
		
			Research Article

		

		
			Germination, Winter Survival and Plant Growth of Sophora secondiflora as Affected by Sowing Dates and Seed Scarification

		

		
			Muhammad Ihtisham1, Noor Amjad2, Muhammad Nauman3, Asghar Ali3, Khawar Riaz3, Muhammad Sajid3, Muhammad Owais Shahid*3 

			 

			1Sichuan Agricultural University, Chengdu, PR China; 2Islamia College University, Peshawar, Khyber Pakhtunkhwa, Pakistan; 3The University of Agriculture, Peshawar, Khyber Pakhtunkhwa, Pakistan; 4China Agriculture University, Beijing, PR China.

		

		
			Abstract | Seeds are the most common and cheap source of propagation. However, several plant species have water-impermeable hard seeds which take a long time to germinate. The hard seed coat can be scarified successfully through acid treatment. Sophora is a beautiful ornamental plant and its seeds have the same issue. In this experiment, seeds of Sophora secondiflora were treated with H2SO4 and then sown at different dates. Both H2SO4 scarification and sowing time had a significant effect on germination and seedling growth. The seeds scarified with sulfuric acid for 135 min gave the maximum plant height (25.42 cm), leaves plant-1 (34.45), leaf area (8.00 cm2), stem thickness (0.47 cm), fresh leaves weight (3.31 g), fresh stem weight (1.95 g), root length (22.10 cm) and winter survival (94.44%). However, the same treatment also gave minimum days to germination (2.96) and seedling emergence (12.96). The seeds scarified for 90 min gave maximum plant emergence percentage (97.78%). The seeds sown on 14th April gave minimum days to germination (9.03) and seedling emergence (18.38), but also gave maximum plant emergence percentage (85.83%), plant height (22.63 cm), number of leaves (28.34), leaf area (7.13 cm2), stem diameter (0.39 cm), fresh leaves weight (2.79 g), stem fresh weight (1.55 g), length of roots (20.99 cm) and winter survival of plants (93.03%). It was concluded from the results that scarification durations of 90 and 135 min and sowing on 4th-14th April were the most effective in improving the germination, growth attributes and winter survival of Sophora.
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			Introduction

			 

			There are various sources of plant propagation such as seeds, cuttings, bulbs, etc. These sources depend upon the species and their effectiveness in that species. Seed are the most common and cheapest way of propagation for a lot of plant species. However, many of them have hard seed coat that doesn’t allow proper germination. Some plant species have hard seed coat which is impermeable to water and/or gases, such as plants of Leguminaceae family (Argel and Paton, 1999; Egley, 1989; Cavanagh, 1987; Tran and Cavanagh, 1984; Ballard, 1973). However, the seed coat-imposed dormancy is a delaying mechanism of some plant species. It doesn’t allow germination under unfavorable conditions. These seeds have the ability to remain dormant for a long time. This mechanism is found in those species grown under unpredictable climates, especially arid (dry) areas. Most of the leguminous species also have this ability. Nonetheless, this dormancy can be broken in order to obtain rapid, uniform and high germination (Teketay, 1996a). There are various methods to overcome dormancy imposed by hard seed-coat (Baskin and Baskin, 1998; Bewley and Black, 1994; Bradbeer, 1988). However, these methods vary from species to species. There is a need to formulate a species-specific method.

			 

			Sophora secundiflora (or mescal bean mountain laurel) is a small evergreen flowering tree of the Fabaceae/Leguminoseae family. It is believed to be native to southern America. It is a beautiful element in most of the landscape gardens (Crosswhite and Randall, 1985; Little, 1979), especially in alkaline and drought areas (Ruter and Ingram, 1991). The genus Sophora has various synonyms, such as Dermatophyllum, Calia, Broussonetia and Virgilia (Turner, 2012; Gandhi et al., 2011). It is propagated primarily through seed. Besides propagation, its red-colored hard seeds have other various uses such as in ornaments, jewelry and medicine (Murakoshi et al., 1986; Kingsbury, 1964; Vines, 1960). Because of its extremely hard seed coat, germination takes a long time (Froberg, 1985) as it is water impermeable. Germination gets more difficult when the seeds are stored for long (Smith and Pittock, 1989). The long period of seed dormancy can be shortened to a few days by subjecting to various treatments. Unfortunately, there is limited information concerning the potential seed dormancy problems of Sophora secondiflora. Several endogenous and exogenous factors can determine seed dormancy and, as a result, the methods vary. 

