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Abstract
The effects of seaweed extract treatments on wheat (Triticum aestivum L.) growth, yield, and nutrient uptake are investigated in this study using a randomized block design (RBD) with eleven treatments. At various phases of wheat growth, varying doses of seaweed extract treatments were given using a randomized complete block approach. Plant height, number of tillers, chlorophyll content, grain and straw production, and nutrient uptake (Nitrogen, Phosphorus, Potassium, Cu, Fe, Zn, and Mn) were among the characteristics used to assess the impact of seaweed extract. According to the findings, seaweed extract significantly impacted wheat growth indices, and treated plants showed better nutrient uptake than controls. In particular, compared to control, treatment T7 [T2+ SAG Granule at 10 kg/acre (Basal) + SAG Liquid two sprays @ 5.0ml/liter water (At tillering and pre-flowering stage)] enhanced nutrient uptake, yield, and chlorophyll content. All things considered, the results of this study contribute to our understanding of the potential of seaweed extracts as biostimulants to boost wheat yield and nutrient utilization efficiency in sustainable farming practices.
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INTRODUCTION
Known as the "King of Cereals," wheat (Triticum aestivum L.) is the most significant staple crop in the world. It is primarily from southwest Asia and is a member of the Gramineae family. The genus Triticum has a large number of wheat species, the most prevalent of which being common wheat (Triticum aestivum L.). Weather, soil quality, farming practices, and technological developments all affect its output (Meena et al., 2014). Its production is influenced by climate change, contemporary methods like fertilizers and genetically modified crops, and environmental issues including water scarcity and pest outbreaks. Although chemical fertilizers can increase crop yields, they can also negatively impact plant health and the soil microbiome, increasing the susceptibility of plants to disease. As a result, contemporary farming methods are encouraging organic, alternative, and low-input sustainable agriculture and implementing fertilizers free of chemicals (Meena et al., 2012).
In these situations, biostimulants offer a special substitute for chemical fertilizers and pesticides in contemporary farming, enhancing crop strength, productivity, and environmental friendliness. Stronger plant development and greater yields are the results of their improved nutrient absorption, stress resistance, and insect resistance. Biostimulants can meet the world's food needs while preserving environmental balance by fostering soil vitality and ecosystem robustness (Meena et al., 2013).

Because they may change the characteristics of saltwater and provide as food and habitat for a variety of marine biota, seaweeds are essential to inshore marine ecosystems. Organic remains from 15,000 years ago have been found in prehistoric communities in Monte Verde, Southern Chile. Because seaweeds promote plant growth, they are also utilized in agriculture as organic fertilizers and manures. Seaweeds contain indole compounds, which regulate development and help produce roots. Seaweeds' cytokines promote photosynthesis, fast growth, and cell division. According to early research, seaweed concentrates enhanced the number and yield of spikelets in barley and wheat (Ramawatar, and R. Swaroop, 2012).

MATERIAL AND METHOD
The present study was conducted at the Agricultural Research Farm, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi, during the 2022–2023 rabi seasons. During the 2022–2023 rabi season, a field experiment using Randomized Block Design (RBD) was carried out using wheat as the test crop. The subtropical climate at the testing site exhibits discernible seasonal variations. With average temperatures between 39°C and 43°C, May and June are the hottest months. Winters are frigid, with January's lowest temperatures between 9 and 10 degrees Celsius. During crop growth, the weekly mean maximum and minimum temperatures fall between 38.1°C and 16.1°C and 4.8°C and 20.1°C, respectively. The sandy clay loam soil in this location has a uniform texture and distribution of nutrients.

The EC, pH, organic carbon, available N, available P, and available K values of a soil sample were measured prior to the field experiment and were 7.64, 0.26, 0.41 percent, 126.32 kg ha-1, 11.32 kg ha-1, and 140 kg ha-1, respectively. The Indian Agricultural Research Institute's HD-2967 wheat variety was used in the investigation. The study made use of seaweed extract products made by IFCCO, including seaweed granules (called Sagarika granule) and seaweed liquid (called Sagarika liquid).

