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Effect of native isolate of Silicon Solubilizing Bacteria on growth and yield of Paddy (Oryza sativa L.)
ABSTRACT
A field experiment was conducted to study the effect of native isolate of silicon solubilizing bacteria on growth and yield of Paddy (Oryza sativa L.) during 2023-24 at Agricultural Research Station, Radhanagari, Kolhapur (Maharashtra). In the present investigation, previously four native isolates of silicon solubilizing bacteria (SSB) were isolated from rhizospheric soils of paddy from different regions of Kolhapur district and the efficient native isolate of SSB (designated as SSB-1) was applied by seedling root dip method for field evaluation. The experimental results revealed that the treatment T7, seedling dip in efficient SSB strain + 100% Recommended Dose (RD) of Silicon (300 kg/ha) recorded maximum number of tillers per plant (17.80), plant height at flowering (80.87 cm), root length at harvesting (15.60 cm), dry weight of root (6.33 g) and dry weight of shoot (25.48 g) at harvesting, days to flowering (101.67), days to maturity (126.67), panicle length (23.33 cm), number of grains per panicle (194.53) and grain yield (48.05 q/ha). The silicon uptake by paddy at flowering (198.38 kg/ha) and at harvesting (234.73 kg/ha) as well as silicon solubilizing bacterial population at flowering (15.70×104 g-1) and after harvesting (13.33×104 g-1) were also highest under this treatment. It can be inferred that, the inoculation of the selected efficient native isolate of silicon solubilizing bacteria in combination with silicon fertilization in paddy could increase the silicon use efficiency ultimately enhancing the yield and productivity of paddy.
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INTRODUCTION
Paddy (Oryza sativa L.) is an important cereal crop consumed by more than 50% world population and beholds strategic as well as economic importance in international trade. India being the largest exporter worldwide holds major share in rice exports and accounts as the second largest rice producer. In India, it is cultivated over a wide range of agro-climatic conditions ranging from mountainous (Jammu) lands to low land delta areas (Sundarbans). Rice is known by several local names in different regions of India as Chawal (Hindi), Tandool (Marathi), Pacharisi (Tamil), Biyyam (Telugu), Akki (Kannad), Cala (Bengali) and Cokha (Gujarati). Rice continues to gain popularity in many parts of the world as a superior source of energy among cereals containing 80% carbohydrates, 7-8% proteins, 3% fat and 3% fibre (Juliano and Bechtel, 1985). The efficient management of nutrients is the key factor to improve the productivity as well as yield of paddy to meet this rising demand. Although silicon is not considered as an essential element, it is regarded as a beneficial element heightening the growth and productivity of crops belonging to Poaceae family, particularly in paddy (Ma et al., 2007). Rice is a high silicon accumulating plant which is estimated to extract 230-470 kg of silicon per ha from the soil in order to produce a total grain yield of 5 t/ha (Rodrigues et al., 2005). Silicon is the second-most abundant element in the earth’s crust ranging between 50 and 400 g per kg of soil (Balakhnina and Borkowska, 2013). It is mainly present in various categories of aluminosilicates and quartz (SiO2) in soil, which consist of up to 75%-95% of soil inorganic constituents (Liang et al., 2015). Despite its abundance in the soil in the form of silicon dioxide (SiO2), which is not available for plant uptake, it results into deficiency of silicon in crops. Silicon must be available in the form of monosilic acid (H2SiO4), which is the plant available form, but the natural release of H2SiO4 from SiO2 is very slow (Raven, 1983). Silicon is absorbed by paddy exclusively in the form of monosilic acid (H2SiO4) along with water by diffusion and also influenced through transpiration-induced root absorption known as mass flow from growing medium and water is lost through transpiration (Yoshida et al., 1962; Elawad and Green, 1979). The application of silicon in the form of chemical fertilizers to soil does not make it directly available to the crop. A group of bacteria called silicon solubilizing bacteria (SSB), producing an enzyme silicase, are involved in the active conversion of insoluble silicates into soluble silica. SSB produces organic acids (keto acid, oxalic acid, citric acid and carbolic acid) and polysaccharides creating favourable condition for the silica solubilization. SSB can also solubilize potassium and phosphates, thus enhancing soil fertility and plant defence mechanisms (Joshi et al., 2023). SSB can be utilized for hastening the decomposition of organic siliceous materials like paddy straw and sugarcane trash available in rice ecosystem. The role of plant silicon is important against biotic and abiotic stresses including salinity and heavy metal pollution and to increase efficiency of NPK fertilizers (Guntzer et al., 2012). Reduction of silicon levels occurs in soil due to intensive agriculture which brings high productivity together with high removal of silicon from soil (Mcginnity, 2015). This suggests that silicon might become a yield-regulating factor in production of paddy which can be overcome by the integrated utilization of chemical fertilizers and biofertilizers constituting silicon solubilizing bacteria. Keeping this in view, a field experiment was conducted to study the effect of native isolate of silicon solubilizing bacteria on growth parameters and yield of transplanted Paddy (Oryza sativa L.).
MATERIALS AND METHODS
Experimental location

