1224

Bulgarian Journal of Agricultural Science, 25 (No 6) 2019, 1224—1232

Assessment of efficacy of sodium silicate on morphological parameters
of Lycopersicon esculentum Mill. under water deficit conditions

Chanchal Malhotra, Riti Thapar Kapoor®

Plant Physiology Laboratory, Amity Institute of Biotechnology, Amity University, Noida— 201 313, Uttar Pradesh, India
*Corresponding author: rkapoor@amity.edu

Abstract

Malhotra, C. & Kapoor, R. T. (2019). Assessment of efficacy of sodium silicate on morphological parameters of
Lycopersicon esculentum Mill. under water deficit conditions. Bulgarian Journal of Agricultural Science, 25 (6),
1224-1232

The effect of sodium silicate on the morphological parameters of tomato (Lycopersicon esculentum Mill. var. Pusa Sheetal)
was analyzed at vegetative, flowering and fruiting stages. The significant increase in morphological parameters of tomato
plants was observed with sodium silicate treatment in comparison to control. The increase in the height of tomato plants 34.27
and 14.61% was observed with 5 g and 7 g sodium silicate treatment respectively in comparison to control. The findings of the
present study revealed that sodium silicate stimulated tomato plant growth under water deficit conditions and it can be used in

drought prone areas for the protection of tomato crop against water stress.
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Introduction

The development in agriculture sector is essential for
the progress of nation. Agriculture is a primary source of
food but modern intensive agricultural practices are burden
on the environment and responsible for contamination of
water, soil degradation and loss of biodiversity (Frison et
al., 2011). The population of world is about seven billion
and it has been predicted that it will increase by ten billion
in the next fifty years (Goswami et al., 2016). The popu-
lation of India is still increasing alarmingly which put a
significant pressure on the agricultural land. Abiotic stress-
es adversely affect crop production (Meena et al., 2017).
Among various environmental stresses, water stress is one
of the most confining factors for crop production and plays
a critical role in a world’s food security (Lipiec et al., 2013;
Noman et al., 2018). Nezhadahmadi et al. (2013) reported
that approximately two billion people will suffer with acute
water shortage and 67% of the world’s population will sur-
vive under water stressed environment by the year 2025.

Drought as a consequence of deficient soil moisture may
induce various changes in morphological and biochemical
parameters of plants which severely restricts crop growth
(Zhang et al., 2014; Bodner et al., 2015). Forty to sixty per-
cent loss in total crop yield has been reported due to water
deficiency in crop fields (Shao et al., 2008). Silicon, a tet-
ravalent metalloid, is most abundant element after oxygen
which is approximately 68% of soil mass (Ma & Yamaji,
2006; Epstein, 2009). It has been observed that the plants
that have low silicon contents are structurally weaker and
more prone to abnormal growth, development and repro-
duction (Epstein, 1999). Silicon acts as an agronomical
important fertilizer that enhances tolerance capacity of
plants against abiotic and biotic stresses (Zhu & Gong,
2014; Keller et al., 2015; Malhotra et al., 2016; Etesami &
Beattie, 2017; Etesami & Jeong, 2018). Silicon is proven
as stress reliever and it improves plant abilities to survive
under stress conditions due to its anti-stress mechanism
(Marafon & Endres, 2013; Van Bockhaven et al., 2013; Sa-
pre and Vakharia, 2016).
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Lycopersicon esculentum Mill. (Solanum lycopersicum
L.) is popularly known as tomato and it belongs to Sola-
naceae family. It is a popular and economically important
vegetable all over the world. Tomato is consumed in a form
of salad, soup, juice, sun-dried tomato, ingredients in dif-
ferent recipes and processed products etc (Frusciante et al.,
2007). Lycopersicon esculentum Mill. is an excellent source
of bioactive compounds such as minerals, fiber, vitamins
and antioxidants such as B-carotene and lycopene (Gunder-
sen et al., 2001). Lycopene is a main carotenoid in tomato,
is known for its anti-carcinogenic properties (Krauss et al.,
2006). Silicon promotes the growth of plants under water
deficit condition (Sacala, 2009; Son et al., 2011) and in-
creases 35-40% water retention capacity of the soil (Hattori
et al. 2005; Sonobe et al. 2011). Silicon increased water
stress resistance capacity in sunflower (Gunes et al., 2008),
pepper (Lobato et al., 2009), sorghum (Sonobe et al., 2011)
and wheat (Gong & Chen, 2012) etc. The survey of perti-
nent literature revealed that no study has been done till date
to study the impact of sodium silicate on the morphological
parameters of tomato and its role in alleviation of water
stress. In order to bridge this gap, the present study was
designed to test the above hypotheses and to provide first-
hand data on the effect of water stress treatment (3d and 6d)
on the morphological parameters of tomato (Lycopersicon
esculentum Mill. var. Pusa Sheetal) and alleviation of ad-
verse effect of water stress by supplementation of sodium
silicate. Tomato excludes silicon due to its less silicon ac-
cumulation capacity. Hence, tomato plant was selected to
find out the mechanism for sodium silicate mediated water
stress resistance.

