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Abstract---When water is scarce, it is highly important to provide
plants with water at critical stages to improve yield with high water
use efficiency (WUE). Transpiration reduction is an effective and
necessary procedure for conserving irrigation water while ensuring
plant survival and protecting foliage from drought damage, and thus
increasing water productivity. Foliar application of growth stimulators
is one of the most important ways for lowering transpiration rates and
reducing the negative effects of drought stress. The effects of foliar
potassium silicate application as a growth stimulator, as well as
water-sprayed plants, on growth, some physiological parameters, yield
components, and water use efficiency of tomato (Solanum
lycopersicum L.) cultivar "Elisa" grown during summer season under
three irrigation levels (100, 75 or 50% ETc, of the estimated crop
evapotranspiration) were investigated. The field experiment was
conducted during 2019 and 2020 seasons at the Experimental Farm
of Vegetable Crops Department, Faculty of Agriculture, University of
Cairo. Giza Governorate, Egypt. The results showed that Both deficit
irrigation (DI) and the exogenously exogenous spray application of
potassium silicate at 5 ml/1 | water had a substantial impact on plant
vegetative development, chlorophyll content in the leaves, antioxidant
content, yield, fruit nutritional quality, and WUE (PS). The
combination of (25%) deficit irrigation + PS therapy reduced the
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negative effects of DI and improved all of the aforementioned
parameters. It also yielded plants with the same yields and WUE as
plants grown under full watering circumstances without PS treatment.
Based on these findings, we believe that using exogenously application
of 5 ml/1 1 SA, the 25 percent deficit irrigation approach examined
here might be successfully employed during the summer for
commercial tomato production, allowing for a 25% water savings
without compromising plant development or output.

Keywords--foliar-applied, fruit quality, antioxidant, tomato plants,
deficit irrigation.

Introduction

Tomato (Solanum lycopersicum L.) is among the most economically important
vegetables globally and is the most vegetable crop in Egypt (FAO 2020). It is a rich
food commodity with phytochemicals, vitamins, minerals, and essential amino
acids. It is cultivated both in open field conditions and under protected
cultivation. The amount of fresh tomato production was over 180 million tons in
2019 (FAOSTAT, 2021). The estimated annual global production in 2017 was 182
million tonnes (21 million tonnes in Africa), and tomato is the sixth most valuable
cultivated crop, worth US$ 87.9 billion in 2016. In Africa, total production
amounts to 37.8 million tonnes annually, with the biggest producers being Egypt,
Nigeria, Tunisia, and Morocco (FAOSTAT 2020). Production of tomatoes is
challenged by various pests and pathogens (Miyao et al. 2020). Egypt is subjected
to a Mediterranean climate characterized by variability in the air temperature. It
has been divided into several agro-climatic regions according to the average
temperature values.

The most important agroclimatic regions are the Nile Delta; and Middle and the
Upper Egypt region (Farag et al., 2014). Drought and salinity stress lead to water
deficits, ionic toxicity, nutrient imbalances, and the occurrence of oxidative
stress. General responses include reduced growth, which is reflected in
downregulation of genes that encode proteins involved in cell wall expansion,
protein synthesis, and DNA synthesis (Skirycz and Inzé, 2010). Plant physiology is
significantly affected by abiotic/climatic stresses. It is well known that climate
change and environmental extremes induce and enhance the impact of abiotic
stresses (particularly drought and salinity) on plant fitness and performance
(Singh et al., 2018). Wherever the water constituents about 90% of the plant
weight and 97% of the absorbed water is lost in the process of transpiration
(Nobel, 2009). To cope with the negative effects of water deficit in tomato plants,
numerous strategies have been proposed. Among these strategies, foliar
applications of antitranspirants are used to reduce the transpiration rate and
reduce these deleterious impacts of drought stress (Degif and Woltering, 2015).

Silicon is the second most abundant element in the earth’s crust (Debona et al.
2017). Although it is not considered as an essential element for higher plants, it is
beneficial for plants, especially when they are subjected to environmental stresses
(Debona et al. 2017). Drought is one of the major threats to crop production
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worldwide. Drought affects crop growth and development, leading to decreased
crop yield and low quality (Wang et al. 2015, 2017). Most tomato varieties are
sensitive to drought stress, especially at early growth stages (Foolad et al. 2003).
Tomato accumulates much less silicon when compared to the monocotyledons
such as rice and wheat and is classified as silicon excluder (Nikolic et al. 2007). Si
addition can increase the photosynthesis and relevant carboxylase activities
under field drought conditions, as observed in wheat (Gong and Chen, 2012). the
positive effect of Si on salt tolerance of tomato has been reported (Muneer and
Jeong, 2015). However, there have been few reports about the possible role of Si
on tolerance of tomato under drought/water stress conditions.

Therefore, tomato may be an ideal plant to study the exact physiological and
biochemical mechanism for silicon mediated tolerance to drought stress. In a
previous study, it was observed that exogenous silicon could increase water stress
tolerance by enhancing root hydraulic conductance and decreasing oxidative
damage in tomato seedlings (Shi et al. 2016), suggesting the involvement of silicon
in physiological and biochemical processes. However, the mechanism for silicon-
mediated water stress tolerance in tomato still needs to be explored. The
optimization of proper water status plays a crucial role in plants survival during
drought stress. Osmotic adjustment is a prime mechanism adopted by plants,
which maintains the water balance and turgor potential under drought stress.
Leaf osmotic adjustment is linearly related to drought tolerance in plants
(DaCosta et al. 2006). K+ as a prime osmoticum in plants plays a major
contribution in adjustments under water deficient conditions. Moreover, the
proper availability K+ improves the solute accumulation and decreases the
osmotic potential, thereby maintains the cell turgor even under water limited
conditions (Marschner et al. 2012).

