Assessment of red algae extracts in Tomato yield and soil fertility in the Inceptisolareas of Western Zone of Tamil Nadu
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Abstract
The research work was conducted to study the red algae gel extracts viz., Deepgel, blood foliar and golden yield through field experiment on Tomato revealed the following, In tomato, the percent increase over the fertilizer alone was 13.49% by red algae gel @12.5 kg/ha combined with foliar spray of blood foliar and 14.09 % by red algae gel @12.5 kg/ha combined with foliar spray of golden yield. In Tomato, the significant response of Red algae gel on soil properties was observed up to 25 kg ha-1 on improving soil organic carbon. The percent increase of T3(37.5 kg/ha of red algae gel) and T2 (25 kg/ha of red algae gel) over fertilizer alone was 15.56 and 20.0 per cent respectively.The red algae extract has a significant impact on soil microbial biomass carbon and microbial population for soil application of SWE gel 37.5 kg ha-1 which was comparable with soil application of SWE gel 25 kg ha-1 treatment. Over all, from the economic point of view, soil application of SWE gel 12.5 kg ha-1 + foliar spraying of SWE liquid 0.5 percent along with recommended dose of fertilizer was found to be better in improving yield in Tomato. However, from the fertility point of view, soil application of SWE gel 25 kg ha-1had produced beneficial effect on maintaining soil quality Indicators.
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Introduction
	Seaweed and seaweed products have been used worldwide toincrease plant growth and yield. Modern agriculture issearching for new biotechnologies that would allow for areduction in the use of chemical inputs without negativelyaffecting crop yield or the farmers' income. In recent years,the use of natural seaweed as fertilizer has allowed for partialsubstitution of conventional synthetic fertilizer (Dhargalkar andPereira 2005; Hong et al. 2007; Khan et al. 2009; Zodapeet al.2010). In addition, a number of commercial seaweed extractproducts are available for use in agriculture and horticultureand can be used as liquid extracts applied as foliar spray, soildrench, or in granular/powder form as soil conditioners andmanure (Blunden et al. 1996; Lingakumaret al.2004;Thirumaranet al. 2009). These extracts are marketed as liquidbiostimulants because a chemical analysis of seaweeds andtheir extracts has revealed the presence of a wide variety ofplant growth-promoting substances such as auxins, cytokinins,and betaines (Khan et al. 2009). These substances can influenceshoot and root system development (Durand et al. 2003; Stirket al. 2004). As well, macronutrients and micronutrients canhelp promote the growth of various vegetables, fruits, and othercrops (Blunden 1996; Crouch and Van Staden 1993;Moller andSmith 1998). Many beneficial effects have been reported on theuse of seaweed extracts.
	Tomatoes (Solanumlycopersicum) are one of the mostimportant vegetable crops around the world in terms of humanconsumption, and they are also the most popular garden vegetable.In 2009, Mexico was among the top ten tomatoproducingcountries contributing with almost three milliontonnes to the global production. However, one ofthe main problems facing tomato production in Mexico is theintensive application of chemical fertilizers causing damage tothe soil ecology and agricultural systems (Villarreal-Sánchezet al. 2003). The aim of this study was to examine the effect ofliquid seaweed extracts derived from Mexican resources onseed germination and growth of tomato plants.
Materials and methods
The present experimental study was conducted at the farmers field kallimandayam village of Dindugal district, western zone of Tamil Nadu with high yielding tomato variety subam. The soil texture of the experiment site is sandy loam belong to Alfisol(soil order).The experiment was laid out in Randomized Block Design (RBD) with eight treatments and three replications. The treatments comprised of soil application, foliar spray of seaweed products and combinations as mentioned in Table 1.All the treatments received an equal amount of recommended dose of fertilizer. The growth and yield attributes were recorded in each plot during flowering stage taken from randomly five plants. The harvest data on yield was recorded and statistically analyzed using AGRES. The post-harvest soil samples were collected and analyzed for the soil fertility parameters. The soil characteristics were estimated by using standard analytical methods viz., Organic carbon by Chromic acid wet digestion (Walkey and Black 1934), available Nitrogen by alkaline permanganate method (Subbiah and Asija 1956), available phosphorus by 0.5  NaHCO3 (pH-8.5) (Olsen,1954), available potassium by Neutral Normal Ammonium Acetate Method (Stanford and English 1949), Exchangeable calcium andmagnesium by Neutral Ammonium Acetate (pH – 7.0), available sulphur by 0.15% CaCl2 (Chesnin and Yien 1950) and available Micronutrients viz., Fe , Zn, Cu andMn (Lindsay and Norvell 1978).
Table1. Treatment Schedule
	T1
	Red algae gel soil application 12.5 kg/ha

