
[bookmark: _Hlk197453834]Micropropagation of Ficus racemosa - an Important Forest Tree 



.     
.
              . 
                     
	.
..


.
ABSTRACT 

	Ficus racemosa is a member of Moraceae which not only has many pharmacological benefits but also has ecological potential especially for water spring conservation. Reforestation is necessary to support the sustainability of the function and role of forest resources in the long term. However, conventional propagation of forest trees 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. Seeds derived from fresh fruit were germinated in vitro to obtain seedlings as a source of explants. Cotyledonary node explants were taken from 4- and 7-week-old seedlings. Shoot induction from cotyledonary node explants used two basal media MS and WPM, which supplemented with 0.5; 1 and 2 mg/l BAP. The induced shoots were multiplied and then transferred to a rooting medium that also used MS and WPM basal media with and without the addition of 0.1 mg/l NAA. Subsequently, the plantlets were removed from the culture to be transferred to the acclimatization stage. The results showed that F. racemosa seeds on in vitro agar media had a germination rate of > 95%. More shoots were produced from explants taken from 7-week-old seedlings. MS and WPM basal media were able to induce shoots with not significantly different in number. While more roots were produced on WPM media. Plantlets grown in media consisting of a mixture of compost soil: rice husk charcoal in a ratio of 1:2 have a survival rate of >95%. This shows that the in vitro propagation has great potential for providing F. racemosa seedlings to support conservation. Both MS and WPM were promising basal media to produce this forest tree on a large scale.
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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 growth 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 type of root not only helps keep slopes stable (7), but also keeps water available in the grows area (8) which helps 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 indirect organogenesis through seedling-derived leaf segment of F. religiosa (10). These two types of basal media have also 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.

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 using sterile node bud explants of F. carica cv. Golden Orphan in MS basal medium has been obtain for rapid plant stock production (16). The effect of photoperiodism and gravitropism on plantlet had been studied in F. carica (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, rooting, and germplasm conservation of F. americana Aubl. and F. obtusifolia Kunth was effective in Piper culture medium which was constituted by MS mineral salts with 0.02 mg.L-1 IAA and 0.02 mg.L-1 GA3 (19). High frequency in vitro regeneration has been successfully obtained from fully developed mature leaf segment explants of F. religiosa (20). This protocol overcomes high frequency contamination which is often influenced by the season during explant collection. The regeneration system through indirect organogenesis has also been successfully carried out on F. tikoua. Callus induced from bud explants on free-disease stem segments was able to produce adventitious buds. The maximum number of indirectly regenerated shoots was obtained in the medium supplemented with 0.5 mg L−1 TDZ and 2.0 mg L−1 BA (61.11%) but not significantly different from the medium supplemented with 0.1 mg L−1 TDZ, 2.0 mg L−1 BA, and 0.5 mg L−1 2,4-D (60.00%). The results of adventitious bud multiplication were able to produce plantlets that after being planted in a medium containing garden soil, perlite, and vermiculite with a ratio of 2:1:1 had the highest survival rate (86.17%) (21). 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.

[bookmark: _Hlk198563003]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. Afterward 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 plant growth regulators (PGR) under a light intensity of 600 lux at a temperature of 24 ± 2 °C. The cotyledonary nodes (22) 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 basal media, Murashige & Skoog (MS) and Woody Plant Medium (WPM) with the addition of 30% sucrose were observed for their effects on shoot and root induction. 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. The medium was solidified by adding 11% commercial agar and then was sterilized using autoclave 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 photoperiodism at an intensity of 600 lux.

2.3 Shoot Induction and multiplication

Cotyledonary nodes derived from 4- and 7-week-old seedlings were used as shoot induction explants. Shoot induction using MS and WPM media 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 length, number of leaves and number of roots were recorded.

2.4 Root induction and Acclimatization

The regenerated shoots were separated individually and subcultured into two types of root induction 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 plantlets are removed from the rooting medium to be planted in the acclimatization medium. After the roots were washed with running tap water to remove the agar, the plantlet was transferred to a tray containing an acclimatization medium consisting of a mixture of compost soil: rice husk charcoal in a ratio of 1:2. For the first two weeks, the plantlets were covered with plastic with a photoperiodism of 16 h light and 8 h dark. 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

