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Germination enhancement through pre-sowing seed treatments of Bauhinia malabarica Roxb., A Lesser Known and Threatened Tree Species 


Abstract
[bookmark: _Hlk219388626]	The present trial was carried out with the objective to enhance the seed germination of Bauhinia malabarica Roxb. by overcome of physical dormancy barrier. The trial was conducted at College of Forestry, Navsari Agricultural University (NAU), Navsari, Gujarat, India during the years 2022 and 2023. The experiment was conducted by employing completely randomised design (CRD) with six treatments and four repetitions. The pre-sowing seed treatments viz. T1: Control; T2: Soaking in hot water; T3: Soaking in H2SO4 for 30 min+ 24 hr normal water; T4: Soaking in H2SO4 for 60 min+ 24 hr normal water; T5: Soaking in H2SO4 for 90 min+ 24 hr normal water; T6: Soaking in cow dung slurry for 24 hr were employed. The treated seeds of different treatments were sown into trays filled with the germination media consisting of Soil + Sand + FYM (2:1:1) and watered regularly. Germination traits oobservations were taken starting from the day after sowing and continued up to 30 days on daily basis during the period of 2022 and 2023. Among various pre-sowing seed treatments, soaking seeds in H2SO4 for 30 min followed by soaking for 24 hrs in normal water (T2) was found to be maximum seed germination percentage (88.88 %), mean daily germination (2.96), peak value (11.31), germination value (33.45) and took minimum mean germination time (8.78). Moreover, treatments T3 and T4 showed significant trend and they were non- significant with treatment T2 for germination parameters. Therefore, based on the results, treatment T2 was found to be the best pre-sowing seed treatment for B. malabarica for higher seed germination in nursery. 
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Introduction
Bauhinia malabarica Roxb., also known as Malabar Bauhinia, Malabar Orchid Tree, or Mountain Ebony, is a deciduous tree and belongs to Fabaceae family. It is a small to medium-sized tree, 9-14 m tall, with a diameter of up to 50 cm and a delicate, frequently gnarled bole (Sukhadiya et al., 2019). It is native to Australia, India, Indonesia, Malaysia, Myanmar, Philippines and Thailand. In India, it is distributed throughout the greater parts except the driest tract receiving less than 500 mm annual rainfall (Troup, 1921; Sukhadiya et al., 2019). In the sub-Himalayan tract, it extends from the Yamuna eastwards to Assam, ascending up to 600-670 m elevation. It is also found in central India, Bihar, Andhra Pradesh, Odisha, Gujarat and in the western Peninsula. It occurs in the middle story of South and North Indian moist deciduous forests as well as Northern tropical dry deciduous forests (Champion and Seth, 1968). 
B. malabarica is a multipurpose lesser known tree with light reddish-brown, straight-grained, medium-coarse-textured wood. It is moderately hefty, hard, and durable. It is moderately durable under cover but susceptible to white ant attacks. The timber is resistant to seasoning and prone to developing honeycomb cracks. The wood serves as a temporary construction material in rural locations. The wood is ideal for charcoal making and fuelwood. The leaves are used as feed and are considered high-quality fodder. Moreover, rope is also made from bark fibre (Sukhadiya et al., 2019; Vellaiyan, 2025). Young shoots are edible and are commonly prescribed by folkloric medical practitioners in the Malabar coast and Walayar valley of southern India to treat cough, gout, glandular swellings and goiter, haemorrhage, leprosy, menorrhagia, scrofula, urinary disorders, wasting diseases, worm infestations and wounds (Ahmed et al., 2012) and liver disorders (Venkatachalapathi et al., 2015). Moreover, the leaves are employed as a febrifuge, and the floral infusion as an anti-dysentery agent. The root and stem of this tree, which is used to cure cholera, also mend diuretics and dysentery (Chandra et al., 2010). 
In spite of having numerous benefits, B. malabarica is less studied tree species and considered as lesser-known tree species and further, in Gujarat it is in the category of ‘Vulnerable’ species (Sukhadiya et al., 2019). Moreover, seed coat of this tree species is very hard, which causes difficult to germinate and additionally in open condition it germinates only 14 %.  Hence, by considering the facts of very poor germination, present trial was carried out with the objective to enhance the germination of B. malabarica through the pre-sowing seed treatments in the nursery stage. 
Materials and Methods
