


Evaluate the impact of pre-sowing treatments on seed germination of Cassia fistula L.

[bookmark: _GoBack]Abstract 
Cassia fistula L., a forest species with hard seed coat-induced dormancy, was studied to assess the impact of chemical pre-sowing treatments on germination and early seedling growth. Using a Completely Randomized Design with 10 treatments, the study tested GA₃ (250, 500 and 700 ppm), H₂SO₄ (250, 500 and 700 ppm), KNO₃ (2, 4 and 6%) treatments, and a control. The highest germination rate (73.33%) was observed with GA₃ 500 ppm, followed by GA₃ 700 ppm (63.33%) and H₂SO₄ 250 ppm (60.00%), while the control showed the lowest(10%). KNO₃ (4%) led to the fastest emergence (5.67 days) but had poor survival. GA₃ 500 ppm and H₂SO₄ 250 ppm also showed better shoot, root, and leaf development at 30, 60, and 90 DAS. Overall, GA₃ 500 ppm and H₂SO₄ 250 ppm proved most effective in breaking dormancy and enhancing seedling vigor, making them suitable for large-scale propagation of Cassia fistula.
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1. Introduction 
Cassia fistula L., commonly known as the golden shower tree or Indian laburnum, is a member of the Fabaceae family and is appreciated for its ornamental beauty, medicinal applications, and soil-improving properties. Although widely cultivated, the species experiences poor natural propagation due to deep seed dormancy, primarily caused by a hard seed coat and internal physiological inhibitors (Farghali et al., 2022; Gharge et al., 2011).
To improve germination and seedling vigour, pre-sowing treatments such as KNO₃, GA₃, and H₂SO₄ are essential. These methods help overcome dormancy and promote faster, more uniform germination. Gibberellic acid (GA₃) is a plant growth regulator that enhances germination and seedling elongation by stimulating α-amylase activity and promoting cell expansion (Rout et al., 2017). Soaking seeds in 500 ppm GA₃ for 120 minutes significantly improved germination in Bauhinia purpurea (Deepu Mathew and Siva Kumar, 2002). Similarly, acid scarification with concentrated H₂SO₄ for 10 minutes improved germination in Ziziphus mauritiana (Singh et al., 2004). 
Medicinally, various parts of C. fistula—such as bark, leaves, and seeds—are traditionally used to treat skin diseases, constipation, and infections (Majekodunmi et al., 2021; Duraipandiyan and Ignacimuthu, 2007). The pod pulp and mature leaves are known for their laxative effects (Gritsanapan, 2010), while leaf extracts have mosquito larvicidal activity (Mehdi et al., 2011).
Beyond medicinal uses, its striking yellow flowers make it a popular choice in landscaping and urban greening. It plays a vital role in reforestation, biodiversity conservation, and soil erosion control (Gilman and Watson, 1993). In India, it holds ecological, economic, and cultural significance. The plant is promoted in agroforestry, social forestry, and climate resilience programs.
In Chhattisgarh, C. fistula is prioritized for ecological restoration and income generation. It thrives in local climatic conditions and is often grown along roadsides and degraded lands (Lock and Simpson, 1991; Lock and Ford, 2004). Its benefits include soil conservation, (Venkataramany, 1968)  fodder supply, and support for traditional medicine. It also enhances biodiversity by attracting pollinators and other beneficial organisms (Irwin and Barneby, 1982; Toruan-Purba, 1999; Lock and Ford, 2004).
Seed dormancy in C. fistula is mainly due to an impermeable seed coat that restricts water and gas exchange, making propagation difficult (Ballard, 1973). Overcoming this dormancy using pre-sowing techniques is key to ensuring successful and uniform seedling growth (Ramamurthy et al., 2005).





1.1 Seed anatomy:

Table 1: Seed anatomy
	Structure
	Description

	Testa (Seed coat)
	Thick, hard, multi-layered; provides physical dormancy and protection

