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The Influence of Foliar Application with Salicylic Acid, Potassium Silicate
and Selenium on the Growth, Yield and Fruit Quality of Squash Plants

Grown under Greenhouses
Heba H. Mohamed and Reda E. Ahmed
Protected Cultivation Dept., Horticulture Research Institute, Agriculture Research Center, Giza, Egypt
ABSTRACT

The present work were conducted in 2018/2019 and 2019/2020 seasons at Kaha
Vegetable Research Farm, Qaliobia Governorate, Horticulture Research Institute (HRI),
Agriculture Research Center (ARC), Egypt, under greenhouse condition. Marcella hybrid
was used to investigate the influence of foliar spraying application with salicylic acid (SA) 50
ppm, potassium silicate 50 mg/l and selenium (Se) 5 mg /I on squash plants as well as the
control treatment (tap water) on vegetative growth, yield, fruit quality and chemical
constituents. Results cleared that, Plant height; number of leaves per plant, leaf area, and
chlorophyll content are all improved by potassium silicate foliar spraying when compared to
other foliar treatments. the heights values of average fruit weight, early and total yield and
fruit quality obtained from spraying squash plants with potassium silicate without significant
differences with salicylic acid. However, foliar spraying of the plants with potassium silicate,
selenium and salicylic acid increased fruit quality (TSS, ascorbic acid and total sugars) of
squash fruits. Generally, it may be suggested that the best way to produce high vegetative
growth, yield, and high-quality fruits from squash plants grown in greenhouses is to spray 50
ppm of potassium silicate three times during the season.
Keywords: Squash -Salicylic acid- Potassium silicate -Selenium -Greenhouse

INTRODUCTION

Summer Squash (Cucurbita pepo L.) is growth stimulants. Apart from this role,
one of the most widely consumed vegetable salicylic acid (SA) is one of an endogenous
crops grown in Egypt. It provides a number hormone-like plant growth regulator. It plays
of medical and health advantages to humans. an essential part in secondary metabolism,
In the spring and summer, squash is grown which encourages root development and
in the open field; in the fall and winter, it is improvement by, for example, preventing
grown under tunnels or greenhouses. The ethylene biosynthesis, improving the amount
total cultivated area was 25760 fed., by an and quality of proteins that are contained,
average of 9.0 tons/fed. According to the and giving the plant resistance against
statistics of Ministry of Agriculture in Egypt infection and pathogenesis. (Canakci and
(2022). The yield and quality of the fruit are Munzuroglu, 2007). Moreover, Hara et al.,
impacted by the plants' exposure to cold, (2011) demonstrated the importance of
even though they are grown in a greenhouse. salicylic acid as a phytohormone that is
Global climate change, including variations necessary for responding to biotic stressors
in temperature, CO> levels, and the severity and pathogenesis. Additionally, salicylic
of extreme weather, affects plants differently acid contributes to the signaling of abiotic
at the molecular level and in terms of stress responses. Salicylic acid applied to
morphology, physiology, and developmental certain vegetable crops improves their
processes. (Gray and Brady, 2016). In this quality, yield, and vegetative growth. (Omar,
regard, it is crucial to support agricultural 2017). The squash plants grown under the
practices in order to ensure that crop high level of salicylic acid exceed in the
production and environmental sustainability characteristics of the number and weight
are balanced. One of the key components of fruit, early and total yield and TSS %
a management strategy to improve the compared with non-sprayed plants. (Abd —
horticultural crops' growth, yield, and fruit Elaziz et al., 2019, El-Shoura, 2020) and
quality is the foliar spraying of certain Al-Ahmad and Al-Jubouri, 2022). SA
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application acts a main role in membrane
permeability, ion uptake and transport,
photosynthetic rate, transpiration and plant
growth by Wang et al. (2006). Some
authors reported that spraying plants with
with salicylic acid significantly increased
in vegetative growth, yield and fruit
quality on crops. On summer squash
Elwan and EL-Shatoury (2014) and Abd
El-Mageed et al., (2016). Moreover, (Al-
Rubaye and Atia, 2016 and Omar, 2017)
on cucumber plants found the same
conclusion. Selenium (Se) is considering
an important component of seleno amino
acids, selenoproteins, thioredoxin
reductase, glutathione peroxidase and,
subsequently, performs crucial biological
functions in the cell (Schiavan et al., 2013
and Xiang et al., 2022). The importance of
Se in relieving environmental stress has
been then extensively exploited in plants
(Feng et al., 2013). Foliar application of
different forms of selenium has been
increase progressively used to increase
selenium concentrations in food crops and
vegetables while enhancing yield and fruit
quality. Several investigates have revealed
that foliar sprays of Se significantly
improved the nutritional quality of plants
(Shuaimeng et al., 2017, Bakr et al., 2019,
Mateus et al., 2021 and Yu et al., 2023).
The beneficial effects of selenium on
cucumber vyield and quality were
demonstrated (Hu et al., 2022), lettuce
(Businelli et al., 2015), basil (Puccinelli et
al., 2020). While, Liu et al. (2022) found
that the weight, number, and yield of fruits
were unaffected by the foliar application
of selenium. On other hand, Hernandez-
Hernandez et al. (2019), Neysanian et al.