	T2
	Red algae gel soil application 25 kg/ha

	T3
	Red algae gel soil application 37.5 kg/ha

	T4
	Foliar spraying of 0.5 per cent (v/v) at golden yield at flowering + early fruit formation stage

	T5
	Foliar spraying of 0.5 per cent (v/v) at blood foliar at flowering + early fruit formation stage

	T6
	Red algae gel soil application 12.5 kg/ha + T4

	T7
	Red algae gel soil application 12.5 kg/ha + T5

	T8
	Control (Fertilizer alone)


Date of planting	 :	06.08.21
Results and discussion
Growth and yield attributes 
Field experiment was conducted to study the growth and yield parameters of tomato as influenced by the application of Red algae gel are presented in Table (2).The plant height was achieved higher in T6 of 109.2 cm which was on par with T7 (107.1 cm). The result on number of fruits per plant showed that, T6 (26 nos.) recorded higher which was on par with T7 and T3 of 25 numbers. Lower value was under T8 (22 nos.) which was on par with T5, T4 and T1 of 23 numbers.  
	Influence of red algae extracts on fruit yield was higher under T6 (57.5 t ha-1) which was on par with T7 (55.2 t ha-1), T3 (55.9 t ha-1), T2 (55.7 t ha-1) and T1 (55.5 t ha-1).  The percent increase over the fertilizer alone was 13.49% by red algae gel @12.5 kg/ha combined with foliar spray of blood foliar and 14.09 % by red algae gel @12.5 kg/ha combined with foliar spray of golden yield.The haulm yield was achieved higher in T6 of 4275 kg ha-1 which was on par with T7 (4118 kg ha-1) and T3 (4146 kg ha-1).  The result on total soluble solids showed that, T6 (6.8) recorded higher total soluble solid content and lower value was under T8 (5.2).The role of agricultural biostimulants in food productionworldwide is expanding, especially those made from seaweedextracts (SWE) (Fig1). 
	Sea weed extracts are a kind of biostimulant that contains a variety of plant hormones, which could regulate the growth and development of plants  and improve the sucrose content of the sugarcane (Khan et al., 2009; Craigie, 2011; Ali et al., 2016). Biostimulants made from seaweeds haveproperties that improve plant growth, yield and quality andincrease tolerance to abiotic and biotic stresses, as well asimproving nutrient use (Arioliet al. 2015; Shukla et al.2019). The foliar spray seaweed sap of Kappaphycus&Gracilaria species at 5% and above concentration increased plant height, dry matter accumulation and crop growth rate, yield attributes and yield of rice 5 to 8% higher as equated to the recommended dose of fertilizer (Layeket al., 2018).
Table2.Influence of Red algae extracts on growth and yield attributes of Tomato
	Treatments
	Plant height (cm)


	No of fruits per plant
(Nos.)



	Fruit yield
(t ha-1)


	Percent increase
	Haulm yield
(kg ha-1)


