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ABSTRACT

Two field experiments were carried out during the summer seasons of
2016 and 2017, in a private farm, at Wadi El-Natroon city, Behiera Governorate,
Egypt, under open field conditions in sandy soil. The main objective was to
investigate the effectiveness of foliar application of both salicylic acid and
potassium silicate on summer squash (Cucumis pepo L. cv. Hollar Queen F;
hybrid) as feeding fertilizers and to overcome the heat stress or over heat of
summer temperature (from march to June) during squash plantation (vegetative
growth, yield and quality). Treatments were consisted of two factors (two
independent variables) as foliar application, i.e.; three concentrations of salicylic
acid (1, 2, 3 mM) or / and four concentrations of potassium silicate (4.25, 8.50,
17, 34 mM) in addition to control plants that’s treated with distilled water. Both
conducted experiments were in a randomized complete blocks design, with three
replications. Each replicate included 20 treatments. All determined treatments
were distributed randomly within each block. Squash plants were sprayed with
the allocated or assigned treatments twice during the growing seasons, the first
one at 25 days after planting (the fourth true leaf stage) and after one week later.
The recommended cultural practices for commercial squash production were
followed. The obtained results indicated, generally, that foliar application
treatments of salicylic acid (SA) and potassium silicate (K,SiO3) alone or in
combination to squash plants might be considered as an optimal treatment for
the production of high yield and good quality of summer squash. Specifically,
the treatment combination between 2 mM salicylic acid plus 8.5 mM potassium
silicate might be considered as an optimal treatment to produce high yield and
good quality of summer squash under the environmental conditions of Behiera
Governorate and other similar regions.
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INTRODUCTION

Summer Squash (Cucurbita pepo L.) belongs to the Cucurbitaceae family,
which is one of the most popular vegetable crops for human nutrition in Egypt
and worldwide (Abd EI-All et al., 2013). The summer Squash has various
health benefits to human as well as medicinal potentials. The fruits of squash
contain various nutritious properties. It is very low in calories (about 19
Kcal/100 g) and has large amount of fiber (Tamer et al., 2010). Nevertheless,
during summer seasons, where the predominant high temperature stress,
especially in sandy soils, high temperatures exert adverse effect on the growth of
the whole plant, especially those above-grounded plant tissues as summer
squash which affecting the metabolism, growth and development (Boyer, 1982).
Relative to summer squash, more or less, research had examined the effects of
heat stress taken place during summer times on this vegetable crop's fruit yield
and quality. Also, relatively rare, unless otherwise stated elsewhere, literatures
are published concerning affecting summer squash by heat stress and how to
manipulate this concern. Hence, overcoming this problem in summer squash
could reflect, positively, on growth performance during the time-course of
growth and consequently improve both vegetative and reproductive growth. This
study hypothesized that salicylic acid (SA) and potassium silicate (K,SiO3)
could play a vital role in this context (effect of summer squash by heat stress
during summer season). Salicylic acid (SA) acts as an endogenous hormone-like
plant growth regulator. It has a role in the secondary metabolism, which
encourage of root growth, providing such resistance against infection
pathogenesis of the plant, inhibits the biosynthesis of ethylene, and improves the
quality and quantity of contained proteins (Canakci and Munzuroglu, 2007). It
is, also, plays a vital role in plant growth, ion uptake and transport
photosynthetic rate, membrane permeability and transpiration (Wang et al.,
2006) it could be affected by SA application. Some studies reported that plant
foliar spray with salicylic acid caused increase in vegetative growth, yield and
quality as (Elwan and EL-Shatoury, 2014 and Abd EI-Mageed et al., 2016)
on summer squash and as (AL-Rubaye and Atia, 2016 and Omar, 2017) on
cucumber plants. Further, plants typically absorb bio-available silicon (Si) as a
silicate, generally, known as monosilicic or orthosilicic acid. Silicon (Si) is
deposited as silica in the plant cell walls, improving cell wall structural rigidity
and strength, plant architecture and leaf erectness. It has been reported that Si
applied by external foliar treatments or hydroponic supplementation has
beneficial effects on plant growth and plays an important role in tolerance of
plants to environmental stresses (Balakhnina and Borkowska, 2013; Rizwan
et al., 2015). However, further reports indicated that it plays a major role for a
variety of plant species as Cucurbitaceae. A number of possible mechanisms
through which silicate may increase salinity, heat and drought tolerance in plants
have been proposed by various scientists as reviewed by Liang et al. (2015),
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including improved plant water status (Romero-Arnada et al., 2006); increased
photosynthetic activity and ultra-structure of leaf organelles (Shu and Liu,
2001). Some investigators reported that plant foliar spray with silicon caused
increase in vegetative growth, yield and quality of cucumber plants as (Jafari et
al., 2015 and Omar, 2017). There is a shortage information regarding the
significant benefits of Si fertilization to summer squash, and it highlights such
significance for future prospects of research in this field. Due to limit of
knowledge regarding manipulating the heat stress practiced on the of summer
squash during cultivation season, the main objective behind this study was to
investigate the effectiveness of foliar application of both salicylic acid and
potassium silicate on summer squash (Cucumis pepo L. cv. Hollar Queen F;
hybrid) as feeding fertilizers during both summer seasons (from march to June)
of squash plantation led to increasing on vegetative growth, yield and quality.

MATERIALS AND METHODS
1. Experimental sites and arrangement:

Two field experiments were carried out during the summer seasons of
2016 and 2017, in a private farm, at Wadi EI-Natroon city, Behiera Governorate,
Egypt, under open field conditions in a sandy soil. Before planting, random soil
samples of 30 cm depth from different places of the planting field were collected
and analyzed for some important chemical and physical properties according to
Wilde et al., 1985 is given in Table (1). The experimental field was polughed and
pulverized. Then, the soil was ridged into rows one-meter width and divided to
plots. Squash seeds were sown directly in the field on March 18" during both
seasons at 0.5 m apart and 1 m width of ridge on one side of the rows. After
germination, plants were thinned leaving one plant per hill. The experimental
plot consisted of one ridge with 10.5 m long and 1 m width; making an area of
10.5 m?. A drip irrigation network system was designed for this study. Both
conducted experiments were in a randomized complete blocks design, with three
replicates. Each replicate included 20 treatments.

2. Experimental materials:

Gynoecious squash cultivar seeds coined as "Hollar Queen F; hybrid" was

used for conducting the experimentation step. It was purchased form Hollar
Seeds Rocky Ford Co., USA. Imported by World of Agriculture& Veterinary
Co. (WAV Co), El-Giza, Egypt.
Treatments were consisted of two factors as a foliar application, i.e.; three
concentrations of salicylic acid (1, 2, 3 mM) or / and four concentrations of
potassium silicate (4.25, 8.50, 17, 34 mM) in addition to control plants that
treated with distilled water. All determined treatments were distributed
randomly within each block as reported earlier. Squash plants were sprayed with
the allocated or assigned treatments twice during the growing seasons, the first
one at 25 days after planting (the fourth true leaf stage) and
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Table (1): Physical and chemical properties of the experimental site during
both seasons of the experimentation (2016 and 2017).

Soil properties Season

2016 | 2017
Physical analysis:
Clay (%) 3 3.5
Silt (%) 0 0
Sand (%) 97 96.5
Textural class Sandy Sandy
Chemical analysis:
Soluble cations in (1:5) soil: water
extract (meag/l)
Ca** 1.7 1.6
Mg** 2.04 2.00
K* 0.51 0.45
Na* 1.60 1.80
Soluble anions in (1:5) soil: water
extract (meag/l)
HCO; 4.5 4.60
CI 2.4 2.35
SO4~ 0.81 0.80
pH (1:1 soil suspension) 7.87 8.10
EC at 25° C (ds/m) 0.44 045
CaCOs 2.1 2.20
O.M. 0.07 0.09
Available N (mg/kg soil) 267.53 265.50
Available P (mg/kg soil) 30.25 33.25
Available K (mg/kg soil) 200 220

-The analyses were carried out at Soil Departement, Faculty of Agricultur (Saba
Basha), Alexanderia University, Egypt.
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after one week later. The recommended cultural practices for commercial squash
production in the area were followed.