(2020) and Jalali et al. (2022) revealed that
applying selenium increased tomato yield.
Moreover, Zhu et al. (2018) showed that,
selenium foliar application enhanced
soluble sugars and ascorbic acid
concentrations in tomato fruits. Liu et al.
(2022) observed that spraying tomato
plants with selenium raised their levels of
TSS and total sugars, but had no effect on
the ascorbic acid content in tomato fruit.
Jalali et al. (2022) stated that the total
soluble solids of cucumber fruits were
increased by applying sodium selenite
topically. Silicon is deposited in plant cell
walls as silica, which promotes the
structural solidity of the cell wall, the
erectness of the leaves, and the
development of plant strength. However,
improved leaf organelle ultra-structure and
photosynthetic activity (Shu and Liu,
2001). The cucumber plants' quality was
improved and their vegetative growth
characteristics and fruit yield increased
significantly with the foliar application of
silicon. (Jafari et al., 2015 and Omar,
2017). In addition, potassium silicate
enhanced the squash plants' vegetative
growth and raised the yield and quality

(Alkharpotly et al.,, 2019). Moreover,
Shehata and  Abdelgawad  (2019)
mentioned  that  potassium  silicate

enhanced growth, vyield, vitamin C and
TSS during both seasons.

The present study aimed to investigate
the response of squash plants for foliar
spray treatments with salicylic acid (SA),
selenium (Se) and potassium silicate
(K2SiO3) under greenhouse condition on
vegetative growth, yield and fruit quality.

MATERIALS AND METHODS

The present work were conducted in
both tested seasons of 2018/2019 and
2019/2020 in a polyethylene greenhouse at
the Research farm at Kaha, Qaliobia
Governorate,  Horticultural ~ Research
Institute, Agricultural Research Center to
investigate the influence of foliar spraying
with salicylic acid (SA) 50 ppm, selenium

(24)

(Se) 5 mg /I and potassium silicate
(K2Si03)50 mg/l on squash plants on
vegetative growth, yield, fruit quality and
chemical constituents of Marcella squash
hybrid. A randomized complete block
design with three replicates was adopted.
The experimental farm's soil had a pH of
7.89 and was clay loam in texture.



Horticulture Research Journal, 2 (4), 23- 30, December 2024, ISSN 2974/4474 g\

T
\’—;I'/
N
o

= ,J

Ui g2t

Marcella F1 hybrid seeds were planted in
84 cell trays with a cell diameter of 9 mm
and 26.5 cm® of commercial peat-based
substrate on October 10" and 12", during
the 2018/2019 and 2019/2020 seasons.
The seedlings, which had two true-leaf
stages, were transplanted to the
greenhouse on October 24 and 26 for the
first and second seasons, respectively, after
15 days. The dimensions of each
experimental plot were 1.20 cm for width
and 18 m for length. Transplants were
spaced at 0.5 m apart, on the two sides of
the ridge. The plants under plastic house
were irrigated by drip irrigation with GR
16 mm and a flow rate of 2 liters per hour
and the distance between the emitters is 50
cm. The average maximum and minimum
temperatures during the growing months
inside the greenhouse were: on October
35.5 — 19.03, November 28.20 - 17.50,
December 25.30 — 10.40, January 21.50 —
6.60, February 25.39-9.85 and March
30.03-11.40. The Ministry of Agriculture's
recommendation for the squash crop was

followed in all standard agricultural
practices.
This  experiment included four

treatments as following: -

- Control treatment (tap water).

- Foliar spraying with salicylic acid (SA)
at 50 ppm .

- Foliar spraying with selenium (Se) at 5
mg/l .

- Foliar spraying with potassium silicate
(K2Si03) at 50 mg/l.

Three sprays were applied to the plants

after 20 days of transplanting and at 15-

day intervals throughout the two tested

seasons.

Data recorded: -

1. Characters of vegetative growth:

After fifty days of transplanting, ten
randomly selected plants from each plot
were used to record the required growth
measurements. Four measurements
included plant height, number of leaves;
leave area and chlorophyll content per
plant were taken.

