Assessment of pre-sowing treatments on germination of Pterocarpus marsupium Roxb.


Abstract: 
Pterocarpus marsupium Roxb. is an endangered leguminous tree highly important for its timber and medicinal properties with considerable conservation issues due to its natural regeneration limitation (2- 30%) caused by hard, lignified fruit cover. This study was conducted to enhance the seed germination of P. marsupium by overcome the physical dormancy barrier. The investigation was undertaken in the College of Forestry, Navsari Agricultural University, Navsari, Gujarat, India, during 2023 and 2024. The trial was conducted by employing completely randomized design (CRD) with 15 treatments and 3 repetitions. The 15 pre-sowing seed treatments include control, water, various concentration of hormone (GA3), scarification (H2SO4 and machinal. The treated fruits of different treatments were sown into trays filled with the germination media consisting of Soil + Sand + FYM (2:1:1) and watered regularly. Among various pre-sowing seed treatments, soaking fruits in GA3@750ppm solution for 12 hrs (T12) was found to be maximum seed germination (63.50%), mean daily germination (2.16), germination value (10.43) and germination rate index (8.15). Moreover, treatment T9 resulted in the lowest germination (2.33%). Therefore, based on the results, treatment T12 was found to be the best pre-sowing seed treatment for P. marsupium for higher seed germination in nursery.	Comment by Taras Pasternak: T9 and T12 nothing tell to readers. You describe much later.
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Introduction
Pterocarpus marsupium Roxb. belongs to Fabaceae family, commonly known as Malabar Kino tree or Indian Kino tree and locally known as Biyo or Bija. It is native to India, Nepal and Sri Lanka, where it occurs in the Western Ghat (Matthew, 1983; Gamble, 1935). This species is highly regarded for the premium quality timber and its significant role in the medicinal uses in Ayurveda particularly for against the diabetes (Senthilkumar et al., 2020), skin disease (Ahmad et al., 2022) and inflammation (Devgun et al., 2009). The heartwood of this tree contained phytochemical such a pterostilbene and marsupsin which is scientifically validated for their antihyperglycemic properties (Hougee et al., 2005). However, with high value its natural population is rapidly declining due to habitat destruction, over exploitation, its natural population is rapidly declining due to habitat destruction, over-exploitation for its timber and medicinal importance. Now it is declared as Endangered species by the International Union for Conservation of Nature (Ganesan, 2021; Sukhadiya et al., 2019; World Conservation Monitoring Centre, 1998). Moreover, its natural germination is also extremely poor and is one of the bottlenecks for its conservation (Mishra et al., 2013). Under the natural forest, natural regeneration is very low about to 2 to 30 % reported, which is deficient for the stable population (Ahmad and Misra, 2016). This low germination is due to the hard seed coat which acts as a physical barrier (Oudhia, 2001; Kalimuthu and Lakshmanan, 1995). This physical dormancy is combined with the viability of seeds and high susceptibility to fungal infection in the monsoon season and to ensure the uniform and high-percentage seedling emergence application of pre- sowing treatments are essential (Manjunatha et al., 2004; Bhaskar et al., 2012). Silviculture suggests for that overcoming and improving the reproductive success from of lignified seed of Biyo can be carried out by various pre-sowing seed treatments with growth regulators, mechanical scarification and acid treatment to break the dormancy (Jha et al., 2015). As rising demand of Biyo for its medicinal as well as timber purpose, most effective and cost-efficient pre-sowing seed treatment is critical for its early and higher germination in nursery (Teixeira da Silva et al., 2018; Kumar et al., 2010). With these views, this study was aimed to assess the influence of pre-sowing treatments on seed germination of P. marsupium Roxb.
Material and Methods
