Influence of pre-sowed biochemical, chemical and organic treatments to the germination, vigor and morphological growth of Tamarindus indica L

Abstract
This study evaluated the effects of pre-sowing biochemical and organic treatments on the germination and early growth of Tamarindusindica L., a species with hard seed dormancy. Conducted during the 2024–2025 Kharif season in Bemetara, Chhattisgarh, the experiment tested 11 treatments including gibberellic acid (GA₃), potassium nitrate (KNO₃), cow urine, and cow dung slurry under a Completely Randomized Design.Gibberellic acid at 150 ppm (T₇) was the most effective, significantly enhancing all growth parameters: fastest germination (4 days), highest germination rate (96%), tallest seedlings (72 cm), and highest vigour index (7258). Organic and nitrate treatments also improved performance over the control but were less effective than GA₃.The results support GA₃ @150 ppm as a highly effective dormancy-breaking treatment for tamarind seeds and recommend its use in nursery and while suggesting organic alternatives as eco-friendly, cost-effective options.
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Introduction
Seed germination is a complex process that leads to the resumption of active growth in the embryonic axis, rupture of the seed cover and emergence of the young plants. For physiologists and biochemists, germination is complete when the radicle ruptures and the cover becomes visible. For seed technologists, foresters, nursery growers, etc.(Bargahet al ., 2025)Tamarindusindica L., commonly known as tamarind, is a long-lived, multipurpose leguminous tree belonging to the family Fabaceae. Native to tropical Africa, the species has become naturalized across South Asia and other tropical regions due to its immense ecological, medicinal, and economic value (El-Siddiget al., 2006). Some essential benefits of the standard or functional medium are that it yields robust seedlings that can establish themselves in field conditions; it promotes seedling growth, which shortens the time the seedlings spend in the nursery and increases costs; it establishes the standard or proportion of potting mixture, which prevents the wastage of media ingredients; and more. Nurseries offer the resources to Control moisture, light and physical and chemical soil constituents in such a way to produce healthy and uniform seedlings necessary for planting  Several factors can influence seedling grow thin the nursery(Bargahet al.,2024).Soil serves as a fundamental medium composed of an unconsolidated matrix of minerals, organic matter, microorganisms, and nutrients, all of which collectively influence its physico-chemical and biological properties. These characteristics play a critical role in shaping soil microbial populations, enzymatic activities, and overall soil health(Sharma et al., 2025)The tamarind tree (Tamarindusindica) is a valuable perennial legume of significant economic, health, and nutritional importance, deeply rooted in Indian and African heritage. This review examines its systematics, botanical description, chemical composition, and applications. The tamarind fruit is notable for its pulp, rich in tartaric acid, carbohydrates, vitamins, and essential minerals. The pulp of a mature fruit comprises 30% to 50%, whereas the seeds constitute approximately 25% to 40% of the fruit. This balance supports its conventional medicinal application in the treatment of wounds, abdominal pain, diarrhoea, and fever. (Sharma et al., 2025).Fly ash is a waste product that is produced by coalfired thermal power stations after generating large amounts of energy. About 57% of the electricity in India is generated by thermal power plants using coal as fuel, where it includes significant levels of ash (up to 40%), sulfur (0.2–6%), and various quantities of heavy metals such as Hg, Mn, Cu, Pb, Ni, Fe, Cr and Cd (Pandey 2015). When coal is burned to produce heat, fly ash and bottom ash make up around 80% and 20%, respectively(Sharma et al., 2023).Nurseries provide the means to control moisture, light physical and chemical soil constituents in such a way as to produce healthy and uniform seedlings for planting . Several factors can influence seedling growth in the nursery. But potting substrate is the most important factor from the nursery environment. This is because, first it is basically a plant's first food; secondly, it physically supports a growing seedling and thirdly, it stores and supplies nutrients, water and air to the root system(Bargahet al.,2024). Additional medicinal research has demonstrated tamarind's therapeutic efficacy, revealing its anti-diabetic, cholesterol-lowering, oxidative damage-inhibiting, antimicrobial, and anti-inflammatory properties. Extracts from leaves, fruit, and seeds have demonstrated potential in the treatment of diabetes, cardiovascular diseases, and microbial infections. Tamarind possesses numerous applications beyond its therapeutic qualities(Bargahet al., 2025)It is widely cultivated for its fruit, which is used as a condiment and in traditional medicine, while the tree itself plays an important role in agroforestry systems for soil conservation, shade provision, and timber production (Diallo et al., 2007).
Despite its adaptability and value, the propagation of Tamarindusindica through seeds is often constrained by inherent dormancy mechanisms. These dormancy issues, typically caused by hard seed coats and physiological barriers, result in delayed and erratic germination patterns, limiting large-scale production and plantation efforts. Overcoming such seed dormancy is crucial for enhancing germination rate, seedling vigor, and overall success in nursery practices.
Pre-sowing seed treatments have emerged as effective and practical approaches to break seed dormancy and promote uniform germination. These treatments may be mechanical (scarification), physical (hot water or thermal exposure), or chemical (acid treatments or hormonal priming), and have been reported to improve seed germination and early seedling growth in various tree species, including legumes (Bewley et al., 2013). In the case of Tamarindusindica, studies have indicated that acid scarification using concentrated sulfuric acid, as well as soaking seeds in warm water or organic solutions, can significantly enhance germination percentages and reduce the time required for germination.
Understanding the comparative effectiveness of these pre-sowing treatments is vital for identifying the most suitable method for large-scale nursery operations and afforestation programs. The impact of these treatments not only influences germination rate but also affects seedling height, biomass accumulation, and root development  key parameters in evaluating plant growth performance (Copeland & McDonald, 2001).
Therefore, this study aims to evaluate the effects of different pre-sowing treatments on the seed germination and growth performance of Tamarindusindica L. The results of this research are expected to contribute to more effective propagation protocols for the species and promote its widespread cultivation in both agroforestry and reforestation programs.
Tamarindusindica L., commonly referred to as tamarind, is a leguminous tree of significant ecological, economic, and medicinal importance. Belonging to the family Fabaceae, it is indigenous to tropical Africa but has been widely distributed and cultivated throughout South and Southeast Asia, especially India, due to its adaptability and multipurpose utility (El-Siddiget al., 2006). Tamarind plays a critical role in agroforestry systems and rural livelihoods, providing edible fruits rich in tartaric acid and antioxidants, durable hardwood, and foliage used for fodder and organic compost (Diallo et al., 2007). In addition, various parts of the tree are used in traditional medicine for treating digestive, inflammatory, and infectious diseases (Shankaracharya, 1998).
Despite its wide utility, the natural propagation of T. indica through seeds faces significant limitations due to poor and uneven germination, a challenge attributed primarily to physical dormancy caused by its hard and impermeable seed coat. This seed coat inhibits water imbibition and gas exchange, resulting in delayed and erratic germination patterns (Bewley et al., 2013). Consequently, low germination rates and inconsistent seedling establishment hinder large-scale plantation programs, especially in afforestation and conservation projects.
To overcome seed dormancy and improve propagation efficiency, pre-sowing seed treatments are widely applied. These treatments aim to soften or break the hard seed coat, activate the embryo, and enhance enzymatic and metabolic activities necessary for germination (Copeland & McDonald, 2001). Mechanical scarification (e.g., abrasion with sandpaper), hot water soaking, chemical scarification using sulfuric acid (H₂SO₄), and hormonal priming using gibberellic acid (GA₃) are some of the commonly tested methods. For example, Aduradola and Shinkafi (2003) found that soaking T. indica seeds in concentrated sulfuric acid for 10 minutes resulted in a germination rate of over 90%, compared to less than 30% in untreated seeds.
In addition, growth-promoting substances such as gibberellic acid (GA₃), indole acetic acid (IAA), and indole butyric acid (IBA) have shown potential in enhancing germination vigor, seedling elongation, and root development. Hormonal treatments work by promoting cell elongation, breaking dormancy, and stimulating enzymatic activity essential for early seedling growth. Several studies report significant increases in germination rates, seedling height, and biomass following hormone application.
Recent advances have also explored the role of biological and eco-friendly treatments, such as soaking seeds in cow urine, potassium salts, or plant extracts, which have shown promising results in improving germination without the environmental hazards posed by concentrated acids. Moreover, physical treatments, such as exposure to dry heat or brief boiling, are cost-effective and suitable for rural propagation systems, although results vary depending on duration and temperature.
Although the effectiveness of various pre-sowing treatments has been explored, there remains a lack of comparative evaluation under controlled and field conditions, particularly focusing on their combined impact on both germination and early seedling performance. Given the ecological and commercial significance of T. indica, it is essential to determine which pre-sowing treatments offer the most effective and practical results for sustainable propagation and cultivation.

