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ABSTRACT
Ritha (Sapindus mukorossi) is an economically and ecologically valuable multipurpose tree species which is widely distributed across the tropical and subtropical regions of South and Southeast Asia. This species is gaining commercial significance due to its multi-utility for natural detergents, pharmaceuticals, cosmetics, biofuel, Ayurveda and traditional medicine. Despite its wide-range uses, large-scale plantations of Ritha are constrained by poor and inconsistent seed germination which is caused primarily by a hard and impermeable seed coat that induces physical dormancy. The present study was conducted to investigate fruit and seed morphology as well as to evaluate the efficacy of different pre-sowing treatments on seed germination and early seedling growth under greenhouse conditions during 2024-2025 at Tree Propagation Nursery, College of Horticulture and Forestry, Neri, Hamirpur, Himachal Pradesh. Six pre-sowing treatments viz., untreated seeds (control), concentrated H₂SO₄ (20 min), GA₃ (1000 ppm), PEG (10%), hot water (80 °C for 2 h) and cold water (48 h) were employed. Fruit length ranging from 24.40–27.62 mm, seed length from 13.24–16.22 mm and seed weight from 1.48–1.98 g was observed in Ritha seed morphology. Germination response varied significantly among treatments and the highest germination percentage (87.50%) was observed in concentrated H₂SO₄ seed treatment which representing a 21% increase over the control. Seedling growth parameters viz., seedling height, collar diameter, root length and leaf area were also maximized under H₂SO₄ treatment followed by hot water treatment. Acid scarification proved most effective in breaking hard-seeded dormancy in Ritha by enhancing water permeability which improving germination kinetics and seedling vigour. Standardizing pre-sowing treatments can substantially improve nursery propagation and promote wider adoption of Ritha in agroforestry and plantation programmes in the subtropical region of Himachal Pradesh.
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INTRODUCTION
[bookmark: _Hlk159425055][bookmark: _Hlk159425042][bookmark: _Hlk215918213]Ritha (Sapindus mukorossi Gaertn.) is an economically and ecologically important multipurpose tree species (MPTs) belonging to the family Sapindaceae, which is commonly distributed in the tropical and sub-tropical regions of South and Southeast Asia. It is also known as Indian soapberry, washnut, aRitha, soapnut and Chinese soapberry. It is a deciduous tree species that grows in the lower foothills and midhills of the Himalayas at altitudes of up to 1,200 m MSL (Troup, 1921; Patel and Khare, 2022). It has a broad and spreading crown with a relatively short and clean bole up to 20 m in height. The species shows a distinct deciduous phase during winter by shedding its leaves from December-January to March-April. New leaf flushing occurs during May–June and is synchronized with the emergence of terminal panicles bearing flowers. The inflorescence consists of small greenish-white flowers that are polygamous, predominantly bisexual, and arranged in branched panicles at the distal ends of the shoots. Fruit initiation begins in July–August and drupes reaching full maturity during November–December in phenology (Troup, 1921) and different growth and reproductive stages described (Zhao et al., 2019). Its fruits are rich in triterpenoid saponin content that confer strong surface‐active properties which making it’s a natural substitute for synthetic detergents in household cleaning, textile processing and cosmetic formulations (Sochacki and Vogt, 2022). In addition, almost all parts of Ritha are widely utilized in Indian Ayurveda and traditional Chinese medicine for the management of a range of ailments such as skin disorders, epilepsy, inflammation, dental caries and rheumatic conditions (Goyal et al., 2014). The seed kernel of Ritha contains about 30% oil with a high proportion of unsaturated fatty acids, which has attracted attention for pharmaceutical, cosmetic and biofuel applications (Chen et al., 2019). Hence, Ritha has been identified as a promising agroforestry tree species for livelihood support of farmers in hilly areas of the subtropical region of Himachal Pradesh due to medicinal and industrial uses. 
Despite its multi-utilization, large-scale domestication and plantation development of Ritha in hilly areas are constrained by poor and erratic seed germination as well as slow initial nursery growth and development. The seeds of Ritha are relatively large, with a thick, lignified testa surrounding a small embryo and copious endosperm. The seed coat is extremely hard and impermeable (Liu et al., 2024). Numerous studies have demonstrated that Ritha exhibits physical and mechanical dormancy imposed by the hard seed coat, which checks water uptake and gas exchange and consequently prevents germination under natural and nursery conditions (Attri et al., 2015; Patel and Khare, 2022). Therefore, various pre-sowing seed treatments have been tested to overcome seed coat imposed physical dormancy and improve nursery germination in Ritha. Pre-sowing seed treatments offer significant potential to breaking seed dormancy, improving germination rates and uniform seedling, and reducing seed emergence time. The field of tree seed technology is quickly advancing within global crop production markets (Reddy et al., 2022; Kumar et al., 2024). The standardization protocol of pre-sowing seed treatments for nursery production of Ritha is therefore essential to support its wider deployment in agroforestry and plantation programmes in the subtropical region of Himachal Pradesh.