[bookmark: _Hlk223787119]The influence of pre-sowing treatments on germination of Pterocarpus marsupium Roxb. was carried out at the College of Forestry, Navsari Agricultural University (NAU), Navsari, India during 2023 and 2024. For the experiment, mature fruit were collected from the block plantation of P. marsupium at Arboretum, College of Forestry, NAU, Navsari, Gujarat, India. The pre-sowing treatments were given to fresh fruits for further experimentexperimentation. For the experiment in total of 15 treatments viz., T1: Control; T2- Soaking fruits in normal water for 24 hrs; T3- Soaking fruits in normal water for 48 hrs; T4- Soaking fruits in cow dung slurry for 24 hrs; T5- Soaking fruits in cow dung slurry for 48 hrs; T6- Soaking fruits in luke warm water up to 24 hrs; T7-Soaking fruits in luke warm water up to 48 hrs; T8- Soaking fruits in conc. H2SO4 for 10 min+24 hrs normal water; T9- Soaking fruits in conc. H2SO4 for 15 min+24 hrs normal water; T10- Soaking fruits in conc. H2SO4 for 20 min+24 hrs normal water; T11- Soaking fruits in GA3@500ppm solution for 12 hrs; T12- Soaking fruits in GA3@750ppm solution for 12 hrs; T13- Soaking fruits in GA3@1000ppm solution for 12 hrs; T14- Mechanical scarification of fruits (in which fruits were cut at one side without any injury to the seed and T15-Mechanical scarification (in which fruits were cut at one side without any injury to the seed), followed by soaking fruits in normal water for 24 hrs and 3 repetitions were employed with the completely randomised design (CRD) and carried out for two years. The treated fruits were sown into the germination trays of size 37 cm × 27 cm × 7 cm filled up with Soil + Sand + FYM (2:1:1) for the trial and 100 fruits per treatment per repetition were sown into the trays and water regularly. The observation was carried out the day after sowing and continue daily for the 30 days during the period of April, 2023 and April, 2024. Various germination parameters such as Germination percentage, Mean Daily Germination (MDG), Peak value of germination (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 given below.	Comment by Taras Pasternak: Please, make it as a table for better clarity. 
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:
[image: ]
2. Mean daily germination (MDG) 
It shows the average number of seeds germinated per day and calculated as per (24) and the value of it is unit less. 
[image: ]
3. Peak value of germination (PV) 
It is calculated based on the (Czabator, 1962) formula and the value of it is unit less.
[image: ]
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. 
[image: ]
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 % level of probability were worked out to compare the treatment means (Panse and Sukatme, 1985). 
Results and Discussion
The germination attributes of P. marsupium showed significant variation across the different pre-sowing treatments. As per pooled data, the maximum germination was recorded as 63.50% in treatment T12 (soaking fruits in GA3 @ 750 ppm for 12 hours), while the minimum germination of 2.33% was observed in T9 (soaking fruits in conc. H2SO4 for 15 min followed by 24 hrs of normal water) depicted in Figure 1. The germination attributes viz., MDG, PV, GV, MGT and GRI are presented in Table 1.  A similar trend was reported for the MDG, where T12 achieved the highest value of 2.16 compared to the minimum of 0.07 recorded in T9 as per pooled data. Moreover as per pooled analysis, PV was maximum (5.12) in the mechanical scarification followed by 24 hrs water soaking treatment (T15) and was statistically at par with the T12, T7 and T5. Similarly, GV was higher in the T12 (10.43) treatment and statistically at par with the T15, T5, T7, T3 and T4 according to pool analysis. Additionally, as per pooled data, T10 (Soaking fruits in conc. H2SO4 for 20 min) took MGT of 7.45; whereas, the control (T1) took maximum time of 11.51. Furthermore, the GRI was reported maximum (8.15) in T12 and found statistically at par with T7, T15 and T5 as per pooled data. All the germination parameters followed the same trends for first and second years like pooled data.  	Comment by Taras Pasternak: Is it the same as T10 in M&M? If so, delete it here.
