


Unveiling the Impact of Plant Growth Regulator–Infused Tamarind Seed Polysaccharide (TSP) Polymer Coating on Seed Quality Behaviour of Cowpea var. VBN 3

Abstract
The laboratory experiment was conducted in the Department of Seed Science and Technology, Tamil Nadu Agricultural University, Coimbatore, during 2023. TSP polymer was synthesized from Tamarind Seed Polysaccharide, to replace the use of synthetic polymer coating and improve the planting value of cowpea seeds. The cowpea seeds treated with T0 – Control, T1 - GA3 10 ppm, T2 - GA3 20 ppm, T3 - GA3 30 ppm, T4 - GA3 40 ppm,T5 - GA3 50 ppm, T6  - BRs 0.5 ppm, T7 - BRs 1.0 ppm,  T8 - BRs 1.5 ppm, T9  - BRs 2.0 ppm, T10 - BRs 2.5 ppm.  The results revealed that, Among the treatments seeds treated with BRs 1.0 ppm infused TSP polymer coating has shown maximum speed of germination (36.96),  germination percentage (94 %), root length (20.66 cm), shoot length (23.58) seedling dry weight (0.618 g / 10  seedlings)  and vigour index I (4159) and  II (58)  was observed in seed coated with TSP polymer added 3 ml of 1.0 ppm where control seeds shows the minimum speed of germination (33.74)germination percentage (88 %), root length (17.85 cm), shoot length (20.63 cm)seedling dry weight (0.594 g / 10  seedlings), vigour index I (3386), vigour index II (52) The results concluded that cowpea seeds coated with BRs 1.0 ppm infused TSP polymer (8 g)  coating performed better seedling establishment and could be recommended as pre sowing seed treatment under organic agriculture.
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Introduction 
Cowpea (Vigna unguiculata L.) is a crucial legume crop for tropical and subtropical regions, including India, prized for its drought tolerance and ability to grow in marginal soils with low fertility, a wide pH range (4.0–9.0), and high sand content. It is a cornerstone of food and nutritional security, providing dietary protein, vitamins, and minerals, while its residues serve as valuable animal feed. Furthermore, its capacity for biological nitrogen fixation enhances soil fertility, solidifying its role in sustainable, low-input agricultural systems (Tripathi & Singh, 2001). Despite its significance, cowpea productivity remains suboptimal, primarily due to constraints in the availability and distribution of high-quality seeds (Dar et al., 2025). The establishment of a uniform and vigorous crop is fundamentally dependent on the use of genetically pure, physically sound, and pest-free seed (Halmer, 2006; Ventura et al., 2012). To address these challenges, various seed enhancement technologies such as priming, pelleting, and coating have been developed to bolster germination and seedling establishment under adverse conditions (Farooq et al., 2013; Afzal et al., 2016). Among these, seed coating has emerged as a precise delivery mechanism for nutrients, protectants, and bioactive compounds, applied to the seed without altering its form to improve overall quality and vigour (Rocha et al., 2019). However, a significant limitation of conventional seed coatings is their reliance on synthetic polymers, which are often slow to degrade and may contain toxic additives, rendering them unsuitable for organic and environmentally sensitive farming. In this context, biopolymers derived from natural sources offer a sustainable alternative due to their biodegradability, non-toxicity, and ecological compatibility (Struminska et al., 2014). Polysaccharide-based superabsorbent hydrogels, in particular, are attractive for this purpose; they are typically abundant, inexpensive, and biocompatible, with excellent water-retention properties that improve seed-soil contact (Kamath & Park, 1993). Tamarind Seed Polysaccharide (TSP), extracted from the seeds of Tamarindus indica, is one such promising biopolymer. A byproduct of the tamarind pulp industry, TSP is commercially available and possesses ideal characteristics for coating, including high viscosity, strong adhesive strength, and excellent film-forming ability, which have been leveraged in the pharmaceutical and food sectors (Bhattacharya et al., 1993; Marathe et al., 2002). Its innate biodegradability makes it an excellent candidate for developing organic seed coatings. The functionality of a seed coating can be significantly advanced by incorporating Plant Growth Regulators (PGRs), which are endogenous phytohormones that govern plant development and stress responses (Hedden & Thomas, 2012). Growth-promoting PGRs like gibberellins and brassinosteroids are especially relevant. Gibberellic acid (GA₃) is known to stimulate germination, promote cell elongation, and enhance nutrient mobilization (Bose & Tandon, 1991). Brassinosteroids, similarly, improve stress tolerance by boosting antioxidant enzyme activity and promoting early seedling growth (Hayat et al., 2011; Slathia et al., 2021). Therefore, the integration of these potent PGRs into a TSP-based biopolymer matrix represents a novel, eco-friendly strategy to enhance seed performance. The present study was conceived to investigate the efficacy of a PGR-infused TSP biopolymer coating on the germination behaviour, and seedling vigour, of cowpea seeds.

