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ABSTRACT

The present study was carried out during the summer season of 2017 to ameliorate the effect of
water stress on growth parameters of sorghum plant, macronutrient uptake, water use efficiency and
dry matter by addition of potassium silicate and salicylic acid as foliar applications. Two pot
experiments were conducted at the farm of the Faculty of Agriculture, Al-Azhar University, Nasr city,
Cairo, Egypt. The two factorial experiments were arranged in a randomized complete block design
with 9 treatments and three replicates per treatment in each experiment. In the first experiment, foliar
spray of potassium silicate (1 and 2 %) and untreated as the control were applied under 100, 75 and 50
% of field capacity (FC). In the second experiment, foliar application of salicylic acid (100 and 200
ppm) and untreated as the control were applied under 100, 75 and 50% of field capacity (FC).
Potassium silicate and salicylic acid were sprayed on the vegetative growth of sorghum plants four
times every two weeks, after ten days of planting during the period of the experiment (60 days). The
results showed that there were significant increases in the growth parameters, i.e. plant height, stem
diameter, fresh and dry weight of sorghum plants as a result of foliar application by potassium silicate
and salicylic acid under water stress compared with the control. It is clear that, potassium silicate was
more effective than salicylic acid in improving all growth parameters. Decreasing water availability
generally results in reduced the total nutrient concentration in sorghum plants, the most affected was P
and K under all levels of moisture content. But nitrogen content decreased at 75 % FC, and increased
at 50% FC. Also, NPK uptake significantly increased with increasing foliar applications of potassium
silicate and salicylic acid under all levels of moisture content compared with the control. The data
clearly reveal that foliar applications of potassium silicate had the highest significant water use
efficiency compared to the control. Also, salicylic acid gave a positive effect on water use efficiency.
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1. INTRODUCTION found to ameliorate the negative effects of

Water stress is one of the most important  various abiotic stresses. Also, the
environmental stresses that could influence  supplementation of silicon to the plants plays a
growth and physiological characteristics of  significant role in improving growth, and
plants. Decreased water availability generally — amelioration of abiotic and biotic stresses.
results in reduced growth and final yield in crop Unfortunately, the significance of silicon (Si)
plants (Du et al., 2010). Drought stress can nutrition in crop production and mitigation of

damage plant cell membranes, and cell wall abiotic and biotic stresses remain unexplored
architecture, as well as inhibit photosynthesis  (Chanchal et al., 2016). Similarly, potassium (K)
and cell division (Taiz and Zeiger, 2006). is the most mobile plant nutrient and plays a role

Knowledge of the biochemical responses to in osmotic regulation and enhances drought
drought is essential for a holistic perception of  tolerance by maintaining water balance (Beg and
plant tolerance mechanisms to water limited Sohrab, 2012). Potassium silicate is a source of

conditions in higher plants (Ruppenthal et al., highly soluble potassium and silicon, thus it is
2016). used in agricultural production system (Tarabih
Application of plant hormones has been et al., 2014). Silicon is not considered an
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essential element for plant growth but its
beneficial effects are normally observed under
stress conditions. These beneficial effects are
attributed to Si deposited in the cell wall of
various plant organs (Ma and Yamaji, 2006). In
addition Hattori et al. (2005) observed that 1.66
mM K,SiO; ameliorated the decrease in dry
weight of sorghum plants under drought stress
conditions. Silicon application may be useful to
improve the drought tolerance of sorghum
through the enhancement of water uptake ability
(Ahmed et al., 2011).

Moreover, Sonobe et al., (2009) found that
50 ppm silicon ameliorated dry mass reduction
in hydroponic sorghum exposed to polyethylene
glycol water stress. Some positive effects of Si
application have been attributed to proper
maintenance of water in leaves, thus preventing
destruction of photosynthetic process and
chlorophyll in leaves (Mali and Arey, 2008).
Generally, beneficial effects of silicon (Si) in the
plant growth under conditions of drought stress
have been associated with uptake and
accumulation ability of elements by different
species of plants.

