.64 22.59
20" Feb. 33.90 36.23 35.58 37.20 34.49 35.08 36.80 35.61
Mean (B) 27.65 29.64 28.91 30.28 28.14 28.85 30.22
A (F test): ** B (LSD 005) =0.86 AB (LSD o05) =1.21

2023 season
15t Feb. 21.71 23.39 22.60 23.71 22.15 22.95 24.01 22.93
20" Feb. 34.19 36.50 35.88 37.43 34.78 35.30 37.11 35.88
Mean (B) 27.95 29.94 29.24 30.57 28.46 29.13 30.56

A (F test): **

B (LSD 005) =0.52

AB (LSD 05) =0.73

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.
Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.

4. Fruit quality:
Effect of sowing date:

Data recorded in (Tables 12-17) show that, there were
significant differences between two sowing dates on fruit
quality of watermelon fruits, i.e., TSS, total sugars, reducing
and non reducing sugars, lycopene concentration and ferric
reducing antioxidant power (FRAP) assay in fruits in both
seasons. Sowing watermelon on 20" Feb. significantly
increased TSS contents (11.29 and 11.42 brix), total sugars
(9.75 and 10.42%), reducing sugars (6.61 and 6.87%), non

reducing sugars (3.15 and 3.56%), lycopene concentration
(7.63 and 7.91 mg/100g FW) and FRAP (31.82 and 31.12
mM/100g FW) against TSS content (10.78 and 10.89 brix),
total sugars (9.26 and 9.57%), reducing sugars (6.20 and
6.41%), non reducing sugars (3.07 and 3.16%), lycopene
concentration (7.26 and 7.48 mg/100g FW) and FRAP (30.41
and 29.75 mM/100 g FW) for planting on 1% Feb. in the 1%
and 2" seasons, respectively. These results are in harmony
with those of Mousa (2017) on watermelon and Abdel-Aleim
et al. (2023) on cucumber.
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Effect of foliar spray with some safe materials:

The effect of foliar spray with SA, AsA and KSil at
different concentrations had significant effect on fruit
quality of watermelon fruits compared to control treatment
in both seasons are presented in (Tables 12-17). Spraying
watermelon plants with KSil at 8 ml/l significantly
increased TSS contents (11.50 and 11.67 brix), total sugars
(9.77 and 10.47%), reducing sugars (6.63 and 6.88%),
lycopene concentration (7.66 and 7.95 mg/100g FW) and
FRAP (31.95 and 31.23 mM/100g FW) against TSS
content (10.52 and 10.64 brix), total sugars (9.12 and
9.29%), reducing sugars (6.09 and 6.27%), lycopene
concentration (7.15 and 7.34 mg/100g FW) and FRAP
(29.98 and 29.37 mM/100g FW) for control treatment in
the 1% and 2" seasons, respectively. However, there were
no significant differences between spraying KSil at 8 ml/|
and SA at 1.0 mM for TSS and FRAP in both seasons,
KSil at 8 ml/l and AsA at 100 ppm for total sugars,
reducing sugars, non reducing sugars, lycopene and FRAP
in both seasons.

Despite popular belief that watermelon is made up of
only water and sugar, watermelon is actually considered a
nutrient dense food, a food that provides a high amount of
vitamins, minerals and antioxidants for a low amount of
calories. Therefore, working to increase these components in
watermelon fruits is extremely important because watermelon
is one of the most popular foods in human nutrition due to its
large nutritional content (Olayinka and Etejere, 2018).

These results are agreed with Shehata and
Abdelgawad (2019) and Salama et al. (2019) on squash;

Wehedy et al. (2019) on watermelon; Qassem et al. (2022)
on cucumber as for potassium silicate; Abdel-Wahab
(2018) on cucumber and Mohamed et al. (2021) on squash
as for ascorbic acid.

Effect of the interaction:

Data recorded in (Tables 12-17) show the effect of
interaction between sowing date and spraying with some
safe materials had significantly increased all watermelon
fruit quality during 2022 and 2023 seasons.