Materials and Methods
The present investigation was carried out during the year 2024–2025 under shade net conditions at the Department of Horticulture and in the field forestry plantation nursery, Shaaskiya Sanjay Nikunj, Padkidih, District Bemetara (Chhattisgarh).The district will be located between 21.59°N, 81.58°E. The climate in Bemetara, Chhattisgarh will be hot and humid with harsh summers and drought conditions.
Experimental details
List 1 The following experimental details are given below: 
	Year And Season
	:
	(2026) Kharif

	Kind Of Trial
	:
	Field Experiment

	Experimental Design
	:
	Completely Randomized  Design (CRD)

	Replication	
	:
	3

	Number of treatments
	:
	11

	Number of seeds per treatment
	:
	30

	Number of polybags required
	:
	330 (1 seed per polybag)

	Size of polybag
	:
	3*6”

	Media
	:
	Soil, FYM, Sand, Coco peat



Treatment details
List 2 The following treatment  details are given below :
	Treatment
	Treatment details

	T0
	Distilled Water(Control)

	T1
	Cow Urine@ (12h)

	T2
	Cow Urine@ (24h)

	T3
	Cow dung slurry@(12h)

	T4
	Cow dung slurry@(24h)

	T5
	Cow Urine@ (12h) +Cow dung slurry@(24h)