Salicylic acid (SA) has a key role in many
physiological processes of plants and stimulates
specific responses against various biotic and
abiotic stresses (Khatiby et al., 2016). SA is a
phenolic compound synthesized throughout the
plant kingdom via the phenylpropanoid pathway.
Considerable interests have been focused on SA
due to its ability to induce a protective effect
under stress. SA significantly alleviated growth
inhibition induced by drought and manifested by
less decreases of fresh and dry mass, plant
height, root length (Kang et al., 2013). Salicylic
acid is considered to be an endogenous growth
regulator of phenolic nature that enhanced leaf
area and dry mass production in corn and
soybean. SA as a potent signaling molecule in
plants is involved in eliciting specific responses
to biotic and abiotic stresses (Nikju 2017).
Finally, application of potassium silicate and
salicylic acid is considered one of the methods
used to reduce the deleterious effects of water
stress. The present experiment was conducted to
ameliorate the effect of drought stress on
sorghum plant growth, water use efficiency and
nutrient uptake through foliar application of
potassium silicate and salicylic acid.
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2.MATERIALS AND METHODS

Two pot experiments were conducted in
order to study the effect of potassium silicate
and salicylic acid under water stress on sorghum
plant growth, nutrient uptake and water use
efficiency, at the farm of the Faculty of
Agriculture, Al- Azhar University, Nasr city,
Cairo, Egypt. The two experiments were
conducted during the summer season of 2017.
Factorial experiments were arranged in a
randomized complete block design with 9
treatments and three replicates per treatment for
each experiment. The treatments were as
follows: water stress, including three levels of
field capacity (100, 75 and 50 %), and foliar
application of potassium silicate (1, 2 %) in the
1 experiment. Foliar spray application of
salicylic acid (100, 200 ppm) was compared
with the control (sprayed distilled water under
100, 75 and 50% of field capacity) in the 2™
experiment. All foliar sprayings were conducted
early in the morning (7.30- 8.30 am). Foliar
sprays were applied four times every two weeks
after ten days of planting in throughout the
experiment (60 days), plastic pots filled with 5
kg sandy soil the soil were mixed with compost
(70g /pot) before planting. After thinning each
pot containing 10 seeds of sorghum (Sorghum
bicolor (L.) Moench). Ammonium nitrate, super
phosphate and potassium sulfate fertilizers were
applied according to the general
recommendation dose of the Ministry of Agric.
After 60 days from planting, sorghum shoots of
each treatment were cut just one cm above the
soil surface and prepared for analysis. The
characteristics of the investigated soil, i.e.
particle size distribution, soil pH, EC, soluble
cations and anions, OM, CEC, available N, P, K
were determined (Page et al.,1982) and Klute
(1986). N, P and K were estimated in the plant
digest according to Cottenie et al., (1982). Stem
diameter (cm) was measured by using a vernier
(caliper). Water use efficiency for dry biomass
(kg/m*) = Total Biomass (kg) / water applied
(m®) at different levels of the field capacity
according to Stanhill (1987). Statistical analysis
was carried out by MSTATC and comparisons
of means were made using LSD test according to
Snedecor and Cocharn (1980). The composition
of potassium liquid silicate (K, SiOz) was:
26.6% K,0 and 10.4% SiO;. The chemical and
physical analyses of the experimental soil and
compost are shown in Table (1).
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Table (1): Some physical and chemical properties of the studied soil and compost.

Soil Compost

Parameter | Value Value
Physical properties
Sand % 78.5 -
Silt % 135 -
Clay % 8.0 -
Textural class Loamy sand -
Field capacity (F C) % 11.50 -
Bulk density Mg m™ 1.37 0.70
Chemical properties
pH 7.95 6.67
EC dS m™ (1:2.5) in soil and 3.60

P 1.20

(1:10) in compost
OM % 0.41 3.56
CEC cmolc kg™ 3.11 -
Soluble ions meq/100g soil
Ca™" 0.23 -
Mg™* 0.36 -
Na" 2.06 -
K* 0.19 -
CO7 0.00 -
HCO; 0.50 -
CI 1.63 -
SO, 0.71 -
Available Total macronutrients %
macronutrients mg/kg
N 41.00 1.95
P 12.40 0.66
K 68.50 1.65

3. RESULTS AND DISCUSSION

3.1. Effect of potassium silicate and salicylic
acid on growth parameters of sorghum
plants

The results presented in Table (2) showed
that there was a significant increase in the
growth parameters, i.e. plant height, stem
diameter, fresh and dry weight of sorghum
plants as a result of foliar spray by potassium
silicate and salicylic acid under water stress
compared with the control. In general, potassium
silicate was more effective than salicylic acid for
improving all growth parameters. This may be
due to the effect of K's role on the response of
plants to drought stress. These results are in
good agreement with those reported by Abd EI-
Wabhed et al. (2006).