In conclusion, the proper availability of K+ favors the osmotic adjustments that
maintain the cellular turgor, relative water contents and also lowers the osmotic
potential, and therefore, improves the plants' ability against the drought stress
(Egilla et al. 2001). A combined high temperature and drought tolerance induced
by potassium was reported (Halford et al. 2009). The role of K as a nutrient has
been recognized for a long time. However, its arrays of biological functions in
plant physiological processes have still not been fully explored. In recent years,
the correlation between phytohormones and K has been studied (Wang et al.
2013); phytohormones interact with one another and other signaling molecules,
which regulate biochemical processes and metabolism, exerting physiological
responses in relation to almost all the features of plant growth and development
and enhancing stress tolerance. Auxin-regulated genes regulate proteins that
affect the transcriptional repressors of stress responses in plants (Shani et al.
2017). Abscisic acid (ABA) influences the expression of genes that modulate
complex stress-responsive regulatory networks (Song et al. 2016).

Material and Methods

This study was conducted during the spring seasons of 2019/ 2020 and
2020/2021 in clay soil in net houses at the Agricultural Experimental Station.
Faculty of Agriculture, University of Cairo. Giza Governorate, Egypt. The aim of
this experiment was to study the effect of using potassium silicate at 5 ml/11 on
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the alleviating drought impacts on tomato (Solanum lycopersicum L.) cultivar Alisa
(Nunhems Seed Com. Netherland). Seeds were sown in foam try (209) containing
mixture of peat-moss and vermiculite (1:1). Trays were kept in the greenhouse.
Normal agriculture practices for tomato seedlings production were carried out. On
February 14t in both seasons and seedlings were transplanted after 40 days from
sowing with spacing at 50 cm. between plants in row. The experimental unit
consisted of three rows each of 1 m. Drip irrigation was applied at three irrigation
levels including 25%, 50% and 100% drought levels. The soil of the experimental
area was loamy clay in texture with 7.89, EC 1.65 (mmohs/cm) and contained 42
ppm N, 22 ppm P, 187 ppm K. The experimental design was split plot (3 Drought
levels (Main-plot) — potassium silicate and water treatments (Sub-plot) with three
replications. So, this experiment included 6 treatments; 3 irrigation levels X 2
treatments (Spraying with PS and spraying with water). The size of the
experimental unit were 10 plants. Soil preparation and all cultural practices were
done as recommended for production of tomato (Hassan, 1988)

Climatic conditions

Climatic data from Giza meteorological station managed by the Egyptian Ministry
of Agriculture indicates weather experienced during the spring and summer of
2019 - 2020 are indicated in Table 1 and Table 2.

Table 1
Monthly averages of maximum and minimum air temperature, relative humidity
(RH), wind speed (WS), Wind direction dig and Solar radiation Dgt for 2019

. . . . | Solar
Temperature (°C) RH WS (m/s) ?f:l]g;? direction dig radiation
2019 Dgt
avg Max Min (%) avg Max avg Max [MJ /m?]
APR 20.99 | 27.39 |14.83 [48.39 |0.63 |2.25 244.56 226.23 | 0.74
MAY 27.30 | 34.89 |19.74 [38.28 |0.59 |2.21 225.29 219.03 | 0.80
JUN 29.61 | 36.10 | 23.89 |50.36 |0.64 |2.09 237.6 228.73 10.82
JUL 30.33 | 36.66 |24.78 |52.78 |0.58 |2.00 233.90 223.74 |0.79
AUG 30.39 | 36.68 |24.85 |53.86 |0.63 |1.97 237.70 214 0.79
SEP 28.03 | 33.81 | 2342 |57.64 |0.71 |2.08 225.86 2194 0.62

Table 2
Monthly averages of maximum and minimum air temperature, relative humidity
(RH), wind speed (WS), Wind direction dig and Solar radiation Dgt

2020 Temperature (°C ) RH WS (m/s) dig [deg] Dgt

) avg Max Min (%) avg Max | avg Max [MJ/m2]
APR 21.39 | 27.85 15.39 [54.20 |0.81 2.40 |249.73 | 224.36 | 0.81
MAY 26.19 | 33.36 19.35 |46.05 | 0.72 2.22 [ 233.03 | 219.93 | 0.89
JUN 28.43 |[35.89 |21.9 47.40 |10.67 |2.07 |233.96 |225.16 | 0.84
JUL 29.71 37.04 |24.05 [58.37 |0.61 1.97 |226.38 | 218.25 | 0.68
AUG 30.31 36.91 2499 |57.87 ]0.63 1.96 | 228.87 | 218.41 | 0.74

Wind direct on | Solar radiation
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| SEP

[29.80 [35.50 [25.23 [61.11 [1.01 [24 [221.16 [218.56 [0.72

Data Recorded
Vegetative growth parameters

Samples of five plants from each plot were randomly taken 60 days after
transplanting and the following characteristics were recorded.

e Plant height (cm). (On soil serves to top plant)

e Number of leaves per plant.

e Leaf area: Average leaf area of the fifth leaf from the top was measured by
portable leaf area meter (Biovis Leaf Av., Expert Vision Labs Pvt. Ltd., India).

o Leaf dry matter %, was determined according to A.O.A.C. (1990).

Physiological parameters
Determination of physiological parameters in leaves

The physiological parameters in leaves included relative water content (RWC), and
chlorophyll % of leaves, 60 days after transplanting.