The laboratory studies were undertaken at Plant Pathology and Microbiology Section, RCSM College of Agriculture, Kolhapur and further, a field experiment was conducted at Agricultural Research Station, Radhanagari, Dist - Kolhapur (M.S.), which is situated between 16º40'96" N latitude and 73º99'35" E longitude and at an altitude of 561 m above mean sea level, during the year 2023-24.
Experimental details

Four native isolates of silicon solubilizing bacteria were acquired from the rhizospheric soil samples of paddy cultivated in different villages of Kolhapur district. All the isolated native strains of SSB were identified based on morphological and biochemical characteristics and further the most efficient strain of SSB, designated as SSB-1 (Pseudomonas spp), was recognized on the basis of maximum solubilization index (SSB-1 exhibiting highest solubilization index of 3.13) and further selected for conducting field experiment (Lajurkar et al., 2026). The field experiment was laid out in Randomized Block Design (RBD) with three replications and ten treatments. The ten treatments consisted T1, seedling dip in efficient SSB strain, T2, 50% RD of Silicon (150 kg/ha), T3, 75% RD of Silicon (225 kg/ha), T4, 100% RD of Silicon (300 kg/ha), T5, seedling dip in efficient SSB strain + 50% RD of Silicon (150 kg/ha), T6, seedling dip in efficient SSB strain + 75% RD of Silicon (225 kg/ha), T7, seedling dip in efficient SSB strain + 100% RD of Silicon (300 kg/ha), T8, seedling dip in efficient SSB strain + Paddy straw @ 2 t/ha, T9, seedling dip in efficient SSB strain + Rice Husk Ash @ 1 t/ha and T10, control. Recommended Dose (RD) of N, P, K was given to all the treatments. Calcium silicate was used as an inorganic source of silicon. The percentage of available SiO2 in calcium silicate was 78.5%. The calculated calcium was adjusted to calcium silicate in treatments having no application of silicon fertilizer. The seeds of Phule Radha variety of paddy were used. For nursery raising, seeds were treated with silicon solubilizing biofertilizer containing inoculum (SSB-1) @ 25 gm/kg of seeds, which were sown on raised beds. For field trial, roots of healthy seedlings of paddy were treated in the silicon solubilizing bacterial inoculum (SSB-1) for a half an hour using seedling root dip method.

Data collection

Soil analysis
The soil samples were collected from the experimental field before initiation of experiment. The soil samples were analyzed for pH (Jackson, 1973), EC (Jackson, 1973), available N (alkaline permanganate method) (Subbiah and Asija, 1956), available P (Bray No.1 Extract method) (Bray and Kurtz, 1945), available K (ammonium acetate method) (Hanway and Heidal, 1952), available Si (Kadalli et al., 2014) and initial SSB population (CFU × 104 g-1 soil) (serial dilution and pour plate technique). (Table 1)
Table 1: Initial soil analysis of experimental plot
	Sr. No.
	Parameter 
	Value obtained

	1.
	pH (1:2.5) 
	6.34

	2.
	EC (dS m-1)
	0.43

	3.
	Available N (kg ha-1)
	196.28

	4.
	Available P (kg ha-1)
	10.36

	5.
	Available K (kg ha-1)
	168.89

	6.
	Available Si (mg kg-1)
	125.11

	7.
	Initial SSB population (CFU ×104 g -1 soil) 
	5.04


Growth parameters, yield parameters and grain yield
The growth parameters such as number of tillers per plant at harvesting, plant height at flowering, root length at harvesting, dry weight of root and dry weight of shoot at harvesting, days to flowering and days to maturity were recorded. Similarly yield parameter including panicle length, number of grains per panicle and weight of 1000 grains were measured. The grain yield was recorded at harvesting and expressed in quintals per hectare.
Plant analysis
The plant samples were oven dried at 70°C for 2-3 days prior to analysis. Each sample was ground and sieved through a 60-mesh sieve. The sample were then subjected for nutrient content analysis for silicon uptake. Silicon uptake was determined by Colorimetric method (Kadalli et al., 2014). 