3. Harvesting: Harvesting of the fruits was done for early yield after 40 days,
then for the rest of harvesting cycles (each 4 days during both seasons). The
harvesting fruits were counted and weight using electronic scale.

4. Experimental data collections

Four plants form each treatment in each replication were, randomly,
selected and tagged for recording growth, early yield and total yield as well as
fruits quality parameters.
4.1. Vegetative growth

4.1.1. Plant height (cm) It was recorded in centimeters from the base of the
plant to the terminal growing point of tagged plants after 40 days from planting
date using a meter scale.

4.1.2. Number of leaves per plant, were counted after 40 days from planting
date.

4.1.3. Plant fresh weight (g) was determined as the average fresh weight of
plant foliage after 45 days of planting.

4.1.4. Plant dry weight (g): Plant foliage was dried in an electrical oven at
70° C till the constant weight, then the average dry weight of whole plant foliage
was determined in gram.

4.2. Flowering characteristics: Four plants from each experimental plot were
chosen at random, and the following data were recorded:

4.2.1. Number of flowers/plant: The whole numbers of the opened flowers/
plant all over the season were counted.

4.2.2. Fruits setting percentage (%): It was calculated by dividing number
of fruits/plant by number of flowers/plant multiplied by 100.

4.3. Fruits yield parameters:

4.3.1. Number of fruits/plant: The average of fruits number/plant was
determined from the total number of fruits harvested over the entire harvest
period (36 days).

4.3.2. Fruits yield/plant (kg): The average of fruit weight/plant was
calculated from the fruit harvested over the all picking times.

4.3.3. Fruits yield/feddan (ton): The total fruit weight from the tagged plants
was recorded and fruits yield/feddan was determined as:

Fruits yield per feddan =average fruits yield/plant x number of plants/feddan.

4.3.4. Average fruits weight (g): It was calculated as total fruits yield (g)/
total number of fruits per plant.

4.3.5. Early yield: it was considered as the weight of all harvested fruits
during the first 4 pickings of harvesting per plant (g) and per feddan expressed

in (kg).
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4.3.6. Fruits dry weight (g): Randomly fruit samples of 100 g of fresh
weight were dried in an electrical oven at 70° C till the constant weight then the
average of fruit dry weight was calculated in (g).

4.4. Fruit quality: Four fruits were, randomly, taken from each plot of all
pickings to study the morphological and chemical characters of the fruits during
both seasons of the study.

4.4.1. Morphological characters: Fruit length (cm) and fruit diameter (cm)
were measured and fruit shape index was calculated as (fruit length/ fruit
diameter).

4.4.2. Chemical composition: The following fruits constituents were
determined in fruits samples that collected for chemical characteristics
determination as follows:

4.4.2.1.Total soluble solids content (TSS %): It was estimated in the juice
of the fresh fruits using a hand refractometer according to A.O.A.C. (1992).

4.4.2.2. Total titratable acidity (%0): It was determined in the fruit juice, as
citric acid percent (mg/100 cm? juice) as the method described in the A.O.A.C.
(1992).

4.4.2.3.Total, reducing and non-reducing sugars: They were determined
for each fruits sample according to the method described by Malik and Singh
(1980).

4.5. Plant chemical analysis

45.1. N, P, K, Si contents of leaves and fruits: The kjeldahel digestion
procedure was conducted as described by Okalebo et al. (2002). The total
nitrogen in plant samples was determined using the micro kjeldahel method of
distillation and titration as described by Pregl (1945). Total P was determined
following color development using the Bray P1 extractant, measured by the
Murphy blue coloration (Murphy and Riley, 1962) using a Spectrophotometer
(model Perkin Elmer Lamda 45). Total K was determined by aspirating directly
into Jenway flame photometer (PFP7). Reactive silica was analyzed according
to molybdsilicate method described in APHA (1992).

4.5.2. Leaf chlorophyll indication (SPAD) : For determination chlorophyll
readings, at harvest,leaf greenness was done using a non- destructive method
using a SPAD 502 chlorophyll meter for each plant, 3 recently full- expanded
leaves were randomly chosen for SPAD (Soil Plant Analysis Development)
measurement at the average of 3 readings was recoded (Yadava, 1985;
Marquard and Tipton, 1987).

5. Statistical Analysis :

All obtained data of the present study were, statistically, analyzed
according to the design used by the MSTAT-C computer software program
(Bricker, 1991) and were tested by analysis of variance. The comparisons
among the means of different treatments were carried out, using the revised least
significant difference test at 0.05 level of probability was used to compare the
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differences among the means of the various treatment combinations as
illustrated by (EI-Rawy and Khalf-Allah, 1980; Gomez and Gomez, 1984).

Meteorological data of the cultivation area during time-course of
conducting the present study are illustrated in Table (2).

Appendix (1): The maximum, minimum and average air temperatures per week during

the two growing seasons of 2016 and 2017.

Air temperature [°C] | Air temperature [°C]
weeks Max. | Min. X Max. | Min. X
2016 2017

25-31 Mar. 23.10 | 12.20 | 17.65 | 21.05 | 11.00 | 16.03
01-07 Apr. 22.15 | 10.11 | 16.13 | 2455 | 11.00 | 17.50
08 -14 Apr. 26.10 | 10.00 | 18.05 | 22.70 | 11.20 | 16.95
15- 21Apr. 26.10 | 13.00 | 19.55 | 22.80 | 12.80 | 17.80
22- 28 Apr. 2890 | 1150 | 20.20 | 28.10 | 11.40 | 19.75
29 Apr.-05 May 29.50 | 13.70 | 21.60 | 28.50 | 12.40 | 20.45
06-12 May 25.80 | 13.70 | 19.75 | 24.90 | 12.70 | 18.80
13- 19 May 31.30 | 15.70 | 23.50 | 31.50 | 14.90 | 23.20
20- 26 May 29.00 | 16.60 | 22.80 | 30.50 | 16.50 | 23.50
27 May-02 june 2759 | 16.15 | 21.87 | 30.00 | 14.40 | 22.20
03-09 june 34.00 | 17.90 | 25.95 | 30.40 | 16.10 | 23.25
10-16 june 32.00 | 17.70 | 24.85 | 31.00 | 18.40 | 24.70
17-23 june 32.20 | 18.70 | 25.45 | 31.50 | 18.00 | 24.75

Meteorological data from Central Lab. for Agricultural Climate, Agricultural Research
Center, Ministry of Agriculture and Land Reclamation, Egypt.

RESULTS AND DISCUSSION

1. Vegetative growth characters: The results in Table (3) illustrated that all SA
and potassium silicate treatments when used singly or in combination on squash
plants, significantly, increased all vegetative growth characters comparing to
non-treated plants during both seasons. Generally, untreated plants showed the
lowest significant average values for all vegetative growth characters. Results,
also, showed nonsignificant effects among the treatments of salicylic acid and
potassium silicate and their combinations on plant height during both seasons of
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the study, and plant dry weight, during the first season only, while during the
second season, the recorded results indicated that the highest average values
were taken place due to foliar application with salicylic acid at 1mM for both
plant height characters (54.00 and 56.67 cm; respectively) and 3mM or 8.5mM
potassium silicate concentrations for plant dry weight characters as 141.90 or
135.77 (g), during second season each in turn. Regarding number of leaves per
plant character, the combination between 2mM salicylic acid plus 17mM
potassium silicate; gave rise the highest average values during both seasons as
29.33 and 29.00, consecutively. In the case of plant fresh weight character, foliar
application with 8.5mM potassium silicate showed the highest average values as
887 and 877 (g) serially, during both seasons of the study. Generally, in terms of
the main effects of both SA and potassium silicate (K.;SiO4) and their
combinations, the tabulated results indicated, clearly, their modes of action in
regulating and modulating the physiological processes on growth and
development of summer squash under the study via ion uptake and transport,
photosynthetic rate, membrane permeability and transpiration (Bhupinder and
Usha, 2003; Wang et al., 2006). The favorable of Si application resulted in its
ability to hamper both biotic pressures caused by pest attacks and plant diseases,
as well as biotic pressures, including physical pressures such as water logging,
drought, high temperature, freezing, UV, and chemical pressures as nutrient
deficiencies, salinity, and metal toxicity (Zhu and Gong, 2014; Rizwan et al.,
2015). Also, the role of Si in protecting the plant cell membranes from oxidative
damage when grown under stress as heating. Consequently, Si may be
contributing in many physiological or metapolic changes that stimulate plant
growth (Zhu et al., 2004). Regarding SA effects, the presented results in this
study are in harmony, more or less, with those of (Elwan and EL-Shatoury,
2014) who reported that compared to control treatment, squash plants sprayed
with SA had 2.3 and 1.4 times produced more leaves and 3.2 and 2.5 times
higher fresh weight during both seasons of their study, respectively.
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Table (3). Averages of some vegetative growth-related characters of squash plants as affected by foliar application with
salicylic acid, potassium silicate and their combinations during the summer seasons of 2016 and 2017.