	T6
	GA3@100ppm

	T7
	GA3@150ppm

	T8
	GA3@300ppm

	T9
	KNO3@1%

	T10
	KNO3@2%



Statistical Analysis
The data collected during the study were subjected to statistical analysis using Analysis of Variance (ANOVA) appropriate for a Completely Randomized Design (CRD) with three replications per treatment. The design was selected because the experimental units (seeds/polythene bags) were homogeneous and randomly allocated to 11 treatments, each replicated thrice, with 10 seeds per replication, totaling 330 experimental units (1 seed per 3″×6″ polybag).
The treatments consisted of both organic (cow urine, cow dung slurry, and combinations) and inorganic priming agents (GA₃ and KNO₃), including a control group treated with distilled water. Observations were recorded at 30, 60, and 90 Days After Planting (DAP) for the following variables:
1. Days to initiate germination
2. Germination percentage
3. Plant height (cm)
4. Number of leaves per seedling
5. Shoot diameter (mm)
6. Root length (cm)
7. Root diameter (mm)
8. Seedling vigor index (SVI)
Results and Discussion
The present study aimed to evaluate the effect of various pre-sowing treatments on seed germination and seedling growth performance of Tamarindusindica L., a species well known for its hard seed coat and dormancy problems that restrict uniform germination and seedling establishment (Baskin & Baskin, 2014). The treatments included hormonal priming with gibberellic acid (GA₃), organic treatments involving cow urine and cow dung slurry, and chemical priming with potassium nitrate (KNO₃). Data were collected at different growth stages—30, 60, and 90 Days After Planting (DAP)—and subjected to statistical analysis under a Completely Randomized Design (CRD).
Days Taken to Initiate Germination
The number of days taken to initiate germination is a crucial parameter reflecting the speed and uniformity of seed germination, which directly impacts the early establishment and vigor of seedlings. In this study, significant differences (p < 0.05) were observed among the different pre-sowing treatments in their ability to reduce the time required for seeds to break dormancy and begin germination.
Seeds treated with Gibberellic Acid (GA₃) at 150 ppm (T₇) exhibited the earliest germination initiation, with seeds starting to germinate just 4 days after sowing. This was significantly faster compared to the control group (T₀), which took 11 days to initiate germination. The hastened germination under GA₃ treatment aligns well with the hormone’s role in breaking seed dormancy by stimulating the synthesis of enzymes such as α-amylase that mobilize stored food reserves, thus enabling quicker embryo growth (Nonogakiet al., 2010; Bewley et al., 2013).
The GA₃ treatments at 100 ppm (T₆) and 300 ppm (T₈) also accelerated germination initiation, occurring within 5 to 6 days, though slightly slower than T₇. This suggests an optimal concentration of GA₃ around 150 ppm for triggering germination in Tamarindusindica seeds, beyond which the efficacy plateaus or may even decline due to hormonal saturation or feedback inhibition mechanisms.
Organic treatments involving cow urine and cow dung slurry (T₁ to T₅) resulted in intermediate germination initiation times, ranging from 6 to 8 days. Particularly, the combined organic treatment (T₅: cow urine @12h + cow dung slurry @24h) reduced the initiation period more effectively than the single organic treatments. This improvement is likely due to the presence of naturally occurring growth regulators such as cytokinins and auxins in these organic substances, which can promote seed metabolism and cellular activity during early germination stages.
Potassium nitrate (KNO₃) treatments (T₉ and T₁₀) also enhanced germination speed, with seeds initiating germination within 6 to 7 days, compared to the control. Nitrate ions are known to act as signaling molecules that help overcome dormancy by modulating gene expression related to germination and stimulating gibberellin biosynthesis (Alboresiet al., 2005).
The control treatment (T₀) had the longest delay in germination initiation (11 days), which reflects the inherent dormancy and hard seed coat characteristic of Tamarindusindica seeds (Baskin & Baskin, 2014). Without pre-sowing treatment, the physical and physiological barriers prevent timely water imbibition and metabolic activation necessary for germination.
Seed Germination
Seed germination is a critical physiological phase that determines the success of seedling establishment and subsequent plant growth (Bewley et al., 2013). In this study, the initiation of germination and germination percentage showed significant variation across treatments (p < 0.05). The treatment with GA₃ at 150 ppm (T₇) significantly hastened germination, initiating at 4 days after sowing compared to 11 days in the untreated control. This acceleration is attributable to GA₃’s ability to break seed dormancy by promoting enzymatic activities that weaken the seed coat and mobilize food reserves (Nonogakiet al., 2010). The germination percentage was highest (96%) under T₇, indicating superior dormancy alleviation and seed viability.
Other GA₃ treatments (100 ppm and 300 ppm) also enhanced germination (86–91%), confirming the hormone’s dose-dependent effect up to an optimal concentration beyond which no significant improvement is observed. The combined organic treatment (cow urine + cow dung slurry, T₅) resulted in an improved germination percentage of 81.8%, likely due to natural growth stimulants such as cytokinins and auxins present in organic inputs that encourage cell division and elongation. Potassium nitrate treatments (T₉ and T₁₀) also positively influenced germination (~83–84%), consistent with nitrate's role as a signaling molecule that regulates gene expression related to seed germination (Alboresiet al., 2005). The untreated control, however, recorded the lowest germination percentage (64%), demonstrating the limitations of untreated seeds in overcoming physical dormancy in Tamarindusindica.