			 

			There are various methods for breaking seed dormancy, such as seed scarification and heat treatment by fire (Aran et al., 2013; Gresta et al., 2011). However, choosing the intensity and duration of fire for breaking seed dormancy is very difficult (Saharjo and Watanabe, 1997) and using fire is more hazardous for experimental procedures. Seed scarification has been one of the methods traditionally used to break the hard seed coat. The most widely used chemical substance to scarify seeds having a hard coat is sulfuric acid at high concentrations (Lulanda, 1981). Sophora seed’s germination had been significantly improved with sulfuric acid scarification. Treating Sophora seeds with concentrated sulfuric acid from 10 to 120 mins not only increased the germination rate but also reduced the time to germination. It also resulted in better plant growth and development (Ghadiri and Niazi, 2005; Wang, 1991; Ruter and Ingram, 1991; Everitt, 1983a; Scowcroft, 1981). Sulfuric acid scarification has been found very effective in decreasing germination time, increasing germination rate and eventually improving plant growth attributes in hard seed coat plants. Those include plants from Leguminaceae family and others such as Turgenia Latifolia, Cuscuta sp., Sabal palmetto, Thrinax morrisii, Cycas revolota and Monotheca buxifolia (Huma et al., 2013; Li et al., 2013; Soliman and Abbas, 2013; Wang et al., 2013; Asl et al., 2011; Dewir et al., 2011; Merou et al., 2011; Pipinis et al., 2011; Zarchini et al., 2011; Contreras and Ruter, 2009; Olmez et al., 2007; Travlos et al., 2007a, b; Ghadiri and Niazi, 2005; Karaboon et al., 2005; Karaguzel et al., 2004; Uzun and Aydin, 2004; Rincon et al., 2003; Teketay, 1996a; Rehman et al., 1999).

			 

			Like other physiological phenomena, environmental conditions (temperature, light, humidity) have a great role in seed germination. There is a great variation in optimal germination temperature among plant species (Teketay, 1996b). Therefore, it is a need to have knowledge of sub and supra-optimal limits of temperature for seed germination. Little work has been done regarding the seed sowing time. Sophora sp. and other leguminous seeds when sown earlier (in winter or spring) had more time in soil, which resulted in higher germination percentage and better plant growth and performance (Yucedag and Gultihen, 2011; Nu et al., 2009; Mackay et al., 2002; Scowcroft, 1981). Germination of Sophora sp. is helped by temperatures higher than 20oC (Everitt, 1983a). There is a need to study the interaction between seed scarification treatments and sowing time in hard to germinate seeds. 

			 

			The aims of the present study were to formulate effective acid scarification treatment to enhance seed germination of Sophora secundiflora, as well as to find its optimal sowing time. For this purpose, seeds of S. secundiflora were scarified with concentrated sulfuric acid and then sown at different dates. Results showed that there was a highly significant effect of acid scarification and sowing time on germination and seedling growth of Sophora. The sulfuric acid scarification treatment for 90 and 135 mins was the most effective in improving the attributes of Sophora. Moreover, sowing the seeds at high-temperature dates such as 4th and 14th April germinated more quickly and the seedlings performed very well. Hence in order to quickly germinate the hard seeds such as Sophora, seed scarification should be done for more time with concentrated sulfuric acid. Those seeds should be sown on higher temperature days. This experiment not only revealed that the hard seed coat and temperature are the main barriers inducing dormancy to the plant species such as Sophora; but also formulated methods to break such dormancy.