The following were the eleven treatments, each with three replications: T1: Command; T3: 50% urea, 100% DAP, and MOP; T4: T2+ Root treatment (RT)/Seed treatment with biofertilizer NPK consortia @ 10 ml/liter water or 10 ml/kg seed; T5: T2+SAG Granules @ 10 kg/acre (basal); T6: T2+SAG liquid two sprays @ 5.0 ml/liter (at tillering and pre-flowering stage); T7: T2+ SAG Granule @ 10 kg/acre (Basal) + SAG liquid two sprays @ 5.0 ml/liter water (at tillering and pre-flowering stage); T8: 50% Urea*, 100% DAP and MOP + Pure Urea (two sprays) @ 4 ml/liter of water (A tillering and pre-flowering stage); T9: 50% Urea*, 100% DAP and MOP + RT/ST with biofertilizer NPK consortia + Pure Urea (two sprays) @ 4 ml/liter of water (A t tillering and pre-flowering stage); T10: 50% Urea*, 100% DAP and MOP + two sprays of Pure Urea solution @ 4 ml/liter of water and SAG liquid @ 5 ml/liter of water (At tillering and pre-flowering stage); T11: 50% Urea*, 100% DAP and MOP + RT/ST with biofertilizer NPK consortia + Pure Urea (two sprays) @ 4 ml/liter of water and SAG liquid @ 5 ml/liter of water (At tillering and pre-flowering stage). For every net plot, five plants were chosen at random, and measurements were taken of their height, effective tillers, leaf greenness, panicle length, spike length, and grains. By dividing economic yield by biological yield, the harvest index (H.I.) was computed and presented as a percentage. Every panicle's grain yield was manually tallied. Each treatment's net plot had 1000 complete grains, whose weight was recorded. The harvest index (H.I.) was then computed by dividing the biological yield by the economic yield.
NPK uptake was calculated using procedure outlined by Jackson's, 1973. Micronutrient content was determined using atomic absorption spectroscopy. 
RESULTS AND DISCUSSION
Growth parameters
When seaweed extract was applied, there were notable changes in a number of growth parameters, including plant population, height, number of tillers, and SPAD value. With the exception of the control plot, plant height measured at 30 DAS was comparable across all treatments, as indicated in Table 1. However, treatment T7 showed the maximum plant height at 60 and 90 DAS. The number of tillers, plant population, and SPAD meter readings all showed a similar pattern. T6 had the greatest SPAD value at 30 DAS, and T7 had the highest values at 60 and 90 DAS (58.08 and 57.67, respectively). At 90 DAS, the SPAD value decreased somewhat, as indicated in Table 1. This could be because the crop's chlorophyll content decreased as it grew closer to maturity. Treatment T2 had the greatest number of tillers at 30 DAS (329). T7 (376 tillers) had the most tillers at 60 DAS, followed by T11. T7 had the most tillers at 90 DAS, followed by T4. According to the study, at 30 DAS, treatments T2 and T6 had the most plants per meter square, followed by T10 and T11. There were fewer plants per meter as the sowing time increased. The tendency held steady by 90 DAS, with T7 displaying the most plants per meter.
The results are in line with a number of studies, such as those conducted by Bhawesh et al. (2023), Choudhary et al. (2023), Prajapati et al. (2015), Ram et al. (2020), and Layek et al. (2018), which all found that adding seaweed extract to recommended fertilizer dosages resulted in taller plants and more productive tillers. Seaweed extracts are rich in vitamins, trace elements, minerals, and plant growth regulators (including gibberellins and cytokinins), all of which support plant growth. These benefits are probably influenced by the presence of plant growth hormones and other advantageous compounds in seaweed extracts, as documented by Tarkowska et al. (2014) and Seema et al., (2017). Application of seaweed with combined RDF has been shown to stimulate plant growth and activate disease defenses, which is likely to contribute to a higher plant population at 60 and 90 days after sowing in seaweed-treated plots compared to the control, according to studies by Kulkarni et al. (2019).
YIELD PARAMETERS
When compared to previous treatments, treatment T7, which involved applying seaweed extract (10 kg/acre granules and 5 ml/liter liquid) during the tillering and pre-flowering stages, significantly improved the features of the wheat. Its maximum test weight (45.45 grams per 1000 grains), longest awn length (8.79 cm), longest head length (11.51), and highest grain count per ear head (70) were all attained. Additionally, T7 showed significant gains above the control, with the highest grain yield (39.47 q ha-1) and straw production (52.10 q ha-1). This pattern was followed by the biological yield (the total of the grain and straw yields), demonstrating T7's higher performance. Furthermore, T7 had the greatest harvest index (43.10%), which suggests that resources were allocated to grain production efficiently.