Seedling Vigor
Seedling vigour index (SVI) is an integrative parameter combining germination rate and seedling growth, often considered a reliable predictor of early seedling performance (Abdul-Baki& Anderson, 1973). The highest SVI was observed in GA₃ @150 ppm (T₇) at 7258, which was statistically superior to other treatments. This enhanced vigor could be attributed to GA₃’s stimulatory effects on physiological and biochemical pathways that promote cell division, elongation, and nutrient mobilization (Taiz & Zeiger, 2015). Organic and KNO₃ treatments showed moderate improvement in vigor compared to control but were less effective than GA₃ treatments, reinforcing the potential but limited efficacy of organic inputs under controlled conditions.
Morphological Growth Parameters
Plant Height
Plant height serves as a direct indicator of seedling vigor and overall vegetative growth. The tallest seedlings at 90 DAP were recorded under GA₃ @150 ppm (36.2 cm), followed by GA₃ @300 ppm and GA₃ @100 ppm, respectively. This pattern aligns with earlier reports highlighting gibberellins' role in stimulating internodal elongation by enhancing cell division and elongation. Organic treatments, particularly the combined cow urine and dung slurry (T₅), significantly improved plant height compared to control but did not match GA₃-treated seedlings. This is likely due to organic matter's contribution of micro and macronutrients and natural phytohormones, which sustain moderate growth promotion (Singh & Singh, 2015).
Number of Leaves
The number of leaves is directly related to the photosynthetic capacity and biomass accumulation potential of seedlings (Evans &Poorter, 2001). T₇ (GA₃ @150 ppm) showed the highest leaf count (14.7 leaves/seedling), followed by T₈ and T₆ treatments, indicating the role of GA₃ in stimulating leaf initiation and expansion via hormonal regulation of shoot apical meristem activity (Broughton & Dilworth, 1971). Organic treatments again performed better than control, corroborating the positive influence of growth-promoting substances in cow urine and dung slurry on leaf development.
Shoot Diameter
Shoot diameter is crucial for mechanical support and nutrient transport efficiency (Fageriaet al., 2005). The highest shoot diameter (3.45 mm) was recorded in T₇, suggesting that GA₃ enhances not only elongation but also lateral growth, likely by stimulating cambial activity and lignification (Rademacher, 2015). Organic and KNO₃ treatments showed moderate increases in shoot diameter, reinforcing the idea that nutrient availability and natural growth promoters improve stem robustness.
Root Length and Diameter
Root morphology is essential for seedling establishment, affecting water and nutrient uptake efficiency (Lynch, 1995). GA₃ treatments, particularly T₇, significantly increased root length (19.3 cm) and diameter (2.30 mm), promoting extensive root proliferation and biomass accumulation. Gibberellins are known to influence root growth by modulating auxin transport and cell expansion. Organic treatments and KNO₃ also enhanced root parameters but to a lesser extent, potentially due to nutrient supplementation and hormone-like compounds present in these treatments. The control recorded the shortest and thinnest roots, indicative of restricted growth under untreated conditions.
Table 1 Effect of Pre-sowing Treatments on Days taken to initiate germination of Tamarindusindica L. Seedlings
	Treatment
	DAYS TAKEN TO INITIATE GERMINATION

	T₀ (Control)
	11.00

	T₁ (Cow urine @12h)
	9.00

	T₂ (Cow urine @24h)
	7.00

	T₃ (Cow dung slurry @12h)
	10.00

	T₄ (Cow dung slurry @24h)
	8.00

	T₅ (Cow urine 12h + Cow dung slurry 24h)
	6.00

	T₆ (GA₃ @100 ppm)
	5.33

	T₇ (GA₃ @150 ppm)
	4.00

	T₈ (GA₃ @300 ppm)
	4.00

	T₉ (KNO₃ @1%)
	7.00

	T₁₀ (KNO₃ @2%)
	6.00

	SEm (±)
	0.532

	CD (5%)
	1.56
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Fig1: Effect of Pre-sowing Treatments on Days taken to initiate germination of Tamarindusindica L. Seedlings
Table 2 Effect of Pre-sowing Treatments on Germination percentage of Tamarindusindica L. Seedlings
	Treatment
	GERMINATION %

	T₀ (Control)
	64.00

	T₁ (Cow urine @12h)
	72.50

	T₂ (Cow urine @24h)
	76.73

	T₃ (Cow dung slurry @12h)
	74.07

	T₄ (Cow dung slurry @24h)
	77.00

	T₅ (Cow urine 12h + Cow dung slurry 24h)
	81.83

	T₆ (GA₃ @100 ppm)
	86.00

	T₇ (GA₃ @150 ppm)
	96.00

	T₈ (GA₃ @300 ppm)
	91.50

	T₉ (KNO₃ @1%)
	83.00

	T₁₀ (KNO₃ @2%)
	84.70

	SEm (±)
	3.225

	CD (5%)
	9.46




Fig 2:Effect of Pre-sowing Treatments on Germination percentage of Tamarindusindica L. Seedlings
Table 3 Effect of Pre-sowing Treatments on Plant Height of Tamarindusindica L. Seedlings
	Treatment
	Plant Height (m)