			 

			Materials and Methods

			 

			The current study was undertaken to investigate the effect of scarification and sowing times on germination and growth of Sophora’ at the ornamental horticulture nursery, department of horticulture, the university of agriculture, Peshawar-Pakistan. The experiment was laid out in Randomized Complete Block Design (RCBD) with two factors (duration of scarification and sowing dates) factorial arrangement having three replications. Mature seeds of Sophora secondiflora were carefully scarified in the laboratory with sulfuric acid for 0, 45, 90 and 135 min, followed by sowing the seeds at different dates with 10 days interval, i.e. 25th March, 4th April and 14th April. Intensive care was taken during handling and treatment of sulfuric acid. It is highly corrosive to human tissues and laboratory containers.

			 

			Seed scarification and sowing

			For each treatment, seeds were gently and periodically agitated at the laboratory in 18N H2SO4 followed by a two-hour wash with distilled water at room temperature. After treatment, 10 seeds per treatment were rolled in moist paper towels. Then they were placed in polythene bags filled with canal silt for germination. The bags were irrigated each day and no kind of fertilizer or growth enhancer was applied.

			 

			Germination and growth analysis

			The experiment was observed regularly to record data on germination rate and growth response. The days to 50% germination were counted when half of the seeds were germinated. A seed was considered germinated if the radical could be seen protruding through the seed coat (Ruter and Ingram, 1991). After that, the number of days taken by the radicals to emerge from the soil was recorded as days to 50% emergence. Then the total number of seedlings that emerged were counted and emergence percentage was calculated by using the following formula:

			 

			[image: 2638.jpg] 

			 

			The percentage of plants that survived through winter was calculated by counting the number of plants survived from each treatment by the following formula:

			 

			[image: Image13120075.PNG] 

			 

			The plant height of five randomly selected plants was measured for each treatment with the help of measuring tape. The total number of leaves were counted for each treatment in five randomly selected plants. Leaf area was noted of randomly selected five leaves from five plants for each treatment with the help of leaf area meter. The stem thickness of randomly selected plants from each treatment were measured with the help of Vernier Caliper. The fresh weight of leaves and stems plant-1 was also calculated for each treatment in randomly selected plants. The length of primary roots of randomly selected plants in each treatment was measured with the help of measuring tape.

			 

			Statistical procedures

			The data recorded were subjected to Analysis of Variance (ANOVA) technique appropriate for RCB design with two factors factorial arrangement. Means were compared by using Least Significance Differences (LSD) using STATIX version 8.1 (Jan et al., 2009).

			 

			Results and Discussion

			 

			The results of the studied attributes are presented and discussed in the following paragraphs:

			 

			Germination and seedling emergence

			Data analysis showed that germination and seedling emergence of Sophora was significantly affected by sulfuric acid scarification and sowing dates. The results regarding the days to 50% seed germination (Figure 1a) revealed that the seeds left untreated (control) germinated in a maximum (32.02) number of days. The seeds treated with H2SO4 for 135 min germinated in minimum (2.96) days, which was at par with the value (3.07) given by the seeds scarified for 90 min. In the same parameter, the mean data related to sowing dates showed that the maximum number of days (12.44) to 50% germination was recorded in the seeds sown on 25th march. The minimum days (9.03) were taken by the seeds sown on 14th April. A similar trend was observed in the data about days to 50% seedling emergence (Figure 1b). The seedling emergence percentage (Figure 1c) showed that the
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			Figure 1: (a) Days to 50% germination, (b) days to 50% emergence, (c) emergence percentage and (d) winter survival rate of Sophora secondiflora as affected by sulfuric acid scarification and sowing dates.

			 

			maximum seedling emergence (97.8%) was observed in 90 min scarification treatment, followed by 45 min and 135 min treatment, while the minimum (56.7%) was recorded in the control treatment. In regard to sowing dates, the maximum seedling emergence (85.8%) was observed in the seeds sown on 14th April, which was at par with the emergence of seedlings (83.3%) given by the seed sown on 4th April. The minimum (76.7%) was recorded in the plants of the seeds sown on 25th March. 