When compared to untreated and other treated plots, the combination of seaweed extracts and suggested fertilizer dosages greatly improved wheat growth and yield parameters overall. As indicated by Meena, R., and Singh, Y. V. (2011), Mitra et al. (2012), Satapathy et al. (2014), Pramanick et al. (2014), and Pal et al. (2015), the results demonstrate that the use of seaweed extract boosted yield and yield parameters because it increased the rate of photosynthesis and delayed senesence. By maximizing crop usage and boosting growth and yield, these researchers discovered that mixing seaweed extract with chemical fertilizers boosts wheat grain production.
Nutrient uptake
Superior nutrient uptake in wheat was demonstrated by Treatment T7, which applied a 100% recommended dose of fertilizer (RDF) coupled with seaweed granules and liquid during the tillering and pre-flowering stages. It was the grain with the maximum nitrogen uptake (100.3 kg ha-1), closely followed by T11, T5, and T2. T7, T6, T5, T4, T2, and T11 were the next largest uptakes of nitrogen in straw (35.48 kg ha-1). T6 and T5 trailed closely behind T7 in terms of phosphorus uptake, which was the highest in both grains (91.52 kg ha-1) and straw (19.92 kg ha-1). The highest potassium content was likewise found in T7's grains (31.28 kg ha-1) and straw (72.39 kg ha-1), whereas T6, T5, T4, T2, and T11 also shown notable potassium uptake. The usefulness of seaweed-based supplementation in improving nitrogen absorption in wheat crops is evidenced by the fact that T7 consistently showed superior nutrient uptake when compared to other treatments.
The maximum uptake of micronutrients in wheat was seen in Treatment T7, which included two sprays of seaweed liquid (5 ml/liter water) and seaweed application at 10 kg/acre as granules during the tillering and pre-flowering stages. In particular, T7 had the maximum copper uptake, with 97.28 g ha-1 in straw and 88.17 g ha-1 in grains. With 332.8 g ha-1 in grains and 679.27 g ha-1 in straw, T7 exhibited the highest iron uptake. T7 also had the maximum manganese uptake, with 15.45 g ha-1 in grains and 35.54 g ha-1 in straw. Furthermore, following seaweed treatment, T7 showed the maximum zinc uptake, achieving 20.73 g ha-1 in grains and 56.23 g ha-1 in straw. Significant absorption values for these micronutrients were continuously seen in treatments T6, T5, T4, T2, and T11, all of which outperformed the control treatment (T1).
Pramanicket al. (2014), Singh et al. (2015), and Senthivelu and Yadav et al, (2019) discovered that the use of seaweed extract enhanced the absorption of nutrients. According to these studies, seaweed extracts can increase crop uptake of nutrients like phosphorus and nitrogen, which could lead to an increase in agricultural efficiency and output. According to Zodape et al. (2010), applying seaweed extract along with fertilizers enhances crops' uptake of potassium. According to earlier research by Maurya et al. (2015), using seaweed extract enhanced the intake of micronutrients.