2. Characters of yield:

a. Early yield /plant: The weight of the
first four fruits harvested was used to
calculate as early yield.

b. Total yield /plant: The total yield was
calculated using the season-long plot
yield and plot area, and the fruit yield
per plant was then calculated.

3- Fruit quality:

a. Physical fruit quality: Ten fruits were
randomly  selected from  each
experimental plot in order to measure
the fruit weight, length and diameter.

b. Chemical constituents of fruits:

1. Total soluble solids (TSS): A random
sample of ten fruits was selected from
each experimental plot using a hand
refractometer in order to measure the
percentage of total soluble solid
content.

2. Ascorbic acid: The method described

by A. O. A. C. (1990) was used to

determine the ascorbic acid.

3. Total sugars: The method described by
Nelson (1974) was used to determine
the total sugar content.

Statistical analysis:

The collected data were statistically
analyzed using the method of Duncan’s
multiple range test as reported by Gomez
and Gomez (1984).All statistical analysis
was performed with SAS computer
software.

RESULTS AND DISCUSSION

1- Vegetative growth characteristics:-
Data in Table (1) cleared that, the
impact of foliar spray of squash plants
with potassium silicate, salicylic acid, and
selenium on the chlorophyll content and
vegetative growth characteristics. The
results indicated that, the use of potassium
silicate produced the highest values for

(25)

squash plant height, number of leaves per
plant, leaf area, and chlorophyll content
during the first and second growth years
compared with the other treatments were
studied .Moreover, there were no
significant differences between potassium
silicate application and salicylic acid in
number of leaves per plant. In the second
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season, the lowest values of all vegetative
growth characteristics were obtained from
the control treatment. These results are
going with Jafari et al. (2015) and Omar

(2017) on cucumber plants. Moreover,
Alkharpotly et al. (2019) and Shehata and
Abdelgawad (2019) on squash plants.

Table (1). Influence of salicylic acid, potassium silicate and selenium on vegetative
growth and chlorophyll readings of squash plants in both seasons.

Plant height (cm)

Leaves number

Leaf area (cm?) Chlorophyll readings

Treatments /plant (SPAD)
2018/2019 2019/2020 2018/2019 2019/2020 2018/2019 2019/2020 2018/2019 2019/2020
Control 62.22b  6155c¢ 21.70c 23.88c 2073.2d 2129.0d 40.70c 41.21c
Salicylicacid 71.77b  7211b 26.99ab 28.1lab 2239.4c 22379c 4227bc  43.16b
Selenium 64.11b 63.22b  2555b  2655b 2428.7b 24651b 4357b 43.70 b
K silicate 89.55a 8l45a 29.33a 29.22a 33247a 33719a 4570a 46.20 a

Values in the same column followed by the same letter do not significantly differ from each other according to

Duncan's multiple range tests at 5% level.

2- Fruit yield characteristic:

Results in Table (2) show the effects
of foliar spray of the squash "Marcella™
hybrid with salicylic acid, selenium, and
potassium silicate on fruit weight, early
fruit yield, and total fruit yield. Results
indicated that all used treatments of foliar
spray enhanced fruit weight, early and
total fruit yield in the both tested years
compared with control. Moreover, during
the two tested seasons, foliar application of
potassium silicate produced the highest
early and total yield of squash plants,
without  significant  differences  with
salicylic acid treatment. These findings are
agree with Abd-Elaziz et al. (2019),
Alkharpotly et al. (2019) , EI-Shoura
(2020), Al-Ahmad and Al-Jubouri (2022)
and Shehata and Abdelgawad (2019) on
squash . These results could be explained
by the significant increases in all
vegetative growth parameters that were
analyzed. These increases could be caused
by a number of physiological processes

that occur in plant cells and buds during
flowering and affect the yield that follows
through the stimulating effects of
potassium silicate and salicylic acid. The
previous results may be related to the role
of salicylic acid (SA) in raising the plant
defense in plant in case of phytoplasma
attacks, reducing infection prodromes,
favoring photosynthetic translocation and
improving the productivity and quality of
fruits (Lopez-Delgado et al., 2018). The
enhancements in  vegetative growth
characteristics may be related to the fact
that potassium silicate is a great source of
soluble potassium and silicon. Its main
functions in agricultural  production
systems are to regulate silica and give
plants trace amounts of potassium.
Moreover, potassium which is the cation
found in plants K plays a crucial part in
controlling plant cells' osmotic potential.
Additionally, it stimulates several enzymes
involved in photosynthesis and respiration
Marschner (1995).