¢ Relative water content (RWC) was estimated using 2-cm-diameter fully
expanded leaf disks (Hayat et al., 2007). The disks were weighed (fresh
mass; FM) and immediately floated on double-distilled water in Petri dishes
for 24 h, in the dark, to saturate them with water. Any adhering water was
blotted dry and the turgid mass (TM) was measured. The dry mass (DM) was
recorded after dehydrating the disks at 70 °C until the constant weight. The
RWC was then calculated using the following formula:

(RWC % = [(FM - DM)/ (TM- DM)]/ X 100

e Chlorophyll ‘a’, chlorophyll ‘b’ and carotenoid concentrations were
extracted and determined (in mg g— 1 FW) following the procedure given by
Arnon (1949). Fresh leaf samples (0.2 g) were homogenized in 50 ml 80%
(v/v) acetone, and then centrifuged at 10,000 x g for 10 min. The
absorbance of the acetone extract was measured at 663, 645, and 470 nm
using a UV-160A UV-visible recording spectrometer (Shimadzu, Kyoto,
Japan).

Determination of physiological parameters in roots

The physiological parameters in roots included non-enzymatic components
(Carbohydrate, total free amino acids total indoles, total phenols, Proline) and
enzymatic activity (Peroxidase, Polyphenol oxidase and Catalase) and they were
determined 60 days after transplanting as follows:

e Total free amino acids and total phenols were determined according to
Yemm, and Cocking (1955)

e Carbohydrate were determined according to Miller (1959)

e Determination of total free amino acids (g/100gm dried weight) was
conducted according to Yemm and Cocking, 1955)

e Total indoles content was determined according to Larsen (1962).
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e Determination of proline concentration was proceeded in root according
to Marin et al. (2010).

e Enzymes (Peroxidase, Polyphenol oxidase and Catalase) activity was
determined according to Sadasivam and Manickam (1996) by using
spectrophotometer model UV-Vis spectronic 601

Yield characteristics

e Early yield, it was estimated as the weight of fruits for all harvested fruits of
the first 4 pickings.

e Total yield, date of total yield included weight of fruits all over the
harvesting season.

Water use efficiency (WUE)

WUE values as kg fruits yield m— 3 of applied water were calculated for different
treatments after harvest according to the following equation (Jensen, 1983):

WUE = Fruit yield (kg. Fed-1/ water applied (m3 Fed-1).
Physical characters of fruits (100 days after transplanting)

Ten fruits were taken from each experimental plot at the third harvest to estimate
fruit characters (fruit weight, fruit length, fruit diameter, fruit firmness)

Chemical analysis of Fruit (100 days after planting)

The Chemical analysis of fruit included total soluble solids (TSS) % using  Zeiss
laboratory refractometer), Ascorbic acid (Vitamin C) content (determined by the
titration method (AOAC, 1980), Lycopene and [-Carotene. Lycopene and -
Carotene in hydroponically grown tomatoes were determined according to Nagata
and Yamashita (1992).

Statistical analysis

All obtained data were statistically analyses according to the method described by
(Gomes and Gomes 1984).

Results

Effect of potassium silicate under different drought levels on plant
characteristic
Plant growth

Data in Table (3) showed that the plant high, No. leaf, leaf area and Leaf water
values content were affected by different treatments application in two seasons. It
was found that the highest values of all plant height, No. leaf and Leaf relative
water were at full irrigation (100 %) irrigation requirements /fed.) and lowest
values were achieved with irrigation at 75 % available moisture depletion in two
seasons. The potassium silicate application increased values all plant height, No.
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leaf and Leaf relative water compared with untreated plants in both seasons. The
interaction between irrigation levels and the treatments of potassium silicate, it
noticed that the spraying tomato plants with potassium silicate with irrigation at
zero drought levels gave the highest values of the all studied vegetative growth
characters (plant height, No. of leaves/plant and leaf area) compared with the
control treatment.

Table 3
Effect of potassium silicate application on some vegetative growth of tomato
plants grown under three drought levels, after 60 days transplanting, seasons
2019 and 2020

Treatments seasons 2019 seasons 2020
Plant No. of | Leaf Leaf. Plant No. of Leaf Leaf.
Drought . . relative . leave relative
Stimulants Height | leaf/ area Heigh area
level (cm) lant | (cm?) water t (cm) / (cm2) water
P (%) plant cont. (%)
Water 99.67 47.78 | 29.63 | 68.78 03.73 | 45.67 | 28.58 | 70.88
o -
0% Potassium 107.2 | 59.00 | 33.27 | 71.31 | 100.4 | 56.50 | 33.36 | 78.84
Silicate
Mean 103.43 | 53.39 | 31.45 | 70.05 97.06 | 51.08 | 30.97 | 74.68
Water 85.60 41.33 | 26.85 | 66.18 87.70 | 39.67 | 27.68 | 68.48
o -
25% Potassium 97.80 |45.00 | 28.01 | 69.69 |92.80 | 43.50 | 28.51 | 71.20
Silicate
Mean 91.7 43.16 | 27.43 | 67.49 90.25 | 41.58 | 28.09 | 69.78
Water 70.30 35.00 | 21.87 | 60.15 68.20 | 37.00 | 26.44 | 62.40
o -
50% Potassium 83.40 |41.00 | 26.72 | 67.74 |87.30 | 39.33 | 27.32 | 66.17
Silicate
Mean 76.85 38.00 | 24.29 | 63.95 77.75 | 38.16 | 26.88 | 64.28
Water 85.19 41.37 | 26.12 | 65.03 83.21 | 40.78 | 27.57 | 67.25
Mean Potassium 96.13 | 48.33 | 29.33 | 69.58 |93.50 | 46.44 | 29.73 | 72.07
Silicate
L.S.D. at 0.05 level
Drought (A) 4.48 5.13 1.609 | 6.1 3.44 2.84 1.22 7.44
Stimulants (B) 4.58 2.61 1.458 | 3.95 3.86 3.66 2.14 4.55
AxB 7.93 4.52 2.525 | 7.74 6.69 6.34 3.72 8.09