The interaction between sowing date on 20" Feb.
and spraying with KSil at 8 ml/l significantly increased and
gave the maximum values of TSS (11.80 and 12.02 brix), total
sugars (10.00 and 10.83%), reducing sugars (6.82 and 7.08%),
lycopene concentration (7.83 and 8.14 mg/100g FW) and
FRAP (32.65 and 31.83 mM/100g FW) in the 1% and 2™
seasons, respectively. In the same time there were no
significant differences between this interaction and the same
sown date and spraying with SA at 1.0 mM for TSS, AsA at
100 ppm for total sugars, reducing sugars, non reducing
sugars, lycopene and FRAP assay in both seasons. On the
other hand, the lowest values of all fruit quality traits were
recorded with the interaction between sown date on 1% Feb.
and spraying plants with distilled water in both seasons.

In agricultural production systems, potassium
silicate is a useful supply of highly soluble silicon and
potassium. By enhancing plant resistance to biotic and
abiotic challenges including disease infections and pests,
salt, drought, high temperature, and nutrient imbalance, it
has a significant impact on fruit quality of watermelon
(Ma, 2004).

Table 12. Effect of sowing date, foliar application with some safety materials and the interaction between them on
TSS content (brix) of watermelon fruit in the two growing seasons.

Safety materials (B)

gg‘t’g'”g Control SA SA ASA AsA KSil KSil 'V(';"’)‘“
(0.5 mM) (1.0 mM) (50 ppm) (100 ppm) (4 ml/l (8 mi/n
) 2022 season
1 Feb. 10.32 10.68 10.89 10.56 10.74 11.08 11.20 10.78
20" Feb. 10.72 11.10 11.68 10.96 11.44 11.32 11.80 11.29
Mean (B) 10.52 10.89 11.28 10.76 11.09 11.20 11.50
A (F test): NS B (LSD o05) =0.43 AB (LSD o05) = 0.60
2023 season
1 Feb. 1041 10.79 11.00 10.69 10.82 11.17 11.32 10.89
20" Feb. 10.88 11.29 11.73 11.12 11.50 11.41 12.02 11.42
Mean (B) 10.64 11.04 11.37 10.91 11.16 11.29 11.67
A (F test): * B (LSD o05) =0.37 AB (LSD o0s5) =0.52

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.

Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.

Table 13. Effect of sowing date, foliar application with some safety materials and the interaction between them on
total sugars (%) of watermelon fruit in the two growing seasons.

Sowing Safety materials (B) _ _ Mean
date Control SA SA AsA AsA KSil KSil A)
(0.5 mM) (1.0 mM) (50 ppm) (100 ppm) (4 mif (8 mi/n
) 2022 season
1% Feb. 8.90 9.08 9.39 9.17 9.50 9.25 9.54 9.26
20™ Feb. 9.34 9.60 9.85 9.73 9.96 9.78 10.00 9.75
Mean (B) 9.12 9.34 9.62 9.45 9.73 9.52 9.77
A (F test): ** B (LSD 005) =0.17 AB (LSD o0s5) = 0.23

2023 season
1% Feb. 8.91 9.16 9.86 9.38 10.02 9.53 10.11 9.57
20" Feb. 9.67 10.28 10.63 10.36 10.71 10.47 10.83 10.42
Mean (B) 9.29 9.72 10.24 9.87 10.37 10.00 1047

A (F test): B (LSD o0s) =0.16 AB (LSD 00s) = 0.22

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.
Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.
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Table 14. Effect of sowing date, foliar application with some safety materials and the interaction between them on
reducing sugars (%) of watermelon fruit in the two growing seasons.

Sowing Safety materials (B) i i Mean
date Control SA SA AsA AsA KSil KSil A)
A) O05mM)  (1.0mM) (50 ppm) (100 ppm) (4 ml/l (8 mi/l
2022 season
1% Feb. 5.94 6.02 6.30 6.12 6.38 6.16 6.44 6.20
20™ Feb. 6.24 6.49 6.70 6.59 6.77 6.64 6.82 6.61
Mean (B) 6.09 6.26 6.50 6.36 6.58 6.40 6.63
A (F test): ** B (LSD 005) =0.11 AB (LSD 005) =0.15
2023 season
15t Feb. 6.09 6.23 6.55 6.31 6.60 6.39 6.67 6.41
20" Feb. 6.44 6.79 6.98 6.82 7.04 6.90 7.08 6.87
Mean (B) 6.27 6.51 6.77 6.56 6.82 6.65 6.88
A (F test): ** B (LSD 005) =0.10 AB (LSD 005) =0.14

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.

Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.

Table 15. Effect of sowing date, foliar application with some safety materials and the interaction between them on
non reducing sugars (%) of watermelon fruit in the two growing seasons.

Sowing Safety materials (B) . . Mean
date Control SA SA AsA AsA KSil KSil A)
O05mM) (1.0 mM) (50 ppm) (100 ppm) (4 mi/ (8 mi/T

*) 2022 season
15 Feb. 2.96 3.06 3.09 3.05 3.12 3.09 3.10 3.07
20" Feb. 3.10 311 3.15 3.14 3.19 3.14 3.18 3.15
Mean (B) 3.03 3.08 3.12 3.10 3.16 3.12 314

A (F test): * B (LSD o0s) =0.23 AB (LSD o0s) = 0.33

2023 season

15 Feb. 2.82 293 331 3.07 343 314 344 3.16
20" Feb. 3.23 3.49 3.65 3.55 3.67 3.57 3.75 3.56
Mean (B) 3.02 3.21 3.48 3.31 3.56 3.35 3.59

A (F test): * B (LSD o0s) =0.16 AB (LSD o0s) = 0.22

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.

Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.

Table 16. Effect of sowing date, foliar application with some safety materials and the interaction between them on
lycopene (mg/100g FW) of watermelon fruit in the two growing seasons.

Sowing Safety materials (B) i i Mean
date Control SA SA AsA AsA KSil KSil A)
A) O05mM) (1.0 mM) (50 ppm) (100 ppm) (4 ml/l (8 mi/
2022 season
15t Feb. 7.04 7.09 7.35 7.17 7.45 7.20 7.49 7.26
20" Feb. 7.26 7.53 7.71 7.64 7.79 7.66 7.83 7.63
Mean (B) 7.15 7.31 7.53 741 7.62 7.43 7.66
A (F test): ** B (LSD 005) =0.12 AB (LSD 005) =0.17
2023 season
18 Feb. 7.20 7.30 7.59 7.39 7.68 742 7.75 7.48
20™ Feb. 7.48 7.85 8.02 7.89 8.08 7.92 8.14 7.91
Mean (B) 7.34 7.57 7.81 7.64 7.88 7.67 7.95
A (F test): ** B (LSD 005) =0.12 AB (LSD 005) =0.16

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.
Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.

Table 17. Effect of sowing date, foliar application with some safety materials and the interaction between them on ferric
reducing antioxidant power (FRAP) assay (mM/100g FW) of watermelon fruit in the two growing seasons.

Sowing Safety materials (B) Mean
date Control SA SA AsA AsA KSil KSil A)
A) O05mM) (1.0 mMm) (50 ppm) (100 ppm) (4 mif (8 mi/n
2022 season
15 Feb. 2951 30.02 30.64 30.15 31.06 30.28 31.24 3041
20" Feb. 30.45 31.39 32.14 3177 32.44 3191 32.65 31.82
Mean (B) 29.98 30.70 31.39 30.96 31.75 31.09 31.95
A (F test): * B (LSD o00s) =1.13 AB (LSD o05) = 1.59
2023 season
1% Feb. 28.93 29.18 30.14 29.43 30.35 29.60 30.63 29.75
20" Feb. 29.81 30.89 3143 31.03 31.63 31.22 31.83 31.12
Mean (B) 29.37 30.04 30.79 30.23 30.99 3041 31.23
A (F test): ** B (LSD 005) =0.52 AB (LSD 005) =0.73

Ns, * and ** means that non-significant, significant at 5 % and 1 % levels of probability, respectively.
Feb. = February, control = sprayed plants with distilled water, SA = salicylic acid, AsA = ascorbic acid and KSil = potassium silicate.

337



Ali, M. A. M. etal.

CONCLUSION

From the foregoing results, under the same
conditions, it could be recommended that planting
watermelon on 20" February and using potassium silicate
as a foliar application at 8 ml/I or ascorbic acid at 50 ppm
to obtain high plant growth, good productivity, and the best
fruit quality of watermelon.
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