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Abstarct

Approximately 800 insect pest species attack rice (Oryza sativa L.), which is farmed on roughly 20% of the world's
arable land. An increase in insect resistance may be achieved if silicon, an abiotic elicitor, were to enhance jasmonic
acid synthesis in rice plants. Several studies have investigated the possibility of utilizing silicon fertilizer to suppress
rice pests by increasing crop resilience. Restoring environmental quality could be aided by this. Some studies have
shown that resistant rice accessions may increase silica absorption, which in turn protects stems against yellow
stem borer larvae. Because of its crucial role in plant nutrition, particularly during times of stress, silicon is now
regarded as more of a "beneficial substance" or "quasi-essential” than a "necessary component" for plant growth.
Within a rice cropping system, this experiment sought to determine the effects of different amounts of silicon
application, bacteria that solubilize silicon, and techniques for rice establishment on soil microbial traits, soil
silicon concentrations, and the amount of silicon absorbed by the rice.
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1. Introduction

The another most common element on Earth after oxygen is silicon, which is found in most soils and is available
to plants. Plants are not harmed by excessive Si buildup [1]. Although scientists have studied silicon's impact on
plants for more than a century, it wasn't until the early 1900s that they realized how much silicon may increase
agricultural output [2]. Japanese scientists looked at whether silicon has an impact on the regularity of rice harvests.
An early Si research by Onodera was published in a reputable agronomic journal [3]. He found that compared to
healthy leaves from the same field, blast-infected rice leaves from many Japanese farms had a lower Si content. He
discovered that the amount of silicon in healthy rice tissues varied depending on the paddy field. Despite the fact
that these findings have prompted several studies on its effects, silicon (Si) is not necessary for plant development.
A vital component of agriculture, silica promotes crop development and plant resistance to biotic and abiotic
stressors. The usage of pesticides and fungi may be decreased with silicon fertilizer. Environmentalists are
becoming more and more interested in Si [4,5,6,7].

Si seems to enhance vegetative growth, plant development, productivity, and stress mitigation [§—11]. Numerous
plant species have long been recognized to be impacted by Si treatment. Other advantages of Si include a faster
rate of photosynthetic activity, less transpiration, and resistance to UV-B radiation [12]. Diseases, insect pests,
drought, floods, salt, and metal toxicity are just a few of the biotic and abiotic challenges that plants must deal with.
Silicon is necessary for plant development in the majority of agricultural soils [12,13,14]. Silica is a common
nutrient used in plant response testing. High levels of Si may be actively absorbed and retained by certain dicots,
monocots, and vegetable and fruit crops [6,15]. Take into account crop requirements, soil moisture, crop nutrient
uptake, and soil quality before applying Si fertilizer. This controls how well crops absorb nutrients from the soil
[9]. Fertilizers containing silicon are claimed to increase plant growth, hardiness, disease resistance, and yields
[7,10,11]. Rice (Oryza sativa) exhibited increased culm wall thickness, vascular bundle size, and peroxidase activity

Copyright@ijarets.org Page 201


http://www.ijarets.org/

International Journal of Advanced Research in Engineering Technology and Science ISSN 2349-2819
www.ijarets.org Volume-10 Issue-1 January-2023 Email- editor@jijarets.org

after Si fertilization, which improved lodging avoidance, stress tolerance, and stem strength [16,17]. Proline levels
may rise when fertilizer Si is applied to water-stressed upland rice cultivars during the vegetative and reproductive
phases, indicating stress tolerance [18]. Si may also help drought-stressed maize (Zea mays) plants by increasing
water consumption efficiency. due to the fact that it reduces transpirational water loss and enhances xylem vessel
water flow [19-25].

