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Abstract

Aim: To study the effect of silicon application on soil properties under normal conditions and different levels of drought stress (75%, 50% and 25% field
capacity).

Methodology: Nigella sativa seeds were sown in pots filled with 5 kg of homogeneously mixed 2:1 ratio of sand to clay soil. Two set of plants were grown-
one setwas grown in soil without silicon treatment, and the other was treated with silicic acid (120 g kg™ soil). For drought stress conditions, each set was
subdivided into four sets, which

were irrigated at 100% (control), Background ~ Result .
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Interpretation: Overall, silicon application increased soil minerals and alleviated drought stress.
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Introduction

Functional definitions have been used to determine the
outset, extent, and end of droughts. However, no blanket
definition of drought exists, which explains why it is more
challenging to recognize a drought than other natural disasters
(Janardhan, 2001). Several definitions have been proposed for
“drought,” including meteorological, agricultural and hydrologic
(Janardhan, 2001). In general, drought refers to a sustained
scarcity of water, mainly due to poor rainfall and other
precipitation or due to extremely high temperatures and low
humidity, causing a loss of stored water resources and drying of
vegetation (Bullock et al., 2018). Globally, drought has been
identified as one of the main factors associated with low crop
production. Abiotic stress, especially drought, has been
reported to cause approximately 70% of low crop production
(Basu et al., 2016; Wang et al., 2016; Anjum et al., 2017).
Although plants have been reported to respond to drought,
conditions such as environmental stress causing stunting and
decreased plant productivity (Letey, 2000). The adverse effects of
drought can be alleviated by supplying plants with essential
nutrients such as phosphorus, potassium, calcium and
magnesium (Asgharipour and Mosapour, 2016).

Typically, silicic acid is used as soluble monosilicic acid
between 0.1 and 0.6 mm of soil solution (Ma and Yamaji, 2008). It
has been shown that silicon is involved in plant fortification
against cell membrane oxidation, thus maintaining various
structures and functions of plants exposed to drought (Zhu and
Haijun, 2014). Increasing evidence show that silicon has a
positive effect on plant germination and development, although it
is not an essential element (Karmollachaab et al., 2013).
Additionally, other investigators have demonstrated that silicon
played a crucial role in plant tolerance to environmental stress
(Garg and Bhandari, 2016; Alzahrani et al., 2018; Zargar et al.,
2019). One mechanism that has been proposed to explain the
role of silicon in improving plant tolerance to drought is its
capacity to increase antioxidant defense mechanism in plants
and maintain photosynthetic processes under drought
conditions (Kim et al., 2017, Geng et al., 2018). In another
report, Mauad et al., 2016 stated that silicon application can
improve crop resistance to drought by hindering the fast
reduction in physiological and biochemical activities in roots of
plants. N. sativa, also known as black cumin, is one of the most
popular herbs worldwide, and its seeds have been valued for
their healing properties (Ahmad et al., 2013).

The seeds of N. sativa has also been extensively used
as a flavor since 15" century (Zohary et al., 2012). Apart from
being used as a food source, N. sativa has been reported to
have therapeutic uses such as antidiabetic, antineoplastic
(Woo et al., 2012), antihypertensive, antimicrobial (Kilinc et al.,
2017), and anti-inflammatory (lkhsan et al., 2018). Thus, it is
important to investigate the effect of drought stress on the
growth of this plant. This study investigated the relevance of
silicon application, in the form of silicic acid, on soil physical and

chemical properties. Specifically, it determined the
concentrations of phosphorus, potassium, calcium,
magnesium, and iron under moderate (75, 50% field capacity)
and severe (25% field capacity) drought conditions.

Materials and Methods

Experimental design: Nigella sativa seeds were sown in pots
filled with 5 kg of homogenous sand to clay (2:1 ratio) soil. The
pots were divided into two sets: one set of plants was grown in
soil without silicon treatment, and the other set was treated with
silicic acid (120 g kg™ soil). For drought stress conditions, each
set was subdivided into four sets. The subsets included tap
water irrigated at 100% (control), 75%, 50% and 25% field
capacity (Holzapfel et al., 2017). In each pot, there were 25
seeds, and the experiment was conducted with five replicatesin
acomplete randomized design.

