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ABSTRACT 

	Ficus racemosa in addition to having many pharmacological benefits also has ecological potential especially for water spring conservation. Reforestation of forest plants is necessary to support the sustainability of the function and role of forest resources in the long term. However, conventional propagation using seeds has many obstacles. In vitro culture technique is an alternative propagation method that has been widely applied to tree or woody plant species. Therefore, this study aims to develop an efficient micropropagation protocol to produce F. racemosa seedlings on a large scale. Cotyledon node explants from in vitro seedlings at two different ages (4 and 7 weeks) were used for shoot induction on MS and WPM base media with the addition of BAP (0, 0.5, 1 and 2 mg/l). Then the resulting shoots were transferred to MS and WPM rooting media with and without the addition of 0.1 mg/l NAA. The regenerated plantlets were then transferred to the acclimatization stage. The results showed that in vitro seed germination had a success rate of >95%. Explants from 7-week-old seedlings produced more shoots than 4-week-old explants. Both types of MS and WPM base media were able to induce shoot and leaf growth well. The higher the concentration of BAP, the more shoots and leaves were produced. In addition, MS and WPM shoot induction media without the addition of BAP can induce root formation. WPM rooting media + 0.1 mg/l NAA produced the highest number of shoots forming roots and the highest number of roots per shoot. Plant survival at the acclimatization stage was also high > 95%. This shows that the in vitro propagation method has great potential for providing F. racemosa seedlings to support conservation.
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1. INTRODUCTION 
Ficus racemosa (Loa tree) is a species of tree belonging to the genus Ficus from the Moraceae family which is a local plant in Indonesia [1]. This plant from the genus Ficus have the potential as a source of food and natural medicine [2,3]. F. racemosa has long been used in traditional herbal medicine for various diseases [4]. The therapeutic potential of F. racemosa in the field of ethnopsychopharmacology has been explored and has shown a wide spectrum of biological activities. F. racemosa Linn. has pharmacological significance in all its parts [5].

In addition to pharmacological potential, F. racemosa also has ecological potential. The Moraceae family is widely used for spring conservation. In Indonesia, the genus Ficus grows around springs or along rivers in lowland forests, riverbank forests, mountain forests, and rocky forests with varying altitudes ranging from 100-700 meters above sea level. The large habitus form of F. racemosa makes this plant have a role in protecting several types of animals that inhabit the tree [6], the leaves of the lush tree are able to produce oxygen and absorb carbon dioxide with a large capacity. The large number of branches with a dense crown so that it can break up the raindrops that reach the ground. This species has a strong, deep and widespread root system. This root character, in addition to being able to maintain slope stability [7] is also able to maintain water availability in the area where it grows [8] so that it can prevent soil erosion [9]. However, the increasing rate of deforestation currently causes many important forest plants to be reduced. To support the sustainability of the function and role of forest resources in the long term, mitigation by reforestation of forest plants is important.

The propagation of Ficus spp. is generally by seeds and vegetative methods. Generative propagation using seeds is often constrained by the limited number of seeds formed because natural pollination requires special bees. On the other hand, vegetative propagation of forest plants generally takes a long time so that conventional propagation methods for increasing plant stock are considered less efficient in producing healthy plant stock in large quantities. Micropropagation offers mass production of plantlets (in vitro cultured plants) that are genetically identical, physiologically uniform, develop normally, and are free of pathogens, which can be acclimatized in a shorter period. In vitro cultivation of woody plant species often uses WPM. However, Murashige and Skoog (MS) culture media (1962) which is widely used for plant tissue culture has also been successful for micropropagation of woody species [10]. These two types of basic media have been used in F. carica micropropagation [11]. Based on the limitations of conventional vegetative reproduction systems, the provision of Moraceae plant seeds using in vitro culture techniques is important.