	T1
	102.3
	23
	55.5
	10.12
	3945

	T2
	103.6
	24
	55.7
	10.52
	4046

	T3
	104.8
	25
	55.9
	10.91
	4146

	T4
	95.7
	23
	54.2
	7.54
	3880

	T5
	94.4
	23
	53.8
	6.75
	3756

	T6
	109.2
	26
	57.5
	14.09
	4275

	T7
	107.1
	25
	57.2
	13.49
	4118

	T8
	92.5
	22
	50.4
	
	3625

	SE(d)
	1.91
	0.52
	1.18
	
	99.11

	CD(P=0.05)
	4.10
	1.13
	2.53
	
	212.58







Fig1 Influence of Red algae extracts on total soluble solidsof  Tomato

Soil properties
Impact of the red algae extract on soil reaction (pH) reported that the pH did not significantly influenced(Table 3). The range of pH was 8.40 to 8.45.The soil EC was found statistically non-significant under the application of Red algae gel.Influence of Red algae gel on SOC is well perceived in different treatments. The SOC was significantly attained higher value in the T3 (0.66 per cent). The foliar spray of Red algae gel recorded in T4 was 0.48 per cent and T5 was 0.46 per cent respectively. Among all, the lower value was observed under T8 (0.45 per cent). The percent increase of T3 and T2 over fertilizer alone was 31.8 and 27.4 per cent.
Higher amount of available nitrogen was stated under T3 obtained higher available N content of   198 kg ha-1 which was non-significant with T2 (195 kg ha-1) and the lower value was observed under T8 (185 kg ha-1). Available P of the soil reported that, the higher value under T3 (23.1 kg ha-1) and lower value was under T8 (19.5 kg ha-1).The result noted that, T3 attained higher available K of 220 kg ha-1 which was on par with T2 of 216 kg ha-1. 
	The treatment T3 obtained higher labile carbon content of 0.61 g kg-1. Least was observed under T8 (0.48 g kg-1) which was comparable with T5 (0.42 g kg-1) and T4 (0.44 g kg-1). The activity of dehydrogenase enzyme in the soil is signal for microbial population and important tenure for soil carbon pool studies. High value of DHA was registered under T3 (117.1μg g-1 day-1) which was statistically on par with T2 (112.5 μg g-1 day-1)(Fig2).  Among the other treatments, lower value was observed under T8 (89.5μg g-1 day-1).Soil application of a SWE madefrom two brown seaweeds (Ascophyllumnodosum andDurvillaeapotatorum) would enhance plant growth and soilbiology and would influence the plant-soil ecosystem. Periyasamy et al. (2014) testified that in Okra the foliar application of liquid seaweed fertilizer @ 2.5% enhancing the microbial diversity and nutrient mobilization and mineralization.
Table3.Influence of Red algae gel on chemical properties of soil properties of tomato
	Treatments




	pH




	EC
(dSm-1)



	Organic carbon (%)

	% increase
	Nitrogen
(kg ha‑1)



	Phosphorus (kg ha‑1)



	Potassium
(kg ha‑1)



	Labile Carbon
(g kg-1)


	T1
	6.40
	0.42
	0.50
	11.11
	190
	20.5
	210
	0.55

	T2
	6.41
	0.42
	0.52
	15.56
	195
	22.7
	216
	0.59

	T3
	6.45
	0.43
	0.54
	20.00
	198
	23.1
	220
	0.61

	T4
	6.44
	0.41
	0.46
	02.22
	188
	20.2
	208
	0.44

	T5
	6.42
	0.42
	0.46
	02.22
	188
	20.2
	205
	0.42

	T6
	6.41
	0.40
	0.52
	15.56
	190
	22.5
	208
	0.52

	T7
	6.40
	0.41
	0.52
	15.56
	190
	22.1
	210
	0.54

	T8
	6.42
	0.42
	0.45
	
	185
	19.5
	201
	0.48

	SE(d)
	NS
	NS
	0.01
	
	3.05
	0.51
	3.72
	0.01

	CD(P=0.05)
	NS
	NS
	0.03
	
	6.53
	1.09
	7.98
	0.02


Fig2. Influence of Red algae gel on soil dehydrogenase enzyme activity of tomato grown soil



Conclusion
The results concluded that, application of  12.5 kg ha-1 + foliar spraying of red algae gel (blood foliar) or liquid (golden yield) @ 0.5 percent along with recommended dose of fertilizer significantly attained higher fruit yield compared to higher dose of seaweed soil application. The percent increase over the fertilizer alone was 13.49% by red algae gel @12.5 kg/ha combined with foliar spray of blood foliar and  14.09 % increase by red algae gel @12.5 kg/ha combined with foliar spray of golden yield. The significant response of Red algae gel on soil properties was observed up to 25 kg ha-1 on improving soil organic carbon. The percent increase of T3(37.5 kg/ha of red algae gel) and T2 (25 kg/ha of red algae gel) over fertilizer alone was 15.56 and 20.0 per cent respectively.
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Total soluble solids (TSS)	T1	T2	T3	T4	T5	T6	T7	T8	6	6.2	6.3	5.9	5.7	6.8	6.5	5.2	Dehydrogenase (μg g-1 day-1)
Dehydrogenase (μg g-1 day-1)	T1	T2	T3	T4	T5	T6	T7	T8	108.2	112.5	117.1	92.5	90.2	108.7	106.2	89.5	