At 3 days of culture F. racemosa seeds were germinated indicated by the protrusion of the radicle out of the seed. The germination rate of the seeds was high (>95%). Two weeks of culture all the seeds fully germinated of seed showing  green coleoptile of seedling, but their size was small, less than 0.5 cm (Fig. 1A). This result is very different with conventional germination process without soaking, which F. racemosa seeds had a low germination rate (5%) (23). Soaking the seeds in hot water for 10 minutes followed by soaking in 100 ppm gibberellic acid for 24 hours only increases the germination rate of F. racemosa seed to 12%. Conventional germination of F. racemosa seeds requires 10-15 days in humid conditions under sunlight. In vitro seed germination in agar media has an external environment with high water content. In vitro seed germination in agar media has an external environment with high water content. In addition, in vitro conditions with relatively constant environmental temperatures greatly contribute to high germination rates. This shows that in vitro seed germination is more effective and efficient.
Germination is a crucial stage for successful plant propagation. Environmental factors greatly influence seed germination for plant formation. Sufficient water is needed to initiate enzymatic activity and seed metabolism. Optimal germination is a crucial factor that leads to successful plant formation and growth and crop yields (24). 

3.2 Shoot induction

[bookmark: _Hlk198575051]Cotyledonary node explants derived 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 shoots and roots number produced in the shoot induction medium (Table 1). At 6 weeks of culture, explants from 7-week-old seedlings produced significant higher shoot number than explants from 4-week-old seedlings (Fig. 1B). Meanwhile, the shoot length and the leaf number 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 (25). Mulberry cotyledons aged 14 days produced more shoots per explant than cotyledons aged 7 and 21 days (26). 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 (27). 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 (28). In this study, 4 weeks old seedlings are thought to be too young to form adventitious shoots. Nutrients absorbed from the media might be still prioritized for seedling growth. This is the same as the induction of adventitious shoots from Acacia mangium Willd. seedlings with different age groups. Of the four groups of explant source seedlings, age group II (14-15 days) showed the highest response in producing shoots (100%) (29). While age group I, which is > 10 days, produced fewer shoots.
These results indicate that explants from 7-week-old seedlings 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 cotyledonary node explants derived from 7-week-old seedlings was further observed.

[bookmark: _Hlk198325645]Table 1. Effect of seedling age on growth response of cotyledonary node explants in shoot induction medium
	Seedling age (weeks)
	Shoot number
	Shoot length (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 seedlings. 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.

[bookmark: _Hlk198563022]In this study, MS basal media was able to induce shoot as well as WPM media which is widely used for woody plant species. In both basal media, the higher the concentration of BAP added, the greater the number of shoots produced (Table 2). The use of BAP 1 and 2 mg/L produced a significantly higher number of shoots compared to the control (without the addition of BAP). However, both concentrations did not produce significantly different number of shoots. Therefore, in this study the addition of 1 mg/l BAP is the maximum concentration and is considered more efficient for promoting shoot growth. The addition of BAP in the in vitro shoot induction media of several Ficus species is not more than 2 mg/l, namely 0.5 mg/ and 1 mg/l in F. tikoua (21), 1.5 mg/l in F. religiosa (10), 0.5 - 2 mg/l in F. carica (4) and F. americana (19), and BAP 1 mg/l in F. carica (16) and F. religiosa (20). It appears that BAP at a concentration of no more than 2 mg/l is appropriate for shoot induction in Ficus species.

At 6 weeks of culture, the average of shoot length ranged from 0.67 to 0.95 cm. The lowest and highest shoot length was obtained on WPM + 1 mg/l BAP and MS + 0 mg/l BAP, respectively. However, the highest shoot length in MS + 0 mg/l BAP was not significantly different from the shoot length in WPM + 2 mg/L. While the others combination of basal media and BAP concentration did not produce significant different shoot length. This shows that this parameter is less able to reflect the effect of media and PGR. However, on the other hand, the combination of MS/WPM basal media with BAP has the same ability to elongate shoots which facilitates the production of nodal segments for subsequent multiplication.

The average of leaf number ranged from 4.92 (WPM + 0 mg/l BAP)  to 8.00 (MS + 2 mg/l BAP). However, the highest number of leaves produced in MS + 2 mg/l BAP media was not significantly different from that produced on WPM + 1.5 mg/l BAP or WPM + 2 mg/l BAP media. The higher the concentration of BAP, the greater the number of leaves. However, kind of basal media affected the significance of the produced leaves number. In MS media the number of leaves produced at all BAP concentrations was not significantly different. While in WPM + 1.5 mg/l or 2 mg/l BA media it was significantly different from WPM + 0 mg/l BAP media. The effect of BA concentration on the leaves number showed the same trend as the effect on the shoots number. This shows that both basal media have the same potential in leaf formation. 