The highest value of shoot length (135.2
cm) was recorded at 1% potassium silicate under
100 % of FC compared with other treatments.
The presence of silicon in sorghum plant had an
improving effect on shoot growth. This might be
due to the fact that potassium affects
photosynthesis at various levels (Hattori et al.,
2005). In addition, 2% potassium silicate gave a
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good result at 75 % of FC, where the highest
value (134.4 cm) was recorded compared with
other treatments. The increment in vegetative
growth of plants sprayed with potassium silicate
may be due to the role of potassium in plant
nutrition, i.e. promotion of enzymes activity.
The results confirm that soil potassium content is
not enough to the fulfill the needs of some
plants. In this concern, Sangakkara et al., (2001)
attributed the increase in the growth to the role
of K in biochemical pathways in plants. Also,
shoot length increased by the addition of
salicylic acid. In this concern, Singh and Usha
(2003) suggested that the promotive effect of SA
under drought stress may be related to the
induction of antioxidant responses which protect
plant from damage. The highest value (131.50)
was recorded at 200 ppm under 100% FC
compared with the control.

Concerning the effect of potassium silicate
and salicylic acid on stem diameter, the data
cleared that, there was a positive effect for
increasing stem diameter. For potassium silicate
treatment, the highest value (15.56 mm) was
recorded at 1 % under 100 of FC. While, the
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Table (2): Effect of potassium silicate and salicylic acid on the growth parameters of sorghum

plant under water stress.

1™ experiment Growth parameters
. Stem Fresh Dr
Treatments Moisture Shoot length diameter weight weig);mt
content % cm
mm g/plant | g/plant
100 128.80 13.23 11.85 2.78
Control 75 124.20 12.50 10.78 2.26
50 111.50 12.10 10.00 1.93
Mean 121.50 12.61 10.88 2.32
100 135.20 15.56 13.56 3.85
1 75 132.80 15.00 12.95 3.58
50 120.30 12.32 11.02 2.25
Potassium Mean 129.43 14.29 1251 3.23
silicate % 100 131.00 14.64 12.80 3.34
” 75 135.00 15.50 13.60 3.95
50 125.30 13.41 11.30 2.54
Mean 130.43 14.52 12.57 3.28
Potassium silicate (A) 1.33 0.81 0.59 0.02
LSD at 5% Moisture content (B) 0.83 0.72 0.54 0.11
; AB 1.44 1.25 0.94 0.19
A -

2_experiment 756 130.60 13.90 12.50 3.05
100 75 125.30 12.80 12.50 2.63
Salicylic 50 119.40 12.00 10.10 2.36
acid Mean 125.10 12.90 11.70 2.68
ppm 100 131.50 14.95 12.80 3.10
200 75 129.40 12.94 12.00 2.60
50 118.00 11.70 10.30 1.96
Mean 126.30 13.20 11.70 2.55
Salicylic acid (A) 0.82 0.78 0.04 0.05
LSD at 5% Moisture content (B) 0.56 0.57 0.06 0.07
AB 0.97 0.98 0.11 0.12

lowest value (12.10 mm) was recorded at the
control under 50 % of FC. In this respect,
increased silicon application can enhance growth
and development of sorghum and it can be
recommended as supplemental fertilizer to
enhance drought tolerance (Mukhtar et al.,
2011).

Also, salicylic acid had a significant effect
on stem diameter. The highest value (14.95 mm)
was at 200 ppm under 100 FC. While, the lowest
value (11.7 mm) was at 200 ppm under 50 %
FC. These results are in agreement with those
reported by Maghsoudi et al. (2015). On the
contrary, Ruppenthal et al. (2016) found that the
plant growth of soybean was negatively affected
by the presence of Si under well-irrigated
conditions. It can be noticed that the increment
depends on the kind of plant and moisture
content.

