


                                                

           Impact of silicon along with microbial supplements in enhancement of seed germination parameters of wheat seedlings (Triticum aestivum L. )

Abstract:  The most important variable in determining the finished output of the main yield is seed germination and seedling growth. Effective seed germination is the first stage that affects the plant's establishment. It determines the percentage of seeds that develop into viable seedlings, directly impacting the overall stand and potential yield. Seedling growth further builds upon the germination phase, laying the groundwork for the plant's structural and physiological development. The current study has been designed to observe the effects of silicon, silicon solubilizing bacteria and phosphate solubilizing bacteria on the seed germination and seedling growth parameter on varieties Golden Sharbati 306 and HD 2967 of wheat (Triticum aestivum L.) in the soil of district Rohtak, Haryana, India. This study aims to evaluate the effects of potassium  silicate and two combined doses of SSB and PSB  on wheat crop. The experiment was performed in thermocol disposable containers. The effect of different concentration 5 and 7mg of silicon, 0.25 ,0.50, 0.75 and 1mg of SSB and PSB have been studied on seeds  of wheat (Triticum aestivum L.) varities Golden Sharbati 306 and HD 2967 . In this study Si , along with  SSB   and PSB has found quite effective at all parameters and decrease  in 20.15 and 18.89% in MGT and rise of 25 %and 33.33% in MGR ,5.96% and 6.28 %  in germination percentage ,21.95% and 24.39% in GI and 1.78% and 2.06% in G value than control has been observed in variety Golden Sharbati 306.Similarly a decrease  in 39.16% and 37.8%  in MGT and rise of 5.32% and 5.43% in germination percent,25% and 33.33 % in MGR ,6.72% and 7.11% in GI and 20.08% and 21.7%in G value  than control in HD 2967 variety. Similarly a significant rise in CVt, CVg, MDG and peak value has been observed than control in both the varities. The present study suggested that Si along with microbial nutrients can be used as a stimulating agent for seed germination and can enhance the growth of wheat crop.	Comment by Achyuta Basak: Check this, did not match with materials and methods	Comment by Achyuta Basak: Spelling mistake	Comment by Achyuta Basak: Make it direct by specify the treatment
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Introduction 
Crop species around the world are challenged by climate change, and biotic and abiotic stressors significantly lower crop yields. By 2050, there will be too many people to meet the growing demand due to the current trend in crop production. Therefore, in order to increase crop productivity, a variety of management technologies are needed. Notably, sustainability is essential to both the planet's and agriculture's future. In this regard, the application of better fertilizers, like Si fertilizer, can have a significant impact on plant characteristics and help to increase plant yield and health. Si fertilizer's effects on crop quality, yield, and growth are widely known.  		Comment by Achyuta Basak: Meaning is not clear  	Comment by Achyuta Basak: Write more about importance of silicon for plant
On the other hand, Soil microorganisms affect soil fertility by influencing several soil processes via many mechanisms such as decomposition, immobilization, and mineralization. Phosphate-solubilizing bacteria (PSB) are thought to be an effective, secure, commercially sustainable, and environmentally friendly environmentally friendly substitute to help plants absorb P that is fixed in the soil.	Comment by Achyuta Basak: Write more about different beneficial soil microorganism and then focus to PSB
Around the world, wheat (Triticum aestivum L.) is a cereal crop that is extensively farmed (Cuong et al., 2020; Chang et al., 2022). It belongs to the Poaceae family. About 768.9 million metric tonnes of wheat could be produced worldwide in 2020–2021 (Lark et al., 2021). The physiological processes of germination and dormancy of seeds are different, and the success or failure of the subsequent establishment of seedlings.  According to Rana (2020), the output of the wheat crop increased by up to 8.1% from the previous year. gent upon the shift from dormancy to germination. This is a crucial developmental stage in the life cycle of higher plants. Following the dry seed consumes water (imbibition), the process of seed germination comes to an end once the radicles protrude. Unfavorable environmental factors, such as salinity, high temperatures, and drought, can hinder the germination of seeds. Co application of silicon along with microbial supplements is expected to benefit the wheat crop. However, research on the synergistic effects and combined application of siliceous material along with microbes for seed germination is very scarce.  Keeping above in view, the objectives of the this study were to study the combined and single effects of Si and PSB and SSB on seed germination parameter.	Comment by Achyuta Basak: Search for some current data
Geographical position of Experimental site : 
The current investigation was conducted from October to November  of 2023. in Baba Mastnath University's Department of Botany, Ashtal Bohar, Rohtak, Haryana, India. The village of Ashtal Bohar is located in the Rohtak district of the state of Haryana. It spans 1668 square kilometers and is located between latitudes 28°40'30" N and 29°05'35" N and longitudes 76°13'22" E and 76° 51'20" E. The region experiences hot summers and an arid to semi-arid climate. The district's soil is naturally loamy. The district grows its main crops during Rabi and Kharif seasons. The principal crops grown during rabi are wheat, mustard and peas. 	Comment by Achyuta Basak: Indicate “Materials and Methods”	Comment by Achyuta Basak: Specify environmental conditions (temperature, humidity, light), Add details about soil composition and characteristics