Materials and Methods

The experiments were conducted in Plant Physiology
Laboratory, Amity Institute of Biotechnology, Amity Uni-
versity, Noida.

Geographical position of the study site

Noida is an administrative headquarters of Gautam Budh
Nagar district, Uttar Pradesh. The study site was located at
latitude 28° 32" N and longitude 77° 28" E, 200 m above the
sea level.

Collection of the tomato seeds

The certified, healthy and uniform tomato (Lycopersi-
con esculentum Mill. var. Pusa Sheetal) seeds were procured
from Indian Agricultural Research Institute (IARI), New
Delhi. The seeds were stored in sterilized polythene bags to
avoid contamination.

Experimental design

Tomato (Lycopersicon esculentum Mill. var. Pusa Sheetal)
seeds were taken for seed germination test. The empty and
undeveloped tomato seeds were discarded by floating in tap
water before seed germination test. Seeds of tomato were
thoroughly washed with tap water to remove dirt and dust for
5 min. The surface of tomato seeds were sterilized with 10:1
distilled water/ bleach (commercial NaOCl) solution for 5
min to avoid fungal and bacterial infections and then washed
5-6 times with distilled water. The seeds were soaked in dis-
tilled water for 5 hours before sowing.

Preparation of different concentrations of sodium silicate

Sodium  silicate [Na,0,Si.9H,0] (molecular weight:
284.20 g/mol) was purchased from LOBA Chemie private
limited, Mumbai. Different concentrations of sodium silicate
were prepared with distilled water and mixed thoroughly
with the growth medium [2 g/10 kg (T)), 3 g/10 kg (T)),
5 g/10 kg (T,), 7g/10 kg (T,) and 9 g/10 kg (T,)] in different
pots for the treatment in comparison to control.

Determination of morphological parameters

Determination of growth parameters at 10 DAS

Seed germination percentage was determined regularly
till 10 days after seed sowing. Germination was determined
by counting the number of germinated seeds at 24 hours in-
terval till 10 days. Different growth characteristics of tomato
such as germination percentage, relative germination rate,
germination index and speed of germination index were de-
termined in control and treatment by the following formula
(Li, 2008):

» Germination percentage (G%) = Total number of seeds
germinated / total number of seeds taken for germination x
100

» Relative germination rate (RGR) = germination per-
centage in treatment/ germination percentage in correspond-
ing control.

* Germination index (GI) = XG,/ D,
where G, is the number of seeds germinated in t days; D, is
the number of corresponding germination days.

* Speed of germination index

The number of tomato seedlings emerging daily was
counted from day of sowing till the ten days of seed germina-
tion. Speed of germination index was calculated by follow-
ing the formula of Khandakar and Bradbear (1983).