Aseptic micropropagation of Ficus was initiated in edible fig (F. carica) in 1982 using shoot tips with 3 or 4 leaf primordia [12,13] to produce mosaic virus-free plants [14]. Single apical bud explants of F. carica var. Black Jack cultured on WPN medium with BAP addition were able to produce disease-free plantlets in large numbers [15]. An efficient micropropagation protocol for F. carica cv. Golden Orphan suitable for mass propagation [16]. Histological analysis of F. carica leaf explant plantlet regeneration has also been reported [17]. The success of regeneration and transgenic systems using stem layer explants of F. carica has been reported for validating the genetic function of fruit trees and improving their agronomic properties [18]. Micropropagation has also been successful in F. americana [19] and F. religiosa [20]. However, so far in vitro micropropagation in F. racemosa has never been reported. Therefore, this study aims to determine the potential for in vitro regeneration of F. racemosa explants to provide woody plant stocks to support forest conservation.

2. material and methods
2.1 Plant Materials and sterilization

F. racemosa fruit was obtained from wild plants in Bedengan Camping Ground Selorejo, East Java. Small cream-colored seeds were removed from fresh fruit and washed and then air-dried. Surface sterilization of the seeds began by soaking the seeds in 70% alcohol for 1 minute, followed by soaking in a solution of two drops of bactocyn (fungicide) in 20 ml of sterile aquadest for 20 minutes. Then the seeds were shaken in a 30% Bayclin solution for 10 minutes. After being rinsed again with sterile aquadest three times for five minutes each, the seeds were ready to be germinated in vitro.

Sterile seeds were germinated on agar medium without the addition of growth regulators under a light intensity of 600 lux at a temperature of 24 ± 2 °C. The cotyledon node of 4 and 7-week-old seedlings was ready to be used as an explant for shoot induction.

2.2 Medium and culture condition

Two types of basic media, namely Murashige & Skoog (MS) and Woody Plant Medium (WPM) with the addition of 30% sucrose were used for shoot and root induction media. After PGR was added to the medium, the pH of the medium was adjusted to 5.8 ± 0.2 by adding 0.1 N KOH or 0.1 N HCl. 11% commercial agar was added to the medium and boiled while stirring with a stirrer. Furthermore, the medium was poured into a culture bottle and autoclaved at a temperature of 121 °C with a pressure of 1.5 atm for 15 minutes. All cultures were kept in a culture room at 24 ± 2°C with a 24-hour lighting period at an intensity of 600 lux.

2.3 Shoot Induction and multiplication

Cotyledon nodes from 4- and 7-week-old seedlings were used as shoot induction explants. Shoot induction used two basic media MS and WPM which were added with 0, 0.5, 1.0 and 2.0 mg/l BAP (6-Benzylaminopurine) respectively. The time when adventitious shoots first appeared was recorded. After 6 weeks of culture, the number of shoots, shoot height, number of leaves and number of roots were recorded.

2.4 Root induction and Acclimatization

The regenerated shoots were separated individually and subcultured into root induction media consisting of two basic media, MS and WPM, with and without the addition of 0.1 mg/l NAA (1-Naphthaleneacetic acid), respectively. The time the roots first appeared was recorded. The percentage of root induction and the number of roots per shoot were recorded after 2 weeks. 
The regenerated plantlets were removed from the culture bottle, the roots were washed with water to remove the agar media attached to the root surface. In the acclimatization stage, the plantlets were planted in a mixture of compost soil: rice husk charcoal with a ratio of 1:2. For the first two weeks, the plantlets were covered with plastic with a lighting period of 16 hours. The next two weeks, the plastic cover was opened periodically to reduce relative humidity. Subsequently, each individual plant was transferred to a polybag with the same growing media. Plant survival was recorded.

2.5 Statistical Analysis

The experiment was conducted using a randomized block design (RBD) and each treatment was repeated 5 times for shoot induction and 10 times for root induction. Each treatment was repeated three times. Shoot data were tested for normality using Kolmogorov-Smirnov while root data were tested for normality using Shapiro-Wilk. Non-parametric tests using Kruskal-Wallis followed by post hoc tests (P < 0.05). Data analysis used IBM SPSS Statistics version 30.0.0.0 (172).

3. results and discussion
3.1 Seed germination

F. racemosa seeds showed a good germination response where at 3 days of culture age > 95% of seeds had developed radicles. After 2 weeks of culture almost all seeds had germinated complete with 2 cotyledons and roots, but their size was small less than 0.5 cm (Fig. 1A). In the natural germination process without soaking, F. racemosa seeds had a low germination percentage (5%) [21]. If the seeds are soaked in hot water for 10 minutes followed by soaking in 100 ppm gibberellic acid for 24 hours only increases the percentage of F. racemosa seed germination to 12%. Germination time takes 10-15 days in humid conditions under sunlight. This shows that in vitro seed germination is more effective and efficient.