Data in Table (4) appeared that the reducing irrigation level from full irrigation
(100 % of plants irrigation requirements /fed.) to 50 % of irrigation requirements
/fed. decreased the leaf dry matter, and Leaf Chlorophyll A, and B of tomato
plants in both growing seasons. Results also revealed that the above-mentioned
leaf dry matter, and Leaf Chlorophyll A, and B affected by foliar application of
potassium silicate spraying. In this regard, potassium silicate significantly
increased leaf dry matter, and leaf chlorophyll A, and B compared with untreated
plants in both growing seasons. Concerning the interaction between potassium
silicate and different drought levels, the results indicated that the foliar spraying
potassium silicate with irrigation deficit conditions (75% and 50 % of irrigation
requirements /fed.) was gave the lowest values of all leaf dry matter, and leaf
chlorophyll A, and B as compared with the untreated plants and highest values
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were by potassium silicate at irrigation zero drought levels (100%) in both
seasons.

Table 4
Effect of potassium silicate spray application on leaf dry matter and chlorophyll
content of tomato plants grown under three drought levels, after 60 days
transplanting seasons 2019 and 2020

Treatments Leaf Chlorophyll A (mg/ Leaf Chlorophyll B
Drought level Stimulants Leaf dry matter % FW) Y (me/e (mg/g FW) Y
Season
Season 1 Season 2 Season 1 Season 2 Season 1 2
0% Water 20.90 18.14 18.70 19.70 41.06 36.62
Potassium Silicate 21.39 21.73 27.3 18.69 40.823 35.38
Mean 21.14 19.93 23.00 19.19 40.94 36
25% Water 18.28 17.93 16.80 16.17 36.27 31.39
Potassium Silicate 20.34 20.8 23.403 25.17 44.253 37.84
Mean 19.31 19.36 20.10 20.67 40.26 34.61
50% Water . _ 17.81 17.86 19.22 8.69 32.43 15.3
Potassium Silicate 20.60 20.4 18.46 16.38 35.15 31.07
Mean 19.21 19.13 18.84 12.53 33.79 23.18
Water 19.01 17.98 18.24 14.85 36.59 27.78
Potassium Silicate 20.78 20.98 23.05 20.08 40.08 34.76
L.S.D. at 0.05 level
Drought (A) 0.98 0.612 2.72 7.58 7.66 6.44
Stimulants (B) 1.07 0.67 4.37 4.27 6.28 8.73
AxB 1.86 1.177 7.58 7.40 10.88 15.12

Plant components

As shown in Tables 5 and 6 obviously indicated that reducing irrigation level
significantly or non-significantly increased non- enzymatic anti-oxidants (Proline,
total indoles, total phenols, total free amino acids, and total carbohydrate) in
tomato plants in both seasons. Regarding the spraying of potassium silicate
significantly increased Proline, Total Indoles, Total phenols, Total free amino
acids, and Total Carbohydrate in tomato plants compared with the water-sprayed
plants in both seasons. Under irrigation (50 % of plants irrigation requirements
/fed.), potassium silicate spraying significantly increased Proline, Total Indoles,
Total phenols, Total free amino acids, and Total Carbohydrate in tomato plants
compared with the water-sprayed plants in both seasons.

Table 5
Effect of potassium silicate application on some non- enzymatic anti-oxidants of
tomato plants grown under three drought levels, after 60 days transplanting
(2019 season)

Treatments Total free | Total
. Total Total .
Proline amino Carbo
Drought . Indols phenols .
Stimulants (mg/100) acids Hydrate
level (mg/100g) (%)
(mg/100g) (%)
Water 38.26 0.19 1.19 0.28 37.26
o -
0% Potassium 40.94 |0.20 1.20 0.42 40.97
Silicate
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Mean 39.60 | 0.20 1.20 0.35 39.12
Water 40.30 | 0.24 1.24 0.34 39.30

25% Potassium 42.04 |0.30 1.30 0.57 41.04
Silicate

Mean 4117 | 0.27 1.27 0.45 40.17
Water 41.47 | 0.26 1.26 0.39 39.94

50% Potassium 4462 |0.53 153|058 43.62
Silicate

Mean 43.04 | 0.39 1.39 0.48 41.78

Water 40.00 | 0.23 1.02 1.19 38.83

Potassium Silicate 42.53 | 0.34 1.34 1.29 41.88

L.S.D. at 0.05 level

Drought (A) 1.34 ] 0.04 0.17 0.03 4.05

Stimulants (B) 2.07 ] 0.07 0.14 0.08 2.1

AxB 3.06 | 0.08 0.18 1.1 5.04

Table 6

Effect of potassium silicate application on some non- enzymatic anti-oxidants of
tomato plants grown under three drought levels, after 60 days transplanting
(2020 season)

Treatments Total
Total
. Total Total free
Dr ht Proline Indols henols | amino Carbo
OUEN | Stimulants (mg/100g) P : Hydrate
ICVCI (mg/100g) (%) a01ds i
(mg/100g) i
Water 41.20 0.18 1.18 0.33 40.20
. .
0% Potassium 42.19 0.26 1.26 0.41 41.99
Silicate
Mean 41.70 0.22 1.22 0.37 41.10
Water 42.63 0.21 1.19 0.40 41.19
. .
25% Potassium 43.82 0.30 1.27 0.46 42.63
Silicate
Mean 43.22 0.26 1.23 0.43 41.01
Water 42.88 0.21 1.22 0.42 41.63
. .
0% Potassium 46.31 0.33 1.35 0.55 45.31
Silicate
Mean 44 .60 0.27 1.29 0.48 43.47
Water 42.23 0.2 1.19 0.33 41.01
Potassium  Silicate (5 | 44 1 0.29 1.29 0.52 43.37
ml/1 )
L.S.D. at 0.05 level
Drought (A) 2.27 0.06 0.06 0.05 4.06
Stimulants (B) 1.81 0.09 0.12 0.06 5.86
AxB 5.96 0.18 0.11 0.19 6.01