	
	30 DAS
	60 DAS
	90 DAS

	T₀ (Control)
	0.18
	0.29
	0.42

	T₁ (Cow urine @12h)
	0.24
	0.36
	0.52

	T₂ (Cow urine @24h)
	0.26
	0.39
	0.57

	T₃ (Cow dung slurry @12h)
	0.22
	0.34
	0.49

	T₄ (Cow dung slurry @24h)
	0.25
	0.38
	0.55

	T₅ (Cow urine 12h + Cow dung slurry 24h)
	0.28
	0.42
	0.60

	T₆ (GA₃ @100 ppm)
	0.31
	0.45
	0.64

	T₇ (GA₃ @150 ppm)
	0.33
	0.48
	0.72

	T₈ (GA₃ @300 ppm)
	0.32
	0.46
	0.68

	T₉ (KNO₃ @1%)
	0.29
	0.41
	0.61

	T₁₀ (KNO₃ @2%)
	0.30
	0.43
	0.63

	SEm (±)
	0.012
	0.020
	0.026

	CD (5%)
	0.03
	0.06
	0.08




Fig 3: Effect of Pre-sowing Treatments on Plant Height of Tamarindusindica L. Seedlings
Table 4 Effect of Pre-sowing Treatments on Number of leaves per plant of Tamarindusindica L. Seedlings
	Treatment
	Number of leaves per plant

	
	30 DAS
	60 DAS
	90 DAS

	T₀ (Control)
	78.50
	109.30
	138.73

	T₁ (Cow urine @12h)
	85.40
	120.10
	154.57

	T₂ (Cow urine @24h)
	88.70
	125.90
	162.67

	T₃ (Cow dung slurry @12h)
	83.20
	123.17
	150.07

	T₄ (Cow dung slurry @24h)
	87.00
	123.00
	159.40

	T₅ (Cow urine 12h + Cow dung slurry 24h)
	91.50
	130.70
	168.90

	T₆ (GA₃ @100 ppm)
	95.60
	138.20
	178.70

	T₇ (GA₃ @150 ppm)
	101.27
	146.80
	189.90

	T₈ (GA₃ @300 ppm)
	99.00
	143.30
	185.60

	T₉ (KNO₃ @1%)
	92.20
	132.50
	171.73

	T₁₀ (KNO₃ @2%)
	94.30
	135.70
	174.57

	SEm (±)
	2.329
	3.591
	4.990

	CD (5%)
	6.83
	10.53
	14.64




Fig 4: Effect of Pre-sowing Treatments on Number of leaves per plantof Tamarindusindica L. Seedlings
Table 5 Effect of Pre-sowing Treatments on Shoot Diameter of Tamarindusindica L. Seedlings
	Treatment
	Shoot Diameter (mm)

	
	30 DAS
	60 DAS
	90 DAS

	T₀ (Control)
	1.87
	2.09
	2.32

	T₁ (Cow urine @12h)
	2.01
	2.43
	2.57

	T₂ (Cow urine @24h)
	2.13
	2.64
	2.78

	T₃ (Cow dung slurry @12h)
	1.98
	2.34
	2.47

	T₄ (Cow dung slurry @24h)
	2.11
	2.56
	2.72

	T₅ (Cow urine 12h + Cow dung slurry 24h)
	2.29
	3.00
	2.89

	T₆ (GA₃ @100 ppm)
	2.42
	3.20
	3.31

	T₇ (GA₃ @150 ppm)
	2.60
	3.75
	3.66

	T₈ (GA₃ @300 ppm)
	2.50
	3.58
	3.70

	T₉ (KNO₃ @1%)
	2.25
	2.98
	3.08

	T₁₀ (KNO₃ @2%)
	2.37
	3.24
	3.20

	SEm (±)
	0.060
	0.325
	0.251

	CD (5%)
	0.18
	0.95
	0.74




Fig 5: Effect of Pre-sowing Treatments on Shoot Diameter of Tamarindusindica L. Seedlings
Table 6 Effect of Pre-sowing Treatments on Root Length of Tamarindusindica L. Seedlings
	Treatment
	Root Length (cm)