			 

			The most limiting factor in plant propagation is seed dormancy. There are many causes of seed dormancy, in which the hard seed coat is the most common. This hard seed coat blocks the water from entering the seed that delays the germination (Ballard, 1973). Germination is the imbibition of water and breaking of the hard seed coat. Hence breaking of the hard seed coat is very important in the early and effective germination of a seed and the emergence of its seedling. The acid scarification (especially sulfuric acid) is highly effective for softening the hard seed coat in many leguminous species, like Cassia (Al-Menaie et al., 2010). Hence, the seeds scarified for more time eventually germinated and emerged in less time. Moreover, the seeds of Sophora are temperature sensitive. They require high temperatures for effective and early germination, as well as for seedling emergence. The decrease in days to germination and emergence of Sophora might be due to the fact that with ascending sowing dates, the temperature also increased in the area. Everitt (1983a, b) stated that Sophora seeds usually germinate in temperatures around 20 to 30oC. These results are in close similarity with the findings of Soliman and Abbas (2013) who observed that Cassia fistula seeds germinated quickly when subjected to sulfuric acid scarification and hot water treatment. Similarly, Vivekmitter et al. (1993) found quick germination of Psoralea corylifolia seeds when treated with concentrated sulfuric acid and heat application. The reason for results regarding seedling emergence percentage might be that the seeds that germinated quickly and didn’t stay for longer in the soil had maximum percent emergence. On the other hand, the ones that stayed for months in the soil were damaged. However, the acid pre-treatment could also cause damage to the seeds and the embryo inside. That is why the acid treatment at the highest duration (135 min) caused damage and thus the emergence percentage was lower. 

			 

			Winter survival	

			The plants that survived through winter were observed (Figure 1d), which showed that the highest number of plants (94.4%) were survived in the seed scarification treatment for 135 min, which was in harmony with the other two levels. The lowest survival (75%) was observed in the control treatment. Winter survival rate as affected by sowing dates showed that the maximum survival (93.1%) was recorded in the plants of the seeds sown on 14th April, which was at par with the subsequent treatment. The minimum winter survival (83.0%) was given by the plants of the seeds sown on 25th March. 
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			Figure 2: (a) Plant height, (b) leaves quantity plant-1, (c) root length and (d) leaf area of Sophora secondiflora as affected by sulfuric acid scarification and sowing dates.

			According to the results, the winter survival percentage was enhanced in the plants of the seeds treated with sulfuric acid and sown on later dates. It might be because these plants were stronger and healthier as compared to the others. The plants were stronger because they had more root growth (as given in Figure 2c), more height (Figure 2a) and more number of leaves (Figure 2b), that enabled the plants to perform well to fight the harsh winter. The root growth helped the plants to absorb more minerals and moisture. It gave better quality to the plants to perform well in winter. Photosynthesis rate might also be higher in these plants because of more number and size of leaves. Photosynthesis enhances the energy production, which might have made the plants stronger to withstand harsh weather like winter. Another reason for such results might be that these plants emerged very early (Figure 2b). It provided the plants with a greater number of days of summer to grow and develop so that they can survive in the low winter temperatures. These results can be confirmed with the observations of Zoghi et al. (2011) and El-Juhany et al. (2009) who found that the seeds treated with sulfuric acid gave maximum plant survival through winter. Zhang et al. (2009) found that early plant emergence of Sophora flavescens enhanced the root to grow thicker and went deeper into the soil. Thus, more water and nutrients were absorbed that resulted in good quality plants to withstand winter.

			 