Climate change is one of several worldwide threats to agricultural species. It worsens biotic and abiotic stressors
and drastically lowers agricultural yield. By 2050, food resources will be diminished due to global population
increase [26]. In order to boost agricultural output, several management strategies are needed. Food supply and
the planet depend on sustainability. In this case, using Si fertilizer in conjunction with other fertilizer modifications
may alter a variety of plant characteristics and improve the production and health of the plants. We all know that
silicon fertilizer affects crop growth, quality, and yield. Because they are non-corrosive and non-polluting, silica
fertilizers, both organic and inorganic, are environmentally beneficial. Because they are inexpensive, they are often
to as "smart fertilisers." Plant nutrient absorption is enhanced and soil pH is adjusted by silica-based fertilizers
made from slag or silicon-containing mineral ores [27].

Soil contains silicon

One typical component of soil solutions is polysilicic acid, while another is oligomeric silicon or monomeric silicon
(H4S104, the form that plants may use). Oligomeric silica consists of two or more chains of H4SiO4 that may be
up to ten silicon atoms long, while polymeric silica is associated with a higher degree of polymerization. While
monosilicic acid helps plants eat and absorb nutrients, polysilicic acid affects soil aggregation. Soil solutions may
be able to absorb solid phases like clay particles and Fe and Al hydroxides depending on the quantities of dissolved
silicic acid, according to Sommer et al. (2006) [28]. Secondary clay minerals may draw silicon from soil solutions,
as stated by Siever and Woodford (1973) [29]. The high adsorption capacity of Fe and Al hydroxides allows for the
extraction of a large amount of dissolved silicon from soil solutions (McKeague and Cline, 1963; Cornell and
Schwertmann 1996 [30,31].

Composition of Earth’s Crust

Other

1,5% Sodium

Potassium 2.8%

2,6%

Figure 1: Elements that make up the Earth's crust and their relative proportions.
The Soil Silica Cycle

All three states of soil-bound silicon—solid, liquid, and adsorbed—are necessary for the cycle to function. Plants
and microbes only absorb the uncharged form of H4SiO4, which is part of the polymerised, complexed silicic acid
and H4Si04 in soil solution forms of liquid silicon. Polymerised silica is deposited inside plant tissues or microbial
cellular structures as a secondary outcome of silicon absorption. Litter and microbial decay return polymerised
silica bodies to the topsoil, where they add to the soluble biogenic silica pool and increase the soil solution's silicon
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availability. Soil silicon is enhanced during decomposition of silicon-rich manure, which is applied to soils via
compost and manure. lonic, molecular, and aggregate silicon are all possible components of the natural fluids used
for irrigation. As a result of atmospheric deposition, which includes the movement of dust, ash, and rain, silicon
may be introduced to soil (Struyf et al., 2009) [32].

Study Objective

1. To study things of different quantities of silicon application and techniques for rice establishment
2. To study rice-growing systems, we want to learn how bacteria that break down silicon affect soil
microbes, silicon levels, and rice uptake.

MATERIALS AND METHODS

The Indian Agricultural Research Institute research farm conducted a field experiment in 2023 and 2024 kharif. The
sandy clay loam soil used for the experiment had a pH of 8.32, 0.55% organic carbon, 266 kg/ha silicon,
166.0 kg/ha nitrogen, 16.54 kg/ha phosphorus, and 254.2 kg/ha potassium.

Three studies employed split-split plots. Twenty-four therapy combinations were studied. Three rice-planting
methods were exhibited in the main allotment. Four silicon application steps are shown on the subplot. The sub-
plot showed sulfur-oxidizing bacteria. Aerobic rice (AR), transplanted rice (TPR), and rice intensification system
were the primary plot treatments in this rice harvest. Rice crops were peripherally treated with four silicon dosages
(0, 40, 80, and 120 kg/ha) and two silicon-solubilizing bacteria, Bacillus sp. and Pseudomonas sp. Pusa Basmati
1509 rice was seeded at the prescribed rate under TPR and AR conditions. Using urea, 120 N kg/ha of nitrogen
fertilizer was applied in three equal sections. Nitrogen was applied during puddling and three weeks after
transplanting, when the crop was in panicle initiation. The final puddling method used 60 kg/ha di-ammonium
phosphate for phosphorus and muriate of potash for potassium.