	Overall soaking fruits in GA3 @ 750 ppm for 12 hours (T12) was proved to be most effective treatment for enhancing both the germination percentage as well as physiological vigor of P. marsupium. This study results that the inherent dormancy in this species fruit is effectively mitigated through the physical and hormonal intervention. The natural propagation of this species difficult under the nursery due to its physical dormancy which is imposed by the thick fruit coat and this restricts the gaseous exchange and water absorption which is utmost necessary for the germination (Mishra et al., 2024; Baskin and Baskin, 2000). So, this kind of pre-sowing treatments are important to enhance the germination of Biyo and for large-scale propagation for its conservation. In the present trial, germination percentage (63.50), MDG (2.16), GV (10.43) and GRI (8.15) were found maximum in the T12 (Soaking fruits in GA3@750ppm solution for 12 hrs) treatment, which indicates that fruits of P. marsupium strongly respond to hormonal treatment (GA3) and help to overcome the seed dormancy. Particularly, GA3 plays a vital role for breaking the seed dormancy and provide the energy to emerge the radical and seedling growth (Hameed et al., 2025; Kumar et al., 2024; Asha and Illa, 2016). The high MDG also observed in the T12 treatment, which suggested the metabolic response by giving the hormonal treatment is one of the key indicators for the high-quality nursery stock production (Bertsouklis et al., 2023). Similar kind of highlighting the efficiency of the growth regulators activation the metabolic reaction in the seeds of woody species have been reported by Behera et al. (2026) in Bauhinia malabarica and Thumbar et al. (2024) in Mallotus philippensis. Peak value was high in the T15 (Mechanical scarification, followed by soaking fruits in normal water for 24 hrs), showed showing that fruit coat is a major physical barrier to germination but mechanical scarification helps to broke break the physical barrier and helps to rapid imbibition of oxygen and water (Wu et al., 2023). The PV also performed statistically at par with T12 treatment which suggested that physical as well as hormonal treatments are effective to overcome the seed dormancy. Furthermore, GA3 treatment showed slightly superiority which indicated that it provides the direct physiological advantage. Similar observation was reported by García-García et al. (2024) and Meena et al. (2023) in the other leguminous forest tree species. 
In contrast, acid scarification (conc. H2SO4 treatments) exhibited inconsistent effect on germination attributes like soaking fruits in conc. H2SO4 for 15 min+24 hrs normal water (T9) resulted lowest in the germination percentage (2.33%) and minimum MDG (0.07). This result suggests the concentrated sulfuric acid may be aggrieve and relatively sensitive to aggressive and relatively sensitive to the embryo of the P. marsupium. For the reducing of the thickness of seed coat may chemical scarification can effective but extreme exposure may cause the damage which lead to chemical injury to embryo (Zhou et al., 2024; Wu et al., 2023). Moreover, Thanuja et al. (2018), reported 65.83% germination in P. marsupium when treated with 2% H2SO4 treatment and deviated from the present trial finding in germination percentage. This inconsistency may be differed in the acid concentration and its duration, seed provincediffer in the acid concentration and its duration, seed province, and fruit coat thickness. Diluted acid solution may be efficiently work to deteriorate the seed coat without damaging the embryo; whereas, concentrated treatments can lead to damage the embryo (Paneru et al., 2024; Khan, 2015). Fascinatingly, soaking fruits in conc. H2SO4 for 20 min+24 hrs normal water (T10) treatment resulted in the minimum MGT which indicates the seed can survive in the acid scarification once the physical barrier is completely removed and may leads to start early germination. Similar observation is reported by Bavadharani et al. (2025); Tano (2023); Vijayalakshmi and Renganayaki (2017). So, acid treatment may enhance the germination but it risks of embryo damage. The high GRI and PV observed in T12 and T15 which indicated that these treatments were not only increase the germination but also improve the seedling establishment which are the important for the nursery condition for the early seedling survival (Zhang et al., 2024; Patel et al., 2023). Overall, T12 treatment resulted superior for the enhancement of the germination percentage as well as its attributes and it is most reliable pre- sowing treatment for the P. marsupium. Now a days climate change progressively affects the regeneration in the forest, so by using the hormonal treatment may provide the effective strategy for silviculture to ensure the successful and uniform seedling establishment (Singh et al., 2025; Liu et al., 2024).