§=(N/I+N,2+ N,/f3....N /n),

where N, N,, N,...... N, proportion of seeds which germi-
nated on day 1, 2, 3 ........ n following setup of the experi-
ment.
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Determination of morphological parameters at 40 DAS
and 60 DAS

Tomato (Lycopersicon esculentum Mill. Pusa Sheetal)
seeds were sown in the earthen pots. The earthen pots of
30 cm deep and 30 cm in diameter were filled with equal
weights 10 kg of soil. The growth medium (soil) was com-
prised of garden soil: cow manure (3:1). For the treatment,
effective concentrations of sodium silicate such as 5 g and
7 g were added in 10 kg of growth medium (soil : cow ma-
nure). Tomato plants were thinned to one plant per pot at 10
DAS and uniform watering (400 ml/pot) was continued for
55 days till flowering.

At vegetative stage (40 DAS), different growth param-
eters of tomato (Lycopersicon esculentum Mill. var. Pusa
Sheetal) such as number of leaves/plant, length of the leaves,
number of branches per plant and plant height (cm) were re-
corded.

Water stress treatment

Following water stress treatment was given at 55 DAS in
tomato plants:

Control: Normal watering in which tomato plants re-
ceive adequate water to maintain the soil moisture level at
field capacity throughout their growth period.

Sodium silicate treatment: In sodium silicate treated
pots, normal watering in which plants receive adequate
water to maintain the soil moisture level at field capacity
throughout their growth period.

Water stress treatment: Water stress treatment was
given to the control tomato plants at flowering stage by
withholding the water supply for 3 and 6 days respec-
tively.

Water stress treatment in sodium silicate treated pots:
In the pots containing sodium silicate, water stress treatment
was given to the tomato plants by withholding the water sup-
ply for 3 and 6 days respectively.

At flowering stage (60 DAS), number of leaves/plant,
length of the leaves, number of branches per plant, plant
height (cm) and number of flowers/plant were measured. At
fruiting stage (70 DAS) total number of fruits/plant of Lyco-
persicon esculentum Mill. (var. Pusa Sheetal) were recorded
in control and different treatment.

Statistical analysis

All the treatment was arranged in a randomized block
design with three replications. Data were statistically ana-
lyzed using analysis of variance (ANOVA) by using SPSS
software (Ver. 10; SPSS Inc., Chicago, IL, USA). The treat-
ment mean was analyzed by Duncan’s multiple range test
(DMRT) at p < 0.05.

Results and Discussion

The effect of sodium silicate on the morphological parame-
ters of tomato (Lycopersicon esculentum Mill. var. Pusa Sheetal)
was analyzed at vegetative, flowering and fruiting stages.

Determination of effective concentration of sodi-
um silicate on Lycopersicon esculentum Mill. var. Pusa
Sheetal

Significant increase in germination of tomato (Lycopersi-
con esculentum Mill. var. Pusa Sheetal) seeds was observed
with higher sodium silicate concentration in comparison to
control at 10 DAS. 78% tomato seeds were germinated in
control and maximum 88% seed germination was observed
in T, treatment. The increase in tomato seed germination per-
centage was observed in the following order: T, > T, > T, >
T, > T, > Control (Figure 1). The sodium silicate treatment
(T, =5 g/10 kg soil and T, = 7 g/10 kg soil) which showed
significant increase in seed germination, relative germina-
tion rate and germination index over control and other treat-
ment were selected for further study.
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Fig. 1. Determination of effective concentration
of sodium silicate on seed germination of Lycopersicon
esculentum Mill. var. Pusa Sheetal at 10 DAS
Legend: C = Control, T = Pots containing sodium silicate
(T'=2¢,T=3¢g,T,=5g,T=7gand T=9 g/10 kg soil)

Determination of morphological parameters

The effect of sodium silicate on morphological param-
eters of tomato (Lycopersicon esculentum Mill. var. Pusa
Sheetal) was analyzed at three different stages such as 10
DAS, 40 DAS and 60 DAS.