The experiment was conducted at College of Forestry, Navsari Agricultural University (NAU), Navsari, Gujarat, India during the years 2022 and 2023. For the trial, mature pods (fruits) of B. malabarica were collected from Waghai Botanical Garden, the Dangs district, Gujarat, India. The pods were dried under sunlight for 2 days and seeds were extracted by splitting the pods. Extracted seeds were dried in shade, cleaned and stored in airtight containers and then used for the germination trail. The germination media was prepared by proper mixing of Soil + Sand + FYM (Farm Yard Manure) in the ratio of 2:1:1 and filled into perforated trays of size 37 cm × 27 cm × 7 cm. In the tray, 100 seed per treatment per repetition were sown, so in total of 300 seeds per treatment were employed and watered regularly. The experiment was conducted by employing completely randomised design (CRD) with six treatments and four repetitions. The pre- sowing seed treatments viz. T1: Control; T2: Soaking in hot water; T3: Soaking in H2SO4 for 30 min+ 24 hr normal water; T4: Soaking in H2SO4 for 60 min+ 24 hr normal water; T5: Soaking in H2SO4 for 90 min+ 24 hr normal water; T6: Soaking in cow dung slurry for 24 hr were employed for two years. Germination traits oobservations were taken starting from the day after sowing and continued up to 30 days on daily basis during the period of 2022 and 2023. Various germination parameters such as Germination percentage, Mean Daily Germination (MDG), Peak value (PV), Germination value (GV), Mean germination time (MGT) and Germination rate index (GRI) were recorded at 30 DAS (Days After Sowing) and calculated as per the standard formulae 1 to 6. 
1. Germination percentage
Seeds germinated in each treatment were counted on daily basis and recorded up to 30 days. From this data, germination percentage was calculated as:
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2. Mean daily germination (MDG) 
It shows the average number of seeds germinated per day and calculated as per Czabator (1962) and the value of it is unit less. 
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3.Peak value of germination (PV) 
It is calculated based on the (Czabator, 1962) formula and the value of it is unit less.
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Where, G1, G2, G3,…….Gn are cumulative germination percentage in the nth time interval and T1, T2, T3,…….Tn are the time from the start of experiment to nth interval.
4. Germination value (GV) 
It is a composite value that combines both germination speed and total germination which provides an objective means of evaluating the results of germination test. It was calculated using following formula given by (Czabator, 1962) and value of it is unit less. 
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5. Mean germination time (MGT) 
Mean Germination Time is expressed in day and calculated by using formula as below.
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6. Germination rate index (GRI) 
It is enumerated by using following formula and expressed in value which is unit less. 
[image: ]
Where, G1, G2, G3…….Gn are daily germination percentage in the nth day and T1, T2, T3…….Tn are the day at which germination was counted from the start of experiment to nth interval.
Statistical Analysis
The data were subjected to statistical analysis using DOS based software developed by the Department of Agricultural Statistics, ASPEE College of Horticulture, NAU, Navsari following CRD (Completely Randomized Design) and ANOVA was constructed for further inference. The standard error of mean [S.Em. ±] and critical difference (CD) at 5 per cent level of probability were worked out to compare the treatment means (Panse and Sukatme, 1985). 
Results and Discussion 
[bookmark: _Hlk202956722][bookmark: _Hlk202956695][bookmark: _Hlk202956744][bookmark: _Hlk202956627][bookmark: _Hlk220175532][bookmark: _Hlk202956446][bookmark: _Hlk202955955][bookmark: _Hlk220176597][bookmark: _Hlk202956337][bookmark: _Hlk202956491][bookmark: _Hlk202956529]The germination attributes of B. malabarica showed significant variation across the different media treatments. The germination varied in the range of 3.50 to 88.88 % in pooled data. Among different media treatments, soaking seeds in H2SO4 30 min+ 24 hr normal water (T3) recorded maximum seed germination of 88.88 % (p < 0.05) and found at par with soaking seeds in H2SO4 for 60 min+ 24 hr normal water (T5) of 80.38  % and soaking seeds in H2SO4 for 90 min+ 24 hr normal water (T4) of 73.63 %, while soaking seeds in cow dung slurry for 24 hr (T6) recorded minimum germination of 3.50 % in pooled analysis (Figure 1). The remaining germination parameters are illustrated in the Table 1. Pooled analysis of MGT showed the seeds soaking in H2SO4 for 30 min+ 24 hr normal water exhibited minimum 6.27 days and maximum of 10.75 days in Control (T1). Moreover, GRI varied in the range of 7.21 to 14.43. Treatment, soaking seeds in hot water treatment (T2) exhibited higher GRI of 14.43 and found statistically at par with soaking seeds in H2SO4 for 60 min+ 24 hr normal water (T4) of 14.07; soaking in H2SO4 for 30 min+ 24 hr normal water (T3) of 12.84 and soaking in H2SO4 for 90 min+ 24 hr normal water (T5) of 7.21; whereas, soaking in cow dung slurry for 24 hr (T6) recorded lowest GRI of 0.47 as per pooled analysis. Furthermore, MDG varied in the range of 0.13 to 2.96. Among different pre-sowing treatments, seeds soaking in H2SO4 for 30 min+ 24 hr normal water (T3) exhibited maximum MDG of 2.96 and found statistically at par with soaking seeds in H2SO4 for 90 min+ 24 hr normal water (T5) of 2.67 and soaking seeds in H2SO4 for 60 min+ 24 hr normal water (T4) of 2.46; whereas, control (T1) recorded minimum MDG of 0.13 as per pooled data. Conversely, GV varied from 0.05 to 33.45 and it was recorded maximum (33.45) in treatment soaking in H2SO4 for 30 min+ 24 hr normal water (T3) and found statistically at par with treatment soaking in H2SO4 for 90 min+ 24 hr normal water (T5) of 27.96 and treatment soaking in H2SO4 for 60 min+ 24 hr normal water (T4) of 23.99; whereas, control (T1) recorded minimum germination value of 0.05 as per pooled analysis. Additionally, seeds soaking in H2SO4 for 30 min+ 24 hr normal water (T3) also recorded maximum PV of germination (11.31) and found statistically at par with treatment soaking seeds in H2SO4 for 90 min+ 24 hr normal water (T5) of 10.43 and soaking seeds in H2SO4 for 60 min+ 24 hr normal water (T4) of 9.39; whereas, control (T1) recorded minimum peak value of germination (0.37) as per pooled data. All the germination parameters followed the same trends for first and second years like pooled data.  