	
	30 DAS
	60 DAS
	90 DAS

	T₀ (Control)
	3.43
	5.50
	7.00

	T₁ (Cow urine @12h)
	4.10
	6.50
	8.80

	T₂ (Cow urine @24h)
	5.90
	7.80
	10.40

	T₃ (Cow dung slurry @12h)
	3.90
	6.00
	8.20

	T₄ (Cow dung slurry @24h)
	4.50
	7.20
	9.80

	T₅ (Cow urine 12h + Cow dung slurry 24h)
	5.60
	8.40
	11.30

	T₆ (GA₃ @100 ppm)
	6.20
	9.80
	13.10

	T₇ (GA₃ @150 ppm)
	7.40
	11.50
	15.60

	T₈ (GA₃ @300 ppm)
	6.80
	10.70
	14.30

	T₉ (KNO₃ @1%)
	5.10
	7.90
	10.50

	T₁₀ (KNO₃ @2%)
	5.40
	8.30
	11.00

	SEm (±)
	0.574
	0.835
	0.816

	CD (5%)
	1.68
	2.45
	2.39




Fig 6: Effect of Pre-sowing Treatments on Root Length of Tamarindusindica L. Seedlings
Table 7 Effect of Pre-sowing Treatments on Root Diameter of Tamarindusindica L. Seedlings
	Treatment
	Root Diameter (cm)

	
	30 DAS
	60 DAS
	90 DAS

	T₀ (Control)
	0.14
	0.20
	0.26

	T₁ (Cow urine @12h)
	0.18
	0.24
	0.30

	T₂ (Cow urine @24h)
	0.20
	0.27
	0.33

	T₃ (Cow dung slurry @12h)
	0.16
	0.22
	0.28

	T₄ (Cow dung slurry @24h)
	0.18
	0.25
	0.31

	T₅ (Cow urine 12h + Cow dung slurry 24h)
	0.21
	0.28
	0.35

	T₆ (GA₃ @100 ppm)
	0.23
	0.33
	0.40

	T₇ (GA₃ @150 ppm)
	0.26
	0.37
	0.45

	T₈ (GA₃ @300 ppm)
	0.24
	0.35
	0.42

	T₉ (KNO₃ @1%)
	0.20
	0.27
	0.32

	T₁₀ (KNO₃ @2%)
	0.22
	0.29
	0.34

	SEm (±)
	0.017
	0.014
	0.015

	CD (5%)
	0.05
	0.04
	0.04




Fig 7: Effect of Pre-sowing Treatments on Root Diameter of Tamarindusindica L. Seedlings
Table 8 Effect of Pre-sowing Treatments on Seedling Vigour Index of Tamarindusindica L. Seedlings
	Treatment
	Seedling Vigour Index

	T₀ (Control)
	2684.00

	T₁ (Cow urine @12h)
	3416.00

	T₂ (Cow urine @24h)
	4321.00

	T₃ (Cow dung slurry @12h)
	3138.00

	T₄ (Cow dung slurry @24h)
	3960.00

	T₅ (Cow urine 12h + Cow dung slurry 24h)
	5211.00

	T₆ (GA₃ @100 ppm)
	6128.67

	T₇ (GA₃ @150 ppm)
	7258.00

	T₈ (GA₃ @300 ppm)
	6652.67

	T₉ (KNO₃ @1%)
	4600.00

	T₁₀ (KNO₃ @2%)
	4920.00

	SEm (±)
	306.263

	CD (5%)
	898.24



Fig 8: Effect of Pre-sowing Treatments on Seedling Vigour Index of Tamarindusindica L. Seedlings
4. Conclusions
Based on this study, it can be concluded as follows
· GA₃ @150 ppm emerged as the most effective pre‑sowing treatment for catalysing germination and enhancing seedling growth traits in Tamarindusindica. Organic treatments and KNO₃ can serve as cost‑effective alternatives, especially in low‑input agroforestry systems, albeit with lower efficacy than GA₃. Hormonal priming with GA₃ is effective for overcoming hard seed–coat dormancy while promoting uniform, vigorous seedlings.
· The analysis of individual growth parameters demonstrates the superiority of GA₃ @150 ppm (T₇) in enhancing the vegetative and root growth attributes of Tamarindusindica L. seedlings. Organic and nitrate-based treatments also showed promising results, suggesting their potential use in sustainable nursery practices where synthetic hormones are limited or restricted.
5. Recommendations and Future Scope
· Implement GA₃ @150 ppm as standard pre‑sowing protocol for tamarind nurseries and agroforestry programs. Validate performance through field trials across diverse agro‑climatic zones. Explore biochemical mechanisms underlying GA₃ and bio‑organic treatment effects on dormancy breakage. Apply these treatments to other leguminous or tree species exhibiting seed dormancy.
· Develop cost‑effective commercial seed priming formulations combining GA₃ with organic stimulants.