Microbial analysis
The rhizospheric soil samples were collected from each treatment plot in a sterile plastic bag, labelled, tagged and further analyzed by serial dilution and pour plate technique.
Statistical analysis
The data were subjected to statistical analysis by following standard methods for analysis of variance. The standard error for the treatment means and critical difference at 5% level of significance were worked out (Panse and Sukhatme, 1985) for drawing precise conclusion.
RESULTS AND DISCUSSION
Effect of silicon solubilizing bacteria on growth parameters of paddy
The application of efficient native isolate of silicon solubilizing bacteria caused significant difference on the growth parameters of paddy with different treatments comprising combinations with organic and inorganic sources of silicon. The surge in growth parameters which includes number of tillers per plant (17.80), plant height at flowering (80.87 cm), root length at harvesting (15.60 cm), dry weight of root (6.33 g) and dry weight of shoot (25.48 g) at harvesting, days to flowering (101.67) and days to maturity (126.67) of paddy occurred in treatment T7, seedling dip in efficient SSB strain + 100% RD of Silicon (300 kg/ha) which was at par with treatment T6, seedling dip in efficient SSB strain + 75% RD of Silicon (225 kg/ha), and found to be superior over the control and other treatments (Table 2). The increase in number of tillers per plant might be attributed to the enhanced supply of nutrients and carbohydrates to tillers by mother culm as a result of application of silicon (Liang et al., 1994). Yoshida et al., (1969), observed that Si deposition in the cell wall can lead to an increase in the height of rice plants by making the stems and leaves more erect, reducing the mutual shading that arises from the high plant density, which in turn increases the plant's photosynthetic rate because of improved light interception. The increase in the root length might be attributed to the perfect levels of microbial IAA which promoted root hair initiation and ultimately increased the number and size of primary and lateral roots (Phillips et al., 2011; Duca et al., 2014). The increase in dry weight of root and shoot might be due to improvement in efficient utilization of light and translocation of assimilated product to sink as a result of silicon fertilization (Rani et al., 1997). Chandra et al., (2015), observed that the days to fifty percent flowering in rice showed positive correlation with grain yield per hectare. These results concerning growth parameters of paddy corroborates with the findings of Janardhan (2014), Vanitha et al., (2020), Kang et al., (2017), Lee et al., (2019) and Geeta (2016).
Effect of silicon solubilizing bacteria on yield parameters and grain yield of paddy
Significant increase in yield parameters and grain yield of paddy was recorded upon application of efficient native isolate of silicon solubilizing bacteria in combination with different organic and inorganic sources of silicon. The maximal increase in yield parameters comprising panicle length (23.33 cm), number of grains per panicle (194.53) and grain yield (48.05 q/ha) were recorded in treatment T7, seedling dip in efficient SSB strain + 100% RD of Silicon (300 kg/ha) which was significantly higher over rest of the treatments and statistically at par with treatment T6, seedling dip in efficient SSB strain + 75% RD of Silicon (225 kg/ha) (Table 3). The increase in panicle length might have resulted from the speedy elongation of stem, which positively increased the panicle length (Burbey et al., 1988). The increase in number of grains per panicle might be ascribed to reduction in unfilled grains and increased erectness of leaves, due to silicon treatment, which promoted the rate of photosynthesis resulting in increased starch accumulation in grains (Ma et al., 2004). The increase in the grain yield might be attributed to sufficient supply of silicon as a result of dissolution by silicon solubilizing bacteria which may have enhanced photosynthetic activity, resulting in increase in grain yield as well as yield parameters. These results corresponding to yield parameters and grain yield are in accordance with the findings of Babu (2021), Janardhan (2014), Raj et al., (2004) and Ghouse et al., (2016).
However, the weight of 1000 grains (Table 3) were not affected significantly when seedlings were treated with efficient native silicon solubilizing bacterial isolate along with graded dose of recommended silicon. This non-significant results of 1000 grains weight are in correspondence with the findings of Rupasinghe et al., (2022) and Mobasser et al., (2008).