Estimation of mineral content: For each replication with or
without silicon treatment, dry soil samples were used to
determine the inorganic content, including phosphorus,
potassium, calcium, magnesium and iron. (0.3g) Dried soil
samples were manually crushed in test tubes using a glass rod.
Five milliliters of chloric acid and 15 ml of nitric acid were added to
the crushed samples, incubated overnight, and then digested
with a thermal block at 180°C. Next, the mixture was diluted with
distilled water in a volumetric acid. An atomic absorption
spectrometer (Analytical Chemistry Unit [ACAL], RICI MAAZ
Chemical & Environmental Testing Laboratory, Dammam) was
used to measure the amount of phosphorus, potassium, calcium,
magnesium and iron. The concentrations of phosphorus,
potassium, calcium, magnesium, and iron were calculated using
nuclear absorption spectrometers (Central Water-Soil Analytical
Laboratory, Desert Research Centre, Ministry of Agriculture and
Land Reclamation, Cairo, Egypt).

Statistical analysis: Statistical Package for Social Sciences was
used for statistical analyses. One-way variance analysis
(ANOVA) followed by Duncan’s Multiple Range Tests (p<0.05)
were conducted. A paired sample t-test was used to compare
silicon-treated and untreated plants at each water level.

Results and Discussion

In the present study, soil phosphorus level increased
significantly in response to all drought conditions. Silicon
treatment significantly increased the phosphorus concentration in
treated soil than in untreated soil, both under wet and drought
conditions (Table 1). At 50% and 25% field capacity, silicon
treatment enhanced soil phosphorus content by about 164% and
69%, respectively. This increase was higher than in the controls,
which were not treated with silicon. On increasing water stress,
soil potassium content significantly decreased in silicon-treated
soils as compared to the controls (100% field capacity). Silicon
application significantly increased the soil potassium content as
compared to silicon-untreated soils under different water levels
studied (Table 1). Potassium concentration in silicon-treated soil
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was 48%, 28%, 23%, and 47% higher than silicon-untreated soil
at 100%, 75%, 50%, and 25% field capacity, respectively. While
higher water stress levels significantly decreased calcium content
in soil samples, silicon treatment markedly increased soil calcium
content under all studied water levels. At water levels of 100%,
75%, 50%, and 25% field capacity, calcium content increased by
301%, 222%, 162%, and 115%, respectively, in response to
silicon treatment (Table 1). The increase was higher than in the
corresponding silicon-untreated controls. Similarly, silicon
application significantly increased soil magnesium content under
all studied water levels. However, this increase was more
pronounced at higher water stress levels (50% and 25% field
capacity). Magnesium concentration increased by 15%, 20%,
56%, and 65% more in silicon-untreated samples at 100%, 75%,
50%, and 25% field capacity, respectively.

Drought stress gradually decreased iron content by
increasing the stress level, reaching its lowest values at 50% and
25% field capacity. However, silicon treatment significantly
increased iron concentration under all studied water levels. Iron
concentration in silicon-treated soil samples increased by about
57%, 94%, 15%, and 38% more than silicon-untreated samples at
100, 75, 50 and 25% field capacity, respectively (Table 1). Silicon
is the most common element on Earth’s surface, but the
proportion of bioavailable plants varies widely based on parent
rock structure and weathering (Haynes, 2014). Studies shows
that chemical interactions among silicon and a variety of soil
components affect the amount of plant-available minerals
(potassium, phosphorus, calcium, iron, and manganese)
released into the soil solution (Matichenkov and Bocharnikova,
2001; Singh and Schulze, 2015; Schaller et al., 2019). Silicon can
affect the dynamics of soil elements due to high adsorptive
capacity of silicon-rich materials that are usually present and
added to soil (Caubet et al., 2020). Furthermore, the addition of
silicic acid ions to soil causes it to form complexes with toxic
metals and compete with other ions for adsorption sites (Bhat et
al., 2019). Babu et al. (2016) highlighted the importance of silicic

acid conversion to soil solution because it increases the amount
of available silicon, thereby facilitating its uptake by plants. In this
study, the concentration of all the studied elements (the
extractable part) available in the soil was influenced to varying
degrees by silicon application. Generally, the availability of
phosphorus, potassium, calcium, magnesium, and iron increased
in response to silicon treatment under most of the studied water
levels. Phosphorus and magnesium were highly affected by
severe stress conditions (50% and 25% field capacity). Similar
results have been reported by Greger (2018), who found that
treatment with 1000 kg Si ha™ increased the concentration of
phosphorus and manganese to 10-40%, sulfur and calcium to
0-51%, zinc to 3-90%, molybdenum to 0-54%, iron and chlorine

to =0-15%, and copper to 10-40%.

