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Abstract
Wheat (Triticum aestivum L.) is a major global staple crop whose production is affected by environmental conditions, farming practices, and modern agricultural inputs. Biostimulants offer a sustainable alternative to chemical fertilizers by enhancing plant growth, stress resistance, and soil health while supporting environmentally friendly agriculture. To assess the impact of applying seaweed extract (Sagarika liquid and granules) both alone and in conjunction with lower urea dosages on wheat (Triticum aestivum L.) cv. HD-2967 growth, yield, nutrient uptake, and harvest index. Eleven treatments and three replications were used in the Randomized Block Design (RBD). Rabi season, 2022–2023, Agricultural Research Farm, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi. Seaweed granules (base @ 10 kg/acre), seaweed liquid (two foliar sprays @ 5 ml/L at tillering and pre-flowering), NPK consortia (seed/root therapy), and pure urea sprays were used in treatments that combined 100% and 50% recommended doses of fertilizers (RDF). Standard protocols were used to record growth characteristics, yield attributes, harvest index (HI), and NPK/micronutrient uptake. Treatment T7 (100% RDF + seaweed granules basal + two sprays of seaweed liquid) greatly outperformed all other treatments, according to the results. The greatest plant height (90 DAS), SPAD value (58.08 at 60 DAS), number of tillers (376 at 60 DAS), grains per ear head (70), test weight (45.45 g), awn length (8.79 cm), and head length (11.51 cm) were all reported by T7. T7 treatment also produced the highest grain yield (39.47 q ha⁻¹), straw yield (52.10 q ha⁻¹), biological yield, and harvest index (43.10%). Additionally, T7 showed better uptake of potassium, iron, copper, manganese, zinc, nitrogen (100.3 kg ha⁻¹ in grain), and phosphorus (91.52 kg ha⁻¹ in grain). By encouraging photosynthesis and postponing senescence, the integrated application of seaweed granules and liquid with 100% RDF improves wheat productivity, nutrient use efficiency, and economic yield.
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INTRODUCTION
Wheat (Triticum aestivum L.), dubbed the "King of Cereals," is the world's most important staple crop. It belongs to the Gramineae family and is mostly found in southwest Asia.There are many wheat species in the genus Triticum, but common wheat (Triticum aestivum L.) is the most common. Its output is influenced by the weather, soil quality, agricultural methods, and technological advancements (Meena et al, 2014). Climate change, modern techniques like fertilizers and genetically engineered crops, and environmental problems like bug outbreaks and water scarcity all have an impact on its production. Chemical fertilizers can boost agricultural production, but they can also have a detrimental effect on soil microbiota and plant health, making plants more vulnerable to disease. Consequently, modern farming practices are promoting low-input, organic, and alternative sustainable agriculture and using chemical-free fertilizers (Meena et al, 2012).
In these circumstances, biostimulants provide a unique alternative to conventional pesticides and fertilizers in modern farming, improving crop strength, production, and environmental friendliness. Their enhanced nutrient absorption, stress resistance, and pest resistance lead to stronger plant development and higher harvests. By promoting soil vitality and ecosystem robustness, biostimulants can meet global food needs while maintaining environmental balance (Meena et al, 2013).
Seaweeds are vital to inshore marine ecosystems because they can alter the properties of seawater and provide both food and habitat for a variety of marine biota. In prehistoric villages in Monte Verde, Southern Chile, organic remains dating back 15,000 years have been discovered. Seaweeds are used in agriculture as organic fertilizers and manures because they encourage plant growth. Indole chemicals found in seaweeds control growth and aid in the formation of roots. Cytokines from seaweeds encourage cell proliferation, rapid growth, and photosynthesis. Early studies found that seaweed concentrates increased the quantity and production of spikelets in wheat and barley (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: Control; T2: RDF (100% NPK University recommendation) (100% Urea, DAP, MOP; 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
The number of tillers, plant height, plant population, and SPAD (chlorophyll) value of wheat were all considerably impacted by the application of seaweed extract (Table 1). Plant height was similar in all treatments at 30 days after sowing (DAS), with the exception of the untreated control. However, treatment T7 (100% RDF + seaweed granules basal + two foliar sprays of seaweed liquid) recorded the highest plant height at 60 and 90 DAS. The number of tillers, plant population, and SPAD values all showed a similar pattern. T6 had the highest SPAD value at 30 DAS, whereas T7 had the highest values at 60 DAS (58.08) and 90 DAS (57.67). The natural decrease in chlorophyll content as the crop got closer to physiological maturity could be the cause of the modest drop in SPAD score at 90 DAS. In terms of tiller production, treatment T2 generated the most tillers at 30 DAS (329), whereas T7 produced the most tillers at 60 DAS (376 tillers), closely followed by T11. Once more, T7 had the most tillers at 90 DAS, followed by T4. Treatments T2 and T6 had the highest plant population per square meter at 30 DAS, followed by T10 and T11. As crop age increased, the number of plants per unit area gradually decreased; nonetheless, T7 continued to have the largest plant stand at 90 DAS.
These results are in line with previous reports by Bhawesh et al (2023), Choudhary et al (2023), Prajapati et al (2015), Ram et al (2020), and Layek et al (2018), who found that adding seaweed extract to recommended fertilizer doses increased wheat plant height and productive tillers. Vitamins, trace elements, minerals, and plant growth regulators including gibberellins and cytokinins are known to be present in seaweed extracts, all of which support vegetative growth (Tarkowska et al, 2014; Seema et al, 2017). Additionally, a higher plant population at 60 and 90 DAS in seaweed-amended plots compared to untreated controls was reported by Kulkarni et al (2019) as a result of the combined application of seaweed with recommended fertilizer dosages, which stimulates plant growth and activates defense mechanisms against diseases.