Data in Table (7) clearly demonstrated that reducing drought level increased
peroxidase (PO), polyphenol oxidase (PPO), and catalase in tomato plants in both
seasons. Regarding the spraying of potassium silicate significantly increased
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peroxidase (PO), polyphenol oxidase (PPO), and catalase in tomato plants
compared with the water-sprayed plants in both seasons. Under irrigation (50% of
plants irrigation requirements /fed.), potassium silicate spraying significantly
increased peroxidase (PO), polyphenol oxidase (PPO), and catalase in tomato
plants compared with the water-sprayed plants in both seasons.

Table 7
Effect of potassium silicate application on some non- enzymatic anti-oxidants of
tomato plants grown under three drought levels, after 60 days transplanting,
seasons of 2019 and 2020

Treatments PO (X109 Po.lyphenol
Drought Stimulants | (Peroxidase) A240 oxidase PPO | Catalase A240
(X10-3 A240
Season Season Season | Season | Season | Season
1 2 1 2 1 2

Water 1002.00 | 1149.00 | 34.17 | 31.63 | 212.30 | 239.40

0% Potassium | ;554 00 | 1707.00 | 47.83 | 38.00 |323.10 | 403.30
Silicate

Mean 1328.00 | 1428.00 | 41.00 | 34.82 | 267.70 | 321.40
Water 1143.00 | 1269.00 | 37.67 | 49.20 | 231.50 | 300.20

25% Potassium | ;744 3 | 1765.00 | 51.73 | 63.50 |391.50 | 516.80
Silicate

Mean 1439.00 | 1517.00 | 44.70 | 56.35 | 311.50 | 408.50
Water 1525.00 | 1584.00 | 45.17 | 59.17 | 304.30 | 320.30

50% Potassium | 5515 00 | 1889.00 | 62.30 | 69.00 | 484.40 | 525.50
Silicate

Mean 1872.00 | 1737.00 | 53.73 | 64.08 | 394.30 | 422.90

Water 1223.31 | 1334.07 | 39 46.67 | 249.37 | 286.66

Potassium Silicate (5ml/11) | 1868.56 | 1787.31 | 53.96 | 56.83 | 399.67 | 481.87

L.S.D. at 0.05 level

Drought (A) 357.6 287.6 11.54 | 5466 |66.64 | 167.4

Stimulants (B) 132.2 399.8 19.16 | 6.803 |92.13 | 142.8

AxB 0.19 0.78 0.02 0.01 0.37 0.35

Tomato yield and water use efficiency

Data registered in Table (8) exhibited that there were significant differences in the
early yield, total yield of tomato plants and water use efficiency (WUE) under the
three irrigation schedule regimes treatments. The maximum early yield, total yield
was recorded by using the full irrigation (100 % of plants irrigation requirements
/fed.) followed by the moderate irrigation regime (75 % of irrigation requirements
/fed.) then the severe water stress regime (50 % of irrigation requirements / fed.).
The decrement in all studied early yield, and yield of tomato plants significantly
gained with increasing water stress levels from 75 % to 50 % of water irrigation
/fed. The largest reduction in early yield, and yield of tomato plants were
observed under severe water stress (50 % of irrigation requirements /fed.) during
the two seasons of this study. On the other hand, water use efficiency (WUE) was
increased up to 75 of irrigation requirements, then it was decreased with the
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further decrease in the applied irrigation water (50 % of irrigation requirements
/fed.). These results were true in both seasons.

As for foliar spraying with foliar spray of Potassium Silicate results declared that
the Potassium Silicate application, created significant enhancement effects on
early yield, yield and water use efficiency of tomato plants. The previous result is
true during the both seasons. The interaction between using the full irrigation
(100 % of plants irrigation requirements /fed.) followed by the moderate irrigation
regime (75 % of irrigation requirements /fed.) then the severe water stress regime
(50 % of irrigation requirements / fed.) and foliar application of Potassium Silicate
had significant effect on early yield, and yield of tomato plants. The highest values
of early yield, and yield of tomato plants were obtained when tomato plants
irrigated at full irrigation (100 % of plants irrigation requirements /fed.) followed
by the moderate irrigation regime (75 % of irrigation requirements /fed.) and foliar
spraying with Potassium Silicate. Potassium Silicate application improved water
use efficiency (WUE). This was true inside each irrigation level. Moreover, such
effect was more pronounced at 50% deficit water.

Table 8
Effect of potassium silicate application on tomato yield and water use efficiency
(WUE) under three drought levels, seasons of 2019 and 2020

Treatments Early yield Total (Ton,/Fed) Watgr use
D ht (Ton/fed efficiency (kg/mb?)
roug Stimulants Season | Season | Season | Season | Season | Season
level
1 2 1 2 1 2
Water 9.07 10.56 28.82 33.93 7.23 8.63
o -
0% Potassium | 15 57 | 1078 [37.30 |38.46 |9.37 |9.77
Silicate
Mean 10.82 11.67 33.065 | 36.20 8.3 9.2
Water 7.53 8.00 24.02 27.49 8.05 9.37
o -
25% Potassium 8.90 9.70 28.04 |31.57 |9.40 10.76
Silicate
Mean 8.219 8.856 2.034 31.84 8.73 10.07
Water 3.79 3.74 12.44 12.65 6.25 6.47
o -
50% Potassium 6.61 7.08 2232 |22.23 |[11.20 |11.37
Silicate
New Mean 5.20 5.41 17.38 17.44 8.73 8.92
Water 6.80 7.63 21.76 24.69 7.18 8.16
Potassium Silicate 9.36 9.85 29.22 30.76 9.99 10.63
L.S.D. at 0.05 level
Drought (A) 0.65 0.95 1.54 2.03 NS 1.1
Stimulants (B) 1.17 0.79 2.73 2.41 1.2 1.5
AxB 2,03 1.37 4.73 3.70 1.9 1.8