			Plant growth

			Analysis of the data regarding plant growth attributes revealed that plant height, number of leaves, leaf area, stem thickness, fresh plant weight and root length were significantly influenced by sulfuric acid scarification and different sowing dates. The data analysis for plant height (Figure 2a) suggested that the highest plants (25.42 cm) were recorded in the treatment having seed scarification for 135 min, which was at par with the value (24.03 cm) given by scarification treatment of 90 min. The minimum plant height (15.47 cm) was given by control treatment. The observations for the effect of sowing dates on Sophora showed that the maximum plant height (22.63 cm) was recorded in seeds sown on 14th April, which was in harmony with the value (21.68 cm) given by the plants grown from the seeds sown on 4th April, whereas the minimum (19.39 cm) was observed in the seeds sown on 25th march. Almost a similar trend was observed in the data analyzed for leaves quantity plant-1 (Figure 2b) and root length (Figure 2c). The data analyzed for leaf area (Figure 2d) proved that the highest value (8.00 cm2) was given by the plants raised from the seeds scarified for 135 min, which was almost similar to the leaf area given by 90 min treatment. However, it was at par with 45 min treatment. The minimum leaf area (4.74 cm2) was recorded in the plants grown from the seed without any scarification treatment. The data for the same parameter regarding sowing dates showed that the maximum leaf area (7.13 cm2) was observed in the plants of the seeds sown on 14th April. The minimum (6.05 cm2) was given by the plants of the seeds sown on 25th March. However, the leaf area of the seeds sown on 4th April was at par with that of both 14th April and 25th March. Figure 3a shows data analyzed for stem thickness, which revealed that the thickest stems (0.47 cm) were recorded in the treatment involving seed soaked in sulfuric acid for 135 min. The thinnest stems (0.22 cm) were observed in the plants raised from the seeds without sulfuric acid treatment. Different sowing dates showed that maximum stem thickness (0.39 cm) was given by the plants of the seeds sown on 14th April. The minimum stem thickness (0.33 cm) was recorded in plants of the seeds sown on 25th March. The data analysis for fresh plant weight (Figure 3b, c) proved that the maximum fresh weight of leaves (3.31 g) and stems (1.95 g) were given by the plants raised from the seeds treated for 135 min with sulfuric acid, followed by the 90 and 45 min treatment. The minimum fresh weight of leaves (1.76 g) and stems (0.77 g) was observed in the control treatment. Seeds sown on 14th April gave the maximum fresh weight of leaves (2.79 g) and stems (1.55 g) while the minimum values (2.49 g and 1.35 g, respectively) were given by the control treatment. 

			 

			It is obvious from these results that the seeds that were scarified for a longer duration and sown on later dates (in which temperature was higher) had better plant growth attributes, as compared to un-scarified seeds and the seeds that were sown on early dates. The reason for such results is that the plants that had better growth, emerged and germinated earlier as compared to the suppressed plants. In other words, the seeds that germinated quickly enhanced earlier seedling emergence. In this way, more time was there for the increment of vegetative growth parameters of these plants, such as plant height, leaves quantity, leaf area, stem thickness, fresh plant weight and root length. All these attributes have inter-correlative roles. The shoot and root growth are positively correlated to each other. The bigger leaf area and number of leaves
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			Figure 3: (a) Stem thickness, (b) leaves fresh weight and (c) stem fresh weight of Sophora secondiflora as affected by sulfuric acid scarification and sowing dates.

			 

			had more photosynthesis which enhanced the plants to have longer and thicker stems as well as more root growth. Moreover, due to comparatively higher temperatures on later sowing dates, the respiration rate might also be higher due to which the plants attained more water and nutrients from the soil and hence plant growth was improved. Hence, early seed germination, early seedling emergence and optimum temperature are essential for better plant growth.

			 

			The influence of acid pre-treatments on plant growth has been reported by several scientists. Olatunji (2013) observed that the seeds treated with acid had longer plants, more quantity of leaves and thicker stems. Soliman and Abbas (2013) found improvement in leaf area and root length of the plants due to seed scarification with acid and hot water. Increment in plant height after seed scarification with acid has been reported by El-Juhany et al. (2009), Oloridnrnaiye et al. (2004) and Khan (2001). The number of leaves per plant was also increased due to pre-sowing treatment with acid (Offiong et al., 2010; Hossain et al., 2001). Similarly, Mabundza et al. (2010) and Anim-Kuapong and Teklehaimanot (2001) recorded the maximum root length of plants when seeds were treated with sulfuric acid. Improvement in leaf area has been found by Joshi and Pant (2010), Mehta and Sen (1990) and Bhuyar et al. (2000) when seeds were treated with acid before sowing. Fresh weight of the leaves and stem was also improved in the treatments involving acid scarification of seeds (Habibpour et al., 2013; Takhti and Shekafandeh, 2012; Nath et al., 2007). On the other hand, the positive impact of different sowing dates on plant growth attributes has

			Table 1: Correlation matrix among parameters showing different correlation trends.