Materials and methods
The Tamarind seed Polysaccharide (TSP) polymer was extracted from tamarind seeds following the method described by Sivasakthi (2022). The extracted polymer was enriched with different concentrations of plant growth regulators (PGRs) to enhance its biostimulant potential. For enrichment, 3 mL of each concentrated PGR solution was uniformly mixed with 100 g of TSP polymer. The treatment details were as follows:
Certified cowpea seeds only used for the experiment
T₀ – Control (without PGR),
T₁ – GA₃ 10 ppm,
T₂ – GA₃ 20 ppm,
T₃ – GA₃ 30 ppm,
T₄ – GA₃ 40 ppm,
T₅ – GA₃ 50 ppm,
T₆ – Brassinosteroids (BRs) 0.5 ppm,
T₇ – BRs 1.0 ppm,
T₈ – BRs 1.5 ppm,
T₉ – BRs 2.0 ppm, and
T₁₀ – BRs 2.5 ppm.
After enrichment, 8 g of the TSP polymer was used to coat 1 kg of cowpea seeds. The coated seeds were air-dried to restore their original moisture content. The control and treated seeds were then subjected to germination studies, and the following observations were recorded: germination percentage (ISTA, 2013), speed of germination (Maguire, 1962), root and shoot length (Sivasakthi 2022), dry matter production (g seedlings⁻¹ ×10) (ISTA, 2013), and vigour index I and II (Abdul-Baki & Anderson, 1973).
Design of the experiment: With four replications, the experiment was done in a completely randomized block design.



Result and Discussion
To enhance the efficacy of tamarind seed polymer (TSP) coating on seed quality, the polymer was enriched with two plant growth regulators (PGRs), viz., gibberellic acid (GA₃) and brassinosteroids (BRs), and their effects on seed quality parameters of cowpea were evaluated. Significant differences were observed among the treatments for all the physiological parameters studied. Seeds coated with TSP polymer infused with 3 mL of 1.0 ppm BRs (T₇) recorded the highest speed of germination (36.96), germination percentage (94%), root length (20.66 cm), shoot length (23.58 cm), seedling dry weight (0.618 g/ seedlings-10), vigour index I (4159), and vigour index II (58). In contrast, the control (uncoated seeds) exhibited the lowest speed of germination (33.74), germination percentage (88%), root length (17.85 cm), shoot length (20.63 cm), seedling dry weight (0.594 g 10⁻¹ seedlings), vigour index I (3386), and vigour index II (52) (Table 1; Figure 1; Plate 1). All treatments (T₁–T₁₀) performed significantly better than the control (T₀) for most traits, while differences among the treatments themselves were statistically non-significant, indicating that both GA₃ and BR-enriched TSP polymers were effective, with T₇ (BRs 1.0 ppm) showing the highest mean performance. The incorporation of plant growth regulators into the TSP polymer enhanced seed germination and seedling performance, with the maximum improvement observed in seeds coated with TSP polymer enriched with 3 mL of 1.0 ppm BRs. Compared to the control, BR-infused TSP coating increased germination by up to 6% in cowpea. Plant growth regulators, including promoters, inhibitors, and retardants, play a key role in modifying internal physiological mechanisms of plants through their interactions with metabolic pathways such as protein synthesis and nucleic acid metabolism. Among them brassinosteroids (BRs) a group of steroidal plant hormones are essential for plant growth and development. BR signaling regulates cell expansion and division and influences processes such as etiolation and reproduction. Kato et al., (1983) reported that pre-treatment with brassinolide stimulated germination and seedling emergence in rice. The results of the present study are in agreement with the findings of Srivastava et al., (2011) in moongbean, Kato et al., (1983) in rice, Sumathi et al., (2018) in pigeon pea, and Pravina et al., (2023) in greengram, who also reported the stimulatory effects of BRs on seed germination and seedling growth. The enhancement in germination and vigour attributes in the present study can be attributed to the synergistic effects of the carbon source provided by the TSP polymer and the growth-promoting action of BRs. BRs regulate root meristem size and lateral root development in a concentration-dependent manner; lower concentrations promote root growth, while higher concentrations inhibit it (Wei & Li, 2016). The moderate magnitude of improvement observed may be due to the use of freshly harvested, high-vigour seeds, which already possessed strong physiological potential. Overall, the findings clearly demonstrate that BR-enriched TSP polymer coatings, particularly at 1.0 ppm concentration, effectively enhance seed germination, vigour, and seedling growth in cowpea, highlighting their potential as a biopolymer-based, eco-friendly seed treatment for improving seed quality and early crop establishment.
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Table 1: The effect of PGRs infused TSP polymer on seed quality parameters on cowpea  
                var. VBN 3
	Treatments
	Speed of germination
	Root length (cm)
	Shoot length (cm)
	Dry matter production (g / 10  seedlings)
	Vigour Index I
	Vigour Index II