	Micropyle
	Small pore, often occluded; near hilum

	Hilum
	Scar where the seed was attached to the pod

	Cotyledons
	Two large, fleshy, nutrient-rich structures; store food

	Embryo
	Contains radicle, plumule, hypocotyl; embedded in cotyledons

	Endosperm
	Absent or minimal; cotyledons take over nutrient storage
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Figure 1:  Seed anatomy (Credit: Holly Thompson)
1.2 Seed Dormancy in C.  fistula
C. fistula seeds possess a thick, hard, and water-resistant seed coat that creates a physical barrier to water absorption and gas exchange, leading to pronounced physical dormancy. This dormancy limits the embryo's access to essential moisture and oxygen, thereby inhibiting germination. In addition to physical dormancy, the seeds also exhibit physiological dormancy due to the presence of germination inhibitors like phenolic compounds and abscisic acid (ABA), which can delay enzyme activation and radicle emergence. As a result, natural propagation in this species is rare, with poor and inconsistent germination observed in wild or cultivated settings. To address these limitations, pre-sowing treatments such as mechanical or acid scarification, soaking, and application of chemicals like gibberellic acid (GA₃) are used. These methods help weaken the seed coat, neutralize inhibitory substances, and trigger the metabolic processes necessary for germination, thereby improving germination rates, speed, and uniformity.
2. Material and methods
The present study titled was conducted during the academic year 2024–2025 in Raipur under the academic guidance of the College of Forestry, Mahatma Gandhi University.The experiment followed a Completely Randomized Design (CRD) for data collection and analysis. Observations related to germination and seedling development were statistically analysed and are presented in detail under appropriate sub-sections.
Cassia fistula (Golden Shower) seeds were acquired locally and cleaned to remove immature seeds and debris. The study used these homogenous, mature seeds to assess the impact of various pre-sowing treatments on seed germination and seedling growth. Three chemical treatments and one control treatment were used. To test the impact of gibberellic acid solutions at 250 ppm, 500 ppm, and 700 ppm on breaking seed dormancy, shortening germination time, and increasing germination percentage, seeds were soaked in the GA₃ treatment for 24 hours at room temperature. In the KNO₃ treatment, seeds were soaked in aqueous potassium nitrate solutions at 2%, 4%, and 6% concentrations for 24 hours at room temperature to assess their impact on germination and early seedling vigour. In the H₂SO₄ treatment, concentrated sulphuric acid was utilised for seed coat scarification. As a baseline for comparison, the control treatment (T10) was soaking seeds in distilled water for a whole day without the use of any chemicals. Each treatment was sowed in polybags with a normal nursery potting mix, kept in uniform shade, and watered according to a Completely Randomised Design (CRD) with three replications of 10 seeds each, for a total of 30 seeds per treatment. observations about the percentage of germination, germination time, Observations on germination time, germination percentage, and seedling growth parameters were recorded at 30, 60, and 90 days after sowing (DAS).


2.1 Site of Experiments
The field trial was carried out during the academic year 2025 at the nursery block in Raipur, under the supervision of Mahatma Gandhi Udyaniki Evam Vaniki Vishwavidyalaya, College of Forestry and Research Station, Sankara Patan, Durg, Chhattisgarh. 
2.2 Soil
The soil used for the experiment was collected from the garden area of Indira Gandhi Krishi Vishwavidyalaya, Raipur. the soil was extensively mixed with river sand, and well-decomposed vermicompost in the ratio of 2:1:1 by volume. Under nursery settings, this mixture offered an ideal growth medium to promote seed germination and early seedling development.

2.2.1 Following table showing experimental Details: -
	Parameter
	Details

	Tree Species
	Golden Shower ( C. fistula)

	Botanical Name
	C. fistula

	Number of Treatments
	10

	No. of Replication 
	3(each replication has 10 plants )

	Number of Seeds Sown per Treatment
	30

	Total number of polybags
	300

	Experimental Design
	Completely Randomized Design (CRD)

	Method of Treatment
	Sowing in polybags

	Location
	Raipur 















2.2.2 List of Treatments:
	Treatment Code
	Treatment Details

	T1
	Soaking with GA₃ 250 ppm for 24 hours

	T2
	Soaking with GA₃ 500 ppm for 24 hours

	T3
	Soaking with GA₃ 700 ppm for 24 hours

	T4
	Soaking with H₂SO₄ 250 ppm for 5 minutes

	T5
	Soaking with H₂SO₄ 500 ppm for 5 minutes

	T6
	Soaking with H₂SO₄ 700 ppm for 5 minutes

	T7
	Soaking with KNO₃ 2% for 24 hours

	T8
	Soaking with KNO₃ 4% for 24 hours

	T9
	Soaking with KNO₃ 6% for 24 hours

	T10
	Control (seeds soaked in plain water for 24 hrs)