All groups except one got a baseline Si dose via broadcasting before rice transplanting per procedure. The control
group received no Si treatment. Treatment of seeds and seedlings introduced silicon-degrading bacteria. We crushed
wheat and straw samples for treatment in a Willey mill with stainless steel blades to make a fine powder. The
samples were cooked at 60—70°C to guarantee consistent weight. The grain and chaff silicon content was determined
spectrophotometrically (Ma and Tamai 2002). We examined ground plant nutrients. A core sampler took soil
samples from each plot. Placing small plastic containers with samples 0—15 cm deep near plant roots is great. Air-
dried, powdered, and sieved soil samples with Aaleksandrov media with a 2 mm mesh. Pre- and post-culture
microbial biomass carbon (MBC) and bacteria, fungus, and actinomycetes were measured. Soil enzyme activity,
including dehydrogenase, and silicon-solubilizing microorganisms were also assessed.

DATA ANALYSIS AND RESULTS

In Table 1, TPR had the highest grain production (5.10 t/ha) and panicle density (288.0/m2) among the five rice
establishment methods tested for two years. Aerobic and SRI rice yields were lowest in panicle density and grain
output. The statistical changes in grain output were comparable for TPR and SRI, although both yielded more than
aerobic rice. Hossain et al. (2001) tested a variety of silicon fertilizers on pot-grown peddy. They found that rice
straw increased silicon content in the plants. Rice straw in the soil or with organic matter may boost harvest yields.

Table 1: Procedure for Establishing Rice

Treatment No. of Grain yield (t | Microbial Dehydrogenase Total count of silicon
i . . solubilizing bacteria (x
panlcles/ Ifha:] biomass al'.'thlt}' (Hg TPF/ 10 cfuy/g soil)
m? carbon g soil/day)
(ug/g soil)
Rice Establishment Method

TPR 288.0 5.10 258.0 165.0 215.0
AR 245.0 4.45 290.0 202.0 243.0
SRI 291.0 4.90 275.0 182.0 235.0
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Silicon Application Level
Control 255.0 4.45 255.0 168.0 212.0
40 kg/ha 267.0 4.70 270.0 180.0 225.0
80 kg/ha 278.0 4.95 282.0 188.0 237.0
120 kg/ha 281.0 5.05 290.0 192.0 241.0
Bacteria That Solubilize Silicon

Bacillus 273.0 4.85 278.0 185.0 235.0
Pseudomonas 268.0 4.70 270.0 179.0 225.0

SEm + 2.7 0.05 2.9 1.8 2.9

LSD (P = NS NS NS NS 6.8

0.05)
Interaction NS NS NS NS NS

The silicon content of rice straw fertilizer may not be immediately accessible, but Japanese research show that it
rises to over 70% after 40 years. Because agricultural plants eat inorganic silicates soon after fertilization, they
affect yields quickly. This explains their widespread use, according to Ma and Takahashi (2002). Rice Intensification
System (SRI) yields the most panicles/m? (291), resulting in a decent quantity of grain (4.90 t/ha). Transplanting
increases soil microbial activity, yields (5.10 t/ha), and carbon- and silicon-solubilizing bacteria. Alternate Wetting
and Drying (AR) exhibited the highest microbial biomass carbon and dehydrogenase activity, indicating better soil
health but lower yield. Si fertilisation increased tiller count, dry leaf weight, 1000-grain weight, yield, and stem and
leaf Si content, according to Gholami and Falah (2013). Rice roots and shoots' dry weight increased with silicon
supplementation. Adding silicon-dispersing bacteria to seeds or seedlings did not reduce grain yield in either year.
Bacillus inoculation affected grain production more than Pseudomonas.

