


 Effect of pre-sowing treatments to break dormancy in senna (Cassia angustifolia Vahl.)

ABSTRACT
The experiment was carried out to investigate the effect of pre sowing treatments on seed germination and seedling quality of senna (Cassia angustifolia Vahl.). Fifty seeds were taken per treatment and replicated thrice in Completely Randomized Design (CRD).There were 27 treatments including hot water soaking (6 hr), boiling (30 sec), soaking in absolute ethanol (72 hr), 25 per cent sulfuric acid (5, 10, 20,  and 30 min), 50 per cent sulfuric acid (5, 10, 20 , and 30 min), 25 per cent nitric acid (5, 10, 20,  and 30 min), 50 per cent nitric acid (5, 10, 20 and, 30 min), nicking, nicking along with soaking in water (4 hr), 5 ppm GA3 (24 hr), 10 ppm GA3 (24 hr), 100 ppm GA3 (3 hr and 4 hr), water soaking (24 hr) and untreated as control. Among all the treatments, water soaking (24 hr) has recorded least number of days for germination (5.33) and maximum germination percentage (58.88). Soaking in 25 per cent nitric acid for 30 min has recorded maximum seedling length (21.15 cm), seedling vigour index (1093.68) and fresh weight of seedling (0.30g). Soaking in 25 per cent nitric acid for 20 min has recorded maximum survival percentage (89.26). Thus, soaking of senna seeds in 25 per cent nitric acid for 20-30 min has resulted in good seedling quality and maximum survival of seedlings.	Comment by Microsoft Office User: Explain either it is soaked in boiling water or soaked in a water after boiling the water, in case of any thing mention it properly	Comment by Microsoft Office User: 	Comment by Microsoft Office User: Its GA3	Comment by Microsoft Office User: Use some positive words such as in place of least number of days you can write rapid germination
Key words: Senna, Seed, Dormancy, Nitric acid	Comment by Microsoft Office User: Add at least five key words 
Introduction
	The senna (Cassia angustifolia Vahl.) is a perennial plant belonging to the family Fabaceae (Kumar et al., 2024). It is from Yemen and the Saudi Arabian province of Hadramaut. Arabian physicians employed Senna for medical purposes for the first time in the 9th century A.D. It’s also been employed in traditional Arabic and European medicine for a long time, primarily as a cathartic (Khan, 2020).   It is also known as Alexandrian Senna and Egyptian Senna because, Alexandria in Egypt was the main trade port for senna in past times (Jalwal and Middha, 2017). Tirunelveli Senna is named after a town in South India known for its Senna cultivation. There are almost 250-300 accepted species distributed throughout the world, but most are dispersed in tropical and subtropical regions of Africa, Asia, Europe and Latin America (Oladeji et al., 2021). In India, it is grown throughout the subtropical regions, but concentrated in Tamil Nadu (Tirunelveli, Ramanathapuram, Madurai, Salem and Tiruchirappalli), Gujarat and Rajasthan semi-arid regions (Jnanesha et al., 2018). 
	Senna is recognized as natural laxative all over the world. Along with Ayurveda, Siddha, Unani, Yoga, Naturopathy and Homeopathy in India, it is also recommended in the Pharmacopeia of the United States, United Kingdom, Germany and other nations (Primi et al., 2021). The beneficial effects of the Senna genus are contributed by the diverse group of phyto constituents present in its leaves, stem and seeds (Nassar et al., 2011). Sennosides are the anthraquinone glycosides (four types of Sennoside A, B, C and D) found in large quantities in leaves (2.0–3.0%) and pods (3.0–4.0%) of Senna (Rama Reddy et al., 2015). It is recognized by the National Medicinal Plant Board (NMPB) and promoted for Commercial cultivation in India (Jat et al., 2015).	Comment by Microsoft Office User: No need for this paragraph as general importance and background has already been discussed.
	In many Senna species (such as Senna obtusifolia, Senna marilandica and Cassia angustifolia), the seeds possess a dense, lignified coat that hinders both water entry and gaseous exchange, thereby imposing physical dormancy (Baskin et al., 2008). Seed dormancy can be defined as the failure of an intact viable seed to complete germination under favorable conditions (Koornneef et al., 2002). Dormancy levels differ among Senna species; for instance, in S. obtusifolia nearly 90 per cent of the seeds are green and remain dormant, while only about 10 per cent are brown and capable of germination. Conversely, seeds of S. marilandica exhibit almost complete dormancy. Seed dormancy promotes asynchronous germination, enabling Senna species to adapt to variable environments by distributing seedling emergence across time which directly effects on the mass propagation of the crop (Bharadwaj et al., 2020). Therefore, breaking dormancy is much essential to induce germination. Mechanical scarification, hot water immersion and acid treatment are effective pretreatments that markedly enhance germination in Cassia angustifolia and Senna spectabilis (Zembele and Ngulube, 2022). Thus, the present experiment was conducted to study the effect of pre-sowing treatments on seed germination and seedling quality of senna (Cassia angustifolia Vahl.).	Comment by Microsoft Office User: Check it with reference it is 1998 or 2008
Material and methods
	The experiment was carried out in completely randomized design (CRD) with three replications in shade house at the Department of Plantation, Spices, Medicinal and Aromatic Crops, College of Horticulture, University of Horticultural Sciences, Bagalkot, Karnataka. Seeds were collected from Directorate of Medicinal and Aromatic Plants Research (DMAPR) Anand, Gujarat. In the present study seeds were subjected to 27 different seed treatments as mentioned in Table 1. Fifty seeds were considered for each treatment, which are sown in portrays containing cocopeat along with 0.5 per cent carbendazim. After sowing, portrays are packed with polythene sheet to get sufficient humidity, darkness and moisture for germination. These were opened after 2 days and arranged according to CRD in shade house. Various parameters like number of days to germination, germination percentage, shoot length, root length, seedling length, seedling vigour index, survival percentage, fresh and dry weight of seedling were recorded from five randomly selected plants. Mean values were statistically analyzed using WASP software and the significant differences at p=0.005 were noted.	Comment by Microsoft Office User: According to the detail provided three replication per treatment is given and 50 seeds per treatment was used justify this
Germination percentage 
It was calculated by using formula given by Mishra and Bohra (2016) in senna.