Table 1: Effect of seaweed extract on the Plant height, SPAD Value, number of plants, and number of tillers of wheat at different growth stages
	S. No.
	Plant height (cm)
	SPAD Value
	No. tillers/m2
	No. of plants/m2

	
	30DAS
	60DAS
	90DAS
	30DAS
	60DAS
	90DAS
	30DAS
	60DAS
	90DAS
	30DAS
	60DAS
	90DAS

	T1
	20.61b
	48.32i
	80.66i
	47.97h
	45.05i
	49.29h
	197i
	223h
	210f
	70i
	74h
	70h

	T2
	29.05a
	66.34d
	102.46d
	54.40c
	51.41c
	55.75c
	329a
	366cdef
	357bcd
	109a
	100d
	93d

	T3
	26.61a
	59.39h
	97.01h
	52.50e
	46.16h
	55.35d
	321b
	359g
	547e
	92h
	81g
	78g

	T4
	26.44 a
	65.43e
	104.64b
	50.62g
	49.09ef
	51.31g
	308d
	372abc
	361abc
	94g
	98e
	97b

	T5
	28.84 a
	67.45c
	103.55c
	53.11d
	48.58fg
	55.15d
	316c
	364defg
	352d
	101d
	97ef
	90e

	T6
	26.38 a
	68.35b
	100.28e
	57.45a
	52.42b
	57.17b
	300e
	360fg
	358bc
	106b
	95f
	85f

	T7
	27.12 a
	69.96a
	105.73a
	56.04b
	58.08a
	57.67a
	314c
	376a
	364a
	98e
	107a
	99a

	T8
	26.95 a
	64.43f
	98.10g
	51.44f
	48.38g
	52.82f
	291fg
	362efg
	360abc
	95fg
	99de
	96bc

	T9
	27.09 a
	63.92f
	99.19f
	52.60e
	50.10d
	53.73e
	285h
	369bcd
	356cd
	96f
	102c
	95c

	T10
	27.15 a
	62.41g
	99.63ef
	54.05c
	49.59de
	56.06c
	287gh
	368cde
	359abc
	105bc
	98e
	95c

	T11
	28.98 a
	66.44d
	98.10g
	52.60e
	42.22j
	57.27b
	294f
	375ab
	362ab
	104c
	105b
	96bc
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Conclusion
Extracts from seaweed have recently been identified as effective plant growth promoters for raising plant yield and growth. These extracts can be sprayed directly onto the soil or through foliar spraying, a common agricultural technique. They have been found to be effective, especially in horticulture crops, which suggests that there may be attractive opportunities for further agricultural study. According to the results of the study, the most successful treatment for improving crop growth and production characteristics was T7 (T2+ SAG Granule @ 10 kg/acre (Basal) + SAG Liquid two sprays @ 5.0 ml/liter water during the tillering and pre-flowering stage). T7 and T6 had the largest nutritional benefit, despite no discernible changes in EC, pH, or organic carbon. According to these results, adding seaweed improves crop nutrient uptake, plant development, and production without degrading the quality of the soil. In conclusion, seaweed biostimulants offer a number of advantages for crop yield, environmental stewardship, and economic feasibility, making them extremely promising for sustainable agriculture. Unlocking their full potential and expanding their use across international agricultural systems will need ongoing study and innovation.

Table 2: Effect of seaweed extract on ear head length, number of grains per ear head, test weight, grain yield, straw yield, biological yield and     harvest index of wheat.
	
	
	
	
	
	
	
	
	

	[bookmark: RANGE!C4][bookmark: _Hlk196088690]S.No.
	Ear head length (cm)
	No. of grains/ear head
	Awn length (cm)
	Test weight (gram)
	Grain Yield     (q ha-1)
	Straw                 (q ha-1)
	Biological         (q ha-1)
	Harvest Index
(%)