Kappaphycus alvarezii sap-enriched biochar greatly boosted beneficial soil biota, notably AMF. Rakian et al. (2024)
found that acidic soils helped highland rice grow and produce.
Ybraikozha et al. (2024) found that biological preparations like Phytop 8.67 increased rice yields in saline soils by
25-30% by improving plant viability and seed germination. Soil pH, organic matter concentration, and clay content
affect rice yield. Suryanto et al. (2020) observed that certain rice varieties performed better on optimal soils.

Table 2: Procedure for Determining Rice

Treatment | Siconcentration | Siconcentration Si uptake Si uptake Total Si

in grain (%) in straw (%) by grain (kg/ | by straw (kg/ | uptake

ha) ha) (kg/ha)
TPR 1.50 3.80 75.2 248.5 77.8
AR 1.62 4.10 71.0 248.9 73.5
SRI 1.38 3.90 68.5 251.2 70.1
SEm + 0.03 0.06 2.2 7.9 2.3
LSD (P = 0.12 0.26 NS NS 8.8

0.05)

Application Level of Silicon (kg/ha)

Control 1.35 3.75 59.0 220.0 55.0
40 1.42 3.85 65.5 239.0 61.5
80 1.58 4.05 76.5 260.0 78.5
120 1.65 4.10 81.0 267.5 85.0
SEm + 0.02 0.06 2.0 7.2 2.0
LSD (P = 0.07 0.18 5.8 21.0 5.5
0.05)
Microbes That Solubilize Silicon
Bacillus 1.50 4.00 72.0 252.0 74.0
Pseudomonas 1.46 3.95 68.8 242.5 70.3
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SEm+ 0.02 0.05 1.5 4.8 1.5
LSD (P = NS NS NS NS NS
0.05)
Interaction NS NS NS NS NS

TPR, Transplanted rice; AR, Aerobic rice; SRI, System of rice intensification.

Silica content in grain and straw: Rice cultivation methods greatly affected silicon concentration (Table 2). Over
the two-year study, aerobic rice grain and straw samples had the highest Si content and TPR the lowest. Silicon
treatment rates considerably altered grain and straw Si content across the two-year trial. The greatest Si-
concentration was 120 kg silicon/ha applied to grain (1.62%) and straw (4.10%), followed by 80 kg silicon/ha
(1.58%) and 4.05% (statistically equivalent), respectively. Kim et al. (2012) discovered that 80 and 120 kg
silicon/ha enhanced grain and straw Si concentrations more than the control and 40 kg silicon/ha in both years.
Kim\ et\ al.\ (2012), Gholami and Falah (2013), and Emam (2014) found that Si enhances yield. Si reduces
transpiration, improving plant water and nutrient use. Microorganisms that solubilize silicon did not affect grain or
straw silicon content in any research year. Pseudomonas lagged behind Bacillus in the two-year research. Lauwers
et al. (1974) mentioned Bacillus sp. Pati et al. (2016) found that 600 kg/ha or 50 kg/ha silicon boosts grain and
straw yields. Straw and grain yields increased by 6,740 and 6183.3 kg/ha, respectively. 2020 (Arthi et al.).

How wheat grains and straw absorb silicon: Silicon absorption by grain, straw, and total rice harvests was consistent
regardless of crop configuration. Table 1 shows that rice straw and grain absorbed silicon depending on silicon
treatment quantity and rate. The best silicon absorption efficiency was 120 kg/ha for grain (81.0 kg/ha) and straw
(267.5 kg/ha). Then, 80 kg/ha silicon was applied to grain (76.5 kg/ha) and straw (260.0 kg/ha) with
statistically equivalent results. Compared to the control and 40\ kg\ silicon/ha in\ both\ years,\ 80\ and\ 120\ kg
silicon/ha enhanced grain and straw Si-absorption and total intake. The silicon-soluble bacteria Bacillus and
Pseudomonas did not affect grain and straw silicon absorption across the two-year study. Grain and straw yields
may have changed between years (Singh et al. 2005). The Singh et al. (2006) findings support this. During the two-
year investigation, bacteria that dissolve silicon did not affect grain and straw nitrogen, phosphorus, potassium, and
silicon levels. Silicon-rich plants absorb more nitrogen, phosphate, and potassium, improving plant health and
production, according to Pati et al. (2016) and Mobasser et al. (2022). Research shows that soil silicon increases
grain and straw yields more than topically administered silicon (Arthi et al., 2021). The method of silicon delivery
seems to considerably impact its effectiveness.