Seedling vigour index 
It was calculated by using formula given by Begum et al. (2013) in senna.

Survival percentage
It was calculated by using formula given by Olasupo et al. (2016) in cowpea.


Table 1: Treatment details of the experiment
	No. of treatment
	Treatment details

	T1
	Hot water soaking (6 hr)	Comment by Microsoft Office User: Explain this what do you mean by hot water soaking

	T2
	Boiling for 30 seconds (65˚C)

	T3
	Soaking in absolute ethanol (72 hr)

	T4
	Sulfuric acid 25 per cent (5 min)

	T5
	Sulfuric acid 25 per cent (10 min)

	T6
	Sulfuric acid 25 per cent (20 min)

	T7
	Sulfuric acid 25 per cent (30 min)

	T8
	Sulfuric acid 50 per cent (5 min)

	T9
	Sulfuric acid 50 per cent (10 min)

	T10
	Sulfuric acid 50 per cent (20 min)

	T11
	Sulfuric acid 50 per cent (30 min)

	T12
	Nitric acid 25 per cent (5 min)

	T13
	Nitric acid 25 per cent (10 min)

	T14
	Nitric acid 25 per cent (20 min)

	T15
	Nitric acid 25 per cent (30 min)

	T16
	Nitric acid 50 per cent (5 min)

	T17
	Nitric acid 50 per cent (10 min)

	T18
	Nitric acid 50 per cent (20 min)

	T19
	Nitric acid 50 per cent (30 min)

	T20
	Mechanical scarification (Nicking alone)

	T21
	Nicking along with soaking in water (4 hr)

	T22
	Soaking in GA3 at 5 ppm (24 hr)	Comment by Microsoft Office User: Write it properly

	T23
	Soaking in GA3 at 10 ppm (24 hr)

	T24
	Soaking in GA3 at 100 ppm (3 hr)

	T25
	Soaking in GA3 at 100 ppm (4 hr)

	T26
	Water soaking for 24 hr   

	T27
	Control (Untreated)


	
Results and discussion
 
Table 2: Effect of pre-sowing treatments on germination and various seedling parameters of senna seeds
	Treatment
	Days to germination
	Germination percentage
	Survival percentage
	Seedling vigour index
	Seedling length (cm)
	Fresh weight of seedling (g)
	Dry weight of seedling (g)