Plant height Plant fresh weight Plant dry weight
Treatments (cm) g No. of leaves/plant @ g (93)/ g
2016 2017 2016 2017 2016 2017 2016 2017
1- Control 43.33 b 43.33 e 22.67 e 22.33d 470 e 502 e 89.76 a 68.97 e
2- 1mM (SA) 54.00a 56.67a 26.67a-d 26.00c 678 bc 707 a-c 112.83a 117.43 a-d
3- 2mM (SA) 51.67ab 50.00a-e 28.00a-d 27.67a-c 825ab 812 ab 121.70a 121.20 a-d
4- 3 mM (SA) 50.00ab 50.00a-e 27.00a-d 27.33a-c 620c-e 667 b-e 111.87a 141.90a
5- 4.25 mM (KzSiO3) 51.00ab 50.00a-e 26.00a-d 26.00c 690 bc 713 a-c 101.63a 105.03 a-e
6- 8.5 mM (K2SiO3) 51.33ab 50.00a-e 28.33a-d 29.00a 887 a 877 a 136.23a 135.77a
7- 17 mM (K2SiO3) 46.67ab 45.00de 27.33a-d 26.00c 488 de 565 c-e 8242 a 89.90 b-e
8- 34 mM (K:SiO3) 49.00ab 50.00a-e 26.67a-d 26.67bc 663 bc 680 b-d 122.37a 126.70 a-d
9- 1mM (SA) +4.25 mM (KzSiO3) 50.00ab 53.33a-c 26.67a-d 27.33a-c 672bc 650 b-e 108.70a 112.53 ad
10- 1 mM (SA) +8.5mM (K2SiOz) 47.00ab 46.67c-e 25.33c-e 26.67bc 467e 533 de 78.40a  88.50c-e
11- 1 mM (SA) +17 mM (K,SiOs)  51.67ab 53.33a-c 27.67a-d 27.33a-c 730ac 710ac 128.07a 128.63 a-d
12- 1 mM (SA) +34 mM (KzSiO3) 50.00ab 49.33b-e 26.67a-d 26.67bc 577c-e  580c-e 82.33a  87.57de
13- 2mM (SA) +4.25 mM (K2SiO3) 52.33a  53.00a-c 28.00a-c 28.67ab 487 de 551 c-e 87.63a  91.07 b-e
14- 2 mM (SA) +8.5 mM (K2SiO3)  53.33a  54.33ab 27.00a-d 27.00a-c 642 cd 657 b-e 121.97a 131.70ab
15- 2mM (SA) +17 mM (K2SiOs)  54.33a  52.67a-c 29.33a 29.00a 693bc 717 a- 110.23a 130.03 a-c
16- 2 mM (SA) +34 mM (K2SiO3) 46.33ab 48.00a-d 26.33a-d 27.00a-c 707 bc 710 a-c 113.30a 113.50 a-d
17- 3mM (SA) +4.24 mM (K2SiO3) 50.00ab 51.67a-c 24.67de 26.67bc 592c-e  560c-e 98.97a  100.20 a-e
18- 3mM (SA) +8.5 mM (K2SiO3)  46.33ab 45.00a-e 25.33c-e 26.00c 572ce  547c-e 87.80a  93.53 b-e
19- 3mM (SA) +17 mM (K3SiO3) 46.00ab 50.00ab 24.67de 26.67bc 590c-e  590c-e 97.47a  92.33 b-e
20- 3 mM (SA) +34 mM (K3SiOs) 5433a 53.67a-c 29.00ab 28.67ab 620c-e  655b-e 95.93a  105.93 a-e

- SA, salicylic acid; K>SiOg, potassium silicate. Values having the same alphabetical letter (S) in common, within each column, do not
significantly differ, using the revised L.S.D. test at 0.05 level of probability.
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Also, Abd EI-Mageed et al. (2016) illustrated that exogenous SA application,
significantly, increased all squash growth parameters (i. e. shoot length, number
of leaves per plant, leaf area per plant and shoot and root dry weights per plant)
during both summer and fall seasons. AL-Rubaye and Atia (2016) exhibited
that the tallest squash plant height was found to be due to foliar application 5
mM concentration of salicylic acid compared to the other applied
concentrations. Omar (2017) illustrated that foliar application of SA at 200 ppm
caused; significant increase on cucumber stem length, number of branches, leaf
area and plant fresh and dry weights compared to control plants (sprayed with
tap water). Yildirim et al. (2008) found that foliar applications of SA; resulted
in greater cucumber shoot fresh and dry weights, root fresh weight and dry
weights, higher plants, stem diameter and leaf number per plant under salt stress
condition.

Regarding (Si) spraying, the present findings were similar, more or less,
with those reported by Al-Aghabary et al. (2005) who found that Si foliar
application; resulted in increasing dry matter accumulated in all parts of tomato
plants under salt stress and the increase in leaf and total plant dry matter content
was significant. The increase was to the extent of 19.5, 25.4, 13.4, and 21.2%
with leaf, stem, root, and total plant, serially. Also, Romero-Aranda et al.
(2006) demonstrated that the application of 2.5 mM silicon; gave rise to an
increase in plant dry weight and leaf area of tomato plants. Further, Li et al.
(2015) demonstrated that application of 2 mM Si in sand culture; was accounted
with improved total root length, plant height, leaf area and dry weights of both
shoots and roots of tomato plants. Concerning the combinations between both
SA and Si concentrations, Jafari et al. (2015) reported that under osmotic stress,
Si, SA and Si + SA, increased leaf area, shoot fresh and dry matter contents of
cucumber plants.

2. Flowering characters:

Results presented in Table (4) declared that both tested characters, i.e.
numbers of flower/plant and fruit setting percentage of squash plants were
affected, significantly, owing to combinations of tested foliar application items
under investigation. Foliar spray with 17 or 34 mM potassium silicate during
first season, and the combination between 2 mM of SA and 8.5mM of potassium
silicate during both seasons; brought about the highest significant average values
for number of flowers/plant character as 16.67 for the former and 16.67 and
17.00 for the later compared to untreated plants. The lowest significant average
values were obtained from untreated plants (10.00-12.67) during both seasons,
respectively. These results are in consistent trend with those of Kazemi (2014)
on tomato. The same author indicated that salicylic acid (0. 5 mM) alone or in
combination (0.5 mM SA+ 0.25 mM MJ); increased number of flower branches
per plant. Also, on strawberry plants, Jamali et al. (2011) indicated that SA at 2
mM; increased inflorescence number and flower number per inflorescence. As
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for fruit setting percentage character during the first season, treatment of 2 mM
salicylic acid plus 17 mM potassium silicate; led to the highest average value of
the given trait, while the lowest average values were obtained from application
with 2 mM or 1 mM SA with either 4.25 mM (K,SiO,) or 8.5 mM (K;SiO4). On
the other hand, during the second season, nonsignificant effects were noticed
among all treatments and untreated plants.