Collection of the wheat seeds and chemicals:
Wheat seeds:
The certified and healthy seeds of selected wheat variety HD 2967 and Golden Sharbati 306 (Triticum aestivum L.) were collected from “The Haryana State Seed Certification Agency”, Rohtak, India. 
Chemicals: Silicon fertilizer, SSB and PSB are purchased from Akshar Chem. Private limited, Mumbai.	Comment by Achyuta Basak: Mention SSB in introduction	Comment by Achyuta Basak: Also mention full form
Experiment in Disposable Thermocol Glasses:
The wheat seeds of inferior quality were discarded by floating in tap water After being surface sterilized for five minutes with a 0.01% mercuric chloride solution to rid them of surface pathogens, healthy, uniformly sized seeds were repeatedly cleaned with double distilled water (DDW).  Soil was inside the disposable glasses. The recommended dose of fertilizer were mixed with soil present in disposable glasses.  Seeds of two wheat varieties, HD 2967 and Golden Sharbati 306, were sown in thermocol disposable glasses’s soils. Five seeds per glasses were sown. 	Comment by Achyuta Basak: Include replication number for statistical analysis	Comment by Achyuta Basak: Please specify
Treatment index: The arrangement of thermocol glass was done in the following way:
•Control: Garden soil + wheat seeds 	Comment by Achyuta Basak: Mention Soil properties
• Treatment 1: Garden soil +5mg Si +0.25mg SSB +wheat seeds 
•Treatment 2: Garden soil +5mg Si +0.50mg SSB+ wheat seeds 
•Treatment 3: Garden soil + 5mg Si+0.25mg SSB+0.25mgPSB+wheat seeds 
•Treatment 4: Garden soil +5mg Si+0.50mg SSB +0.50mg PSB+ wheat seeds 
•Treatment 5: Garden soil+7mgSi+0.75mg SSB+0.75mgPSB+wheat seeds 
•Treatment 6: Garden soil +7mg Si+1mgSSB+1mgPSB+wheat seeds 
Determination of Seed Germination Parameters
Different growth parameters such as germination percentage, relative germination rate, germination index, mean germination time, coefficient of velocity of germination, mean germination rate, peak value, mean daily germination	Comment by Achyuta Basak: Complete the sentence
To asses different seed germination parameters following formulas were used: To measure the seed germination indices of two varieties of wheat (Triticum aestivum L.) methodology and equations were followed: 
1.	GP percent is the percentage of seeds that sprouted dividing by the total number of seedlings calculated by 100.	Comment by Achyuta Basak: Mention full form
2.	Mean Germination Time (MGT) = Gx/G, where G is the number of seeds germinated on day X and G is the number of seeds germinated on day G.	Comment by Achyuta Basak: Please use the correct symbol (Don’t use x, use multiplication sign) 
3.	CVG = X1+X2+.X3......+ /100 x X1T1+...+XiTi; where X is the number of seeds germinated per day and T is the number of days from seeding corresponding to X.	Comment by Achyuta Basak: Mention full form	Comment by Achyuta Basak: Please use the correct symbol (Don’t use x, use multiplication sign) 
4.	The mean germination rate (MGR) is calculated as Coefficient velocity/100 = 1/T, where T is the mean germination time.
5.         X1/1+X2/2+ X3/3.. +Xi/i was the formula used to calculate the Germination Rate Index (GI), where X1 is the amount of germination at day 1, X2 at day 2, X3 at day 3, and so on.
6.	Germination index (GI) = (15xX1) +(14xX2) + ... +(1xX15)	Comment by Achyuta Basak: Please use the correct symbol (Don’t use x, use multiplication sign) 	Comment by Achyuta Basak: Please use the correct symbol (Don’t use x, use multiplication sign) 	Comment by Achyuta Basak: Please use the correct symbol (Don’t use x, use multiplication sign) 
7	The following formula was used to determine germination (G): Number of seeds germinated / Days of first count + + …number of seeds that sprouted divided by the final count days (seed day-1)  
8.	Mean Daily Germination (MDG) was calculated according to the formula 
MDG = GP/D 
9.	The highest quotient obtained from the total cumulative full-seed germination percentages on any given day or number of days to reach that percentage is known as the peak value (PV).
Statistical analysis
Excel was utilized to statistically analyze the data using analysis of variance (ANOVA). The treatment means were analysed by Turkey HSD Test at p value<0.05.	Comment by Achyuta Basak: MS Excel
Results and discussion:
Effect of Silicon and Silicon solubilizing bacteria and Phosphate solubilizing bacteria in various amount on seed germination parameter:
Silicon, SSB, PSB has been found effective in promoting in germination of wheat seeds and resulted in significant increase in values of GP,GR,GRI,MDG,MGT etc. on both varities than control. Markedly decrease in 20.15 and 18.89% in MGT and rise of 25 %and 33.33% in MGR ,5.96% and 6.28 %  in germination percentage ,21.95% and 24.39% in GI and 1.78% and 2.06% in G value than control has been observed in variety Golden Sharbati 306 ( Table 1 ) at  the concentration of  7 mg Si, 1.75 mg and 1 mg SSB  and PSB respectively. Markedely decrease in 39.16% and 37.8%  in MGT and rise of 5.32% and 5.43% in germination percent, 25% and 33.33 %in MGR ,6.72% and 7.11% in GI and 20.08% and 21.7%in G value than control ( table 2) has been observed in 2967 variety at the concentration 7mg Si and 1.75mg, 1mg concentration of SSB and PSB respectively. Similarly significant rise of 12.9% and 12.87 in CVt  ,23.44% and 31.25 % in CVg, 28.19% and 28.33% in MDG and 14.85% and 20% in P value than control in Golden Sharbati 306 (table 3) and rise of34.82% and 38.84%  in CVt ,36.27% and 38.24 % in CVg , 7.04% 7.19% in MDG and 29.49 % and 32.27 % in P value than control has been observed in 2967 variety at the concentration of 7mg Si and 1.75mg ,1mg SSB and PSB respectively(table 4).	Comment by Achyuta Basak: 1. Break long sentences into shorter ones for clarity. 
2. Add explanations for observed effects with references.
3. Compare with similar studies
4. Add visual representations (graphs) as percentage increase/ decrease respective to the treatment for better understanding.	Comment by Achyuta Basak: spelling	Comment by Achyuta Basak: Please specify the treatment where increase/decrease value over the control	Comment by Achyuta Basak: full name
[bookmark: _Hlk199063005]Table 1 Effect of Silicon ,Silicon solubilizing bacteria and Phosphate solubilizing bacteria on MGR ,MGT, GI value G  value, G % value on seed germination indices of (Triticum aestivum L. ) the  Golden Sharbati 306 variety 
	Group 
	MGR value 
	MGT value 
	GI  value 
	G  value 
	G %