Determination of growth parameters at 10 DAS

The seed germination and growth parameters of tomato (Ly-
copersicon esculentum Mill. var. Pusa Sheetal) such as relative
germination rate, germination index and speed of germination
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Table 1. Effect of sodium silicate on growth parameters of Lycopersicon esculentum Mill. var. Pusa Sheetal at 10 DAS

Growth parameters Germination percentage Relative Germination Speed of germination
(Treatments) (%) germination rate index index

C 80*+0.91 0.00* = 0.00 8+ 0.12 58.81*+0.21

T, 89°+0.72 (11.25)" 1.11*+0.03 8.9+ 0.08 67.86°+ 0.64

T, 84°+0.23 (5)° 1.05¢+0.06 8.49+0.02 62.34°+0.98

Legend.: C = Control, T, = Pots containing sodium silicate (5 g/10 kg soil); 7, = Pots containing sodium silicate (7 g/10 kg soil);

“Stimulation percentage over control

Data are mean of three replicates + sem. Different letters in each group show significant differences at P < 0.05

Index was recorded at 10 DAS (Table 1). Significant in-
crease in seed germination 11.25 and 5% was observed in 7,
and T, treatment. The relative germination rate, germination
index and speed of germination index showed the following
trend: 7, > T, > Control.

Determination of morphological parameters at 40 DAS
and 60 DAS
Morphological parameters of tomato (Lycopersicon es-
culentum Mill. var. Pusa Sheetal) such as leaf length, plant
height, number of leaves, branches and flowers/plant were
recorded in two stages such as vegetative (40 DAS) and
flowering stages (60 DAS). Total number of fruits/plant was
determined at 70 DAS (fruiting stage).
90
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Fig. 2. Effect of sodium silicate on morphological
parameters of Lycopersicon esculentum Mill.var. Pusa
Sheetal at 40 DAS

At 40 DAS, silicon supplemented pots showed signifi-
cant increase 92.68% in number of leaves/plant and 43.59%
in leaf length in 7, treatment (Figure 2). More number of
branches/plant and plant height were observed in silicon sup-
plemented pots in comparison to control. The increase in the
height of tomato plants 34.27% and 14.61% was observed
in 7, and 7, treatment respectively in comparison to control
(Table 2).

At 60 DAS, silicon supplemented pots showed signifi-
cant increase 29.72% in plant height and 21.43% in number
of flowers/plant in 7' treatment (Table 3). Significant in-
crease 7.14% in number of flowers/plant and 9.71% increase
in plant height were observed in 7, treatment over control
(Table 4). Water stress (3d and 6d) reduced different mor-
phological parameters in tomato plants but inhibitory effect
of water stress was significantly alleviated in the presence of
sodium silicate (Figures 3 and 4).

Effect of sodium silicate on tomato fruit development

Maximum number of tomato fruits was developed in T,
treatment in comparison to 7, treatment and control. The
number of tomato fruits was significantly reduced after wa-
ter stress treatment and maximum reduction in number of
tomato fruits was observed with 6d water stress treatment
(Figure 5).

During seed germination process, resumption of metabolic
activities and growth of seed tissues starts with water absorp-
tion. Sufficient water absorption is essential for proper seed
germination and seedling growth (Debeaujan et al., 2000).

Table 2. Effect of sodium silicate on morphological parameters of Lycopersicon esculentum Mill. var. Pusa Sheetal at

vegetative stage (40 DAS)

Growth parameters Control T, T,

Number of leaves /plant 41°+0.12 79+ 0.82 (92.68)" 682+ 0.81 (65.85)*
Length of leaves 7.8*+0.05 11.2¢+£0.03 (43.59) 9.2°+0.05 (17.95)*
Number of branches/plant 12°+0.07 17¢+0.09 (41.67)" 13*+0.10 (8.33)*
Plant height 35.6°+£0.27 47.8°+0.51 (34.27)" 40.8°+ 0.58 (14.61)*