3 Yield characters:

Results presented in Tables (5 and 6) expressed that foliar application with SA
and potassium silicate and their combinations; affected significantly (p<0.05) all
studied characteristics of the tested squash cultivar (i.e. number of fruit, average
fruit fresh and dry weights, early fruit yield per plant and per feddan and total
fruit yield per plant and per feddan). Whereas, the lowest significant average
values for all yield characters of squash fruits were derived from untreated
plants compare to treated plants during both seasons. The highest average values
for number of fruits per plant character were obtained from the combined
treatment of 2 mM SA plus 8.5 mM potassium silicate as 14.00, during both
seasons of the study. While treating the plants with 1 mM of salicylic acid in
combination with 17 mM potassium silicate (without significance differences
with the other treatments); brought about the highest average values for fruit's
fresh weight character (184.00 g) during the first season, but the combined
treatment of 3 mM SA plus 8.5 mM potassium silicate; recorded the highest
average value (206.67 g) during the second season. With respect to fruit dry
weight character, the combination of 1 mM SA plus 34 mM potassium silicate;
showed the highest average values during both seasons as 16.21 and 13.33 g,
each in turn. In terms of early yield per plant character, the gained results
showed that plants treated with ImM SA in combination with 17 mM potassium
silicate; resulted in the highest average values during both seasons as 758.33 and
760.00 g, in succession, in addition to plants treated with 2 mM SA (as 763.33
g) during the second season only. Regards early fruit yield per feddan, plants
sprayed with 1 mM SA mixed with 17 mM potassium silicate, led to the highest
average values during the first and second seasons as 6370.00 and 6384.00 (kg),
and 2mM of (SA) or 3 mM (SA) plus 8.5 mM (K,SiO4) which recorded the
highest average values of the fruit yield per plant and per feddan during both
seasons, consecutively. In the present study, increasing of squash fruit yield was
achieved due to foliar application with SA and potassium silicate and their
combinations might be attributed to the increase of vegetative growth
parameters as reported earlier. The present results are in agreement with those
obtained by (Elwan and EL-Shatoury, 2014; Abd El-Mageed et al., 2016;
Rubaye and Atia, 2016) who found that exogenously applied SA; increased the
highest squash yield/ plant and total yield/hectare compare to the other tested
concentrations. Omar (2017) illustrated that foliar application of SA at 200 ppm
caused a significant increase readily cucumber early and total fruit yield
compared to control plants.
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Table (4). Averages of some flowering characters of squash plants as
affected by foliar application with salicylic acid, potassium
silicate and their combinations during the summer seasons
of 2016 and 2017.

Fruit setting
No. of flowers/plant

Treatments percentage
2016 2017 2016 2017
1-  Control 10.00d 12.67d 83.00 a-c 76.00 a
2- 1mM (SA) 15.67 a-c 15.67a-c 78.67a-c 81.00a
3-  2mM (SA) 15.33 a-c 15.67a-c 76.33c 79.33 a
4-  3mM (SA) 16.00 a-c 15.67a-c 78.33a-c 80.67 a
5-  4.25mM (K2SiO3) 15.67 a-c  15.33 bc 83.33a-c 82.67a
6- 8.5 mM (K:SiO3) 15.67 a-c 16.00a-c  80.67a-c 77.67 a
7- 17 mM (K2SiOs) 16.67 a 16.00a-c 77.67a-c 81.33a
8- 34 mM (K:SiO3) 16.67a 16.00a-c 77.67a-c 75.33a

9- 1mM (SA)+4.25mM (KzSiOs) 16.00a-c 15.67a-c 76.67c 76.33a
10- 1mM (SA) +8.5mM (KzSiO3)  15.00bc  15.00c 7533¢c 73.67a
11- 1 mM (SA) +17 mM (K:SiOs)  16.33ab 16.00a-c 77.33bc  80.00 a
12- 1 mM (SA) +34 mM (KSiOs)  14.67c  1533bc  79.67a-c 78.67a
13- 2mM (SA) +4.25 mM (K2SiO3) 16.33ab  16.00a-c  77.33bc  79.00 a
14- 2mM (SA) +8.5mM (K,Si0s)  16.67a 17.00a  84.00a-c 82.00a
15- 2 mM (SA) +17 mM (KzSiO3) 15.67a-c 16.67ab  87.33a 80.67a
16- 2 mM (SA) +34 mM (K2SiO3) 15.33a-c 16.00a-c 82.33a-c 79.33a
17- 3 mM (SA) +4.24 mM (K2SiO3) 15.00bc 16.33a-c  87.00ab 73.67 a
18- 3 mM (SA) +8.5 mM (K2SiO3) 15.00 bc  15.33 bc 86.67ab 80.33a
19- 3mM (SA) +17 mM (K2SiOs) 15.33a-c 16.33a-c 82.33a-c 71.33a
20- 3 mM (SA) +34 mM (KzSiO3) 15.33a-c 16.00a-c  80.33a-c 83.33a

- SA, salicylic acid; K>SiOg, potassium silicate.
- Values having the same alphabetical letter (s) in common, within each column, do not
significantly differ, using the revised L.S.D. test at 0.05 level of probability.
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Table (5). Averages of some yield characters of squash fruits as affected by foliar application with salicylic acid,
potassium silicate and their combinations during the summer seasons of 2016 and 2017.

Fayoum J. Agric. Res. &Development, 33 (1).2019.

No. of fruits fruit fresh weight Fruit dry weight ~ Early yield/ plant Early yield/feddan
Treatments / plant (©)] @ (9) (kg)
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
1-  Control 8.33d 9.67 e 156.00d 123.33e  12.37b-e 5.67e 606.67h  505.00d  5096.00 h 4242.00d
2- 1mM (SA) 12.33a-c 12.67a-c 177.00a-c 163.33b-e 14.79a-c 8.00c-e 720.00b-g 686.67 a-c 6048.00b-g 5768.00 a-c
3- 2mM (SA) 11.67c 12.33b-d 184.00a 166.67 a-d 14.19a-d 9.67a-e 75250ab 763.33a 6321.00ab 6412.00 a
4- 3 mM (SA) 12.00bc 12.67a-c 176.00a-c 131.67de 11.98c-e 7.33de 713.33c-g 678.33a-c 5992.00c-g 5698.00 a-c
5-  4.25 mM (K3SiOs) 13.00a-c 12.67a-c 172.00bc 166.67a-d 13.57a-e 9.67a-e 708.33e-g 665.33bc 5950.00e-g 5588.67 bc
6- 8.5 mM (K:SiOs3) 12.67a-c 12.33b-d 176.00a-c 170.00a-d 12.77b-e 9.33a-e 711.67d-g 685.00a-c 5978.00d-g 5754.00 a-c
7- 17 mM (K3SiOs) 13.00a-c 13.00a-c 178.00a-c 178.33a-c 12.17b-e 10.33a-d 73250a-g 733.33ab 6153.00a-g 6151.00 ab
8- 34 mM (K:SiOs) 13.00a-c 12.00b-d 181.00ab 145.00c-e 12.51b-e 10.00a-d 746.67 a-d 701.67 a-c 6272.00a-d 5894.00 a-c
9- 1mM (SA) +4.25 mM (K;SiOs) 12.00bc 12.00b-d 172.00bc 178.33a-c 12.85b-e 10.67a-d 698.33g 723.33ab 5866.00 ¢ 6076.00 ab
10- 1 mM (SA) + 8.5 mM (K2.Si0O;) 11.33c¢  11.00de 182.00ab 160.00b-e 11.37de 10.67 a-d 743.33a-e 706.67 a-c 6244.00 a-e 5936.00 a-c
11- 1 mM (SA) +17 mM (K3SiO3) 12.67a-c 13.00a-c 184.00a 185.00a-c 11.27e 9.00b-e 758.33a 760.00a 6370.00a 6384.00 a
12- 1 mM (SA) +34 mM (K3SiOs) 12.00bc 12.00b-d 179.00a-c 168.33a-d 16.21a 13.33a 735.00a-f 701.67a-c 6174.00a-f 5894.00 a-c
13- 2mM (SA) +4.25 mM (KzSiO3) 12.67a-c 12.67a-c 179.00a-c 195.00a-c 14.72a-c 12.33ab 730.00a-g 733.33ab 6133.00a-g 6160.00 ab
14- 2 mM (SA) +8.5 mM (KzSiO3) 14.00a 14.00a 181.00ab 160.00b-e 13.12b-e 10.00a-d 729.17a-g 705.00a-c 6125.00a-g 5922.00 a-c
15- 2 mM (SA) +17 mM (K3SiOs) 13.67ab 12.33b-d 180.00ab 170.00a-d 13.94a-e 11.67ab 714.17c-g 721.67ab 5999.00c-g 6062.00 ab
16- 2 mM (SA) +34 mM (K3SiOs) 12.67 a-c 12.67 b-d 181.00ab 171.67a-d 13.95a-e 9.67a-e 747.40a-d 675.00a-c 6279.00a-c 5664.00 a-c
17- 3 mM (SA) +4.24 mM (KzSiO3) 13.00a-c 12.00b-d 176.00a-c 180.00a-c 13.62a-e 11.33a-d 728.33a-g 726.67ab 6118.00a-g 6105.33ab
18- 3 mM (SA) +8.5 mM (K:SiO3) 13.00a-c 12.67a-c 168.00c 206.67a 14.60abc 12.67ab 70250fg 756.67ab 5901.00fg 6356.00a
19- 3 mM (SA) +17 mM (K3SiOs) 12.67a-c 11.67cd 176.00a-c 165.00a-e 14.83ab 9.00b-e 71250c-g 628.33¢c  5985.00c-g 5278.00c
20- 3 mM (SA) +34 mM (K:SiO3) 12.33a-c 13.33ab 177.00a-c 185.00a-c 13.17b-e 12.67ab 720.00b-g 733.33ab 6048.00 b-g 5920.00 a-c