	T0 – Control
	33.74
	17.85
	20.63
	0.594
	3386
	52

	T1 – GA3 10 ppm
	36.91
	20.46
	23.29
	0.616
	4022
	57

	T2 – GA3 20 ppm
	36.87
	20.55
	23.39
	0.617
	4042
	57

	T3 – GA3 30 ppm
	36.65
	20.49
	23.40
	0.617
	4082
	57

	T4 – GA3 40 ppm
	36.52
	20.40
	23.36
	0.618
	4026
	57

	T5 – GA3 50 ppm
	36.00
	20.37
	23.32
	0.617
	4249
	56

	T6  - BRs 0.5 ppm
	36.60
	20.63
	23.51
	0.617
	4105
	57

	T7 – BRs 1.0 ppm
	36.96
	20.66
	23.58
	0.618
	4159
	58

	T8 – BRs 1.5 ppm
	36.56
	20.50
	23.42
	0.616
	4085
	57

	T9  - BRs 2.0 ppm
	36.65
	20.43
	23.32
	0.615
	4025
	56

	T10 – BRs 2.5 ppm
	36.14
	20.40
	23.25
	0.615
	3928
	55

	Mean
	36.23
	20.24
	23.13
	0.623
	4009
	56

	SEd
	0.377
	1.273
	0.323
	0.008
	58.76
	0.923

	CD (p=0.05)
	0.771
	2.602
	0.660
	NS
	120.09
	1.887





Figure 1: The effect of PGRs infused TSP polymer on germination percentage (%)  
                   on cowpea var. VBN 3
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	T0- Uncoated seed
	T7- 3 ml of 1.0 ppm BRs infused TSP polymer coated seed


Plate 1: Visible difference seedling growth
Conclusion
TSP polymer and its enriched formulations had a significant effect on the physiological and biochemical seed quality traits of cowpea. Among the treatments, TSP polymer infused with 3 mL of 1.0 ppm brassinosteroids (BRs) markedly improved seed germination, speed of germination, root length, shoot length, dry matter production, vigour index I, and vigour index II compared to other treatments. The BR-infused TSP polymer also enhanced the seed metabolic efficiency and exhibited higher enzymatic activity, which contributed to better seedling growth and vigour. The improvement in seed quality parameters could be attributed to the synergistic effect of the carbon-rich matrix of the TSP polymer and the growth-promoting role of brassinosteroids. Thus, the study clearly indicates that TSP polymer enriched with 3 mL of 1.0 ppm BRs can serve as an effective biopolymer coating for enhancing seed germination and vigour in cowpea. The present investigation was conducted under laboratory conditions; hence, further studies under field conditions are recommended to validate the performance of BR-infused TSP polymer coatings on crop establishment and yield attributes.
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