Table (2). Influence of salicylic acid, potassium silicate and selenium on fruit weight,
early and total yield of squash plants in both seasons.
Fruit weight (g) Early yield plant (g)

Total yield plant (Kg)

Treatments  —,182019  2010/2020  2018/2019 _ 2019/2020 _ 2018/2019 __ 2019/2020
Control 82.33b 82.57¢c 17.37Db 547.66 ¢ 1.626 ¢ 1.640 ¢

Salicylic acid 91.78 a 96.15a 638.33 a 697.33 a 1.918a 2.090 a
Selenium 89.33a 88.21b 608.67 b 617.67 b 1.826 b 1.850 b
K silicate 92.00 a 96.40 a 642.67 a 706.67 a 1.925a 2.117 a

Values in the same column followed by the same letter do not significantly differ from each other according to
Duncan's multiple range tests at 5% level.

(26)
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3- Fruit physical characteristics: -

Data in Table (3) indicates the
influence of foliar spray with salicylic acid
, Selenium and potassium silicate on the
physical fruit parameters i.e., the length
and diameter of squash fruit. Results
detected that the foliar spray with
potassium silicate increased significantly
fruit length of squash in the two tested
seasons. Moreover, all tested treatments
increased significantly the length of squash
fruit in the second season compared to the
control treatment. As for fruit diameter,
data found that the positive effects of fruit
diameter in the first year of study were
obtained from spraying squash plants with
all studied treatments compared to the

untreated treatment. Whereas, in the
second season foliar application with
salicylic acid and potassium silicate
increased fruit diameter. These findings
are in the same line with those mentioned
by Abd — Elaziz et al., (2019) , El-Shoura
(2020), Al-Ahmad and Al-Jubouri, (2022),
Jafari et al. (2015) and Omar (2017) .As
for enhancements in fruit length and
diameter in case of salicylic acid, selenium
and potassium silicate could be attributed
to the response of using salicylic acid,
selenium and potassium silicate as foliar
spray on fruits water content which have
an effect on cell structure and fruit size and
thus on fruit characteristics.

Table (3). Influence of salicylic acid, potassium silicate and selenium on physical fruit
characters of squash plants in both seasons.
Fruit length (cm)

Fruit diameter (cm)

Treatments 2018/2019 2019/2020 2018/2019 2019/2020
Control 15.40b 1443 b 355b 3.47b
Salicylic acid 15.87 a 15.77 a 3.75ab 3.77a
Selenium 15.71 ab 15.80 a 3.66 ab 3.58b
K silicate 15.70 ab 16.67 a 3.82a 391a

Values in the same column followed by the same letter do not significantly differ from each other according to

Duncan's multiple range tests at 5% level.

4- Chemical constituents of fruits: -
Results in Table (4) indicate that,
different assigned treatments significantly
increased the chemical constituents of
squash fruits (the total of soluble solids,
ascorbic acid and the total of sugars)
during both tested seasons. However, the
control treatment had the lowest values of
total soluble solids, ascorbic acid and total
sugars during the two growing years.
These findings are similar to those of
(Abd-Elaziz et al., 2019, EI-Shoura, 2020,
Al-Ahmad and Al-Jubouri , 2022, Jalali et
al., 2022, Liu et al., 2022 and Shehata and

Abdelgawad 2019). These findings are
going with those found by Zhao et al.
(2020) who showed that added Si gave a
significant increase in the content of
ascorbic acid in squash fruit. As for total
sugars, data showed that all treatments
gave an increase in the total sugars content
in squash fruits during the two seasons of
study. Moreover, these findings are in
harmony with Omar (2017) who stated
that, spraying cucumber plants of SA or Si
at 200 , 100 ppm respectively , increased
the percentage of total sugars compared to
untreated treatment.

Table (4). Influence of salicylic acid, potassium silicate and selenium on chemical fruit

guality of squash plants in both seasons.

Treatments T.S.S (%) Ascorbic acid (mg/100 g fw) Total sugars (%)
2018/2019  2019/2020 2018/2019 2019/2020 2018/2019 2019/2020
Control 443D 461b 18.08 ¢ 29.33b 27.98b
Salicylic acid 51a 50a 19.26 ab 52.86 a 47.11a
Selenium 5.03 a 4.90 a 19.63 a 53.80a 51.90 a
K silicate 543 a 530a 19.75a 54.67 a 52.61la

Values in the same column followed by the same letter do not significantly differ from each other according to

Duncan's multiple range tests at 5% level.
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CONCLUSION growth parameters, fruit yield and quality.
The study recommend with foliar Moreover, spraying squash plant with
application of squash plants grown under salicylic acid was an effective agricultural
greenhouse condition in the winter season strategy for high early and total yield and
under clay loam soil with potassium enhancing fruit quality.
silicate for enhancing the vegetative
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