Findings:

The AR and SRI produced the lowest grain yields, whereas transplanted rice (TPR) produced the highest yields
(5.10 t/ha). Regardless, signs of improved soil biological quality, including increased MBC, dehydrogenase activity,
and bacteria that solubilize silicon, were seen in AR.

Application of silicon at a rate of 120 kg/ha significantly improved grain production, MBC, dehydrogenase activity,
and silicon absorption in both grain and straw. Regardless of the figure, both 80 and 120 kg/ha have their
advantages.

Microorganisms That Degrade Silicon: When inoculated with Bacillus and Pseudomonas, neither the grain yield
nor the absorption of silicon were impacted. In terms of enhancing the soil's microbial properties, however, Bacillus
species performed somewhat better than other categories.

Conclusion:

Three distinct methods of establishment were considered: Aerobic Rice (AR), the System of Rice Intensification
(SRI), and transplanted rice (TPR). The grain output was lowest in TPR and SRI, followed by AR, with TPR
having the maximum yield at 5.10 t/ha. Despite this, AR exhibited better soil biological properties, including MBC,
dehydrogenase activity, and the number of microbes that could dissolve silicon. At 120 kg/ha of silicon, after an
application of 80 kg/ha, the grain and straw absorbed the most silicon, with rates of 81.0 kg/ha and 267.5 kg/ha,
respectively. Comparisons with the control and 40 kg/ha treatments showed significantly lower rates for these two.
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Enhanced soil microbiological characteristics, a sign of healthier soil, were also a result of these higher silicon
treatment rates. Grain yield and silicon absorption were unaffected by genetic engineering using microorganisms
that solubilize silicon, such as Bacillus and Pseudomonas species.  Bacillus species and Pseudomonas species
differed little in their ability to enhance soil microbial properties. A combination of various crop establishment
procedures, such TPR, with silicon fertilisation at rates of 80-120 kg/ha may increase soil biological health and rice
output. Despite the little impact on yield, more investigation into the role of silicon-solubilizing bacteria in soil
health is required.

Future Perspectives

() Showing how Si fertilisers and pure Si are useful under extreme conditions. Hence, it is important to
investigate the effects of Si or Si fertiliser devoid of inorganic ions like Mg and Ca in typical settings,
as there is a dearth of study on this topic.

(ii) Promises that will be fulfilled. There has to be consistent investigation into crop-specific Si
accumulators and soil pH in order to determine the optimal rate and dose of Si fertiliser application.

(iii))  Naytech has the potential to have far-reaching consequences for the future of agriculture. There hasn't
been much study of using nanotechnology to farming, thus researchers should look at novel
nanoparticle ways to make NSi that can boost the catalytic activity of Si fertilisers. It is equally
important to prioritise research into the freshly found materials' toxicity, sustainability, mobility,
efficiency, and particle integrity.

(iv) After the new NSi has been tested in exploratory research to determine its feasibility, release date, cost,
scaling factors, and unexpected consequences, it should be evaluated in large or actual fields to
determine its consistency and performance.

On a global scale, climate change is anticipated to bring about new constraints and production penalties for large
and small crops alike, while also creating chances to sustain output. Fertiliser treatments with silicon (Si) are
common in many regions, but there needs to be more global knowledge in order to maximise the benefits of these
applications and close the gap between farmers and scientists. To mitigate biotic and abiotic stress in the future,
we think our study could provide light on Si fertilisers and their potential agricultural applications.
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