2.2.3 Methodology
The experiment was laid out in a Completely Randomized Design (CRD) comprising ten treatments, each with three replications. Each replication contained 30 seeds, totalling 300 seeds for the entire study. Seeds were sown in 6" × 9" polybags filled with a well-mixed potting medium composed of Red Earth, sand, and Vermicompost in a 2:1:1 ratio, ensuring proper aeration, drainage, and nutrient supply for optimal seedling growth. Pre-sowing treatments involved different concentrations of Gibberellic Acid (GA₃), Sulphuric Acid (H₂SO₄), and Potassium Nitrate (KNO₃), each prepared in distilled water. Seeds were soaked in their respective solutions for 24 hours, except for the acid treatments, which were limited to five minutes to prevent damage. A control group (T10) involved soaking seeds in plain water for 24 hours, serving as a baseline for comparison. 

2.2.3 Treatment of seeds and preparation of treatment 
Ten pre-sowing treatments (T1 to T10) were used with chemical solutions at different doses to improve seed germination and break dormancy in C. fistula. 

In order to create concentrations of 250 ppm, 500 ppm, and 700 ppm for GA₃ treatments (T1–T3), 0.25 g, 0.5 g, and 0.7 g of GA₃ were dissolved in 100 ml of distilled water, respectively. The volume was then adjusted to 1000 ml using distilled water. Each solution was used to soak the seeds for a full day.

The sulphuric acid (H₂SO₄) treatments (T4–T6) were made by carefully diluting concentrated acid with double-distilled water at 250 ppm, 500 ppm, and 700 ppm. To avoid tissue damage, treated seeds were immersed for about five minutes before being thoroughly and promptly washed under tap water.

For KNO₃ treatments (T7–T9), 20 g, 40 g, and 60 g of potassium nitrate were dissolved in 1000 ml of distilled water to provide 2%, 4%, and 6% solutions, respectively. Each solution was used to soak the seeds for a full day.

As a control, T10 involved soaking seeds in pure distilled water for a whole day without the use of any chemicals.
2.2.4 Portrays Preparation
For uniform and controlled seed germination, portrays (plastic seedling trays) with individual cells measuring approximately 4–5 cm in diameter were used. Prior to use, the portrays were thoroughly cleaned and sterilized using a 0.1% potassium permanganate (KMnO₄) solution to remove any soil-borne pathogens or residual contaminants. The trays were then air-dried in a clean and shaded area before filling.
2.2.5 Growing media preparation 
The potting material that was used to fill the holes was made by mixing vermicompost, garden soil, and river sand in a 2:1:1 volume ratio. Essential minerals and structure were supplied by the garden soil, correct aeration and drainage were guaranteed by the sand, and early seedling development was aided by the organic matter and microbial nutrients provided by the vermicompost. To create a homogenous medium, all ingredients were well combined and sieved to get rid of any stones or clods. To ensure ideal substrate conditions, the mixture was mildly watered 24 hours before seeding.


2.2.6 Seed sowing in portrays 
The prepared pots were manually seeded with pre-treated C. fistula seeds. One seed was inserted between 1 and 1.5 cm deep in the middle of each cell, and the same medium was then gently covered over it. The trays were kept out of direct sunlight and intense rain by being situated in a nursery environment that was partially shaded. 
2.2.7 Filling Polybags and Preparing Media
Once the seedlings had grown in portrays, they were moved into 6" × 9" polybags, which provided enough room for the roots to spread out and flourish. A carefully prepared potting mixture made up of garden soil, river sand, and farmyard manure (FYM) in a 2:1:1 ratio was placed inside the polybags. Good aeration, water retention, and nutrient availability were guaranteed by this mixture. Prior to filling and transplanting, the media was sieved, thoroughly mixed, and lightly wet to settle.
2.2.8 Transplanting of Seedlings
When the seedlings reached the two-leaf stage, which occurs 10 to 15 days after sowing, they were carefully taken out of the portrays without causing any harm to the roots and placed into the polybags that had been prepared. To reduce transplant shock, the procedure was performed either in the early morning or late afternoon. Following transplanting, the polybags were watered right away and placed in the nursery in moderately shaded areas.