Legend.: C = Control, T, = Pots containing sodium silicate (5 g/10 kg soil); T, = Pots containing sodium silicate (7 g/10 kg soil);

“Stimulation percentage over control

Data are mean of three replicates + sem. Different letters in each group show significant differences at P < 0.05
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Table 3. Effect of water stress and sodium silicate treatment (T,) on morphological parameters of Lycopersicon esculentum

Mill var. Pusa Sheetal at flowering stage (60 DAS)

Growth parameters Control T, Water stress treatment in control | Water stress Water stress
plants (WS,) + sodium | (WS,) +sodium
(WS,) (WS,) silicate silicate

Number of leaves /plant 87+ 0.21 116*+0.92 (33.33)" 78 +£0.12 70+ 0.02 83*+ (.82 800+ 0.24
Length of leaves 12.5°+0.09 | 13.8°+0.05 (10.4)" 8.2:+0.14 5.9¢+0.16 9.5+ 0.04 9.2°+0.02
Number of branches/plant 19*+0.03 22°+0.16 (15.79)" 13°+0.02 12°+0.10 13+ 0.21 12°+0.12
Plant height 38.7°+£0.14 |50.2°+0.21(29.72)"| 37.1'+0.74 34.8"+0.94 36.8°+0.32 34.3°+0.81
Number of flowers/plant 14+ 0.05 17¢+0.08 (21.43)" 12¢+0.09 10° +0.02 13¢+0.05 9¢+0.02

Legend. C = Control, T, = Pots containing sodium silicate (5 g/10 kg soil);
“Stimulation percentage over control

Data are mean of three replicates = sem. Different letters in each group show significant differences at P < 0.05

Table 4. Effect of water stress and sodium silicate treatment (T,) on morphological parameters of Lycopersicon esculentum

Mill. var. Pusa Sheetal at flowering stage (60 DAS)

Growth parameters Control T, Water stress treatment in control Water stress Water stress
plants (WS,) + sodium | (WS ) + sodium
(WS,) (WS,) silicate silicate
Number of leaves /plant 882+ 0.24 | 105*+0.97 (19.32)* 76*+0.09 71+ 0.02 832+ 0.91 77 +0.12
Length of leaves 11.7*+0.05| 12.2*+0.05 (4.27)* 8.6°+0.12 4.9*+0.18 9.6+ 0.05 8.1:+£0.02
Number of branches/plant 18°+£0.03 | 21°+0.09 (16.67)* 13°+0.09 10°+0.14 12°+0.21 9°+0.16
Plant height 41.2°£0.02| 45.2°+0.24 (9.71)* 35.66+£0.72 31.8°+£0.92 35.2¢4+0.32 31.9¢+0.72
Number of flowers/plant 14¢+0.01 15°+ 0.06 (7.14)* 114+ 0.04 9¢+0.09 1144+ 0.04 8¢+ 0.05
Legend. C = Control, T, = Pots containing sodium silicate (7 g/10 kg soil);
“Stimulation percentage over control.
Data are mean of three replicates + sem. Different letters in each group show significant differences at P < 0.05
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Fig. 3. Effect of sodium silicate (5 g) on the morphological
parameters of Lycopersicon esculentum Mill. var. Pusa
Sheetal at 60 DAS

The absorbed water in the tomato seed is used for activa-
tion of hydrolytic enzymes which breaks the complex seed
reserves into simple molecules required for cell division, cell
differentiation and elongation. The embryonic axis produces
gibberellic acid which might have induced the synthesis of
amylase, protease, lipase, tryptophan and precursor of IAA
(Van Overbeek, 1966). The embryonic cells become turgid
by absorption of water and increased turgor pressure caused
extension of cell wall. The decrease in water availability has