Fresh and dry weights are improved by
potassium silicate and salicylic acid. The highest
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values were 13.60 and 3.95 g/plant, respectively,
at 2 % applications of potassium silicate under
75 % FC, compared with the control. While, the
lowest values were 10 and 1.93 g/plant,
respectively in the control under 50 % of FC. In
general, applied potassium silicate under water
stress gave a significant improvement in fresh
and dry weights of sorghum plants. In this
respect, Vaculik et al. (2009) found that different
concentrations of silicon had positive effects on
most growth parameters of maize plants
compared with the control. Also, foliar
application of salicylic acid gave an increase in
fresh and dry weights especially at 200 ppm
under 100 % FC. Silicon application had been
reported to alleviate the decrease in dry matter in
various species of cereals (Liang et al., 1996).
The highest values of fresh and dry weights
(12.8 and 3.1 g/plant, respectively) were
recorded compared with the control. SA
significantly alleviated the growth inhibition
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induced by drought (Kang et al.,, 2013). In
general, the effect of potassium silicate and
salicylic acid on the growth petameters of
sorghum plants were arranged as follows: 2 %
potassium silicate >1% potassium silicate >200
ppm salicylic acid >100 ppm salicylic acid > the
control.

3.2. Effect of potassium silicate and salicylic
acid on NPK content of sorghum plant
under water stress

Data presented in Table (3) represent the
effect of potassium silicate and salicylic acid
under water stress on NPK content for sorghum
plants. Decreasing water availability generally
resulted in limited total nutrient concentrations

in sorghum plants, where the most effect was P

and K at all levels of moisture content. But

nitrogen content decreased at 75 % FC, then
increased again at 50% FC. In this respect, Alam

(1994) found that the plants grown under water

deficit have high N concentration because the

free amino acids accumulation not
synthesized into protein.

It is obvious that the increase nitrogen,
phosphorus and potassium content in sorghum
plants were significantly influenced in the
treatments. For potassium silicate; the minimum
nitrogen content (3.24 %) was recorded by 1%
potassium silicate under 50 % FC. While, the
maximum value (3.8 %) was recorded at 2 %
under 75 % FC. On the other hand, phosphorus
and potassium increased with increasing
potassium silicate and moisture content. In this
concern, Marschner (2012) found that
phosphorus concentration increased by foliar
applications of potassium silicate comparing
with the control. The lowest values (0.36 % and
2.4 %) were recorded at 1 % under 50 % FC,
respectively. While, the highest values were 0.54
and 3.25 %, respectively at 2 % under 100 %
FC. These observations indicate that adequate K
nutrition can improve drought tolerance of

are

Table (3): Effect of potassium silicate and salicylic acid on NPK content of sorghum

plant under water stress.

1% experiment Macronutrients content%
Moisture
Treatments content % N P K
100 3.43 0.46 2.87
Control 75 2.81 0.40 2.40
50 3.00 0.26 1.80
Mean 3.17 0.37 2.36
100 3.60 0.49 3.10
1 75 3.66 0.43 2.80
50 3.24 0.36 2.40
Potassium Mean 3.50 0.43 2.77
silicate % 100 3.60 0.54 3.25
9 75 3.80 0.50 3.20
50 3.50 0.41 2.50
Mean 3.63 0.48 2.98
Potassium silicate (A) 0.12 0.008 0.10
LSD at 5% Moisture content (B) 0.12 0.021 0.06
i AB 0.21 0.037 0.09
2" experiment
100 3.50 0.50 2.90
100 75 3.22 0.43 2.81
Salicylic 50 2.85 0.40 2.40
acid Mean 3.19 0.44 2.70
ppm 100 3.63 0.50 3.11
200 75 3.60 0.46 2.84
50 3.20 0.40 2.60
Mean 2.48 0.45 2.85
Salicylic acid (A) 0.16 0.02 0.09
LSD at 5% Moisture content (B) 0.08 0.02 0.06
AB 0.15 0.03 0.11
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sorghum (Asgharipour and Heidari 2011).
Meanwhile, it is clear that salicylic acid

treatment gave a significant effect on NPK

content of sorghum plants. The maximum values
of NPK content (3.5, 05 and 29 %,
respectively) were recorded by salicylic acid at

200 ppm treatment under 100 % FC. While, the

minimum values (3.2,0.4 and 2.6) were recorded

by 100 ppm foliar application of salicylic acid
under 50 % FC. In this concern, Simaei et al.