- SA, salicylic acid; K»SiOs, potassium silicate.

- Values having the same alphabetical letter (s) in common, within each column, do not significantly differ, using the revised L.S.D. test at

0.05 level of probability.
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Table (6). Averages of some yield characters of squash fruits as affected by
foliar application with salicylic acid, potassium silicate and
their combinations during the summer seasons of 2016 and

2017.
Fruit yield/ plant Fruit yield/feddan
Treatments (kg) (ton)
2016 2017 2016 2017

1- Control 130e 1.20b 10.93d 10.07e
2- 1mM (SA) 2.18b-d 1.97b 18.34bc 16.58 a-d
3- 2mM (SA) 2.15cd 2.06b 18.03 c 17.32 a-d
4-  3mM (SA) 211cd  1.68b 17.74c  14.07 de
5- 4.25 mM (K2SiO3) 2.28a-d 1.87b 19.12 a-c  15.67 b-d
6- 8.5 mM (K2SiOs) 2.23b-d  2.09b 18.73a-c 17.58 a-d
7- 17 mM (K2SiOs3) 231a-d 232b 19.44 a-c  19.47 a-d
8- 34 mM (K2Si03) 235a-c 1.74b 19.76 a-c  14.62 de

9-  1mM (SA)+4.25mM (K,SiOs) 2.06d  2.12b  17.30c  17.95ad
10- 1mM (SA)+85mM (KzSi0s) 2.06d  1.75b  17.33c  14.76c-e
11-  1mM (SA) +17 mM (KzSi0s)  2.27a-d 2.41b  19.06ac 20.19a<c
12- 1 mM (SA) +34 MM (K;SiOs) ~ 2.15¢d  2.01b  18.05c  16.90 a-d
13- 2mM (SA) +4.25 mM (K;SiOs)  2.27a-d  2.47b  19.03a-c 20.76 ab
14- 2mM (SA) +8.5 MM (K»SiOs)  2.53a  3.07a  21.28a  18.80ad
15-  2mM (SA) +17 MM (K»SiOs) ~ 2.46ab  2.11b  20.68ab 17.68 a-d
16- 2mM (SA) +34 MM (K»SiOs)  2.19b-d 2.18b  19.21a-c 18.41a-d
17- 3 mM (SA) +4.24 mM (K2SiOs) 2.29a-d  2.15b  19.22a-c 18.06 a-d
18- 3mM (SA) +8.5 MM (KSi0s)  2.17cd  2.62b  18.19bc 21.97a

19- 3mM (SA) +17 MM (K2SiOs)  2.22b-d 2.56b  18.62bc  15.90 b-d
20- 3mM (SA) +34 mM (K2SiOs)  2.18b-d 2.19b  18.34bc 18.40 ad

- SA, salicylic acid; K>SiOg, potassium silicate.
- Values having the same alphabetical letter (s) in common, within each column, do not

significantly differ, using the revised L.S.D. test at 0.05 level of probability.
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Respecting Si application, the postulated results agree, also, with those obtained
by Omar (2017) who illustrated that foliar application of Si at 100 ppm caused;
significant increase on cucumber fruit yield compared to control plants.
Matichenkov and Bocharnikova (2008) found that cucumber yield was
increased, significantly either by foliar silicon with 10 kg ha? at the 3" leaf
stage and subsequent bi-weekly applications during the season or by soil Si
applications (40 kg ha). There are additional benefits for Si include stimulation
of fruit formation and accelerated fruit maturation. Also, Buttaro et al. (2009)
illustrated that fruit fresh and dry weights of melon were not affected by root
application of Si.

4. Fruit quality's characters
4.1. Fruit length, diameter and shape index

Results postulated in Table (7) reveal that all treated plants showed the
highest significant average values of fruit length and fruit diameter characters
compared to untreated plants during both seasons. However, plants that treated
with 2mM SA singly or 1mM combined with 17mM potassium silicate, led to
the highest average values for fruit length as 17.00 and/or 16.33 cm during both
seasons, respectively. In addition, plants treated with 2mM salicylic acid mixed
with 4.25 or 8.5 or 34 mM potassium silicate recorded higher average values of
the given trait compare to control treatment as 14.00 or 13.83 cm during both
seasons. Concerning the fruit diameter character, plants sprayed with potassium
silicate at either 17 mM or 34 mM or the combination between 1mM (SA) + 34
mM (K,SiO3) brought about, significantly, higher average values of the given
trait as 4.20, 4.17, 4.17 and 4.14 cm, each in turn, compare to the control plants
(3.43 cm), during the first season. During the second season, the combination
between 1 mM (SA) + 34 mM (K,SiO3), caused, significantly, high average
value (4.07 cm) compare to the control treatment (3.07 cm). In terms of fruit
shape index, during the first season the highest average values were obtained
from plants sprayed with 3 mM salicylic acid or 4.25 mM potassium silicate
(4.19 and 4.21) or due to the combination between 1 mM SA and 17 mM
potassium silicate or 2 mM salicylic acid combined with 4.25 mM potassium
silicate as 4.21 compare to the combination treatment of 1 mM (SA) + 4.25 mM
(K2Si0O3) as 3.76. While in the second season, nonsignificant effects were
showed among all treatments. These results are in agreement with those
illustrated by Omar (2017) who indicated that foliar application with either SA
at 200 ppm or Si at 100 ppm; resulted in significant increase in fruit length and
diameter of cucumber compared to control plants.
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Table (7). Averages of fruit length, diameter and shape index characters of squash as
affected by foliar application with salicylic acid, potassium silicate and their
combinations during the summer seasons of 2016 and 2017.

Treatments Fruit length (cm) Fruit diameter (cm) Fruit shape index
2016 2017 2016 2017 2016 2017

1-  Control 14.00 c 13.83 ¢ 3.43c 3.07e 4.12 ab 4.44 3
2- 1mM (SA) 16.00 ab 16.00 ab 3.83b 3.73 cd 4.16 ab 429 a
3-  2mM (SA) 17.00 a 16.33 a 4.10ab 387a-d 4.17ab 423 a
4- 3 mM (SA) 16.00 ab 15.67 ab 3.80b 3.63d 4,19 a 431a
5-  4.25mM (K:SiOs) 16.00ab  15.50ab  3.80b 3.77b-d 4.21a 4.11a
6- 8.5 mM (K:SiO3) 16.00 ab 15.00 b 4.00 ab 3.80a-d 4.02a-c 395a
7- 17 mM (K2SiO3) 16.00 ab 16.00 ab 4.20a 400a-c 3.92a-c 399a
8- 34 mM (K:SiO3) 17.00 ab 16.00ab  4.17a 393ac 3.92ac 4.07a