2.2.9 Details of observation recorded 
1. Germination Percentage:- The following formula is used to determine the percentage of seeds that successfully germinate in each treatment: 
2. Germination Percentage= ()×100 
3. Days taken to Germinate– Time taken for seeds to start germinating.
4. Leaf Count:- The total number of leaves per seedling is counted, especially focusing on compound or true leaves. This data is recorded at set intervals to evaluate foliage development. To calculate Average=R1+R2+R3/3.
5. Seedling Height:- To evaluate vegetative growth performance, the vertical height of seedlings from the base (collar area) to the shoot tip is measured in centimetres at regular intervals (e.g., 30, 60, 90 DAS).

3. Results:
The study illustrates significant differences between treatments in terms of days taken to germinate, germination percentage, seedling height, leaves count these results have been statistically confirmed and contrasted with earlier research.
3.1 The result of days taken to germination and the germination percentage. 
This section illustrates how various pre-sowing procedures affect the percentage of C. fistula that germinates and the time it takes for germination to begin. Ten treatments (T1–T10) with different amounts of GA₃, H₂SO₄, and KNO₃ were used in the experiment, in addition to a control. C. fistula seeds were exposed to various pre-sowing treatments, and the number of days it took for germination to start and the final germination % were noted. In both measures, there were noticeable variations between treatments.

The number of seeds that successfully germinated out of all the seeds sown in each treatment was used to determine the germination percentage. Three replications of ten seeds each, for a total of thirty seeds per treatment, were included for consistency and statistical reliability. 









Table2: Effect of Pre-sowing Treatments on Germination.

	Treatment
	Treatment details
	Mean

	T1
	GA₃ 250 ppm
	5.6

	T2
	GA₃ 500 ppm
	7.3

	T3
	GA₃ 700 ppm
	6.3

	T4
	H₂SO₄ 250 ppm
	6.0

	T5
	H₂SO₄ 500 ppm
	5.0

	T6
	H₂SO₄ 700 ppm
	5.3

	T7
	KNO₃ 2%
	3.33

	T8
	KNO₃ 4%
	3.0

	T9
	KNO₃ 6%
	3.00

	T10
	Normal Water
	1.0

	C.D.
	0.8

	SE(m)
	0.23

	SE(d)
	0.33

	C.V.
	8.87

	S.D.
		1.94






As shown in Table 2, several pre-sowing treatments had a substantial impact on the germination percentage of C. fistula seeds. Thirty seeds total, split into three replications (R1, R2, and R3) of ten seeds each, were used in each treatment. The findings show significant variance between treatments, demonstrating the effectiveness of chemical and hormonal pre-sowing agents in boosting seed viability and breaking seed dormancy.

With replication-wise germination values of 7, 8, and 7 seeds, respectively, T2 (GA₃ 500 ppm) had the highest germination percentage of 73.33% among all the treatments. Gibberellic acid (GA₃) works well at this concentration because it promotes the synthesis of hydrolytic enzymes like α-amylase, which breaks down food that has been stored in the endosperm and promotes radicle protrusion and embryo growth.

Following closely behind, T3 (GA₃ 700 ppm) exhibited a 63.33% germination rate, while T4 (H₂SO₄ 250 ppm) produced a 60.00% germination rate. These treatments were highly effective in encouraging early metabolic activity and seed coat thinning. Because mild acid scarification (T4) weakened the strong seed coat without harming the embryo, it probably increased water intake.

With a germination percentage of 50.00%, the control group, T10 (Distilled water), demonstrated that, in ideal circumstances, C. fistula seeds have a modest level of natural germ inability. This result implies that the species has a natural capacity for germination, which pre-treatments can greatly enhance.

With germination percentages of 46.66 and 43.33%, respectively, T1 (GA₃ 250 ppm) and T5 (H₂SO₄ 500 ppm) showed moderate results. These numbers suggest that although the treatments were beneficial, the optimal levels were more effective than lower or intermediate amounts.

Conversely, the germination percentages of T6 (H₂SO₄ 700 ppm) and T9 (KNO₃ 6%) were significantly lower at 36.66 and 30.00%, respectively. T6's subpar performance raises the possibility that an excessive acid concentration damaged the seed coat and embryo, preventing normal development. Similarly, osmotic stress brought on by a high potassium nitrate concentration might have decreased seed viability.