The application of 80 kg of silicon had same impact in
most cases, but it was not significant. However, Greger (2018)
found a significant association between the frequency of silicon
treatment and an increase in the amount of soil mineral elements.
The improved nutrient uptake has been associated with
increased crop yields following silicon application (Malav and
Sajid, 2015). In N. sativa plants, for example, the uptake of soil
mineral elements is associated with a reduction in pH in silicon-
treated soils. Studies have suggested that the fertilization of soil
with silicon increases phosphorus availability and, consequently,
its concentration in plants (Ma and Yamaji, 2006; Neu et al.,
2017). In an experiment conducted by Schaller et al. (2019), a
strong correlation was found between soil silicon levels and
phosphorus availability. Schaller et al. (2019) also demonstrated
active mobilization of phosphorus from the soil following the
application of silicon. Greger et al. (2018) found that in most
cases, the addition of 80 kg Siha™ had the effect of increasing the
availability of soil minerals; however, the effect was insignificant.
The investigators also found a significant association between
the frequency of silicon treatment and the concentration of
mineral elements. In another report, Artyszak (2018) reported a
possible association between improved nutrient uptake and

Table 1: Effect of silicon treatment on soil mineral content (mg g” d.wt.) under drought stress

Treatment Phosphorus Potassium Calcium Magnesium Iron
Si-untreated

100% FC 212017 8.3£0.5° 240.2° 25+ 1° 2.17+0.15°
75% FC 2.9+0.13° 7.0£0.1° 3.640.76° 2.3x0.2" 1.83+0.13°
50% FC 3.840. 18° 4.8+0.15" 1.5+£0.13" 3.11£0.15° 1.5+£0.18"
25% FC 4.3+0.15° 3.840.11" 1.740.63° 3.37£0.15° 4.3+0.15°
Si-treated

100% FC 3.8+0.18a* 12.3+0.15b* 8.4+0.18¢** 2.9+0.2b*** 3.4+0.18b*
75% FC 3.5+0.15a 8.7+0.41b* 10.4+0.13d*** 2.8+ 0.11a"** 3.5+ 0.15¢***
50% FC 9.8+ 0.13¢c™* 5.70,76a 4.148.12b** 4.8+ 0.18¢c** 1.8+ 0.13a*
25% FC 5.4+0.9b*** 5.7+0.15a* 3.8+0.19a** 5.5+0.2d*** 7.34£0.9d**

Different letters represent statistical significance between Si-untreated (A-C) and Si-treated (a-c) soil at P<0.05 using Duncan’s Multiple
Range Test. Asterisks show significant differences between untreated and treated plants at each water level using t-student test (*p<0.05;

**p<0.01; ***p<0.001)
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increased crop yields following silicon application. In N. sativa
plants, for example, the uptake of soil mineral elements is
associated with a reduction in pHin silicon-treated soils.

The beneficial effects of silicon in plants has been
extensively researched and reported, highlighting the importance
of silicon fertilizer application in improving plant yield in stress
conditions. (Epstein, 1999; Li et al., 2007). The mechanism
underlying the increase in plant resistance to various stresses
due to silicon application has been reported to occur in the soil,
plant roots, and other plant components (Li et al., 2007). One
mechanism is the mechanical barrier hypothesis, which suggests
that plant absorption of silica results in its deposition in the shoots
and leaves, consequently improving the tolerance of plant to
tolerate drought stress by reducing water loss through
transpiration and improving root resistance to dry soil (Rizwan et
al., 2012; Rodrigues and Datnoff, 2015). The results of this study
suggest that the concentration of soil minerals (phosphorus,
potassium, calcium, magnesium, and iron) increased due to
silicon treatment under drought stress. Thus, the application of
silicon may be beneficial in crop production systems to alleviate
biotic and abiotic stresses that may negatively impact crop yield.
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