9- 1mM (SA)+4.25 mM (KzSiO3) 15.00 bc 16.00 ab 3.95ab 3.80a-d 3.76¢c 423 a
10- 1mM (SA) + 85 mM (K2Si0s) 16.00ab  16.00ab  4.00ab 3.87a-d 4.04a-c 4.15a
11- 1 mM (SA) +17 mM (K2SiO3s)  17.00a 16.33a  4.07ab 4.03ab 421a  405a
12- 1 mM (SA) +34 mM (K3Si0s) 16.00 ab 16.00ab  4.17 a 4.07 a 3.84bc 3.93a
13- 2mM (SA) +4.25 mM (K2SiOs) 16.00ab  16.50 a 3.80b  3.90a-d 42l1a  4.23a
14- 2 mM (SA) +8.5 mM (K2SiO3) 16.00 ab 16.17 a 3.93ab 390a-d 4.16ab 4.14 3
15- 2mM (SA) +17 mM (K.SiOs)  16.00ab  16.00ab  4.17a 3.97ac 3.76c  4.0la
16- 2mM (SA) +34 mM (KoSiOs)  16.00ab  16.50a  4.00ab 3.87a-d 4.14ab 4.27a
17- 3 mM (SA) +4.24 mM (K2SiOs) 16.00 ab 16.00 ab 397ab 397ac 4.0la-c 4.04a
18- 3 mM (SA) +8.5 mM (KzSiO3) 15.00 bc 16.00 ab 393ab 3.83a-d 4.03ac 4.17a
19- 3mM (SA) +17 mM (K,SiOs)  15.00bc  15.50ab  3.83b  3.73cd  3.95a-c 4.12a
20- 3 mM (SA) +34 mM (K2SiO3) 16.00 ab 16.00 ab 3.93ab 3.87a-d 4.14ab 4.14 3

-SA, salicylic acid; K2SiOs, potassium silicates. Values having the same alphabetical letter (s) in common, within each column,
do not significantly differ, using the revised L.S.D. test at 0.05 level of probability.
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4.2. Fruits titratable acidity and TSS%

Results of Table (8) divulged that the lowest average values of acidity
character (5.20 and 4.03 %, respectively) were found from untreated plants
during both seasons. While, the highest average values (5.94 and 5.59%,
orderly) were obtained from plants treated with 2 mM salicylic acid during both
seasons compare to all other treatments. Results also revealed that the lowest
Brix values of fruit TSS were recorded during both seasons from control plants
as 4.87 and 4.10 %, in succession, compare to the other treatments. The highest
values (6.00 Brix) were gained from the plants sprayed with 2mM SA or 1mM
SA combined with 17mM potassium silicate during the second season. While
during the first season, nonsignificant effects were found among all treatments
excepted untreated plants which gave the lowest significant values. The obtained
results are in parallel with those reported by Omar (2017) who illustrated that
foliar application of either SA at 200 ppm or Si at 100 ppm caused; significant
increase in TSS of cucumber fruits compared to control plants. AL-Rubaye and
Atia (2016) illustrated that the highest total soluble solids of carbohydrates of
squash fruits were found to be due to applying Si at 5mM concentration
compared with the other concentration. Furthermore, Kazemi (2014) found that
total soluble solids and titratable acidity content of tomato fruit had,
significantly, affected by the application of salicylic acid. On the other hand,
Buttaro et al. (2009) illustrated that fruit TSS and titratable acidity of melon
were not affected by root application of Si. Also, Jayawardana et al. (2014) on
pepper reported that titratable acidity was not affected by Si application.

4.3. Fruits reducing, non-reducing and total sugars

Results of Table (9) demonstrated that untreated plants (control) provided
the lowest percent values for reducing and total sugars as 1.217 and 1.754 % for
the former and 1.725 and 2.072 for the later during both seasons. Meanwhile,
untreated (control) plants, gave rise to the highest percent value for non-
reducing sugars character as 0.508 % during first season, while the lowest
percent value was obtained from plants treated with 1ImM SA as 0.208%.
Treatments showed nonsignificant effect on non-reducing sugars character
during second season. Data, also, showed that foliar application of 34 mM
potassium silicate; gave rise to the highest percent value of reducing sugars as
5.384 % during the first season, but during the second one nonsignificant effects
were found among treatments of salicylic, potassium silicate and their
combination. Concerning total sugars character, treatments of either 2 mM SA
or 17 mM potassium silicate or combination 3 mM SA plus 34 mM potassium
silicate accompanied by the highest percent values during the first season as
5.290 or 4.778 %, respectively, compare to control treatments. While during the
second season nonsignificant effects were found among SA, potassium silicate
and their combination on total sugars character.
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Table (8). Averages of acidity and total soluble solids characters of squash
fruits as affected by foliar application with salicylic acid,
potassium silicate and their combinations during the summer

seasons of 2016 and 2017.

reatments Acidity % TSS % ( Brix)
2016 2017 2016 2017

1- Control 520b 4.03 h 4.87 b 4.10¢g
2- 1mM (SA) 6.16 a 4.78 c-f 6.33a 5.27 c-e
3- 2mM (SA) 5.94a 5.59a 6.20 a 6.00 a
4-  3mM (SA) 5.66 ab 440e-h  620a  5.33b-d
5- 4.25 mM (K2SiO3) 5.87 a 4.19 gh 6.17 a 5.00 d-f
6- 8.5 mM (K,SiO3) 5.81a 5.30 ab 593a  4.73f
7- 17 mM (K2SiOs) 5.93a 483b-e  603a  4.80f
8-  34mM (K2SiOs) 6.02 a 5.10 bc 6.47a  5.10d-f
9- 1 mM (SA) +4.25 mM (K2SiO3) 5.60ab  4.19gh  633a  4.90ef
10- 1 mM (SA) + 8.5 mM (K2SiOs3) 5.87 a 4.50 d-h 5.90a 5.33 b-e
11- 1 mM (SA) +17 mM (K,SiO3) 6.04 a 496b-d 647a  597a
12- 1 mM (SA) +34 mM (KzSiO3) 5.97 a 4.08 h 6.30 a 5.57 a-c
13- 2mM (SA) +4.25 mM (K2SiO3) 5.86 a 4.30 gh 6.23a  5.37b-d
14- 2 mM (SA) +8.5 mM (KzSiOs) 6.03 a 4.60 d-g 6.33a 5.10 c-e
15-  2mM (SA) +17 mM (K2SiO3) 6.04 a 4.12h 6.43a  5.43Db-d
16- 2 mM (SA) +34 mM (K:SiO3) 5.75 ab 5.19 a-c 6.20 a 5.67 a-c
17- 3 mM (SA) +4.24 mM (K2SiOz) 5.85a 4.11h 6.00 a 4.77 f
18- 3 mM (SA) +8.5 mM (K:SiOz3) 5.64 ab 4.20 gh 6.17 a 5.27 c-e
19- 3 mM (SA) +17 mM (K2SiO3) 5.80 a 446e-h  630a  5.73ab
20- 3 mM (SA) +34 mM (K2SiOs) 6.16 a 432fh  633a  5.70ac

-SA, salicylic acid; K>SiOs, potassium silicates. Values having the same alphabetical letter (s)
in common, within each column, do not significantly differ, using the revised L.S.D. test at
0.05 level of probability.
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Table (9). Averages of reducing, non-reducing and total sugars characters of squash fruits as affected by foliar
application with salicylic acid, potassium silicate and their combinations during the summer seasons of 2016

and 2017.
Fruits sugars (% DW)
Treatments Reducing sugars Non-reducing sugars Total sugars
2016 2017 2016 2017 2016 2017
1-  Control 1.217 e 1.754 b 0.508 a 0.318 a 1.725e 2.072b
2- 1mM (SA) 1.880 de 3.111 ab 0.208 g 0.487 a 2.087de 3.598 ab
3-  2mM (SA) 4.652 a-c 3.864 a 0.387 a-f 0.453 a 5.290 a 4317 a
4- 3 mM (SA) 3.409 b-d 3.183 ab 0.297c-g 0.358 a 3.806a-e 3.541ab
5-  4.25 mM (K:SiO3) 4.060 a-c 3.592 a 0.389 a-f 0.404 a 4.449 a-c 3.996 a
6- 8.5 mM (K:SiO3) 4.305 a-c 4.060 a 0.379 a-f 0.348a 4.684a-c 4.454a
7- 17 mM (K2SiO3) 4.424 a-c 4,194 a 0.354 b-g 0.418a 4.778 a 4.609 a
8- 34 mM (K:SiO3) 5.384 a 4,158 a 0.447 a-c 0.376a 5.831a-c 4.532a