T8 (KNO₃ 4%) and T7 (KNO₃ 2%) showed the lowest germination rates, with 30.00 and 33.33%, respectively. KNO₃ is known to overcome physiological dormancy in many species, although in this instance, its concentration and application time might not have been ideal.
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🟦 T1–T3 (GA₃ Treatments): Gibberellic acid at 250 ppm, 500 ppm, and 700 ppm
🟩 T4–T6 (H₂SO₄ Treatments): Sulfuric acid at 250 ppm, 500 ppm, and 700 ppm
🟥 T7–T9 (KNO₃ Treatments): Potassium nitrate at 2%, 4%, and 6%
🟪 T10 (Control): Seeds soaked in plain water for 24 hours
  Figure 2.  The germination rates in different seed treatments for C. fistula.

3.2 Days taken to germinate- 
The current study illustrates how different pre-sowing seed treatments affect the number of days needed for C. fistula to germinate. The information, how long it took for seeds to emerge in three replications (R1, R2, and R3) as well as the calculated average for each treatment. The relevance of pre-treatment in breaking seed dormancy and promoting early seedling emergence was highlighted by the notable variability in the mean germination time.
With an average of 5.67 days, T8 (KNO₃ 4%) germination was the quickest of the various treatments. This implies that a small amount of potassium nitrate efficiently promotes metabolic processes, resulting in the early appearance of radicles. Since KNO₃ is known to improve water absorption and nitrate metabolism, it probably accelerated germination when compared to untreated seeds.
T2 (GA₃ 500 ppm) and T10 (Control: Normal Water) came in second and third, respectively, exhibiting early germination with an average of 6.67 days. This demonstrates that, although C.fistula seeds have the innate capacity to sprout in typical circumstances, this response can be boosted with the right hormonal interventions. The ideal dosage of gibberellic acid for encouraging early germination without producing physiological stress seems to be 500 ppm. GA₃ works by activating hydrolytic enzymes, such as α-amylase, which break down food stored in the endosperm to provide energy for the growth of the embryo.
With an average of 7.67 days, T3 (GA₃ 700 ppm) and T5 (H₂SO₄ 500 ppm) showed somewhat delayed germination. This implies that although higher GA₃ concentrations may at first encourage seedling growth, overdosing may cause hormonal imbalance and decrease effectiveness. Likewise, careful scheduling may be necessary for moderate acid scarification using H₂SO₄ (500 ppm); extended or extremely concentrated exposure may harm the embryo or seed coat.
The average germination time for T4 (H₂SO₄ 250 ppm) and T7 (KNO₃ 2%) treatments was 7.33 days, suggesting that they were somewhat successful. It's interesting to note that, although though H₂SO₄ is a chemical scarification approach, it did not considerably speed up germination at 250 ppm. This could be because there was not enough seed coat weakening at this concentration. 
Conversely, T1 (GA₃ 250 ppm), T6 (H₂SO₄ 700 ppm), and T9 (KNO₃ 6%) all showed delayed germination, with an average of 8.33 days. Both extremely low and very high doses of gibberellic acid or chemical scarification agents may not provide the required physiological response, as these treatments were less successful in reducing dormancy. Higher H2SO4 concentrations (700 ppm) in particular may damage the seed coat excessively, delaying water imbibition and enzyme activation.
All things considered, the findings show that milder hormonal or chemical treatments—like GA₃ at 500 ppm or KNO₃ at 4%—are more successful in encouraging C. fistula to germinate early. These results are consistent with a number of other investigations that found that GA₃ and KNO₃ affect early seed metabolism and hormone signaling pathways that are essential for germination. It's important to strike a balance between dormancy-breaking effectiveness and seed viability because too much exposure to treatment agents can actually make germination more difficult.
3.2.1 Total number of leaves- 
	Treatment
	Mean
		S.E.

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

	T1
	8.901
	17.540
	23.105
	0.103
	0.147
	0.087

	T2
	11.612
	18.488
	23.919
	0.164
	0.105
	0.079

	T3
	10.071
	17.908
	23.433
	0.100
	0.178
	0.144

	T4
	8.435
	17.251
	21.947
	0.067
	0.010
	0.131

	T5
	7.859
	16.064
	20.960
	0.058
	0.122
	0.082

	T6
	7.425
	15.179
	20.019
	0.123
	0.045
	0.070

	T7
	7.312
	14.841
	20.028
	0.043
	0.044
	0.122

	T8
	7.081
	14.363
	19.003
	0.069
	0.077
	0.132

	T9
	7.525
	14.955
	19.964
	0.033
	0.117
	0.143

	T10
	5.409
	11.890
	16.015
	0.116
	0.044
	0.152

	C.D.
	