MATERIALS AND METHODS
Seed collection and extraction
Fruits of Ritha was collected from the experimental farm of forestry, College of Horticulture and Forestry, Neri, Hamirpur, Himachal Pradesh, India during the year of 2024-25. After the collection of fruits, the pulpy cover is removed by hand and then they were sun dried for 2-3 days. The seeds were mixed thoroughly to maintain homogeneousness in the seed lot for the present experiment. 
Experimental Treatments
The seeds were subjected to six different pre-sowing treatments for germination and seedling growth viz., Control (T1: untreated seeds), Concentrated H2SO4 for 20 minutes (T2), GA3@1000 PPM (T3), PEG@10% (T4), Hot water treatment (T5: 80°C temp. of water for 2 hours) and Cold water treatment for 48 hours (T6). Then 400 treated seeds for each treatment were grown in polybags in greenhouse condition within four replications to record germination and seedling growth parameters (ISTA, 1993). Germination is recorded by daily counding of germinated seeds. Seedling height and root length recorded with the help of wooden scale in cm. Collar diameter measured with the help of digital calliper in mm. Leaf area is mesured with the help of portable leaf area meter in square meter.   
Statistical Analysis
The collected experimental data in the greenhouse condition were analysed in compactly block design (CRD) with four replications (50 seeds each replication) by using OPSTAT statistical software package (Sheoran et al. 1998). Then, treatment means were compared at 5 % level of significance (Gomez and Gomez, 1984) to find out the best pre-sowing seed treatment in Ritha. The Tukey HSD (Honest Significant Difference) test is used for post-hoc comparison of treatment means as suggested by Tukey (1949).
RESULTS AND DISCUSSION 
[bookmark: _Hlk160112395]Fruit and Seed Morphology
Fruit length of Ritha was found in the range of 24.40 to 27.62 mm with the mean of 25.24 mm. Fruit width was recorded in the range (20.15-24.70 mm) with the mean of 22.11 mm. Fruit weight was varied in the range between 3.51 to 4.92 g with the mean of 4.19 g (Table 1). The colour of fruit was brown with oval shape having tough surface (Fig. 1). 
Table 1: Fruit Characters of Ritha (Sapindus mukorossi)
	Characters
	Range
	Mean

	[bookmark: _Hlk179716638]Fruit Length (cm)
	24.40-27.62 mm
	25.24 mm

	Fruit Width (cm)
	20.15-24.70 mm
	22.11 mm

	Fruit Weight (g)
	3.51-4.92 g
	4.19 g
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Fig. 1 Fruit and Seed Morphology of Ritha (Sapindus mukorossi)
[bookmark: _Hlk179702387]Seed Kernel length of Ritha was found in the range of 13.24-16.22 mm with the mean 14.82 mm. Seed width was recorded in the range (12.11-15.12 mm) with the mean of 14.22 mm. Seed weight was varied in the range between 1.48 to 1.98 g with a mean value of 1.65 g. The colour of seed was black with narrow fusiform shape having tough surface (Table 2).
Table 2: Seed (Kernal) Characters of Ritha (Sapindus mukorossi)
	Characters
	Range
	Mean