Conclusion 
	P. marsupium fruit treated by soaking in GA3@750ppm solution for 12 hrs is found to be maximum seed germination percentage (63.50%), mean daily germination (2.16), germination value (10.43) and germination rate index (8.15). So, this treatment can be used as a best pre-sowing seed treatment for P. marsupium higher seed germination in nursery. 
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Figure. 

Fig. 1: Influence of pre-sowing seed treatments on germination (%) of Pterocarpus 	marsupium
(T1: Control; T2- Soaking fruits in normal water for 24 hrs; T3- Soaking fruits in normal water for 48 hrs; T4- Soaking fruits in cow dung slurry for 24 hrs; T5- Soaking fruits in cow dung slurry for 48 hrs; T6- Soaking fruits in luke warm water up to 24 hrs; T7-Soaking fruits in luke warm water up to 48 hrs; T8- Soaking fruits in conc. H2SO4 for 10 min+24 hrs normal water; T9- Soaking fruits in conc. H2SO4 for 15 min+24 hrs normal water; T10- Soaking fruits in conc. H2SO4 for 20 min+24 hrs normal water; T11- Soaking fruits in GA3@500ppm solution for 12 hrs; T12- Soaking fruits in GA3@750ppm solution for 12 hrs; T13- Soaking fruits in GA3@1000ppm solution for 12 hrs; T14- Mechanical scarification of fruits (Fruits were cut at one side without any injury to the seed) and T15-Mechanical scarification (Fruits were cut at one side without any injury to the seed), followed by soaking fruits in normal water for 24 hrs)
















Table
Table 1: Influence of pre-sowing seed treatments on germination attributes of Pterocarpus marsupium
	Treatments
	MDG 
	PV 
	GV 
	MGT 
	GRI 