	0.284
	0.304
	0.351

	SE(m)
	
	0.096
	0.102
	0.118

	SE(d)
	
	0.135
	0.145
	0.167

	C.V.
	
	2.032
	1.119
	0.981



TABLE 3. number of leaves
With an average of 11.61 leaves at 30 DAS (R1), T2 (GA₃ 500 ppm) had the most leaves, followed by T3 (GA₃ 700 ppm) and T1 (GA₃ 250 ppm), with 10.07 and 8.90 leaves, respectively. Comparatively less leaves were produced by sulphuric acid and potassium nitrate treatments; T10 (KNO₃ 6%) had the lowest average number of leaves, at 5.40.

The leaf number continued to rise at 60 DAS (R2), with T2 continuing to have the highest count (18.48), while T3 and T1 both maintained their strong performance with 17.90 and 17.54, respectively. T10, on the other hand, once more performed the worst (11.89 leaves), indicating that high-concentration KNO₃ treatment had a detrimental or delayed effect on early vegetative growth.
T2 reached a maximum of 23.91 leaves per seedling by 90 DAS (R3), maintaining the trend of superiority for GA₃ treatments. T3 (23.43) and T1 (23.10) came in quick succession, suggesting that gibberellic acid encourages long-term vegetative development. T10 (KNO₃ 6%), on the other hand, stayed noticeably lower (16.01), suggesting that greater nitrate concentrations may prevent long-term leaf formation.
In order to demonstrate that the observed differences between treatments were statistically significant, the crucial difference (CD) at the 5% level was determined to be 0.284, 0.304, and 0.351 at 30, 60, and 90 DAS, respectively. All phases showed low coefficients of variation (C.V.) (2.03% at 30 DAS, 1.12% at 60 DAS, and 0.98% at 90 DAS), suggesting excellent levels of experimental precision and consistency between replications.









3.3 Seedling Height:- The vertical height of seedlings from the base (collar area) to the shoot tip is measured in centimetres at regular intervals (e.g., 30, 60, 90 DAS).
	Treatment
	Mean
	S.E.

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

	T1
	9.433
	18.633
	28.500
	0.120
	0.203
	0.289

	T2
	10.000
	20.300
	33.400
	0.115
	0.058
	0.153

	T3
	11.167
	20.967
	32.133
	0.088
	0.120
	0.203

	T4
	10.800
	22.367
	35.767
	0.173
	0.186
	0.433

	T5
	8.800
	17.833
	25.033
	0.115
	0.120
	0.145

	T6
	7.200
	14.267
	22.833
	0.153
	0.145
	0.203

	T7
	8.233
	17.167
	27.200
	0.145
	0.203
	0.115

	T8
	7.400
	15.367
	24.533
	0.058
	0.088
	0.145

	T9
	6.933
	14.033
	21.900
	0.088
	0.145
	0.208

	T10
	9.167
	16.200
	28.533
	0.088
	0.058
	0.291

	C.D.
	
	0.354
	0.422
	0.703

	SE(m)
	
	0.119
	0.142
	0.237

	SE(d)
	
	0.169
	0.201
	0.335

	C.V.
	
	2.317
	1.391
	1.465


                                                           TABLE 4. Seedling Height
With an average height of 11.17 cm at 30 DAS, the tallest seedlings were found under T3 (GA₃ 700 ppm), closely followed by T4 (H₂SO₄ 250 ppm) with 10.80 cm and T2 (GA₃ 500 ppm) with 10.00 cm. The control and other underperforming treatments, such T6 (H₂SO₄ 700 ppm) and T9 (KNO₃ 6%), which produced the shortest seedlings (7.20 cm and 6.93 cm, respectively), were greatly exceeded by these treatments.
T4 maintained its lead (22.36 cm) by 60 DAS, followed by T3 and T2, although treatments with greater H₂SO₄ and KNO₃ concentrations continued to exhibit slower development. T4 outperformed the other treatments by recording the highest height (35.77 cm) at 90 DAS.
The findings show that modest H₂SO₄ (250 ppm)and GA₃ (500ppm) enhance shoot elongation. Statistical measures including CD, SEM, and CV% validated the results' correctness and significance















	Treatment
	Treatment Details
	Germination %
	Avg Days to Germinate
	No. of Leaves 30 DAS
	No. of Leaves 60 DAS
	No. of Leaves 90 DAS
	Seedling Height 30 DAS (cm)
	Seedling Height 60 DAS (cm)
	Seedling Height 90 DAS (cm)