Physical characters of tomato fruit

Results in Tables 9 and 10 revealed that there are no significant differences in the
physical fruit characters of tomato fruits, i.e., average fruit weight, firmness, polar
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diameter, equatorial diameter, and fruit shape index under the three irrigation
schedule regimes treatments. As for foliar spraying with foliar spray of Potassium
Silicate, results in the same Tables sharply cleared that the foliar application of
Potassium Silicate, created significant ascending effects on average fruit weight,
firmness, polar diameter, equatorial diameter, and fruit shape index of tomato.
The previous result is true during the both seasons. The interaction between
irrigation at different drought levels and Potassium silicate foliar application, it
was found that potassium silicate foliar application at full irrigation (100 % of
plants irrigation requirements /fed.) had significant effect of average fruit weight,
firmness, polar diameter, equatorial diameter, and fruit shape index of tomato.
Where the highest values of physical fruit characters of tomato plants were
obtained when tomato plants irrigated (100 %) followed by the moderate irrigation
regime (75 % of irrigation requirements /fed.) with potassium silicate foliar
application.

Table 9
Effect of Effect of exogenous spray application of potassium silicate some on
physical fruit characters of tomato plants grown under three drought levels (2019

season)

Treatments Average fruit | Firmness | Polar Equatorial Fruit shape
Drought Stimulants weight di t di t ind
level g (® (Kg/cm?2) 1ameter imm) lameter mm) | 1Ndex
0% Water 96.41 1.33 53.07 88.45 0.60

Potassium Silicate | 128.89 2.17 49.70 90.03 0.55
Mean 112.65 1.75 51.38 89.24 0,575
25% Water : _ 88.45 1.58 47.67 72.04 0.66

Potassium Silicate | 130.35 2.91 49.67 89.28 0.56
Mean 109.4 2.24 48.67 80.66 0.61
50% Water : _ 102.78 1.57 47.70 75.24 0.63

Potassium Silicate | 127.77 2.50 51.50 89.63 0.57
Mean 115.275 2.03 49.6 82.43 0.6
Water 95.88 1.49 49.48 78.58 0.63
Potassium Silicate 129.00 2.53 50.29 89.65 0.56
L.S.D. at 0.05 level
Drought (A) ns ns ns ns ns
Stimulants (B) 4.47 0.44 1.93 2.92 0.03
AxB 7.747 ns 3.34 5.05 0.05

Table 10

Effect of potassium silicate application on some physical characters of tomato
fruit under three drought levels (2020 season)

Treatments Average . Polar Equatorial | Fruit
. Firmness . .
Drought Stimulants fruit (Kg/cm?) diameter diameter shape
level weight (g) g (mm) (mm) index
0% Water 104.20 1.47 45.10 72.11 0.63
0 Potassium Silicate 125.81 2.11 55.40 92.29 0.60
Mean 115.00 1.79 50.25 82.2 0.61
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25% Water 99.12 1.61 46.80 75.50 0.62
Potassium Silicate 129.18 2.33 53.20 89.51 0.59
Mean 114.15 1.97 50.00 82.50 0.60
50% Water 106.24 1.73 50.00 78.12 0.64
Potassium Silicate 118.97 2.32 60.60 89.79 0.67
Mean 112.60 2.02 55.3 83.95 0.65
Water 103.19 1.60 47.30 75.24 0.63
Potassium Silicate 124.66 2.25 56.40 90.53 0.62
L.S.D. at 0.05 level
Drought (A) ns ns ns ns ns
Stimulants (B) 5.89 0.14 2.26 3.26 0.03
AxB ns 0.24 ns ns ns
Data in Table (11) revealed that the chemical fruit characters parameters
significantly increased by potassium silicate application compared with the
untreated plants (water) in two seasons. Reducing irrigation level to (50 % of
irrigation requirements /fed.) increased the chemical fruit characters parameters,
i.e., TSS, V.C, total Lycopene, and Carotenoids of tomato plants in two seasons.
Concerning the interaction between potassium silicate and drought levels, it was
noticed that the potassium silicate foliar application under full irrigation (100 %)
gave the highest values of all chemical fruit characters parameters, i.e., TSS, V.C,
total Lycopene, and Carotenoids of tomato plants compared with other in both
seasons.
Table 11
Effect of of potassium silicate application on some tomato nutritional contents of
tomato plants grown under three drought levels, after 60 days transplanting,
seasons of 2019 and 2020
Treatments TSS V.C Total Carotenoids Lycopene
mg 100 g-1 fresh
Drough ) (%) (mg/100g FW) mg 100 g-1 fresh weight) weight)
t level Stimulants Seaso | Seaso | Seaso | Season | Season | Season | Seaso | Seaso
nl n 2 nl 2 1 2 nl n 2
Water 4.50 4.25 17.27 |15.24 |43.71 35.21 4.18 3.18
0% Potassium 425 | 425 |18.87 |18.87 |51.14 |48.00 |4.91 |[4.27
Silicate
Mean 4.37 4.25 18.07 | 17.05 |47.15 41.60 4.54 3.73
Water 4.53 4.63 19.94 | 19.94 |47.36 39.57 3.84 3.92
25% Potassium 550 |5.83 |21.94 |21.94 |[53.07 |51.09 |5903 |4.59
Silicate
Mean 5.01 5.23 20.94 | 20.94 50.21 45.33 4.87 4.25
Water 4.60 4.25 20.99 | 21.06 |41.49 42.38 4.29 4.43
50% Potassium 6.25 |6.25 |2526 |26.64 |60.29 |52.79 |6.583 |5.38
Silicate
Mean 5.42 5.25 23.12 | 23.85 50.89 47.58 5.43 4.90
Water 4.54 4.38 19.4 18.75 | 44.19 39.05 4.11 3.84
Potassium Silicate 5.33 5.44 22.02 | 22.48 54.84a | 50.63 5.80 4.75