[bookmark: _Hlk220274278][bookmark: _Hlk220274288][bookmark: _Hlk220274297][bookmark: _Hlk220274305][bookmark: _Hlk220274315][bookmark: _Hlk220274323][bookmark: _Hlk220274332][bookmark: _Hlk220274339]Normally, H2SO4 scarification breaks hard seed coats by weakening impermeable layers, allowing water imbibition and embryo activation, with optimal short durations (15-60 min) maximizing germination rates up to 96 % in various species. Prolonged exposure risks embryo damage, explaining the decline beyond 30 min and cow dung slurry often fails due to insufficient mechanical/chemical abrasion as in the present study.  Minimum MGT in acid treated seeds reflects faster dormancy release and uniform radicle emergence, consistent with scarification reducing mean times across hard-coated seeds. GRI and MDG indices quantify speed and daily progress; acid treatments boost them by enhancing permeability without over-scarification. High GV indicates robust early vigour from improved O2 and water uptake post-acid exposure. Acid scarification proves optimal for hard-seeded species, outperforming biological methods like cow dung slurry, which may suit softer coats but risks fungal issues or inefficacy here. Follow-up water soaking likely rinses residues, aiding recovery and increases the germination rate. Present study revealed that pre-sowing seeds treatment significantly affect the germination parameter of the B. malabrica. Moreover, treatment consists of combination of concentrated H2SO4 for 30 minutes followed by water soaking for 24 hours was the most effective method to enhance the germination and its attributes of B. malabarica which helps to overcome the physical dormancy; whereas, cow dung slurry was ineffective. The maximum seed germination occurred in the treatment of the present trial was aligns with the Pillai et al. (2019) findings, who reported 100 % germination by the acid scarification for 30 min in B. malabarica. Similarly, Azad et al. (2006) also observed that H2SO4 treatment for 30 min effectively disrupt the impermeable testa in Xylia kerrii which allowing for the water inhibition and also allowing the seed coat permeable without injuring the embryo and enhanced the seed germination attributes. Interestingly, when acid exposure increased from 30 min (88.88 %) to 60 min (80.38%) to 90 min (73.63%), there was decease in the germination percentage of B. malabarica which may be due to damage to the internal tissues of embryo. Similar observation also documented by Donga et al. (2024) in Tamarindus indica and they noted excessive exposure to acid damaged the embryos resulted in total failure of seed germination. However, species specific seed tolerance varies when exposed to acid scarification; for instance, Opoku et al. (2018) found Bauhinia rufescens required up to 60 min of acid scarification for optimal results of seed germination. The present study indicates the seed coat of the B. malabarica was more permeable than B. rufescens, making the 30 min duration acid scarification was optimal while 90 min proved excessive. Moreover, the protocol of acid scarification followed by 24 hr of normal water soaking contributed higher germination rate which was supported by Missanjo et al. (2013) and Pahla et al. (2014) and they noted by removing physical barrier by acid which allowed the water to trigger the metabolic reaction and enhanced the germination. The minimum germination was recorded in cow dung slurry which may be due to physical dormancy imposed by hard seed coat and make the seeds to impermeable for water. However,  Vijayalakshmi and Renganayaki (2017) reported cow dung slurry enhanced germination in Pterocarpus santalinus due to microbial action and weak acids. Similarly, Tiwari et al. (2018) also found cow dung treatment beneficial for Psoralea corylifolia. The pooled analysis of germination attributes such as MDG, PV, GV, MGT and GRI validated the superiority of treatment con. H2SO4 for 30 minutes followed by water soaking for 24 hours (T3). Similar findings for germination attributes were reported by Pillai et al. (2019) in B. malabarica; Anand et al. (2012) in Melia dubia and Alzarah and Elgarawany (2020) in Suaeda.
Conclusion
	B. malabarica seeds treated by soaking in H2SO4 for 30 min followed by soaking for 24 hrs in normal water is found to be maximum seed germination percentage (88.88 %), mean daily germination (2.96), peak value (11.31), germination value (33.45) and took minimum mean germination time (8.78). So, this treatment can be used as a best pre-sowing seed treatment for B. malabarica for higher seed germination in nursery. 
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(T1: Control; T2: Soaking in hot water treatment; T3: Soaking in H2SO4 for 30 min+ 24 hr normal water; T4: Soaking in H2SO4 for 60 min+ 24 hr normal water; T5: Soaking in H2SO4 for 90 min+ 24 hr normal water; T6: Soaking in cow dung and slurry 24 hr)