(2012) reported that salicylic acid plays an

important role in the regulation of some

physiological processes and nutrients in soybean
plants.

3.3. NPK uptake of sorghum plant as affected
by Potassium silicate and salicylic acid
under water stress.

The data presented in Table (4) indicate the
effect of potassium silicate and salicylic acid on
NPK uptake by sorghum plants under water
stress. In general, NPK uptake decreased with

increasing drought stress. The highest values
(95.35, 12.79 and 79.79 mg/plant) were recorded
at 100 % FC. While, the lowest values (54.23,
5.02 and 34.74 mg/plant) were recorded at 50 %
FC. Drought is a significant limiting factor for
plant growth through reduced water absorption
and nutrient uptake (Du et al., 2010).

On the other hand, all rates of potassium
silicate and salicylic acid showed a significant
increase in nutrients uptake by sorghum plants as
compared to the control. Salicylic acid plays
diverse physiological roles in plants including
plant growth and nutrient uptake (Janda et al.,
2007). It is clear that NPK uptake increased with
increasing foliar application of potassium silicate
and salicylic acid under all levels of moisture
content compared with the control. For
potassium silicate treatment, the highest values
of NPK uptake (150, 10, 19.75 and 126.4
mg/plant, respectively) were recorded by
potassium silicate at 2% under 75% FC. This can

Table (4): Effect of potassium silicate and salicylic acid on NPK uptake by sorghum

plants under water stress.

1% experiment Macronutrients uptake mg/plant
Moisture
Treatments content % N P K

100 95.35 12.79 79.79

Control 75 63.51 9.04 54.24

50 57.9 5.02 34.74

Mean 72.25 8.95 56.26
100 111.24 15.14 119.35
1 75 96.62 11.35 100.24

50 72.90 8.10 54.00

Potassium Mean 93.59 11.53 91.20
silicate % 100 120.24 18.04 108.55
5 75 150.10 19.75 126.4

50 88.90 10.41 63.50

Mean 119.75 16.07 99.84

Potassium silicate (A) 3.95 0.70 1.32

LSD at 5% Moisture content (B) 1.45 1.12 1.94

; AB 2.52 1.94 3.37

o -

2~ experiment 756 106.75 15.25 88.45

100 75 84.69 11.31 73.90

o 50 67.26 9.44 56.64
Sa"cy"r‘;ac'd Mean 86.23 12.00 72.10
P 100 117.61 16.20 100.76
200 75 106.56 13.62 84.06

50 62.72 7.84 50.96

Mean 95.63 12.55 78.59

Salicylic acid (A) 3.85 0.41 1.54

LSD at 5% Moisture content (B) 2.13 0.67 0.62
AB 3.70 1.16 1.07
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has a dual benefit by improving the
physiological performance of supply of K
nutrient to plants (Raza et al., 2013), while, the
lowest values (72.9, 8.1 and 54 mg/plant,
respectively) were recorded by potassium
silicate at 1% under 50% FC. It can be referred
that macronutrients uptake responded to the high
rate of potassium silicate (2%) more than the
low rate (1%) under drought stress. On the other
hand, for salicylic acid treatment, the highest
values of NPK uptake (117.61, 16.20 and 100.76
mg/plant, respectively) were recorded by
salicylic acid at 200ppm under 50% FC. It can
be noticed that macronutrients uptake responded
to the low rate of salicylic acid (100 ppm) more
than the high rate (200 ppm) under drought
stress. The promotive effect of salicylic acid
could be attributed to its bioregulator effects on
physiological processes in plants such as ion
uptake, cell differentiation, morphogenesis,
enzymatic activities, protein synthesis and
photosynthetic activity as reported by El-Tayeb
(2015).