	T1
	9.29i
	55k
	6.78j
	36.36g
	21.18g
	29.27g
	50.45g
	41.05k

	T2
	10.90c
	64f
	8.19de
	42.51d
	35.68cd
	51.23b
	86.92b
	41.98d

	T3
	9.59h
	59j
	7.43h
	40.06f
	34.55f
	48.521f
	83.07f
	41.59f

	T4
	10.5e
	65e
	7.99e
	40.9e
	35.83cd
	50.66c
	86.50bc
	41.42i

	T5
	10.20f
	69b
	7.69fg
	43.02c
	36.19bc
	50.33bc
	85.98bcd
	42.09c

	T6
	11.31b
	60i
	8.66b
	44.84b
	36.73b
	50.05b
	85.31cde
	43.06b

	T7
	11.51a
	70a
	8.79a
	45.45a
	39.47a
	52.10a
	91.57a
	43.10a

	T8
	9.69h
	66d
	7.74f
	42.21d
	35.42de
	49.27ef
	84.69de
	41.82e

	T9
	10.5e
	62h
	8.20d
	43.09c
	35.30de
	48.57de
	85.35cde
	41.36j

	T10
	9.89g
	63g
	7.66g
	42.31d
	35.04ef
	49.48e
	84.52e
	41.46h

	T11
	10.7d
	68c
	8.40c
	44.74b
	35.75cd
	49.78d
	86.09bc
	41.53g


Means followed by different letters in the same column are significantly different from each other at 5% level of significance

Table 3: Effect of sea weed extract on Nitrogen, Phosphorusand Potassium uptake of wheat
	S.No.

	N Uptake (kg ha-1)
	P Uptake (kg ha-1)
	K Uptake (kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw

	T1
	52.32g
	14.12h
	12.85h
	7.55g
	13.9h
	26.84g

	T2
	94.04cd
	30.63d
	44.99f
	17.43d
	27.97de
	65.73b

	T3
	88.21f
	27.56g
	35.16g
	16.53f
	26.17g
	58.79f

	T4
	93.34cd
	31.06cd
	51.18e
	17.35de
	28.08d
	61.86de

	T5
	94.20c
	31.37c
	65.59c
	18.06c
	28.52c
	64.13c

	T6
	93.21cd
	32.28b
	79.99b
	18.51b
	28.99b
	64.44bc

	T7
	100.3a
	35.48a
	91.52a
	19.92a
	31.28a
	72.39a

	T8
	90.5e
	28.98f
	45.44f
	17.03 de
	27.11f
	61.94de

	T9
	93.01cd
	29.50e
	42.86f
	17.13 de
	27.62e
	62.49d

	T10
	92.95d
	29.73e
	44.54f
	16.28f
	26.81f
	60.54e

	T11
	95.72b
	29.68e
	55.26d
	16.97e
	27.86de
	61.02de





Table 4: Effect of sea weed extract on micronutrient uptake by wheat crop
	S.No.
	Cu uptake (g ha-1)
	Fe uptake (g ha-1)
	Mn uptake (g ha-1)
	Zn uptake (g ha-1)

	
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw

	T1
	24.21i
	14.30g
	68.01j
	242.85i
	3.63i
	11.89j
	5.18i
	20.02j

	T2
	44.37g
	83.18d
	167.71g
	511.41de
	8.94d
	25.02de
	11.59d
	38.30d

	T3
	35.27h
	53.97f
	82.04i
	278.26h
	5.22h
	18.27i
	6.28h
	23.09i

	T4
	50.50d
	86.61c
	236.5c
	522.07d
	9.07d
	21.64g
	12.42c
	30.29h

	T5
	44.12g
	86.91c
	230.40c
	543.34c
	9.70c
	24.92e
	12.92c
	39.72c

	T6
	56.04c
	91.76b
	292.76b
	611.02b
	14.19b
	32.99b
	15.76b
	45.88b

	T7
	88.17a
	97.28a
	332.80a
	679.27a
	15.45a
	35.54a
	20.73a
	56.23a

	T8
	61.13b
	79.35e
	196.61e
	386.06g
	6.58g
	20.07h
	7.39g
	36.79e

	T9
	48.25ef
	82.4d
	184.66f
	460.93f
	8.09e
	23.71f
	10.21e
	35.31f

	T10
	47.16f
	86.52c
	120.84h
	521.40d
	7.39f
	25.75d
	8.75f
	39.17cd

	T11
	49.57de
	80.27e
	218.12d
	501.67e
	8.9d
	28.13c
	11.56d
	32.69g
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