Effect of silicon solubilizing bacteria on silicon uptake by paddy and available N, P, K status of soil after harvesting of paddy
The results (Table 4) indicated that the silicon uptake by paddy varied depending upon the variation of SSB application along with different combinations with organic and inorganic silicon sources. The extent of silicon uptake by paddy was greater with treatment T7, seedling dip in efficient SSB strain + 100% RD of Silicon (300 kg/ha) both at flowering (198.46 kg/ha) and at harvesting (234.73 kg/ha) stages of crop and it was found to be superior over control as well as statistically at par with treatment T6, seedling dip in efficient SSB strain + 75% RD of Silicon (225 kg/ha). The increase in silicon uptake during both crop growth stages might be ascribed to the increased silicon availability brought on by calcium silicate supply, enhanced root system and silicon solubilizing bacterial inoculation of paddy. These results are in tune with the findings of Janardhan (2014), Cuong et al., (2017), Lokhande (2024) and Chopra (2022).
The results concerning available N, P, K in soil after harvesting of paddy (Table 4) showed non-significant effect on the available N, P, K status of soil. Similar results were obtained by Janardhan (2014). The non-significant effect on available N, P, K in soil after the harvest of paddy might be due to the common application of RDF to all the treatments.

Table 2: Effect of Silicon Solubilizing Bacteria on growth parameters of paddy

	Tr. No.
	Treatment Details
	Number of tillers per plant at harvesting
	Plant height at flowering (cm)
	Root length at harvesting (cm)
	Dry weight of root at harvesting (g)
	Dry weight of shoot at harvesting (g)
	Days to flowering
	Days to maturity

	T1
	Seedling dip in efficient SSB strain
	12.13
	73.00
	11.53
	4.15
	20.07
	98.67
	122.67

	T2
	50% RD of Silicon (150 kg/ha)
	13.53
	75.47
	12.00
	4.93
	21.95
	100.00
	124.67

	T3
	75% RD of Silicon (225 kg/ha)
	14.60
	76.27
	12.47
	5.17
	22.41
	100.33
	125.00

	T4
	100% RD of Silicon (300 kg/ha)
	15.07
	77.40
	13.57
	5.25
	23.00
	100.67
	125.33

	T5
	Seedling dip in efficient SSB strain + 50% RD of Silicon (150 kg/ha)
	15.53
	78.20
	13.93
	5.49
	23.21
	101.00
	125.67

	T6
	Seedling dip in efficient SSB strain + 75% RD of Silicon (225 kg/ha)
	16.07
	79.13
	14.87
	5.80
	24.29
	101.33
	126.00

	T7
	Seedling dip in efficient SSB strain + 100% RD of Silicon (300 kg/ha)
	17.80
	80.87
	15.60
	6.33
	25.48
	101.67
	126.67

	T8
	Seedling dip in efficient SSB strain + Paddy straw @ 2 t/ha
	13.13
	74.20
	11.83
	4.78
	21.45
	99.67
	124.33

	T9
	Seedling dip in efficient SSB strain + Rice Husk Ash @ 1 t/ha
	12.67
	73.53
	11.60
	4.21
	21.00
	99.00
	123.67

	T10
	Control
	11.87
	72.67
	11.45
	4.01
	19.78
	98.33
	122.33

	
	S.E.±
	0.60
	0.83
	0.40
	0.24
	0.76
	0.55
	0.51

	
	C.D. @ 5%
	1.80
	2.47
	1.22
	0.73
	2.26
	1.64
	1.54


Table 3: Effect of Silicon Solubilizing Bacteria on yield parameters and grain yield of paddy and population dynamics of SSB

	Tr. No.
	Treatment Details
	Panicle length (cm)
	Number of grains per panicle
	Weight of 1000 grains (g)
	Grain yield (q/ha)
	SSB (CFU × 104 g-1 soil)

	
	
	
	
	
	
	At flowering
	At harvesting

	T1
	Seedling dip in efficient SSB strain
	17.86
	171.87
	13.29
	41.30
	12.33
	10.93

	T2
	50% RD of Silicon (150 kg/ha)
	18.63
	179.27
	13.38
	42.90
	10.37
	9.33

	T3
	75% RD of Silicon (225 kg/ha)
	19.73
	183.33
	13.47
	43.27
	11.00
	10.03

	T4
	100% RD of Silicon (300 kg/ha)
	20.30
	185.87
	13.55
	44.49
	11.73
	10.67

	T5
	Seedling dip in efficient SSB strain + 50% RD of Silicon (150 kg/ha)
	20.77
	186.67
	13.62
	44.96
	14.33
	12.00