	T1
	6.67
	48.88
	59.82
	624.93
	12.71
	0.20
	0.05

	T2
	-
	-
	-
	-
	-
	-
	-

	T3
	7.67
	23.33
	70.90
	247.76
	10.62
	0.15
	0.03

	T4
	6.00
	53.33
	77.78
	950.62
	16.96
	0.20
	0.05

	T5
	5.67
	44.44
	60.65
	727.88
	16.33
	0.31
	0.07

	T6
	6.67
	37.77
	72.98
	637.70
	16.87
	0.28
	0.04

	T7
	6.67
	53.33
	49.07
	820.64
	15.09
	0.23
	0.05 

	T8
	6.67
	38.89
	82.01
	588.50
	15.09
	0.24
	0.07

	T9
	6.67
	47.78
	80.28
	880.60
	18.32
	0.27
	0.09

	T10
	7.00
	42.22
	78.61
	624.29
	14.30
	0.21
	0.06

	T11
	6.33
	52.22
	62.63
	880.40
	15.95
	0.25
	0.04

	T12
	7.33
	41.11
	76.46
	661.68
	16.09
	0.25
	0.06

	T13
	6.33
	43.33
	77.81
	712.64
	16.54
	0.24
	0.06

	T14
	6.33
	33.33
	89.26
	492.22
	14.81
	0.24
	0.07

	T15
	7.33
	51.11
	76.84
	1093.68
	21.15
	0.30
	0.07

	T16
	7.00
	56.77
	71.26
	946.09
	16.27
	0.25
	0.07

	T17
	6.33
	36.66
	75.61
	611.26
	16.63
	0.22
	0.07

	T18
	7.00
	47.77
	68.68
	969.27
	20.27
	0.24
	0.06

	T19
	5.67
	38.89
	67.78
	590.19
	14.92
	0.18
	0.04

	T20
	6.33
	42.22
	49.17
	388.30
	10.09
	0.12
	0.02

	T21
	6.33
	31.11
	55.00
	366.21
	11.68
	0.13
	0.01

	T22
	7.33
	41.11
	54.03
	580.25
	13.82
	0.12
	0.02

	T23
	7.33
	32.22
	72.65
	482.97
	15.32
	0.19
	0.05

	T24
	6.67
	46.66
	66.27
	633.07
	13.57
	0.22
	0.05

	T25
	6.33
	35.55
	63.49
	405.33
	11.46
	0.16
	0.03

	T26
	5.33
	58.88
	63.72
	1090.39
	18.65
	0.26
	0.07

	T27
	6.33
	49.99
	43.84
	505.53
	10.12
	0.16
	0.02

	S.Em
	0.46
	6.00
	8.26
	130.16
	1.32
	0.02
	0.01

	CD (5%)
	NS
	17.09
	23.44
	369.37
	3.74
	0.07
	0.03




[bookmark: _Hlk210902167]	Effect of pre-sowing treatment on germination, survival percentage and seedling vigour index of senna are summarized in Table 2. The number of days taken for germination was found non significant with respect to all the treatments. Boiling of seeds for 30 sec (T2) has not shown any germination and thus not considered for further analysis, this might be due to the death of an embryo and also denaturation of enzymes and protein that causes germination. Germination percentage was found significantly higher in water soaking for 24 hrs (58.88) may be due to softening or breaking of hard seed coat that leads to penetration of water into the embryo and activating the metabolites that causes germination (Anandhi et al., 2023). It was also found on par with soaking in 50 per cent nitric acid for 5 min (56.77), 25 per cent sulfuric acid for 5 min (53.33), sulfuric acid 25 per cent (30 min) (53.33), sulfuric acid 50 per cent (30 min) (52.22), 25 per cent nitric acid for 30 min (51.11), control (49.99), hot water soaking for 6 hr (48.88), 50 per cent sulfuric acid for 10 min (47.78), 50 per cent nitric acid for 20 min (47.77),   GA3 at 100 ppm for 3 hr (46.66), 25 per cent sulfuric acid for 10 min (44.44), 25 per cent nitric acid for 10 min (43.33), 50 per cent sulfuric acid for 20 min (42.22), mechanical scarification by nicking (42.22), 25 per cent nitric acid for 5 min (41.11) and GA3 at 5 ppm for 24 hr (41.11). The acid treatment, which enhances the germination by creating micro cracks which allows water and oxygen to penetrate the seed (Morais et al., 2014). The least germination percentage was obtained by soaking in absolute ethanol for 72 hr (23.33).	Comment by Microsoft Office User: Mention its unit in whole manuscript
[bookmark: _Hlk210902224]	Survival percentage was found significantly highest by soaking in 25 per cent nitric acid for 20 min (89.26) and found on par with soaking in 50 per cent sulfuric acid for 5 min (82.01), 50 per cent sulfuric acid for 10 min (80.28), 50 per cent sulfuric acid for 20 min (78.61), 25 per cent nitric acid for 10 min (77.81), 25 per cent sulfuric acid for 5 min (77.78), 25 per cent nitric acid for 30 min (76.84), 25 per cent nitric acid for 5 min (76.46), 50 per cent nitric acid for 10 min (75.61), 25 per cent sulfuric acid for 20 min (72.98), GA3 at 10 ppm for 24 hr (72.65), 50 per cent nitric acid for 5 min (71.26), absolute ethanol for 72 hr (70.90), 50 per cent nitric acid for 20 min (68.68), 50 per cent nitric acid for 30 min (67.78), GA3 at 100 ppm for 3 hr (66.27). This may be due to the acid treatment, which leads to synchronized emergence with more resilient seedlings (Pego et al., 2016). The least survival percentage was obtained in water soaking for 24 hr (43.84)