L.S.D. at 0.05 level
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Drought (4) 0.46 0.48 1.62 1.15 9.42 13.66 1.45 0.91
Stimulants (B) 0.26 0.36 0.94 0.77 8.37 11.56 0.98 1.66
AxB 0.46 0.62 1.63 1.34 14.50 20.03 1.71 2.89

Discussion

Tomato is sensitive to water stress at all growth stages and it is more sensitive to
drought stress at flowering growth stage (Sibomana et al., 2013). Reduced plant
growth under abiotic stress is considered to be a negative symptom of stress
[Aliche, et al., 2000; Luitel, et al., 2015] due to the reduced growth of new leaves
that is associated with limited cell elongation and cell division of stem. Cell
growth is inhibited mainly because of the interruption of the water flow from the
xylem to the elongating cells and the changes in the physicochemical properties of
the cell walls which become more rigid, whereas cell division impairment results
mainly from the decreased photosynthesis and carbohydrates availability for cell
mitosis and photosynthetic capacity. Drought large reduction in leaf dry matter
%, and had a significant negative impact on leaf chlorophyll a and b contents.
Similar results were found by Abd El-Mageed et al. (2018) who noticed that
chlorophylls and carotenoids in cucumber leaves were not affected with 80%, of
crop evapotranspiration, but reduced significantly under 60%, of crop
evapotranspiration, which may be attributed to leaf senescence under drought
stress.

Deficit irrigation had a negative effect of the relative water content, being the
worse at 50% deficit irrigation water. This finding was noted earlier in some crop
plants (Abd El-Mageed et al., 2016; 2018). We noticed that drought significantly
induced production high concentrations of enzymatic (Catalase, Polyphenol
oxidase, and Peroxidase) and Osmoprotectant compounds (Carbohydrate, total
free amino acids, total phenols, total In-dole and proline) of tomato.  Albert
(2019) reported that plant survival under water deficit depends on the
development of an efficient antioxidant system, with enzymatic and non-
enzymatic components and Osmoprotectant compounds. Enzymatic components
are mainly superoxide dismutases (SOD), catalases (CAT), peroxidases and
ascorbate peroxidases (APX), glutathione peroxidase (GPX), peroxide dismutases,
polyphenol oxidases, laccases, anthocyanidin reductase ,anthocyanidin synthase,
mono-dehydroascorbate reductases (MDAR), dehydroascorbate reductases
(DHAR) and glutathione reductases (GR). Non-enzymatic plant antioxidants are
mainly amino acid (such as cysteine, glutathione), ascorbic acid, pigments and
polyphenols, such as carotenoids and anthocyanins. Osmoprotectant compounds
are non-toxic highly soluble molecules, with low molecular weight. They include
proteins and amino-acids (e.g. proline), quaternary amines (e.g. glycine-betaine
and alanine-betaine), polyols and sugars (e.g. mannitol, sorbitol, and sucrose),
organic acids (e.g .malic and citric acids), hydrophilic proteins (e.g. heat shock
proteins) and ions (e.g. calcium, potassium, and chloride ions).

With respect the effect of drought stress on the root contents of non- enzymatic
anti-oxidants, drought caused a significantly increased in non- enzymatic anti-
oxidants (Carbohydrate, total free amino acids, total phenols, total Indole and
proline) content. Proline is one of the important compatible solutes that
accumulates under stress conditions and has been considered to play a
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substantive role in osmotic adjustment (Nayyar and Walia, 2003). Abd El-Mageed
et al. (2018) found that maximum free proline concentration in cucumber leaves
is correlated with 80%, of crop evapotranspiration (a moderate stress status). This
result may be attributed to the increase in protein breakdown and/or the
conversion of some amino acids such as ornithin ,arginine and glutamic acid to
proline.

The higher water use efficiency, under 75% water deficit, in the present work, was
earlier noticed by Abd El-Mageed et at. (2016) who reported that the WUE
increased under water stress. Du et al. (2017) declared that this result may be
explained by the fact that the water accumulation in the fruit causes the dilution
of fruit ingredients). The reduced fruit size and low dilution resulting from
decreased water levels in fruits must have resulted in accumulation of
assimilates, consequently water deficit caused improvement in the quality
parameters (Nangare et al., 2016). Spraying tomato plants with potassium silicate
resulted in a significant increase in in the all studied vegetative growth characters
(plant height, No. of leaves/plant and leaf area) of tomato plants as compared
with the control treatment (spraying plants with water). Moreover, vegetative
growth characters were higher in Si-treated plants even at moderate (25%)
drought stress .In this regard, using potassium silicate caused a remarkable
improvement in the vegetative growth to be similar to that produced in the control
plants at 100% irrigation level. (Table 3).