[bookmark: _Hlk204003461]Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 







6. References
Abdul-Baki, A. A., & Anderson, J. D. (1973). Vigor determination in soybean seed by multiple criteria. Crop Science, 13(6), 630–633.
Abubakar, Z. A., & Muhammad, A. (2013). Breaking seed dormancy in tamarind (Tamarindusindica). Journal of Applied Sciences and Environmental Management, 17(1), 31–35. 
Aduradola, A. M., &Shinkafi, M. Y. (2003). Effect of pre-treatment on seed germination of tamarind (Tamarindusindica L.). Nigerian Journal of Botany, 16(2), 34–40.
Alabi, O. N., Adikpe, O. A., & Dare, A. H. (2019). Effect of different growing soil media on seed germination and growth of tamarind as influenced by seed dormancy breaking approaches. International Journal of Environmental Sciences & Natural Resources, 17(1),
Alboresi, A., Gestin, C., Leydecker, M. T., Bedu, M., Meyer, C., & Truong, H. N. (2005). Nitrate, a signal relieving seed dormancy in Arabidopsis. Plant, Cell & Environment, 28(4), 500–512.
Bargah, A. S., Sharma, D., Kumar, R., Nag, R., & Pradhan, R. (2025). Enhancing Germination of Forest Tree Seeds in Chhattisgarh through PGR-Based Treatments: A Review. Journal of Advances in Biology & Biotechnology, 28(7), 851-863.
[bookmark: _GoBack]Baskin, C. C., & Baskin, J. M. (2014). Seeds: Ecology, Biogeography, and Evolution of Dormancy and Germination (2nd ed.). Academic Press. 
Bewley, J. D., Bradford, K. J., Hilhorst, H. W. M., &Nonogaki, H. (2013). Seeds: Physiology of Development, Germination and Dormancy. Springer Science & Business Media.
Broughton, W. J., & Dilworth, M. J. (1971). Control of leghaemoglobin synthesis in snake beans. Biochemical Journal, 125(4), 1075–1080.
Copeland, L. O., & McDonald, M. B. (2001). Principles of Seed Science and Technology. Springer. 
Copeland, L. O., & McDonald, M. B. (2001). Principles of Seed Science and Technology (4th ed.). Springer.
Dantani, A., Mukhtar, R. B., Musa, A. A., Gupa, M. A., and Wali, B. R. (2020). Assessment of pre‑sowing treatments on germination and early growth of tamarind in Kano State, Nigeria. SAJBR, 4, 1–8.
Diallo, O. B., Gassama-Dia, Y. K., Sarr, A., &Gueye, M. (2007). Genetic diversity of Tamarindusindica populations in Senegal revealed by microsatellite markers. African Journal of Biotechnology, 6(22), 2480–2485.
El‑Araby, F. et al. (2022). Effect of pre‑sowing treatments on seed germination and seedling growth of Melia azedarach L. and Tamarindusindica L.Journal of Saudi Arabian Journal of Agricultural Sciences, 7(1), 100–107.
El‑Siddig, K., Gunasena, H. P. M., Prasad, B. A., Pushpakumara, D. K. N., Ramana, K. V. R., Vijayanand, P., & Williams, J. T. (2006). Tamarind, Tamarindusindica. Southampton Centre for Underutilised Crops, University of Southampton. 
Evans, J. R., &Poorter, H. (2001). Photosynthetic acclimation of plants to growth irradiance: the relative importance of specific leaf area and nitrogen partitioning in maximizing carbon gain. Plant, Cell & Environment, 24(8), 755–767.
Fageria, N. K., Baligar, V. C., & Clark, R. B. (2005). Micronutrients in crop production. Advances in Agronomy, 88, 345–391. 
Lynch, J. (1995). Root architecture and plant productivity. Plant Physiology, 109(1), 7–13.
Nonogaki, H., Bassel, G. W., & Bewley, J. D. (2010). Germination—still a mystery. Plant Science, 179(6), 574–581.
Pradhan, R. C., and Mishra, M. K. (2018). Germination dynamics of Tamarindusindica under different environmental and chemical treatments. Journal of Tree Sciences, 37(1), 23–29.
Priya Gupta, Damini Sharma, Yamini Baghel, Nalini and Alok Singh Bargah. Physical and biological characteristics of Tamarindusindica: A review. Int. J. Adv. Biochem. Res. 2025;9(6):416-424.
Rademacher, W. (2015). Plant growth regulators: backgrounds and uses in plant production. Journal of Plant Growth Regulation, 34(4), 845–872.
Ramesh, G. P., Shah, P., Sharma, D., & Kamesh, A. M. (2024). Impacts of fly ash on different vegetation near industrial areas: a review. Environment and Ecology, 42(2), 470-478.
Shandilya, A. K., Yadav, R. S., & Sharma, N. (2024). Studies on the influence of seed treatments on germination and seedling vigour of tamarind (Tamarindusindica L.). International Journal of Biochemistry Research, 8(9), 22–32. 
Shandilya, A., Sharma, G. L., Panigrahi, H. K., and Singh, P. (2024). Studies on the influence of seed treatments on germination and seedling vigour of tamarind. International Journal of Advanced Biochemistry Research, 8(9), 745–749.
Shankaracharya, N. B. (1998). Tamarind—Chemistry, technology, and uses: A critical appraisal. Journal of Food Science and Technology, 35(3), 193–208.
Sharma, R., and Patel, A. (2022). Seed treatment techniques to enhance germination in tropical tree species. Journal of Forestry Research, 33(2), 183–189.
Singh, D., & Singh, H. (2015). Growth and biochemical responses of Phaseolus vulgaris L. to cow urine application. Annals of Agricultural Sciences, 60(2), 275–282.
Singh, D., Verma, P. S., and Sahu, V. (2023). Influence of seed priming and growing medium on germination and seedling vigour of tamarind (Tamarindusindica L.). Research Journal of Agricultural Sciences, 14(1), 177–181.
Singh, K. P., and Srivastava, M. K. (2017). Comparative efficacy of pre-sowing treatments on germination of Tamarindusindica seeds. Environment and Ecology, 35(1), 158–162.
Tjfnc, Oyebamji et al. (2018). The effects of pre‑germination treatments and soil media on seed germination and seedling growth of tamarind in Nigeria. Tanzania Journal of Forestry and Nature Conservation, 88(1), 2019
Vanangamudi, K. (2003). Response of tamarind (Tamarindusindica) to pre‑sowing treatment with growth stimulants. Journal of Tropical Forest Science, 15(1), 6–11.
Verma, S., Toppo, P., Bhariya, S. K., Singh, L., Mankur, M. K., Bargah, A. S., &Minj, N. Effect of different potting mixture on seedling growth and performance of wild jackfruit (Artocarpuslacucha Buch.) in nursery.