	Seedling vigour index was found significantly highest by soaking in 25 per cent nitric acid for 30 min (1093.68) and showed parity with water soaking for 24hr (1090.39), 50 per cent nitric acid for 20 min (969.27), 25 per cent sulfuric acid for 5 min (950.62), 50 per cent nitric acid for 5 min (946.68), 50 per cent sulfuric acid for 10 min (880.60), 50 per cent sulfuric acid for 30 min (880.40), 25 per cent sulfuric acid for 30 min (820.64) and 25 per cent sulfuric acid for 10 min (727.88). The least seedling vigour index was found with soaking in absolute ethanol for 72 hr (247.76). Acid treatment increases the seedling vigour index by increasing the activity of amaylases, preoteases and lipases that helps in mobilizing the stored food (Singh and Kaur, 2021).  
	The highest seedling length was obtained by soaking in 25 per cent nitric acid for 30 min (21.15 cm) and was on par with nitric acid 50 per cent for 20 min (20.27 cm), water soaking for 24 hr (18.65 cm) and sulfuric acid 50 per cent for 10 min (18.32 cm). Whereas, the lowest seedling length was reported in mechanical scarification by nicking (10.09 cm). The nitric acid enhances cytokinin synthesis which promotes shoot development and root elongation (Sakakibara, 2021).  
	The highest fresh weight of seedling was recorded in 25 per cent sulfuric acid for 10 min (0.31 g) and found on par with soaking in 25 per cent nitric acid for 30 min (0.30 g), 25 per cent sulfuric acid for 20 min (0.28 g), 50 per cent sulfuric acid for 10 min (0.27), water soaking for 24hr (0.26 g), 50 per cent sulfuric acid for 30 min (0.25 g), 25 per cent nitric acid for 5 min (0.25 g), 50 per cent nitric acid for 5 min (0.25 g), 50 per cent sulfuric acid for 5 min (0.24 g), 25 per cent nitric acid for 10 min (0.24 g), 25 per cent nitric acid for 20 min (0.24 g) and 50 per cent nitric acid for 20 min (0.24 g). Whereas, the lowest fresh weight of seedling was reported in mechanical scarification by nicking (0.12 g). The highest dry weight of seedling was obtained by 50 per cent sulfuric acid for 10 min (0.09 g) and found on par with soaking in 25 per cent sulfuric acid for 10 min (0.07 g), 50 per cent sulfuric acid for 5 min (0.07 g), 25 per cent nitric acid for 20 min (0.07 g), 25 per cent nitric acid for 30 min (0.07 g), 50 per cent nitric acid for 5 min (0.07 g), 50 per cent nitric acid for 10 min (0.07 g) and water soaking for 24 hr (0.07 g). Whereas, the lowest dry weight of seedling was reported in nicking along with soaking in water for 4 hr (0.01 g). Since, there were lack of studies on these aspects of senna and its related species, no similar reports were observed.	Comment by Microsoft Office User: Appropriate discussion as a justification from other researcher is needed to support your manuscript 
Conclusion
[bookmark: _Hlk217732706]In the present study, water soaking of seeds for 24 hr resulted in highest germination percentage, whereas survival percentage was found maximum by soaking in 25 per cent nitric acid for 20 min. Soaking in 25 per cent nitric acid for 30 min resulted in highest seedling vigour index and seedling length. The highest fresh weight of seedling was recorded in sulfuric acid 25 per cent for 10 min. The highest dry weight of seedling was obtained in sulfuric acid 50 per cent for 10 min. Thus, soaking of senna seeds in 25 per cent nitric acid for 20-30 min has resulted in good seedling quality and maximum survival of seedlings.
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