Enhancing the vegetative growth characteristics, and Leaf relative water content
(%) (Table 3) by Si foliar applications was related to improving chlorophyll (Table
4), non-enzymatic (Table 5 and 6) and enzymatic antioxidants (Table 7). The
present results confirm these findings of Alam et al. (2021) and Salim et al. (2021)
who recorded better results for growth parameters (plant height, number of leaf
plant-1, and shoot dry matter) of cantaloupe, and squash, respectively, with the
exogenous application of Si-based Furthermore, the results of many researchers
proved that the fresh and dry mass of leaves, stems and roots of were markedly
declined against limited water irrigation as compared to normal irrigation, while
the negative effects of limited water supply on biomass were positively mitigated
and enhanced with application of Si. These results were noticed on potato (Abd
El-Gawad et al., 2017), tomato (Abd Elwawed, 2018) and sugarcane plants (Verma
et al., 2020).

Increasing the vegetative growth characteristics of plant (such as plant height and
number of leaves) for plants subjected to the irrigation water deficit at the levels
at 25 % and 50% could probably be attributed to the mechanism for silicon-
mediated tolerance of water stress by its beneficial effects on the physiological
aspects include maintaining nutrient balance, decreasing water loss from leaves,
promoting photosynthetic rate photosynthetic rate and improve plant resistance
to water deficiency (Chen et al. 2018) and regulating the levels of endogenous
plant hormones (Zhu and Gong, 2014). Also, the result confirmed the important
function of silicate in enhancing rigidity, strengthening and elasticity of cell wall
(Hanafy et al., 2008). Furthermore, these increments the vegetative growth
characteristics of the plant may be due to the role of potassium in plant nutrition
and enhancing the translocation of assimilates and protein synthesis (Abd EI-
Gawad et al., 2017).
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We observed a significant positive effect of potassium silicate application on leaf
dry matter % and leaf content of Chlorophyll A and B. This effect was more
pronounced in the water-deprived plants (Table 4). As the results of our study,
some reports pointed out about a beneficial effect of Si addition under water
shortage, on the cultivars of tomato (Silva et al., 2012 and Abd Elwahed, 2018)
and cowpea (Silva et al., 2019) through increasing the chlorophyll a content with
Si addition. Similarly, Zahedi et al. (2020) reported that plants treated with SiO,
preserved more of their photosynthetic pigments compared with control plants at
Moderate (60%) FC .The positive influences of Si are possibly due to the multiple
effects of Si, such as the amelioration of plant water content and photosynthetic
activity, and the reduction in oxidative stress [Zhu and Gong, 2014].

Foliar application of potassium silicate significantly induced production high
concentrations of enzymatic (Catalase, Polyphenol oxidase and Peroxidase) and
non- enzymatic anti-oxidants (Carbohydrate, total free amino acids, total phenols,
total Indole and proline) in tomato plants grown under 25 and 50% drought
levels. It has been widely reported that Si supply decreases the oxidative damage
through enhancing the antioxidant enzyme (SOD, APX, CAT and POD) activities
under drought stress in tomato (Shi et al. 2014), cowpea (Silva et al., 2019),
strawberry (Zahedi et al., 2020), sugarcane (Verma, et al., 2021) and squash
(Salim et al., 2021) plants, and the contents of non-enzymatic antioxidants in
plants (Zhu and Gong, 2014). Nonenzymatic antioxidants include glutathione,
ascorbic acid, nonprotein amino acids, and phenolic compounds (Hasanuzzaman,
et al., 2020). Similarly, Zahedi et al. (2020) reported that plants treated with SiO;
preserved presented higher levels of key osmolytes such as carbohydrate and
proline with control plants at Moderate (60%) FC. Recently, Salim et al. (2021)
recorded significant increases in the concentrations of stress indicators (total free
amino acids and proline) in squash plants grown under drought conditions (50%
of water holding capacity (WHC) compared to the control plants (80% WHC).

The treatment of potassium silicate caused significant increase in early and total
yield of tomato plants at the O-drought level as well as improvements in the yield
and average fruit weight and at 25% drought levels, where the yield at this level
was similar to that when tomato plant obtained the optimum irrigation condition.
Higher yield at moderate drought stress with Si application might be attributed to
the stimulation effect of potassium silicate on increasing plant growth (Table 3),
chlorophyll formation (Table. 4) the leading to move the photosynthetic
production to give higher Average fruit weight and hence increasing yield aspects.
Similar results were obtained by Alam et al. (2021) on cantaloupe under moderate
drought stress. In addition, foliar spray with potassium silicate increased growth,
yield and quality on potato (El-Saady., 2017), tomato (Al-Shmmari et al., 2020),
cowpea (Silva et al., 2019), strawberries (Zahedi et al., 2020), Jerusalem artichoke
(Abo El-Fadel and Shama, 2020), and squash (Salim et al., 2021) grown under
water stress conditions.

Foliar application of potassium silicate significantly increased water uses
efficiency (WUE) within each irrigation level. The higher water use efficiency,
under 75% water deficit, in the present work, was earlier noticed by Verma et at.
(2020) who reported that the silicon application mitigated the drought stress by
improving relative Leaf Water Content. Silicon may regulate the balance water
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level absorption and the water loss through the leaf surface. The present results
are on line with several researches who recorded increase in vitamin C, TSS%
and firmness in tomato (Islam et al. , 2018 and Al-Shmmari et al., 2020)
grapevine fruits (Bassiony et al., 2018) due to silicon treatments under mild
drought stress. Zahedi et al. (2020) reported that plants treated with SiO; under
moderate and severe drought condition strawberry fruits obtained from plants
treated with silicon contained higher levels of anthocyanin, total phenol, vitamin
C, and DPPH compared to water spraying. The present study proved that the
combination of irrigation after depletion of 75%of available soil water and foliar
application of 4000 ppm potassium silicate is considered the most favorable
treatment ,where the mild drought stress gave a high yield as un-stressed plants
with ought showing any obvious harmful stress on the plants.
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