			 

			
				
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							 
							Days to 50% germination
							Days to 50 % emergence
							Emergence %
							Survival %
							Plant height
							
							Leaves plant-1

						
							Root length
							Leaf area
							Stem thickness
							Leaves fresh wt. 
							Stem fresh wt. 
					

					
							
							Days to 50% germination

						
							
							1

						
							
							0.99

						
							
							-0.94

						
							
							-0.90

						
							
							-0.76

						
							
							-0.81

						
							
							-0.75

						
							
							-0.80

						
							
							-0.84

						
							
							-0.89

						
							
							-0.89

						
					

					
							
							Days to 50% emergence

						
							
							0.99

						
							
							1

						
							
							-0.95

						
							
							-0.92

						
							
							-0.83

						
							
							-0.87

						
							
							-0.82

						
							
							-0.85

						
							
							-0.89

						
							
							-0.93

						
							
							-0.92

						
					

					
							
							Emergence %

						
							
							-0.94

						
							
							-0.95

						
							
							1

						
							
							0.90

						
							
							0.79

						
							
							0.77

						
							
							0.79

						
							
							0.76

						
							
							0.78

						
							
							0.84

						
							
							0.83

						
					

					
							
							Survival %

						
							
							-0.90

						
							
							-0.92

						
							
							0.90

						
							
							1

						
							
							0.76

						
							
							0.79

						
							
							0.82

						
							
							0.76

						
							
							0.80

						
							
							0.85

						
							
							0.84

						
					

					
							
							Plant height

						
							
							-0.76

						
							
							-0.83

						
							
							0.79

						
							
							0.76

						
							
							1

						
							
							0.94

						
							
							0.96

						
							
							0.94

						
							
							0.95

						
							
							0.92

						
							
							0.91

						
					

					
							
							Leaves plant-1

						
							
							-0.81

						
							
							-0.87

						
							
							0.77

						
							
							0.79

						
							
							0.94

						
							
							1

						
							
							0.92

						
							
							0.90

						
							
							0.95

						
							
							0.98

						
							
							0.98

						
					

					
							
							Root length

						
							
							-0.75

						
							
							-0.82

						
							
							0.79

						
							
							0.82

						
							
							0.96

						
							
							0.92

						
							
							1

						
							
							0.93

						
							
							0.92

						
							
							0.92

						
							
							0.91

						
					

					
							
							Leaf area

						
							
							-0.80

						
							
							-0.85

						
							
							0.76

						
							
							0.76

						
							
							0.94

						
							
							0.90

						
							
							0.93

						
							
							1

						
							
							0.97

						
							
							0.92

						
							
							0.91

						
					

					
							
							Stem thickness

						
							
							-0.84

						
							
							-0.89

						
							
							0.78

						
							
							0.80

						
							
							0.95

						
							
							0.95

						
							
							0.92

						
							
							0.97

						
							
							1

						
							
							0.96

						
							
							0.95

						
					

					
							
							Leaves fresh wt.

						
							
							-0.89

						
							
							-0.93

						
							
							0.84

						
							
							0.85

						
							
							0.92

						
							
							0.98

						
							
							0.92

						
							
							0.92

						
							
							0.96

						
							
							1

						
							
							1

						
					

					
							
							Stem fresh wt.

						
							
							-0.89

						
							
							-0.92

						
							
							0.83

						
							
							0.84

						
							
							0.91

						
							
							0.98

						
							
							0.91

						
							
							0.91

						
							
							0.95

						
							
							1

						
							
							1

						
					

				
			

			

			 

			also been recorded. Kakaraparthi et al. (2011) observed increased plant height, leaf quantity and fresh leaves weight when the seeds were sown on different dates with ascending temperature. Moosavi (2012) and Suna et al. (2007) found improved stem diameter and fresh plant weight when the plant seeds were sown on different dates. Enhancement in plant height, root length, stem thickness and fresh leaf weight due to various sowing dates with ascending temperature has been reported by Seghatoleslami et al. (2013), Jafari (2010), Hussein (2008), Bharath (2008), Amiri (2003) and Morin and Dormency (1993), respectively. 