Figure 1: Influence of pre-sowing seed treatments on germination (%) of B. malabarica 



























Table 1: Influence of pre-sowing seed treatments on germination attributes of B. malabarica
	Treatments
	MDG
	PV
	GV
	MGT
	GRI

	
	First Year
	Second Year
	Pooled
	First Year
	Second Year
	Pooled
	First Year
	Second Year
	Pooled
	First Year
	Second Year
	Pooled
	First Year
	Second Year
	Pooled

	T1
	0.14
	0.12
	0.13
	0.36
	0.37
	0.37
	0.06
	0.05
	0.05
	10.75
	10.75
	10.75
	0.53
	0.47
	0.50

	T2
	2.48
	1.33
	1.90
	9.18
	6.32
	7.75
	22.74
	8.42
	15.58
	6.90
	9.48
	8.19
	13.00
	15.86
	14.43

	T3
	3.11
	2.82
	2.96
	11.14
	11.49
	11.31
	34.56
	32.33
	33.45
	6.02
	6.52
	6.27
	15.27
	10.41
	12.84

	T4
	2.98
	1.93
	2.46
	11.09
	7.68
	9.39
	33.13
	14.84
	23.99
	6.19
	7.45
	6.82
	14.28
	13.86
	14.07

	T5
	2.93
	2.41
	2.67
	10.73
	10.14
	10.43
	31.49
	24.44
	27.96
	6.65
	6.72
	6.69
	13.92
	0.50
	7.21

	T6
	0.08
	0.16
	0.12
	0.46
	0.33
	0.40
	0.04
	0.06
	0.05
	8.08
	6.25
	7.16
	0.48
	0.47
	0.47

	S.Em.±
	0.05
	0.02
	0.26
	0.23
	0.14
	0.81
	0.87
	0.30
	3.89
	0.18
	0.19
	0.73
	0.34
	0.19
	2.91

	C.D. at 5 %
	0.15
	0.06
	0.94
	0.69
	0.41
	2.93
	2.60
	0.89
	14.13
	0.52
	0.56
	2.66
	1.01
	0.56
	10.59

	SEm (Y×T)
	
	
	0.15
	
	
	0.19
	
	
	0.65
	
	
	0.18
	
	
	0.28

	CD (Y×T) @ 5 %
	
	
	0.54
	
	
	0.55
	
	
	1.87
	
	
	0.52
	
	
	0.79

	C.V %
	5.25
	0.06
	0.94
	6.50
	4.56
	5.79
	8.60
	4.48
	7.75
	4.73
	4.77
	4.75
	7.12
	5.47
	6.68


(T1: Control; T2: Soaking in hot water treatment; T3: Soaking in H2SO4 for 30 min+ 24 hr normal water; T4: Soaking in H2SO4 for 60 min+ 24 hr normal water; T5: Soaking in H2SO4 for 90 min+ 24 hr normal water; T6: Soaking in cow dung and slurry 24 hr)

First Year	
T1	T2	T3	T4	T5	T6	4.25	74.25	93.25	89.5	88	2.5	Second Year	
T1	T2	T3	T4	T5	T6	3.5	40	84.5	57.75	72.75	4.5	Pooled	
T1	T2	T3	T4	T5	T6	3.88	57.13	88.88	73.63	80.38	3.5	Treatments
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