9- 1mM (SA) +4.25 mM (K2SiO3) 4.315 a-c 3.408 a 0.408a-e 0.481a 4.790ce 3.889a
10- 1mM (SA) +8.5mM (K2SiOs3)  2.775c-e 3.159 ab 0.295c-g 0.393a 3.070a-c  3.552 ab
11- 1 mM (SA) +17 mM (K2SiO3)  3.296 b-d 3.411a 0.260e-g 0.419a 4.223b-e 3.830a
12- 1 mM (SA) +34 mM (K:SiO3) 2.862 c-e 3.331ab 0.281d-g 0.412a 3.143a-c 3.743 a
13- 2 mM (SA) +4.25 mM (KSiO3)  3.895 a-c 3.751a 0.457ab 0.431a 4.327ce 4.182a
14- 2mM (SA) +8.5 mM (KzSiO3)  2.863 c-e 3.226ab  0.243fg 0.434a 3.131ab 3.660ab
15- 2mM (SA) +17 mM (K2SiO3)  4.793 ab 4111a 0.388a-f 0.455a 5.181a-d 4.567a
16- 2mM (SA) +34 mM (K2SiO3)  3.682 a-d 3.796 a 0.336b-g 0.474a 4.015a-c 4.270a
17- 3 mM (SA) +4.24 mM (KSiO3) 4.074 a-c 3.552 a 0.350b-g 0.388a 4.424a-c 3.941a
18- 3 mM (SA) +8.5 mM (KzSiO3)  4.267 a-c 4.555 3 0.395a-f 0.396a 4.662a-d 4.947a
19- 3mM (SA) +17 mM (K2SiO3)  3.540 a-d 3.707 a 0.286d-g 0.326a  3.826a-d 4.033a
20- 3 mM (SA) +34 mM (K2SiO3) 4.620 a-c 3.863 a 0.427a-d 0.505a 5.290a 4.368a
SA, salicylic acid; K2SiOs, potassium silicates. Values having the same alphabetical letter (s) in common, within each column, do not
significantly differ, using the revised L.S.D. test at 0.05 level of probability.
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The postulated results are in arrangement, more or less, with those
reported by Abd El-Mageed et al. (2016) who reported that the SA enhanced
development squash plants with the highest values of soluble sugars. Also,
Omar (2017) illustrated that foliar application of either SA at 200 ppm or Si at
100 ppm caused; significant increase in total sugars percentage of cucumber
fruits compared to control plants.

5. Plant chemical analysis
5.1. Leaf chlorophyll readings (SPAD)

Data presented in Table (10) divulged that highest readings values of
chlorophyll index were found when plants treated with 1 mM SA combined with
34 mM potassium silicate as 45.17 and 44.20 units, consecutively during both
seasons, in addition to combination of 3mM SA plus 34 mM of potassium
silicate as 44.20 units during second season. This finding could be taken place
due to the major role of SA and potassium silicate on photosynthetic activity and
ultra-structure of leaf organelles (Shu and Liu, 2001) and photosynthetic rate
(Wang et al., 2006). Further, this event may be occurred owing to ability SA
and/ or potassium silicate to regulate the leaf photosynthetic functions as in case
of cucumber readings (Wei et al., 2009), or because of the functions of material
sprayed in increase photosynthetic pigments in cucumber leaves as reported by
Mady (2009). These results are in harmony with those reported by Elwan and
EL-Shatoury (2014); Abd El-Mageed et al. (2016) and AL-Rubaye and Atia
(2016). As for Si application, the obtained results are similar, more or less, to
those reported by Omar (2017) who illustrated that foliar application of Si at
100 ppm caused significant increase in cucumber leaves chlorophyll a, b and
a+b compared to control plants. Also, Al-Aghabary et al. (2005) who found
that foliar application of Si increased both Chl a and Chl b contents of tomato
plants after 10 days of treatment. After 27 days of treatment, the difference of
both Chl a and Chl b content between treatments was not significant. Also,
Hellal et al. (2012) and Kardoni et al. (2013) reported that silicon application
increased chlorophyll contents in shoot of faba bean.

5.2. Chemical analysis of leaves and fruits characters
5.2.1 Leaves N, P, K and Si contents:

Data outlined in Table (11) manifested that the lowest percentage values
of leaves N, P, K and determined of Si element were obtained from untreated
plants during both seasons. The highest percentages of leaves N concentrations
were obtained when plants treated with 8.5 mM potassium silicate as 2.398 and
2.075 % during both seasons, progressively. With regard to leaves P content,
during the first season, nonsignificant effects were found among all treatments,
while during the second one plants treated with 2 mM salicylic acid alone or in
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Table (10). Percentages of squash leaves nutrient contents as affected by foliar application with salicylic acid,
potassium silicate and their combinations during the summer seasons of 2016 and 2017.

Chlorophyll index Nutrient contents of leaves (% DW)
Treatments (reading by SPAD) N P K Si
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
1- Control 35.63e 30.77 d 1.238¢c 1.158 g 0.342a 0.410d 1.55g 1.50j 1.62r 1.78r
2- 1mM (SA) 39.20a-e 39.40a-c 1.339bc 1.507ef 0.462a 0.527a-d 1.97e-g 1.76ij 1.67qgr 1.83r
3- 2mM (SA) 38.63 b-e 38.33bc 2.018a-c 1.872a-d 0.407a 0.600a 2.27cf 1.82h-j 172q 190q
4- 3 mM (SA) 42.10a-c 38.70bc 1.561a-c 1.722b-e 0.426a 0.533a-d 2.27cf 195gi 1.78p 1.94q
5- 4.25 mM (KzSiO3) 42.03a-c 42.33a-c 1.700a-c 2.034a-c 0.436a 0.500a-c 2.05e-g 2.16fgh 1860 2.02p
6- 8.5 mM (K3SiOs) 39.47 a-e 39.20a-c 2.398a 2.075a 0.367a 0.473a-d 2.20d-f 245cf 198n 21lo0
7- 17 mM (K3SiO3) 40.50 a-e 40.53 a-c 2.098ab 1.846a-e 0.400a 0.480a-d 2.37b-f 252cf 233k 244k
8- 34 mM (KSiOs) 40.87 a-e 40.87 a-c 2.075a-c 1.96l1a-d 0.406a 0.510b-d 2.45b-e 2.67b-d 2.67g 2.78¢g

9- 1 mM (SA) + 4.25 mM (K:SiO3) 40.60 a-e 37.77 ¢ 2.121ab 2.066ab 0.409a 0.490ab 2.30cf 2.19fg 2.09m 2.22n
10- 1 mM (SA) + 8.5 mM (KzSiO3;) 35.93de 37.67c 2.174ab  1.928a-d 0.420a 0.533a-d 2.43b-e 2.25e-g 2.43c 2.39j
11- 1 mM (SA) +17 mM (KzSiOs) 37.23c-e 39.37a-c 1.519bc 1.273fg  0.435a 0.597a-d 2.23d-f 239d-f 2.74f 2.20f
12- 1 mM (SA) +34 mM (K2SiO;) 45.17 a 44.20 a 1.489bc 1.801a-e 0.385a 0.557a-d 3.30a 3.04a 3.01c 3.02c
13-  2mM (SA) +4.25 mM (K;SiO;) 41.87 a-e 40.20a-c 1.384bc 1.762a-e 0.480a 0.537a-d 2.73a-d 2.62b-e 2.14m 2.73m
14-  2mM (SA) +8.5 mM (KzSiOs) 39.73a-e 38.20c  1.542bc 1.672de 0.498a 0.510a-d 2.55b-e 2.58b-e 2.52i 2.46i
15- 2mM (SA) +17mM (K3SiO3) 36.17c-e 37.17c 1.967a-c 2.010a-d 0.413a 0.543a 2.83a-c 280ac 285e 283e
16-  2mM (SA) +34 mM (KoSiOs) 40.87 a-e 40.67 a-c 2.052a-c 1.963a-d 0.445a 0.567bc 2.90ab 3.09a 3.11b 3.11b
17- 3 mM (SA) +4.24 mM (K,SiOs) 38.10c-e 37.83c  1.794a-c 1.928a-d 0.472a 0.477cd 2.30c-f 247cf 2251 2621
18- 3mM (SA) +8.5 mM (K:SiO3) 44.53ab 43.73ab 1.862a-c 1.951a-d 0426a 0.527ab 1.83fg 2.93ab 259h 2.63h
19- 3mM (SA) +17 mM (K:SiO3) 37.70c-e 37.80¢c 1.858a-c 1.915a-d 0.447a 0.573a-d 2.73a-d 2.75a-d 292d 3.04d
20- 3 mM (SA) +34 mM (K:SiOs) 40.03a-d 44.20a 2.087a-c 1.713c-e 0.388a 0.570ab 2.90ab 3.08a 3.19a 3.29a