3.2 Shoot induction

Cotyledon node explants from both 4- and 7-week-old seedlings were able to produce shoots. The difference in the age of the seedlings as a source of explants significantly affected the number of shoots and the number of roots produced in the shoot induction medium (Table 1). At 6 weeks of culture, explants from 7-week-old seedlings produced more shoots than explants from 4-week-old seedlings (Fig. 1B). Meanwhile, the height of the shoots and the number of leaves were not significantly different. The effect of explant age on shoot regeneration has been widely reported. The age of Jatropa curcas L. cotyledon leaf explants affected the induction of multiple shoots. The increasing age of the explants further decreased the average number of shoots produced and the frequency of plant regeneration [22]. Mulberry cotyledons aged 14 days produced more shoots per explant than cotyledons aged 7 and 21 days [23]. In eggplant, the frequency of shoot regeneration decreases with increasing age of the hypocotyl explant, while the efficiency of shoot regeneration increases with increasing age of the hypocotyl explant. [24]. The effect of the age of leaf stalk explants on Brassica juncea L. aged 5 days produced the highest percentage of shoot regeneration when compared to ages 7 and 9 days after planting [25]. These results indicate that explants from 7-week-old sprouts produce better shoot and root regeneration. Regeneration of shoots in large quantities is prioritized for propagation purposes. Therefore, the effect of media on the response of explants cut from 7-week-old sprouts was further observed.

Table 1. Growth response of explants from different sprout ages at 6 weeks of culture
	Explants sources (weeks)
	Shoot number
	Shoot height (cm)
	Leaf number
	Root number

	4
	2,24a
	0,89a
	7,14a
	0,62a

	7
	2,56b
	0,78a
	6,97a
	1,22b


Note: numbers followed by the same letter in the same column do not show significant differences.
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Fig. 1. Plant regeneration of F. racemosa from cotyledon node explants of in vitro sprouts. A. Results of 2-week-old seed germination, B. Results of 6-week-old shoot regeneration, C. Rooting in in vitro culture, D-E. Plantlets at the acclimatization stage, F. Plant survival at the 7-month acclimatization stage of in vitro seed germination.

In this study, MS basic media was able to produce good shoot growth of F. racemosa as well as WPM media which is widely used for woody plant species. Although shoots can be induced in basic media without the addition of BAP, the addition of 2 mg/l BAP in both MS and WPM media was able to produce the most shoots (Table 2). At 6 weeks of culture age, the average shoot height ranged from 0.67 to 0.95 cm. In MS basic media, the highest shoots were produced in media without the addition of BAP, while in WPM basic media, the shoots were produced in media with the addition of 2 mg/l BAP. The average number of leaves produced ranged from 4.92 to 8.00. In WPM basic media without the addition of BAP, the average number of leaves produced was 4.92. The higher the concentration of BAP added, the greater the average number of leaves produced, reaching 7.93. While in MS basic media, the number of shoots produced ranged from 6.60 to 8.00.

Up to 3 weeks of culture, no roots appeared on all shoot induction media with the addition of BAP. However, in MS media without the addition of BAP, explants produced more roots than in WPM media without the addition of BAP (Fig. 1C). At 6 weeks of culture, the increase in the number of roots was accompanied by the emergence of roots on other media with the addition of BAP, although in small amounts. Meanwhile, in explants originating from 4-week-old sprouts, roots were only produced on media without the addition of BAP and WPM media + 0.5 mg/l BAP with an average number of roots of 0.08 (data not shown).

BAP is widely used in in vitro culture of woody plant species, including shoot multiplication in bamboo [26], shoot induction of Quercus robur [27], in vitro shoot induction of petiole explants of tembesu (Fagraea fragrans Roxb) [28] and shoot induction of the legume plant Pongamia pinnata which has potential as biofuel [29].  