The increase in N uptake under drought
stress (mean values) as influenced by foliar
application of the studied materials could be
organized in the following order: Potassium
silicate 2%> Salicylic acid 200 ppm > Potassium
silicate 1%> Salicylic acid 100ppm > the
control. Meanwhile, the mean values of P
treatments can be arranged as follows:
Potassium silicate 2%> Salicylic acid 200ppm >
Salicylic acid 100ppm > Potassium silicate 1% >
the control. While, K can be arranged as follows:
Potassium silicate 2% > Potassium silicate 1%
Salicylic acid 200 ppm>Salicylic acid 100 ppm>
the Control.
3.4.Water use efficiency as affected by

potassium silicate and salicylic acid

under water stress

Water use efficiency (WUE) also is an
important  characteristic, which  provides
information on the adaptation potential of a plant
to water stress conditions. Data in Table (5)
show the effect of foliar applications by
potassium silicate and salicylic acid on water use

Table (5): Effect of potassium silicate and salicylic acid on water use efficiency

under water stress.

st -
L experiment Total Total dry *Water use
watgr tter efficienc

Treatments FC % applied T:a/f d Kka/m? Y
m’® /fed grte g'm
100 1840 6394 3.48
Control 75 1380 5198 3.77
50 920 4439 4.83
Mean 5328.77 4.03
100 1840 8855 4.81
1 75 1380 8234 5.97
50 920 5175 5.63
Potassium Mean 7421.33 5.47
silicate % 100 1840 7682 4.18
2 75 1380 9085 6.58
50 920 5842 6.35
Mean 7536.33 5.70
Potassium silicate (A) 0.77
LSD at 5% Moisture content (B) 0.53
; AB 0.93

2" experiment

100 1840 7015 3.81
100 75 1380 6049 4.38
L 50 920 5428 5.90
Sallcyllr%amd Mean 6164 270
PP 100 1840 7130 3.88
200 75 1380 5980 4.33
50 920 4508 4.90
Mean 5872.67 4.37
Salicylic acid (A) 0.09
LSD at 5% Moisture content (B) 0.15
AB 0.27

*Water use efficiency = Total dry matter kg/fed / Total water applied m® /fed.
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efficiency of sorghum plants under water stress.
The data clearly reveal that foliar applications of
potassium silicate had the highest significant
water use efficiency compared to the control.
This may be due to the alleviating roles of both
potassium and silicon for drought stress. These
results are in agreement with those suggested by
Hattori et al. (2005) who suggasted that silicon
application may be useful to improve drought
tolerance of sorghum via the enhancement of
water uptake ability. Such results were
confirmed also by the findings of Abou-Baker et
al. (2011) on faba bean plants. The values in
potassium silicate treatment ranged between
4.18 and 6.58 kg/m°. The highest value was
obtained at 2% potassium silicate under 75 %
FC. While, the lowest value was at 2 %
potassium silicate under 100 % FC. Water use
efficiency was significantly improved by silicon
application on sorghum cultivars, (Mukhtar et al.
2011).

On the other hand, salicylic acid gave a
significant effect on water use efficiency. The
lowest value (3.82 kg/m®) was recorded at 100
ppm SA under 100 % FC, while the highest
value (5.90 kg/m® was recorded at 100 ppmSA
under 50% FC. This may be attributed to the fact
that foliar SA application can increase the leaf
diffusive resistance and lower transpiration rates
and these conclusions were recorded by Bakry et
al. (2012). These results are in agreement with
those obtained by Subramanian et al. (2006)
who reported higher WUE in wheat and tomato
under water stress than under well irrigation due
to transpiration reduction. The mean values of
the treatments are arranged as follows: 2 %
potassium silicate >1 % potassium silicate >100
ppm salicylic acid >200 ppm salicylic acid > the
control.

Conclusion

It could be concluded that the addition of
potassium silicate and salicylic acid at rates 1 %,
2 % and 100 ppm, 200 ppm, respectively are
beneficial to mitigate the adverse effects of
water stress. The possible mechanism involved
in the enhancement of growth parameters were
due to the increase of water use efficiency of
plants which in turn increased the growth.
Potassium supply within this range increased
significantly the macronutrients uptake of
sorghum plants. Thus, further studies are needed
to explore the mechanisms of improving plant
growth under water stress by potassium silicate
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and salicylic acid through various methods
involving plant species and soil.
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