PLANT HEIGHT
PLANT HEIGHT(m) 30 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	0.18000000000000024	0.24000000000000021	0.26	0.22	0.25	0.28000000000000008	0.31000000000000061	0.33000000000000085	0.32000000000000067	0.29000000000000031	0.30000000000000032	PLANT HEIGHT(m) 60 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	0.29000000000000031	0.36000000000000032	0.39000000000000068	0.34	0.38000000000000067	0.42000000000000032	0.45	0.48000000000000032	0.46	0.41000000000000031	0.43000000000000038	PLANT HEIGHT(m) 90 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	0.42000000000000032	0.52	0.56999999999999995	0.49000000000000032	0.54999999999999993	0.60333333333333361	0.63666666666666671	0.72000000000000064	0.68	0.61000000000000065	0.63000000000000134	
NO. OF LEAVES PER PLANT 30 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	78.5	85.40000000000002	88.7	83.2	87	91.5	95.6	101.265	99	92.2	94.3	NO. OF LEAVES PER PLANT 60 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	109.3	120.1	125.90000000000002	123.16666666666667	123	130.69999999999999	138.19999999999999	146.80000000000001	143.30000000000001	132.5	135.69999999999999	NO. OF LEAVES PER PLANT 90 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	138.73333333333341	154.56666666666658	162.66666666666652	150.06666666666658	159.4	168.9	178.70000000000002	189.9	185.6	171.73333333333341	174.56666666666658	
SHOOT DIAMETER 30 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	1.8699999999999972	2.0119999999999987	2.1333333333333342	1.9799999999999998	2.11	2.29	2.42	2.5966666666666667	2.5	2.25	2.3699999999999997	SHOOT DIAMETER 60 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	2.09	2.4299999999999997	2.64	2.34	2.56	3	3.2000000000000006	3.75	3.58	2.98	3.243333333333339	SHOOT DIAMETER 90 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	2.3200000000000003	2.5666666666666664	2.7833333333333394	2.4666666666666668	2.7233333333333385	2.8933333333333331	3.313333333333333	3.66	3.7033333333333385	3.0833333333333384	3.2033333333333385	ROOT LENGTH 30 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	3.4333333333333336	4.0999999999999996	5.9000000000000012	3.9	4.5	5.5999999999999988	6.2	7.4000000000000012	6.8000000000000007	5.0999999999999996	5.3999999999999995	ROOT LENGTH 60 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	5.5	6.5	7.8	6	7.2	8.4	9.8000000000000007	11.5	10.700000000000001	7.9000000000000012	8.3000000000000007	ROOT LENGTH 90 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	7	8.8000000000000007	10.4	8.2000000000000011	9.8000000000000007	11.300000000000002	13.1	15.6	14.300000000000002	10.5	11	ROOT DIAMETER 30 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	0.14000000000000001	0.18000000000000024	0.2	0.16	0.18000000000000024	0.21000000000000021	0.23	0.26	0.24000000000000021	0.2	0.22	ROOT DIAMETER 60 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	0.2	0.24000000000000021	0.27	0.22	0.25	0.28000000000000008	0.33000000000000085	0.37000000000000038	0.35000000000000031	0.27	0.29000000000000031	ROOT DIAMETER 90 DAS	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	0.26	0.30000000000000032	0.33000000000000085	0.28000000000000008	0.31000000000000061	0.35000000000000031	0.40000000000000008	0.45	0.42000000000000032	0.32000000000000067	0.34	SVI	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	2684	3416	4321	3138	3960	5211	6128.6666666666943	7258	6652.6666666666943	4600	4920	GERMINATION PERCENTAGE	T₀	T₁	T₂	T₃	T₄	T₅	T₆	T₇	T₈	T₉	T₁₀	64	72.5	76.733333333333249	74.066666666666663	77	81.833333333333258	86	96	91.5	83	84.7	image1.png
12.00

10.00 -
8.00 -

6.00
4.00
2.00
0.00

DAYS TAKEN TO INITIATE

GERMINATION
Pe ——DAYSTAKEN TO
INITIATE
GERMINATION

To T Ta T3 Ta Ts Te T Te To Tio