			 

			Correlation among the studied parameters showed varying trends in the variables (Table 1). Days to 50% germination and emergence were positively correlated with each other, whereas negatively correlated with all other variables. On the other hand, emergence %, survival %, plant height, leaves plant-1, root length, leaf area, stem thickness, fresh wt. of leaves and stem were all positively correlated with each other while negatively correlated with days to 50% germination and emergence. 

			 

			Conclusions and Recommendations

			 

			The influence of sulfuric acid scarification and sowing dates on the germination and growth of Sophora was studied in an experiment carried out at Ornamental Horticulture nursery, Department of Horticulture, The University of Agriculture, Peshawar-Pakistan. It included treatment (scarification) of the seeds of Sophora secondiflora with 18N sulfuric acid for different duration, i.e. 0, 45, 90 and 135 min and then sown on different dates of spring, i.e. 25th March, 4th April and 14th April. Various attributes regarding growth and germination of Sophora plants were studied. From the obtained results, it can be concluded that most of the parameters of Sophora seeds and plants were significantly affected by sulfuric acid scarification and sowing dates. The scarification or soaking duration of 135 min was the most effective in improving the attributes of Sophora. However, its effect was statistically at par with the 90 min duration in almost all the parameters. Moreover, sowing the Sophora seeds on 4th and 14th April gave plants with early germination and emergence and other growth attributes. As there was a quick seed germination and seedling emergence due to acid scarification and warmer sowing dates, the Sophora plant growth was enhanced that made it survive through the winter. From these results, it could be recommended that Sophora seeds should be treated with 18 N sulfuric acid for the duration of 90 minutes and sown in late spring or early summer for enhanced germination, seedling emergence, plant growth and winter survival.
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Abstract | Seeds are the most common and cheap source of propagation. However, several plant species

have water-impermeable hard seeds which take a long time to germinate. The hard seed coat can be scarified

successfully through acid treatment. Sophora is a beautiful ornamental plant and its seeds have the same issue.

In this experiment, seeds of Sophora secondiflora were treated with H SO, and then sown at different dates.

Both H_SO, scarification and sowing time had a significant effect on germination and seedling growth.

The seeds scarified with sulfuric acid for 135 min gave the maximum plant height (25.42 cm), leaves plant™

(34.45), leaf area (8.00 cm?), stem thickness (0.47 cm), fresh leaves weight (3.31 g), fresh stem weight (1.95

root length (22.10 cm) and winter survival (94.44%). However, the same treatment also gave minimum

g ’ g ) g

days to germination (2.96) and seedling emergence (12.96). The seeds scarified for 90 min gave maximum
lant emergence percentage (97.78%). The seeds sown on 14" April gave minimum days to germination

I & P & o g ! g

(9.03) and seedling emergence (18.38), but also gave maximum plant emergence percentage (85.83%), plant

height (22.63 cm), number of leaves (28.34), leaf area (7.13 cm?), stem diameter (0.39 cm), fresh leaves weight

(2.79 g), stem fresh weight (1.55 g), length of roots (20.99 cm) and winter survival of plants (93.03%). It was

concluded from the results that scarification durations of 90 and 135 min and sowing on 4®-14™ April were

the most effective in improving the germination, growth attributes and winter survival of Sophora.
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Introduction Paton, 1999; Egley, 1989; Cavanagh, 1987; Tran and
Cavanagh, 1984; Ballard, 1973). However, the seed
coat-imposed dormancy is a delaying mechanism of

some plant species. It doesn’t allow germination under

here are various sources of plant propagation
such as seeds, cuttings, bulbs, etc. These sources

depend upon the species and their effectiveness in
that species. Seed are the most common and cheapest
way of propagation for a lot of plant species. However,
many of them have hard seed coat that doesn’t allow
proper germination. Some plant species have hard
seed coat which is impermeable to water and/or gases,
such as plants of Leguminaceae family (Argel and

unfavorable conditions. These seeds have the ability
to remain dormant for a long time. This mechanism
is found in those species grown under unpredictable
climates, especially arid (dry) areas. Most of the
leguminous species also have this ability. Nonetheless,
this dormancy can be broken in order to obtain rapid,
uniform and high germination (Teketay, 1996a).
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