	T1
	GA₃ 250 ppm
	56.67
	8.33
	8.90
	17.5
	23.10
	9.43
	18.63
	28.5

	T2
	GA₃ 500 ppm
	73.33
	6.67
	11.61
	18.48
	23.91
	10.0
	20.3
	33.4

	T3
	GA₃ 700 ppm
	63.33
	7.67
	10.07
	17.90
	23.43
	11.16
	20.96
	32.13

	T4
	H₂SO₄ 250 ppm
	60.0
	7.33
	8.43
	17.25
	21.94
	10.8
	22.36
	35.76

	T5
	H₂SO₄ 500 ppm
	50.0
	7.67
	7.85
	16.06
	20.9
	8.8
	17.83
	25.03

	T6
	H₂SO₄ 700 ppm
	36.66
	8.33
	7.42
	15.17
	20.01
	7.2
	14.26
	22.83

	T7
	KNO₃ 2%
	33.33
	7.33
	7.31
	14.84
	20.02
	8.23
	17.16
	27.2

	T8
	KNO₃ 4%
	30.0
	5.67
	7.08
	14.36
	19.00
	7.4
	15.36
	24.53

	T9
	KNO₃ 6%
	30.0
	8.33
	7.52
	14.95
	19.96
	6.93
	14.03
	21.9

	T10
	Normal Water
	10.0
	6.67
	5.40
	11.8
	16.01
	9.16
	16.2
	28.53



Table 5: Measured Results Side by side: Effect of Pre-sowing Treatments on C. fistula



4. Discussion
The highest germination percentage (73.33%) and comparatively quick germination time (6.67 days) were demonstrated by GA₃ at 500 ppm, which also demonstrated superior seedling vigour as measured by leaf number, outperforming all other treatments. Through 30, 60, and 90 DAS, T2 (GA₃ 500 ppm) consistently demonstrated the highest average leaf number and the best performance. This concurs with Al‑Menaie et al., (2010) who reported ~85% germination using GA₃ at 500 ppm for 24 hours. Treatments with H₂SO₄ at 250 ppm (T4) and GA₃ at 700 ppm (T3) also promoted acceptable germination, but exhibited slightly lower final percentages or delayed onset, highlighting that exceeding optimal GA₃ levels can hinder uniform germination. Supporting this, Sandeep Rout et al. (2017) demonstrated that GA₃ pre-treatment at ~760 ppm significantly improved germination percentage (~56.7%) and seedling vigor metrics. Furthermore, Kesavan et al. (2023) found that GA₃ priming to effectively enhance germination and seedling growth under salinity stress . They affirm that the synergistic effect of GA₃—promoting cell elongation, enzyme activity, and inhibitor leaching—makes it a powerful dormancy-breaking agent.
In terms of seedling height, T4 (H₂SO₄ 250 ppm) stood out, reaching maximum elongation (35.77 cm) at 90 DAS. Conversely, treatments with extreme concentrations, such as T6 (H₂SO₄ 700 ppm) and T9 (KNO₃ 6%), resulted in stunted growth and lower germination rates. The control group, while decent, lacked the uniformity although germinating moderately, lacked the consistency and vigor achieved by hormonal or acid-treated seeds.
GA₃ at 500 ppm (T2) yielded the most rapid emergence and highest germination percentage in C. fistula, outperforming all other treatments. But exhibited slightly lower final percentages or delayed onset, highlighting that exceeding optimal GA₃ levels can hinder uniform germination. Conversely, KNO₃ treatments initiated germination swiftly yet delivered lower overall germination, likely due to their inability to address the seed coat’s physical obstacle, despite enhancing enzymatic signalling for radicle protrusion.


Conclusion:
The present study highlights the effectiveness of combining physical scarification with chemical treatments, particularly Gibberellic Acid (GA₃) at 500 ppm, in significantly enhancing germination rate, uniformity, and early seedling growth in C. fistula. The findings demonstrate that this method is both efficient and scalable, making it highly suitable for mass propagation, nursery cultivation, and large-scale afforestation programs. GA₃ proved to be a powerful agent in breaking seed dormancy and promoting vigorous seedling establishment. Overall, the research emphasizes the practical value of pre-sowing treatments in improving germination performance, offering promising potential for forest regeneration and plantation success.
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