Table 2. Growth response of explants from 7-week-old sprouts after 6-week of culture
	Media
	Shoot number
	Shoot height
	Leaf number
	Root number

	MS 
	B0
	2,16 a
	0,95 b
	6,96 b
	4,00 b

	
	B0.5
	2,47 ab
	0,73 ab
	6,70 ab
	1,07 ab

	
	B1
	2,80 b
	0,69 ab
	6,60 ab
	0,52 ab

	
	B2
	2,94 b
	0,72 ab
	8,00 b
	0,09 a

	WPM 
	B0
	2,00 a
	0,82 ab
	4,92 a
	3,08 b

	
	B0.5
	2,34 a
	0,79 ab
	6,71 ab
	1,11 ab

	
	B1
	2,84 b
	0,67 a
	7,44 b
	0,40 ab

	
	B2
	2,87 b
	0,86 b
	7,93 b
	0,20 ab


Note: numbers followed by the same letter in each growth parameter indicate no significant difference.

3.3 Root induction and acclimatization

The roots that regenerated on the shoot induction media were not morphologically sturdy and ready to support the growth of the plantlets. Therefore, subculture was carried out on the rooting media before being transferred to the acclimatization stage. Shoots that were transferred to the root induction media were only those that had not produced roots, namely those from the MS base media or WPM with the addition of BAP. WPM base media with the addition of 0.1 mg/l NAA produced the largest number of explants that formed roots, reaching 70%, but the root emergence time was the longest (7.26 days) (Table 3). WPM media with the addition of 1 mg/L NAA also produced the largest number of roots, namely 3.50. NAA is commonly added to root induction media either singly or in combination with other hormones. The addition of NAA is also widely applied to the rooting media of woody plants, such as Myrtus communis L. [30], Pear Microshoots (Pyrus spp.) [31], dan endangered ornamental tree species (Magnolia sirindhorniae Noot. & Chalermglin) [32].

Table 3. Root regeneration 14 days after subculture
	Media
	Number of explants forming roots (%)
	Root number
	Root emergence time (days)

	MS
	26,0a
	0,64a
	2,68a

	MS + NAA 0.1 mg/l
	32,0ab
	1,08a
	3,54ab

	WPM
	44,0b
	1,62a
	4,52b

	WPM + NAA 0.1 mg/l
	70,0b
	3,50b
	7,26b



Two weeks after subculture to the rooting medium, the plantlets were transferred to the acclimatization medium for two weeks. During the acclimatization process, all plantlets showed good growth (Fig. 1D). Furthermore, each individual plant was transferred to a polybag (Fig. 1E). In this study, in vitro propagation of F. racemosa was able to produce plant regeneration in large quantities (Fig. 1F). This in vitro method is much more efficient than the conventional method which also uses seeds as propagation material (Table 4). The in vitro method, the results of seed germination reached more than 95% with a germination time of only 3 days, which was able to produce plants with a growth ability of more than 95%, which of course/will greatly assist in the provision of seeds for conservation purposes. This proves that the in vitro method is more promising than the conventional method.

Table 4. Propagation of F. racemosa in vitro and conventionally
	
	In vitro culture
	Conventional Propagation by seeds*)

	Germination: 
	>95% on in vitro agar media
	11% if pre-soaked in 10 hot water for 10 minutes. Without soaking 5%

	Germination Time: 
	3 days
	10-15 days if kept damp in sunlight.

	Growth in poly bags: 
	3 months after being removed from the culture bottle or 7 months since in vitro seed germination:
· height 15 - 35 cm
· number of leaves 13 - 20
	after 11 months 1 m + -ready for planting out

	Plant survival 
	100%
	No data available


*)[21]

In this study, cotyledon node explants from in vitro F. racemosa seedlings showed good growth responses in both MS and WPM base media. Murashige and Skoog media, which have high nitrogen content in the form of nitrate and ammonium, are good plant regeneration media that are widely used for dicots and monocots [33]. WPM media is a base medium for woody plants that generally contains fewer macronutrient salts when compared to MS media [33]. The good growth response in these two types of base media certainly provides great opportunities for the provision of forest plant seedlings on a large scale as an effort to support conservation.

4. Conclusion

Cotyledon node explants of F. racemosa from in vitro sprouts showed good shoot regeneration response on MS and WPM base medium with the addition of BAP. The high survival rate of F. racemosa plantlets from in vitro regeneration is useful for providing seedlings that support ecological potential in spring conservation.
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