	
	1st yr

	2nd yr
	Pooled
	1st yr

	2nd yr
	Pooled
	1st yr

	2nd yr
	Pooled
	1st yr

	2nd yr
	Pooled
	1st yr

	2nd yr
	Pooled

	T1
	1.00
	0.91
	0.96
	2.07
	1.57
	1.82
	2.07
	1.43
	1.75
	10.50
	12.51
	11.51
	3.09
	2.39
	2.74

	T2
	1.86
	1.77
	1.81
	4.66
	2.65
	3.65
	8.64
	4.67
	6.66
	8.63
	12.68
	10.65
	7.38
	5.02
	6.20

	T3
	1.92
	1.89
	1.91
	6.14
	3.34
	4.74
	11.81
	6.10
	8.95
	7.44
	11.10
	9.27
	9.16
	5.82
	7.49

	T4
	1.80
	1.76
	1.78
	5.11
	3.15
	4.13
	9.21
	5.54
	7.37
	8.17
	11.46
	9.82
	7.68
	5.51
	6.60

	T5
	2.00
	1.92
	1.96
	6.24
	3.49
	4.86
	12.47
	6.60
	9.53
	7.82
	11.10
	9.46
	8.98
	6.17
	7.57

	T6
	1.54
	1.46
	1.50
	4.42
	2.05
	3.23
	6.83
	2.76
	4.79
	7.97
	13.29
	10.63
	6.65
	3.71
	5.18

	T7
	1.91
	1.83
	1.87
	6.33
	3.53
	4.93
	12.11
	6.40
	9.26
	6.68
	10.36
	8.52
	9.59
	6.28
	7.94

	T8
	0.24
	0.24
	0.24
	0.83
	0.58
	0.71
	0.20
	0.14
	0.17
	7.32
	10.72
	9.02
	1.14
	0.79
	0.97

	T9
	0.06
	0.08
	0.07
	0.19
	0.19
	0.19
	0.01
	0.02
	0.01
	10.00
	10.42
	10.21
	0.25
	0.23
	0.24

	T10
	0.10
	0.12
	0.11
	0.42
	0.38
	0.40
	0.04
	0.05
	0.04
	6.50
	8.40
	7.45
	0.53
	0.47
	0.50

	T11
	1.60
	1.56
	1.58
	4.38
	2.72
	3.55
	6.98
	4.00
	5.49
	7.82
	11.54
	9.68
	6.91
	4.36
	5.63

	T12
	2.21
	2.11
	2.16
	6.10
	3.66
	4.88
	13.46
	7.40
	10.43
	7.92
	10.67
	9.29
	9.71
	6.60
	8.15

	T13
	1.11
	1.09
	1.10
	3.28
	2.59
	2.94
	3.65
	2.82
	3.24
	7.41
	9.78
	8.59
	4.86
	3.73
	4.29

	T14
	1.70
	1.70
	1.70
	3.99
	3.10
	3.54
	6.78
	5.27
	6.03
	9.69
	11.69
	10.69
	5.75
	5.18
	5.46

	T15
	1.94
	1.86
	1.90
	6.17
	4.08
	5.12
	11.96
	7.56
	9.76
	7.01
	9.51
	8.26
	9.14
	6.59
	7.87

	SEm ±
	0.03
	0.02
	0.02
	0.10
	0.04
	0.52
	0.24
	0.11
	1.17
	0.18
	0.18
	0.58
	0.26
	0.14
	0.62

	CD @ 5 %
	0.10
	0.08
	0.06
	0.29
	0.11
	1.59
	0.70
	0.31
	3.54
	0.53
	0.53
	1.75
	0.74
	0.40
	1.89

	SEm ± (YxT)
	
	
	0.03
	
	
	0.07
	
	
	0.19
	
	
	0.18
	
	
	0.21

	CD @ 5 %
	
	
	NS
	
	
	0.22
	
	
	0.53
	
	
	0.52
	
	
	0.58

	CV %
	4.40
	3.64
	4.05
	4.37
	2.74
	4.10
	5.96
	4.52
	5.84
	3.93
	2.89
	3.33
	7.31
	5.67
	6.94


(T1: Control; T2- Soaking fruits in normal water for 24 hrs; T3- Soaking fruits in normal water for 48 hrs; T4- Soaking fruits in cow dung slurry for 24 hrs; T5- Soaking fruits in cow dung slurry for 48 hrs; T6- Soaking fruits in luke warm water up to 24 hrs; T7-Soaking fruits in luke warm water up to 48 hrs; T8- Soaking fruits in conc. H2SO4 for 10 min+24 hrs normal water; T9- Soaking fruits in conc. H2SO4 for 15 min+24 hrs normal water; T10- Soaking fruits in conc. H2SO4 for 20 min+24 hrs normal water; T11- Soaking fruits in GA3@500ppm solution for 12 hrs; T12- Soaking fruits in GA3@750ppm solution for 12 hrs; T13- Soaking fruits in GA3@1000ppm solution for 12 hrs; T14- Mechanical scarification of fruits (Fruits were cut at one side without any injury to the seed) and T15-Mechanical scarification (Fruits were cut at one side without any injury to the seed), followed by soaking fruits in normal water for 24 hrs)
2022-23	
T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	30	55.67	57.67	54	60	46.33	57.33	7	2.33	3	48	66.33	33.33	51	58.33	2023-24	
T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	27.33	53	55	52.67	56.67	40.33	54.33	7.33	2.33	3.67	44	60.67	32.67	51	55.67	Pooled	
T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	T14	T15	28.67	54.33	56.33	53.33	58.33	43.33	55.83	7.17	2.33	3.33	46	63.5	33	51	57	Treatments
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