YIELD PARAMETERS
Treatment T7, which applied seaweed extract (10 kg/acre granules and 5 ml/liter liquid) during the tillering and pre-flowering stages, greatly enhanced the wheat's characteristics when compared to earlier treatments. It achieved the highest grain count per ear head (70), longest awn length (8.79 cm), longest head length (11.51), and maximum test weight (45.45 grams per 1000 grains). T7 also shown notable improvements over the control, with the highest straw output (52.10 q ha-1) and grain yield (39.47 q ha-1). The biological yield, which is the sum of the grain and straw yields, followed this pattern, indicating that T7 performed better. Additionally, T7 had the highest harvest index (43.10%), indicating effective resource allocation to grain production.
The combination of seaweed extracts and recommended fertilizer dosages significantly enhanced wheat growth and yield parameters when compared to untreated and other treated plots. According to 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 show that using seaweed extract increased yield and yield parameters by delaying senesence and increasing the rate of photosynthesis. These researchers found that combining seaweed extract with chemical fertilizers increases wheat grain production by optimizing crop utilization and increasing growth and yield.
Nutrient uptake
Treatment T7, which delivered a 100% recommended dose of fertilizer (RDF) along with seaweed granules and liquid throughout the tillering and pre-flowering stages, showed superior nutrient uptake in wheat. It was the grain with the highest nitrogen uptake (100.3 kg ha-1), closely followed by T11, T5, and T2. The next highest nitrogen uptakes in straw were found in T7, T6, T5, T4, T2, and T11 (35.48 kg ha-1). In terms of phosphorus uptake, which was greatest in both grains (91.52 kg ha-1) and straw (19.92 kg ha-1), T6 and T5 lagged much behind T7. While T6, T5, T4, T2 and T11 also demonstrated significant potassium uptake, T7 grains (31.28 kg ha-1) and straw (72.39 kg ha-1) had the highest potassium concentration. T7 continuously demonstrated better nutrient uptake when compared to other treatments, demonstrating the value of seaweed-based supplementation in enhancing nitrogen absorption in wheat crops.
Treatment T7 high phosphorus uptake (91.52 kg ha-1) increased soil phosphorus availability through pH modification and improved microbial activity, stimulated root development enabling greater phosphorus exploration, synergistic interaction between chemical fertilizers and seaweed biostimulants, and precise timing of applications coinciding with critical phosphorus demand periods according to Mondal, et al (2025).

Treatment T7, which includes two sprays of seaweed liquid (5 ml/liter water) and seaweed application at 10 kg/acre as granules throughout the tillering and pre-flowering stages, showed the highest uptake of micronutrients in wheat. Specifically, T7 showed the highest uptake of copper (97.28 g ha-1in straw and 88.17 g ha-1 in grains). T7 showed the highest iron uptake, with 332.8 g ha in grains and 679.27 g ha-1 in straw. Additionally, T7 exhibited the highest manganese uptake (15.45 g ha-1 in grains and 35.54 g ha-1 in straw). Additionally, T7 demonstrated the highest zinc uptake after seaweed treatment, reaching 20.73 g ha-1in grains and 56.23 g ha-1 in straw. Treatments T6, T5, T4, T2, and T11 consistently shown significant absorption levels for these micronutrients, outperforming the control treatment (T1).
Seaweed extract was found to improve nutrient absorption by Pramanick et al. (2014), Singh et al. (2015), and Senthivelu and Yadav et al. (2019). These studies show that seaweed extracts can improve crop uptake of nutrients like nitrogen and phosphorus, which may boost agricultural productivity and efficiency. Applying seaweed extract in addition to fertilizers improves crops' uptake of potassium (Zodape et al., 2010). Using seaweed extract increased the consumption of micronutrients, according to previous research by Maurya et al. (2015).








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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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





Conclusion
[bookmark: _GoBack]The current study clearly shows that in subtropical conditions, applying seaweed extract (Sagarika) as foliar liquid and basal granules along with the recommended dose of fertilizers (RDF) greatly increases wheat production, profitability, and nutrient dynamics. T7 (100% RDF + Sagarika granules @ 10 kg/acre basal + two foliar sprays @ 5 ml/L at tillering and pre-flowering) was the most successful of the eleven treatments. Plant height, SPAD chlorophyll index, tiller count, grains per ear head, test weight, awn length, and head length were all consistently highest for this treatment. Seaweed extracts provide a synergistic effect in improving resource allocation to reproductive structures, as demonstrated by T7's better grain yield (39.47 q ha⁻¹), straw yield (52.10 q ha⁻¹), and harvest index (43.10%). Increased uptake of nutrients, especially nitrogen, phosphorus, potassium, and micronutrients (Fe, Zn, Cu, and Mn), supports the role of seaweed biostimulants in increasing nutrient mobilization, delaying senescence, and enhancing photosynthetic efficiency. These results are consistent with the worldwide focus on sustainable agriculture. Therefore, in order to boost wheat output while maintaining soil health, seaweed extract is advised as a supplemental biostimulant rather as a full replacement for chemical fertilizers. Optimizing application schedules and examining long-term soil microbiome reactions should be the main goals of future study.

Limitations of the study

It is important to recognize the limitations of the current investigation. First, the study was limited to a single cropping season (Rabi 2022–2023), making it difficult to evaluate the long-term impacts of seaweed extract application on crop yield and soil health as well as inter-annual variability. Second, the results may not be directly applicable to other agro-ecological locations with different soil types, climates, or wheat cultivars because the study was limited to a single experimental site with particular soil characteristics (sandy clay loam, pH 7.64).
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