Table 2. Effect of shoot induction media on growth of explants derived from 7-week-old seedlings after 6-week of culture
	Shoot Induction Media
	Shoot number
	Shoot length
	Leaves 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.

[bookmark: _Hlk198563040]In 3-week-old culture, MS media without BAP was able to form more roots than WPM media without BAP and in 6-week-old cultures the number increased (Fig. 1C). This shows that endogenous hormone levels are sufficient to induce root formation. However, the addition of exogenous BAP at a concentration of 0.5 - 2 mg/l seems to make the hormone ratio needed for root initiation inappropriate so that root formation does not occur. In the 6-week-old culture, shoots on all MS and WPM shoot induction media with the addition of BAP began to appear to form roots in small amounts of 2,76 and 1,64 respectively. Meanwhile, in explants originating from 4-week-old seedlings, 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).
Apart from several Ficus species such as F. religiosa (10,20), F. carica (4,16), and F. tikoua (21), BAP is also widely used in other forest plant species including shoot multiplication in bamboo (30), shoot induction of Quercus robur (31)[27], in vitro shoot induction of petiole explants of tembesu (Fagraea fragrans Roxb) (32) and shoot induction of the legume plant Pongamia pinnata which has potential as biofuel (33).  

3.3 Root induction and acclimatization

Shoots that have formed roots on the shoot induction medium (without the addition of BAP) can be directly transferred to the acclimatization medium. But root formed in all shoots that planted in MS/WPM media + BAP were not morphologically sturdy and ready to support the growth of the plantlets. Therefore, these shoots were subcultured on the rooting media before being transferred to the acclimatization stage. WPM media with and without the addition of NAA produced a higher rooting frequency and root number per shoot compared to MS media. WPM basal media + 0.1 mg/l NAA induced the highest percentage of root formation (70%) but the root emergence time was the longest (7.26 days) (Table 3). This media also produced significantly the highest number of roots (3.50). The effect of 0.1 mg/l NAA on this rooting medium also occurred in F. religiosa shoots (10). NAA is commonly added to root induction media either singly or in combination with other hormones. However the presence of NAA resulted in abnormalities namely callus proliferation spontaneously on the explants of F. carica (16). The addition of NAA is also widely applied to the rooting media of other woody plants, such as Myrtus communis L. (34), Pear Microshoots (Pyrus spp.)(35), and endangered ornamental tree species (Magnolia sirindhorniae Noot. & Chalermglin) (36).

Table 3. Effect of NAA in different basal media on root induction in regenerated shoot of F. racemosa
	Media
	Rooting frequency (%)
	Root number per shoot
	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



[bookmark: _Hlk198563060]Two weeks after subculture into rooting media, the plants were transferred to trays containing acclimatization media. After two weeks in the acclimatization media, the plantlets showed a survival rate of more than 95% (Fig. 1D). Each individual plant grows and develops into a vigorous plant after being transferred to a polybag (Fig. 1E). In this study, in vitro propagation of F. racemosa was able to produce plant regeneration in large number (Fig. 1F). 
This in vitro method is much more efficient than the conventional method which also uses seeds as propagation material (Table 4). With the in vitro method, seeds can initiate germination at 3 days after planting with a germination rate of more than 95%. The micropropagation technique applied in this study was able to produce plants with a survival rate of more than 95%, which will be very helpful in providing seedlings for conservation purposes. This proves that the in vitro method is more promising than the conventional method.

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

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

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

	Growth in polybags: 
	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 → ready for planting out

	Plant survival 
	100%
	No data available


*)(23)

[bookmark: _Hlk198563074]This study shows that cotyledonary node explants derived from in vitro F. racemosa seedlings had high shoot regeneration capability in both MS and WPM base media. However, WPM media supplemented by NAA 0,1 mg/l more appropriate for root formation. Murashige and Skoog media, which have high nitrogen content in the form of nitrate and ammonium, are plant regeneration media that are widely used for dicots and monocots (37). WPM media is a basal medium for woody plants that generally contains fewer macronutrient salts when compared to MS media (37). This study shows that MS and WPM media have the potential to support F. racemosa micropropagation in both shoot multiplication and plantlet regeneration which provides great opportunities for the provision of forest plant seedlings on a large scale as an effort to support conservation.

4. Conclusion

High germination rate of F racemosa seeds is an alternative solution to overcome the constraints in conventional propagation. Cotyledonary node explants of F. racemosa from in vitro seedlings which had high regeneration capacity on MS and WPM basal medium is promising strategy for shoot multiplication. The high survival rate of F. racemosa plantlets from in vitro regeneration system is useful for providing seedlings that support ecological potential in spring conservation.
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