	Control
	0.12±0.0021
	7.94±0.01
	2.05±0.03
	71.43±0.01
	94.0±1.00

	T1
	0.13±0.0010
	7.34±0.01
	2.08.±0.01
	62.2±0.01
	96.0±1.00

	T2
	0.14±0.0010
	7.12±0.02
	2.36±0.03
	71.4±0.01
	97.3±1.52

	T3
	0.14±0.0020

	7.01±0.03

	2.32±0.01

	71.6±0.01

	97.6±1.52


	T4
	0.14±0.0020

	6.88±0.01

	2.39±0.01

	72.4±0.01

	98.6±2.08


	T5
	0.15±0.0010
(25%)*
	6.34±0.01
(20.15%)*
	2.50±0.01
(21.95%)*
	72.7±0.01
(1.78%)*
	99.6±1.52
(5.96%)*

	T6
	0.16±0.0015
(33.33%)*
	6.44±0..01
(18.89%)*
	2.55±0.01
(24.39%)*
	72.9±0.01
(2.06%)*
	99.9±1.00
(6.28%)*


The data in the table are mean of three replicates and ± standard deviation. * Stimulation percentage over control. Different letters in each group show significant differences at P<0.05.
[bookmark: _Hlk199063025] Table 2: Effect of silicon ,siicon solubilizing bacteria and phosphate solubilizing bacteria on MGR ,MGT, GI value G value, G % value on seed germination indices of ( Triticum aestivum L. ) the  HD 2967 variety	Comment by Achyuta Basak: Spelling
	Group 
	MGR 