- SA, salicylic acid; K2SiOs, potassium silicate. -Values having the same alphabetical letter (s) in common, within each column, do not
significantly differ, using the revised L.S.D. test at 0.05 level of probability.
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combination with 17 mM potassium silicate reflected the highest percent values
as 0.600 and 0.543 %, respectively. The highest percent values of leaves K
content were obtained from plants treated with 1 mM salicylic acid in
combination with 34 mM potassium silicate during both seasons as 3.30 and
3.04 %, in succession, in addition to the combination of 3 mM SA and same
level of potassium silicate as 2.90 and 3.08 % during the second season. With
regard to leaves Si content, plants that treated with 3 mM SA plus 34 mM
potassium silicate showed highest concentration during both seasons as 3.19 and
3.29 %, respectively. In this concern, Grown (2012) reported such stimulatory
effect of SA on concentration of nutrition elements and yield components and
attributed these findings to the effect of salicylic acid on many biochemical and
physiological processes that were reflected on improving vegetative growth and
active translocation of photosynthesis products from source to sink. These
results agree, more or less, with those reported by Elwan and EL-Shatoury
(2014) on squash, Pramod Kumar et al., 2010 and Omar (2017) on cucumber.

As for Si treatments, the gained results are in parallel with those found by
Omar (2017) who illustrated that foliar application of Si at 100 ppm; caused
significant increase in cucumber N, P and K leaves percentage compared to
control plants. Jafari et al. (2015) reported that under osmotic stress, Si +SA
treatment, significantly, increased non-enzymatic antioxidants, total phenolic
compounds, anthocyanins, flavonoids, and Si, K*, Ca*? content in cucumber
shoots.

5.2.2 Fruits N, P, K and Si contents

Data postulated in Table (11) illustrated that control (untreated plants)
showed the lowest values for nutrient contents of fruits (i.e. N, P, K and Si fruits
content) as 1.10 and 1.095 % for N, 0.352 and 0.458% for P, 3.94 and 4.17% for
K, and 0.52 and 0.66 % for Si during both years, respectively. The highest
percentage values of both N and P fruits' content were 1.68 and 1.849 % for the
former and 0.716 and 0.641% for the later, respectively, were recorded from
plants treated with 2 mM SA during both seasons. Whereas, the combination of
3 mM SA plus 8.5 mM potassium silicate; brought about the highest percentage
values of fruits K content during both seasons as 7.75 and 7.22 %, each in turn.
Regarding fruits Si content, plants sprayed with 3 mM SA plus 34 mM
potassium silicate; recorded the highest fruits Si concentration during both
seasons of the study as 1.54 and 1.72 %, consecutively. The gained results could
be attributed to foliar application of SA and Si caused increased in nutrient
content of leaves as illustrated in Table (9) then transferred to squash fruits. The
obtained results are similar, more or less, with those illustrated by AL-Rubaye
and Atia (2016) who determined that the highest N, P, K and Zn contents in
squash fruits were found to be achieved due to applying 5 mM concentration of
SA compared to the other concentration.
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Table (11). Percentages of squash fruits nutrient contents as affected by foliar application with salicylic acid,
potassium silicate and their combinations during the summer seasons of 2016 and 2017.

Nutrient contents of fruits (% DW)

Treatments N P K Si

2016 2017 2016 2017 2016 2017 2016 2017
1- Control 1.10c 1.095¢ 0.352gh 0.458 ¢ 3.94 hi 4.17 ] 0.52p 0.66n
2- 1mM (SA) 1.67ab 1.411b-g 0.588a-d 0.612ab 6.13b-g 4.69ij 0.550p 0.71m
3- 2mM (SA) 1.68 a 1.849 a 0.716 a 0.641 a 5.52e-h  5.00 g-j 0.60 no 0.73m
4- 3 mM (SA) 1.14bc 1.195fg 0.449d-h 0.565 a-c 5.00 f-i 4.86 h-j 0.62mn 0811
5- 4.25 mM (K2SiO3) 1.29a-c 1.287d-g 0.454d-h 0.538 a-c 7.00a-e 592e-g 0.67 Im 0.851
6- 8.5 mM (K:SiO3) 1.53a-c 1.419b-g 0.614a-c 0.614 ab 5.37 f-h 6.32 c-f 0.711 0.93 k
7- 17 mM (K2SiOs3) 1.50a-c 1.693 a-c 0.423 e-h 0.567 ab 5.12 f-i 6.29 d-f 0.95i 1.17 h
8- 34 mM (K2SiOs) 1.44a-c 1.595a-e 0.460c-h 0.600 ab 6.50 a-f 6.83 a-e 1.17f 142e
9-  1mM(SA)+4.25mM (KzSiO3) 1.44a-c 1.349b-g 0.507b-g 0.568ab  3.75i 5.65 f-h 0.78 k 1.01]

10- 1 mM (SA) + 8.5 mM (K2SiOg) 1.30a-c 1.217d-g 0.554 b-f 0.607 ab 7.19a-d 6.83a-c 1.02 h 134¢g
11-  1mM (SA) +17 mM (K»SiOs)  1.34a-c 1.345b-g 0.515b-f 0559ac 581dg 6.76cf  123e  1.41d
12-  1mM(SA)+34 mM (K:SiOs)  1.48a-c 1.413b-g 0.399fh 0531bc  6.44af 658ae 142c  1.59a
13- 2mM (SA) +4.25 mM (K2SiO3)  1.45a-c 1.638 a-d 0.345h 0.532 bc 4.56 g-i 6.15 f-i 0.84] 1.38]
14-  2mM (SA) +85mM (K2SiOs)  1.64ab 1.388b-g 0.540b-f 0.595ab  5.54e-h 5.71ef 1.07g  1.22f
15-  2mM (SA) +17 mM (K;SiOs)  1.39a-c 1.628a-d 0.541bf 058lab 7.63ab 67lab  1.27e  1.45c
16- 2 mM (SA) +34 mM (K2SiO3) 1.59a-c 1.597a-e 0.636ab 0.605ab 594c-g 6.98c-f 1.48 b 1.64 a
17- 3mM (SA) +4.24 mM (K2SiOz) 1.30a-c 1.322c-g 0.591 a-d 0.564 a-c 5.69d-g 6.29 ef 0.89] 1.31i
18- 3 mM (SA) +8.5 mM (K3Si0s) 1.21a-c 1.305c-g 0.557a-f 0.597ab 7.75a 7.22 a 1.11¢g 1.28 e
19- 3 mM (SA) +17 mM (K2SiOs) 1.47 a-c¢  1.527 a-f 0.595 a-d 0.570 ab 7.52 a-c 7.17 a-d 1.34d 1.59b
20- 3 mM (SA) +34 mM (K2SiOs) 1.66ab 1.723 ab 0.567 a-e 0.643 a 6.19 a-f 6.80 b-e 1.54a 1.72 a

- SA, salicylic acid; K»SiOs, potassium silicate.
- Values having the same alphabetical letter (s) in common, within each column, do not significantly differ, using the revised L.S.D. test at
0.05 level of probability.
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Also, Omar (2017) illustrated that foliar application of SA at 200 ppm led

to significant increase in cucumber N, P and K fruits percentages compared to
control plants.

Finally, it could be said that the utilization of the foliar application of SA
at the rate of 2 mM with 8.5mM potassium silicate can be recommended for

producing good growth, high yield and quality of summer squash under the
environmental conditions of Behiera Governorate and other similar regions.
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