Morphological parameters

Fig. 4. Effect of sodium silicate (7 g) on the morphological
parameters of Lycopersicon esculentum Mill. var. Pusa
Sheetal at 60 DAS

an immediate effect on water status and growth parameters
of plants via adverse effect on water absorption transport of
water and solute to growing plant organs. Under severe wa-
ter deficiency, cell elongation can be inhibited by interruption
of water flow from xylem to the surrounding elongating cells
(Nonami, 1998). The water stress is known to inhibit the wa-
ter uptake which is required for the synthesis of number of
organic compounds i.e. chlorophyll, amino acids, proteins,
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Fruits/plant

Control  T1 T2 WS WS WS WS
(3d)  (6d) (3d)Si (6d)Si
Treatment

Fig. 5. Effect of sodium silicate treatment on tomato
fruit development (L. esculentum Mill. var. Pusa
Sheetal) at 70 DAS
Legend: C = Control, T, = Pots containing sodium silicate (5 g/10
kg soil); T, = Pots containing sodium silicate (7 g/10 kg soil),
WS = Water stress
Data are mean of three replicates + sem. Different letters in each
group show significant differences at P < 0.05

sugars, phospholipids, growth hormones and nucleotides etc.
thereby inhibiting growth of tomato plants under 3d and 6d
water stress (Figures 3 and 4). In tomato plants, 3d and 6d wa-
ter stress might have interfered physiological processes such
as photosynthesis, respiration, phosphorylation pathway and
inhibition of the activation of Mg and ATPase activity (Mo-
reland & Novitzky, 1987) which decreased the synthesis of
carbohydrate, protein, nucleic acid and mobilization of food
reserves. The inhibition in tomato seed germination might be
due to inhibition of cell growth which may impede the activa-
tion of enzymes responsible for cell growth under water stress
(Malhotra et al., 2017). Zargar & Agnihotri (2013) reported
that calcium silicate application in the soil increased maize
seed germination under water stress.

Plant growth is the outcome of cell division, cell en-
largement and differentiation which involves various physi-
ological processes and their interaction. Seed germination
and seedling growth are important plant growth stages and
these stages are extremely affected by water stress (Siddiqui
& Al-Whaibi, 2014). Water stress restricts plant growth due
to impaired mitosis, inhibition of cell division and cell en-
largement (Sheltal & Balke, 1983; Osakabe et al., 2014).
Malcolm & Doug (2002) reported that water deficit condi-
tion resulted less number of branches, number of pods/plant,
fewer flowers and small sized seeds in Brassica. The positive
effect of silicon on biomass and yield has been observed in
various crops under water deficit condition (Zuccarini, 2008;
Pei et al., 2010; Nolla et al., 2012). Similar findings have

been reported in the present study (Malhotra et al., 2018).
It may be due to greater solubility of sodium silicate in the
water which favours its absorption by the tomato plants (Ma-
rodin et al., 2014).

In the present study, effect of sodium silicate was concen-
tration dependent. The nutritional properties of sodium silicate
promote cell division and expansion of the cells which is a
prerequisite for tomato seedling growth. Sodium silicate pro-
moted the absorption of water and ions from the soil which
may protect tomato leaves from loss of turgidity. The sodium
silicate might stimulate metabolic processes responsible for
the biosynthesis of gibberellic acid, protease, amylase, [AA
and ATP there by resulting in promotion of tomato seed ger-
mination. The increased uptake of Ca™ and K* might be attrib-
uted to decrease in plasma membrane permeability by added
sodium silicate (Kaya et al., 2006). Data of the present in-
vestigation clearly indicated that sodium silicate might act as
plant growth promoter at higher concentration and enhanced
seed germination and growth parameters of tomato (Table 1).