	[bookmark: _Hlk179716734]Seed Length (mm)
	13.24-16.22 mm
	14.82 mm

	Seed Width (mm)
	12.11-15.12 mm
	14.22 mm

	Seed Weight (g)
	1.48-1.98 g
	1.65 g


Kairon and Sankhyan (2017) studied variability fruit and seed of Ritha among different seed sources in Himachal Pradesh and they reported 100 fruit weight (240-542 g), 100 seed weight (141.95- 218.50 g), and seed diameter (12.40- 17.02 mm) which is comparable to the present findings. Patel and Khare (2022) characterised seeds of Ritha into three classes i.e., small (<1.2 cm), medium (1.2-1.4 cm) and large (>1.4 cm) on the basis of their diameter. The weight of 100 seeds was recorded 209.22 g in large size seed, 162.82 g in medium size seed and 121.31 g in small size seed. Thus, the fruit and seed morphology of Ritha varied from seed sources, tree crown size, and other environmental factors in different climatic conditions (Reddy et al., 2022; Kumar et al., 2024). 


Seed Germination
Analysis of variance showed signiﬁcant differences (p<0.05) among different pre-sowing treatments of seed germination in Ritha (Table 3). The highest seed germination percentage (87.50 %) was recorded in treatment T2: Concentrated H2SO4 for 20 minutes, whereas the lowest germination percentage (56.50 %) was observed in T1: Control treatment which was untreated seeds (Fig. 2). When the seeds of Ritha were immersed in Concentrated H2SO4 for 20 minutes resulted as 21 % increase in seed germination as compared to control (Table 3). 

Fig. 2: Germination Percentage of Ritha (Sapindus mukorossi)
The seeds of Ritha treated with concentrated H2SO4 for 20 minutes immersion followed by rinsing under running tap water showed maximum germinability parameters (Attri et al., 2015). The present result shown higher germination (87.50 %) than the germination studied by Attri et al. (2015). This also corroborates with results of Kumar and Tiwari (2020) that the concentrated sulphuric acid softens the seed coat causing uniform inflow of water and unrestricted expansion of embryo. Pre-sowing seed treatments increased germination which is reported in various tree species such as Cassia fistula (Humtsoe et al., 2018); Semecarpus anacardium (Panda and Hazra, 2009); Acacia auriculiformis (Olatunji et al., 2013); Acacia nilotica (Nasr et al., 2013); Albizia lebbeck (Ayuba et al., 2025); Albizia procera and Albizia chinensis (Musa and Sahoo, 2025). 


Seedling Growth Parameters 
Analysis of variance showed signiﬁcant differences (p<0.05) among different pre-sowing treatments of seedling growth parameters in Ritha (Table 3). The longest seedling height (46.27cm) and root length (35.35cm) was observed in treatment T2: Concentrated H2SO4 for 20 minutes followed by Hot water treatment (T5: 80°C temp. of water for 2 hours), whereas the shortest seedling height (36.19cm) and root length (25.24cm) was measured in T1: Control treatment which was untreated seeds (Table 3). Similarly, the widest collar diameter (8.56 mm) was recorded in Concentrated H2SO4 for 20 minutes treatment, however the narrowest collar diameter (5.36 mm) was recorded in untreated seeds of Ritha (Table 3). Leaf area was recorded highest (12.26cm2) in Conc. H2SO4 for 20 minutes treatment followed byb Hot water treatment (T5: 80°C temp. of water for 2 hours) and lowest (7.77cm2) in control treatment (Table 3). 
 Table 3: Effect of Pre-sowing Seed treatments on Germination and Seedling Growth Parameters of Ritha (Sapindus mukorossi)
	Treatment Details
	Germination
Percentage
(%)
	Seedling
Height
(cm)
	Collar
Diameter
(mm)
	Root
Length
(cm)
	Leaf
Area
(cm2)