	MGT 

	GI

	G 

	G %


	Control 
	0.12±0.0010
	9.55±0.02
	2.53±0.01
	66.87±0.01
	94.0±1.00

	T1
	0.13±0.0010
	7.26±0.02
	2.28±0.01
	66.68±0.01
	98.3±1.52

	T2
	0.13±0.0015
	7.26±0.01
	2.38±0.01
	66.88±0.01
	98.3±1.52

	T3
	0.15±0.0010

	6.61±0.01

	2.47±0.01

	74.08±0.01

	98.6±1.52


	T4
	0.15±0.0010

	6.46±0.01

	2.50±0.01

	79.38±0.01

	98.3±1.52


	T5
	0.15±0.0010
(25%)*
	5.81±0.01
(39.16%)*
	2.70±0.01
(6.72%)*
	80.30±0.01
(20.08%)*
	99.0±1.52
(5.32%)*

	T6
	0.16±0.0015
(33.33%)*
	5.94±0.01
(37.8%)*
	2.71±0.01
(7.11%)*
	81.30±0.01
(21.7%)*
	99.1±1.00
(5.43%)*


The data in the table are mean of three replicates and ± standard deviation. * Stimulation percentage over control. Different letters in each group show significant differences at P<0.05.
Table 3 Effect of silicon ,siicon solubilizing bacteria and phosphate solubilizing bacteria on Peak value , CVt value CVg value and MDG  value on seed germination indices of wheat ( Triticum aestivum L.)  Golden Sharbati 306 variety
	Group 
	Peak value
	Cvt value 
	Cvg value 
	MDG 

	Control
	10.1±0.10
	24.9±0.01
	12.8±0.20
	7.13±0.01

	T1
	9.34±0.01
	28.0±0.01
	13.3±0.41
	6.68±0.01

	T2
	10.1±0.15
	31.7±0.01
	14.6±0.55
	7.14±0.01

	T3
	10.1±0.01
	27.0±0.01

	14.8±0.87

	8.14±0.01


	T4
	10.3±0.26

	30.0±0.01

	14.9±0.87

	9.13±0.01


	T5
	11.6±0.01
(14.85%)*
	27.3±0.01
(12.9%)*
	15.8±0.15
(23.44%)*
	9.14±0.01
(28.19%)*

	T6
	12.12±0.01
(20%)*
	27.1±0.01
(12.87%)*
	16.8±0.01
(31.25%)*
	9.15±0.01
(28.33%)*


The data in the table are mean of three replicates and ± standard deviation. * Stimulation percentage over control. Different letters in each group show significant differences at P<0.05. 
Table 4 : Effect of silicon ,silicon solubilizing bacteria and phosphate solubilizing bacteria on peak value , CVt value ,CVg value and MDG value  on seed germination indices of wheat ( Triticum aestivum L.) on the HD 2967  variety
	Group 
	Peak value 
	Cvt value
	Cvg value 
	MDG value 

	Control
	7.19±0.01
	22.4±0.01
	10.2±0.15
	6.68±0.01

	T1
	8.34±0.01
	28.9±0.01
	11.8±0.10
	7.15±0.01

	T2
	8.34±0.01
	29.9±0.02
	12.7±0.10
	715±0.01

	T3
	8.38±0.01

	30.5±0.01

	12.2±0.10

	7.14±0.01


	T4
	9.12±0.01

	30.7±0.01

	13.2±0.10

	7.15±0.01


	T5
	9.31±0.01
(29.49%)*
	30.2±0.02
(34.82%)*
	13.9±0.30
(36.27%)*
	7.15±0.01
(7.04%)*

	T6
	9.51±0.01
(32.27%)*
	31.1±0.01
(38.84%)*
	14.1±0.10
(38.24%)*
	7.16±0.01
(7.19%)*



The data in the table are mean of three replicates and ± standard deviation. * Stimulation percentage over control. Different letters in each group show significant differences at P<0.05. 
Conclusion: A key component in determining the overall yield and biomass generated of any crop is seed germination, which is the first set of plant establishment. This study displayed how inoculating wheat plants with Si, SSB ,PSB  had positive effects on their MGR , MGT, G% , GI , MDG value,  Peak value. These results demonstrate the potential of silicon , SSB and PSB as useful tactics for promoting  wheat plant growth and has positive impact on wheat crops. Future studies ought focus on identifying the precise mechanisms that occur  should promoting the practical use of these treatments in agriculture also requires examining the long-term the effects of these treatments on crop yield, soil health, and ecosystem sustainability . 	Comment by Achyuta Basak: Give specific recommendations, suggestion to farmers	Comment by Achyuta Basak: Check 
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