	T6
	Seedling dip in efficient SSB strain + 75% RD of Silicon (225 kg/ha)
	22.13
	189.47
	13.81
	46.40
	15.00
	12.70

	T7
	Seedling dip in efficient SSB strain + 100% RD of Silicon (300 kg/ha)
	23.33
	194.53
	13.89
	48.05
	15.70
	13.33

	T8
	Seedling dip in efficient SSB strain + Paddy straw @ 2 t/ha
	18.37
	176.60
	13.35
	42.01
	13.67
	11.37

	T9
	Seedling dip in efficient SSB strain + Rice Husk Ash @ 1 t/ha
	18.12
	174.87
	13.33
	41.87
	13.00
	11.17

	T10
	Control
	17.49
	169.07
	13.23
	40.07
	9.67
	8.60

	
	S.E.±
	0.85
	2.61
	0.20
	1.02
	0.56
	0.64

	
	C.D. @ 5%
	2.55
	7.78
	NS
	3.06
	1.67
	1.93


Table 4: Effect of Silicon Solubilizing Bacteria on silicon uptake by paddy and available N, P, K status of soil after harvesting of paddy

	Tr. No.
	Treatment Details
	Silicon uptake (kg/ha)
	Available N (kg/ha)
	Available P (kg/ha)
	Available K (kg/ha)

	
	
	At flowering
	At harvesting
	
	
	

	T1
	Seedling dip in efficient SSB strain
	119.41
	157.13
	200.70
	10.29
	172.78

	T2
	50% RD of Silicon (150 kg/ha)
	138.78
	179.48
	206.56
	10.67
	173.60

	T3
	75% RD of Silicon (225 kg/ha)
	150.73
	187.47
	208.65
	10.71
	173.75

	T4
	100% RD of Silicon (300 kg/ha)
	158.81
	200.96
	210.75
	11.29
	173.82

	T5
	Seedling dip in efficient SSB strain + 50% RD of Silicon (150 kg/ha)
	179.57
	216.90
	211.58
	11.37
	173.97

	T6
	Seedling dip in efficient SSB strain + 75% RD of Silicon (225 kg/ha)
	194.66
	230.51
	212.41
	11.90
	174.09

	T7
	Seedling dip in efficient SSB strain + 100% RD of Silicon (300 kg/ha)
	198.38
	234.73
	213.25
	11.98
	174.46

	T8
	Seedling dip in efficient SSB strain + Paddy straw @ 2 t/ha
	128.30
	170.39
	204.47
	10.61
	173.49

	T9
	Seedling dip in efficient SSB strain + Rice Husk Ash @ 1 t/ha
	124.98
	166.32
	203.21
	10.35
	173.08

	T10
	Control
	111.87
	154.26
	199.63
	10.23
	172.48

	
	S.E.±
	1.99
	2.75
	12.70
	2.05
	17.06

	
	C.D. @ 5%
	5.92
	8.17
	NS
	NS
	NS


Effect of silicon solubilizing bacteria on population dynamics of SSB
The significant positive response in population dynamics of SSB was exhibited upon application of silicon solubilizing bacteria in combination with varied silicon sources. The maximum surge in population dynamics of SSB was observed in treatment T7, seedling dip in efficient SSB strain + 100% RD of Silicon (300 kg/ha), both at flowering (15.70×104 g-1) and after harvesting (13.33×104 g-1) of paddy which was found to be superior over other treatments as well as statistically at par with treatment T6, seedling dip in efficient SSB strain + 75% RD of Silicon (225 kg/ha) (Table 3). The decline in the bacterial population after the flowering stage might be ascribed to the crop's increased maturity and the lack of root exudates from the plants compared to the flowering stage. Datta et al., (1982), reported that flowering stage increases the bacterial population in rhizosphere. This corroborates with the findings of Janardhan (2014), Babu (2021), Menon (2016), Vijayapriya and Muthukkaruppan (2010), Tembhurkar (2018) and Bajiya et al., (2020).
CONCLUSION

The results of this study revealed that the treatment T7, seedling dip in efficient SSB strain + 100% RD of Silicon (300 kg/ha) was found to be superior over all other treatments and it was at par with treatment T6, seedling dip in efficient SSB strain + 75% RD of Silicon (225 kg/ha) for all growth parameters, yield parameters and grain yield of paddy. From the results of the present investigation, it can be concluded that the inoculation of selected efficient native isolate of silicon solubilizing bacteria in paddy could increase the silicon use efficiency ultimately enhancing the yield and productivity of paddy.
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