	T1: Control
	56.50±1.56d
	36.19±1.22c
	5.36±0.21d
	25.24±1.20c
	7.77±0.35e

	T2: Con. H2SO4 for 20 minutes
	87.50±1.32a
	46.27±1.43a
	8.56±0.23a
	35.35±1.41a
	12.26±0.29a

	T3: GA3@1000 PPM
	70.00±1.47bc
	41.21±1.26b
	7.26±0.25b
	30.24±1.26b
	10.24±0.25bc

	T4: PEG@10%
	63.50±1.85c
	38.64±1.07bc
	6.08±0.19c
	27.73±1.06bc
	8.73±0.22de

	T5: Hot water treatment
	72.25±1.89b
	42.53±1.25ab
	7.94±0.15a
	31.62±1.22ab
	11.01±0.25b

	T6: Cold water treatment
	68.00±0.91bc
	39.71±1.46bc
	6.63±0.14bc
	28.83±1.46bc
	9.44±0.29cd

	Mean
	69.63
	40.76
	6.97
	29.83
	9.91

	SE(m)±
	1.54
	1.29
	0.20
	1.28
	0.28

	CD(0.05)
	4.60
	3.86
	0.60
	3.82
	0.83

	CV (%)
	4.41
	6.32
	5.70
	8.55
	5.60


Note: Means within a column followed by the same letter are not significantly different (p>0.05) according to Tukey HSD test
The seeds of Ritha treated with concentrated H2SO4 for 20 minutes immersion followed by rinsing under running tap water showed maximum seedling growth attributes such as seedling height, collar diameter and root length (Attri et al., 2015; Kumar and Tiwari; 2020). Similar results have been also reported when seeds are treated with sulphuric acid for the improvement the performance of seedling growth with regard to plant height and collar diameter in various tree species such as Cassia fistula (Soliman and Abbas, 2013; Humtsoe et al., 2018); Semecarpus anacardium (Panda and Hazra, 2009); Acacia auriculiformis (Olatunji et al., 2013); Acacia nilotica (Khera & Saxena, 2003; Nasr et al., 2013); Albizia lebbeck (Pawar and Jadhav, 2018; Ayuba et al., 2025); Albizia procera and Albizia chinensis (Musa and Sahoo, 2025). This enhanced seedling height and collar diameter can be attributed to sulfuric acid's ability to break seed dormancy by scarifying the hard seed coat, facilitating water and nutrient uptake, and resources allocation which promoting vigorous early nursery growth and development (Baskin and Basin, 2014; Priyadharshini and Lekha, 2021). 

CONCLUSION
The present study demonstrated that Ritha exhibits considerable variability in fruit and seed morphology, with distinct ranges in fruit length, fruit width, seed dimensions, and seed weight due to genetic factors, environmental conditions and altitudinal gradients contribute to morphological heterogeneity among seed sources. The hard and impermeable seed coat characteristic of Ritha is confirmed as a major cause of physical dormancy which resulting in poor natural germination. The evaluation of six pre-sowing treatments revealed significant (p<0.05) differences in both germination and early seedling growth. Among all treatments, immersion in concentrated H₂SO₄ for 20 minutes proved most effective, and producing the highest germination percentage (87.50%), and superior seedling performance in terms of height, collar diameter, root length, and leaf area. Overall, the study clearly demonstrates that sulphuric acid treatment as the most efficient pre-sowing intervention for improving germination uniformity and seedling vigour in Ritha. Adoption of this protocol can substantially enhance nursery production, ensuring timely and healthy seedling availability for agroforestry, reforestation, and livelihood-supporting plantation programmes in subtropical regions of Himachal Pradesh. The findings provide a practical foundation for refining tree seed technology and promoting wider cultivation of this economically and medicinally valuable species.
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