The reduced growth of tomato plants in water stress (3d
and 6d) was due to reduced cell division and elongation
(Avers and Goodwin, 1956), inhibition in nutrient absorp-
tion (Balke & Hodges, 1977), interference with respiration,
oxidative phosphorylation (Demos et al., 1975), inhibition
in photosynthesis (Colton & Einhellig, 1980) and reduction
in dry matter production. The decreased growth of tomato
plants might be due to inhibition in synthesis or decreased
activity of growth hormones (Borell et al., 1997). Dry mat-
ter is an index of productivity (Velu & Thangaraj, 1997) and
reduction in tomato plant height might be due to inhibition
of germination coupled with low efficiency in dry matter ac-
cumulation or inhibition in CO, fixation pathway (Uniyal &
Nautiyal, 1996). Water stress inhibited dry matter produc-
tion mainly through its inhibitory effect on leaf expansion
which reduced light interception. The reduction in tomato
plant height was associated with decline in cell elongation,
leaf senescence and turgor loss under 3d and 6d water stress
(Manivannan & Ahn, 2017).

Lim et al. (2012) found that supplementation of potas-
sium silicate enhanced fresh and dry weight of Begonia
and Pansy plants. Hattori et al. (2005) reported significant
improvement in plant biomass by silicon application under
water stress. Our results are in conformity with the results
of Bae et al. (2010), who reported significant increase in
fresh and dry weight of kalanchoe and carnation plants with
silicate fertilizers. The use of silicon improved growth and
yield of maize under water deficiency (Kaya et al., 2006). A
positive impact of silicon on crop yield under water deficit
condition has been reported by Silva et al. (2012). Gerami et
al. (2012) found that dry weight, plant height and number of
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tillers of rice plants were increased with increase in silicon
content. Datnoff et al. (2001) reported that plants deprived
of silicon showed significant reduction in growth and yield
as well as increased susceptibility to environmental stresses.
Gong et al. (2003) reported that wheat seeds treated with
silicon before sowing showed higher plant height, leaf area
and dry matter as compared to those without silicon applied
in well-watered condition. Water stress during vegetative or
early reproductive growth stages reduced soybean (Breve-
dan & Egli, 2003) and canola (Sinaki et al. 2007) yield by
reducing the number of seeds. Water stress exhibited few
pods, less seeds/ pod with low biomass of seeds and reduc-
tion in seed quality in soybean (Dornbos et al., 1989) and pea
(Fougereux et al., 1997) plants.

Reezi et al. (2009) found that addition of potassium
silicate to nutrient medium increased number of flowers in
Rosa x hybrida. Silicon synchronized crop growth and yield
as beneficial effects of silicon on plant biomass under water
abridged condition were reported in sugarcane (Bokhtiar et
al., 2012) and soybean (Shen et al., 2010). Ali et al. (2009)
reported that effect of silicon on plant growth was dose and
crop specific. Earl & Davis (2003) stated that water stress
reduced leaf area, root proliferation, stem elongation, upset
plant water relation and subsequently reduced plant growth
and yield. The number of leaves, tillers, panicle, and num-
ber of spikelet, grain weight and yield were increased due
to silicon fertilization in rice (Liang et al., 1994). The posi-
tive impact of silicon on rice, barley, wheat, cotton, cucum-
ber, tomato, pumpkin and citrus has been observed in field
experiments (Gorecki & Danielski, 2009). Silicon signifi-
cantly improved the growth of canola; soybean and sorghum
seedlings under water stress (Gao et al., 2011; Ahmed et al.,
2013). Yin et al. (2014) observed that sodium silicate de-
layed water stress induced senescence in Sorghum by inhib-
iting ethylene biosynthesis. Markovich et al. (2017) reported
that silicon increased cytokinin biosynthesis in Sorghum and
Arabidopsis which was responsible for delay in senescence.
Thus, results of the present study strengthen the observations
of earlier workers that sodium silicate improves tolerance ca-
pacity against water deficit stress in tomato plant.

Conclusion

There is an urgent need that crop growers must be aware
about the application of sodium silicate on plants against abi-
otic stresses. Sodium silicate is non-corrosive and pollution
free eco-friendly fertilizer which may help the agriculture
sector by increasing the crop production and control of dis-
eases. These efforts will ensure production of safe food with
adequate environmental protection.
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