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Abstract

:

The in vitro propagation and ex situ conservation strategy provides new means for the conservation and mass propagation of economically and medicinally important plants. The present work aimed to observe the main characteristics of the in vitro propagation of Garcinia livingstonei from matured seed segments. Successful multiple shoots were induced on a woody plant (WP) medium supplemented with cytokinins. An average of 13.0 shoots per explant were grown from matured seed segments on a WP medium containing 15.0 µM BAP after 12 weeks of culture. The shoot elongation and multiplication were achieved using a repeated and periodic subculturing of shoot clumps in the same medium. The optimum in vitro rooting of shoots was obtained on the half-strength WP medium supplemented with IBA (5.0 µM). The regenerated plantlets were successfully transplanted to pots containing soil, sand, and farmyard manure (1:1:1) and were maintained in a greenhouse with a survival frequency was 80%.
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1. Introduction


Garcinia livingstonei T. Anderson (African mangosteen) belongs to the family Clusiaceae. It is a tree species that grows up to 10–16 m in height and has waxy leaves. It is native to the warmer part of Africa and exotic to India, Indonesia, Singapore, and Australia. The fruits are smaller in size, with a yellowish- to reddish-orange color and a soft, juicy edible orange pulp with a slightly acidic and sweet flavor. The fruits are rich in carbohydrates and have moderate mineral content [1]. The plants contain different phytochemicals which are accountable for anticancer [2], antimicrobial [3], antiviral [4,5], central nervous system (CNS) [6], and anti-parasitic [6,7] activities. The plant is used in traditional medicine as an aphrodisiac and to cure abdominal pain during pregnancy and after childbirth and also used as an antibiotic and for the treatment of mumps [8]. The fruits are fermented and used to prepare some alcoholic beverages [9]. The fruits possess high nutritive value and the seeds are rich in fatty acid composition [9]. Due to its horticultural and medicinal importance, the global demand for Garcinia products is increasing. The propagation of this species through seeds is difficult, its seeds have a short shelf life and propagation through softwood grafting is not effective. There are many reports on the regeneration of different Garcinia species through in vitro micropropagation such as Garcinia xanthochymus [10], G. mangostana [11,12], and G. indica [13,14,15]. However, there are no regeneration protocols for the mass multiplication and conservation of Garcinia livingstonei, therefore the present investigation was taken up to develop an efficient in vitro propagation through mature seed explants.



The in vitro culture of plants is having a tremendous role in the conservation of genetic resources. One of the areas is the regeneration of rare and threatened plant species, their reintroduction, and restoration in natural habitats or introducing clones from one population into areas where populations are dwindling. This can promote an increase in the genetic variability of the populations [16]. Another major area of application of in vitro culture is the preservation of genetic material using cryopreservation [17]. The in vitro regeneration protocol developed for Garcinia livingstonei is useful for the ex situ conservation of this useful plant.




2. Materials and Methods


2.1. Plant Material, Media Preparation, and Culture Conditions


The ripened fruits of Garcinia livingstonei (Figure 1A), which are a yellowish red or orange in color, were collected from the plant growing in the Botanical Garden, Karnatak University, Dharwad, Karnataka, India. From the collected fruits, pulp was removed with seeds washed under running tap water for about 10 min. The seeds after removing the seed coat were treated with 1% Bavistin fungicide (w/v) for 5 min followed by 10% liquid detergent Triton X 100 (v/v) for 3–4 min and Tween 20 (Himedia, India) for 5 min. Then, the seeds were treated with 0.1% Mercuric chloride (w/v) for 5 min and with 70% ethanol for 1 min under the laminar airflow chamber. After every treatment with chemical sterilant, seeds were washed with sterile distilled water three times for 3 min each. The seeds were cut into four pieces by cutting once vertically and then horizontally (Scheme 1). The seed portions were cultured on a woody plant medium (WP) [18] supplemented with 3% sucrose (w/v), 0.8% agar (w/v), and growth regulators including 6-benzyl amino purine (BAP) or kinetin (KN) or thidiazuron (TDZ) at 10, 15, and 20 µM concentrations. The pH of the medium was set at 5.8 before autoclaving the medium for 15 min at 15 psi and 121 °C. Explants were subcultured onto the fresh medium containing the same growth regulator once in 4 weeks.




2.2. Root Induction


The elongated shoots were separated from the regeneration media and transferred to a rooting medium consisting of a half-strength WP medium supplemented with 3% (w/v) sucrose and 0.8% agar (w/v) and 2, 5, 10, and 20 µM IBA (Indole-3-butyric acid) or NAA (α-Naphthalene acetic acid). The pH was adjusted to 5.8 before autoclaving at 121 °C temperature for 20 min. All chemicals, growth regulators, sucrose, and agar were procured from Hi-media laboratories, Mumbai, India. The cultures were maintained in a culture room at 25 ± 2 °C under a 16/8 h (light/dark) photoperiod of 50 µmol m−2 s−1 irradiance with cool fluorescent tubes (Philips, India) and with 60% relative humidity.




2.3. Acclimatization of Regenerated Plants


The well-grown in vitro rooted plants of length 4–5 cm were removed from the culture media and the roots were thoroughly washed with distilled water to remove the adhering media from the plants. Then, the rooted plants were transferred to pots containing an autoclaved potting mixture of cocopeat: perlite: vermiculite (1:1:1). The transferred plants were allowed to grow in growth chambers, where the temperature was adjusted to 24 ± 2 °C, and the relative humidity 80%, and the irradiance of 50 µmol m−2 s−1 for 16 h light and 8 h dark photoperiods. The plants were irrigated once a week using a Hoagland solution. After 4 weeks, the plants were transferred to large pots containing soil, sand, and farmyard manure (1:1:1) and maintained in the greenhouse.




2.4. Statistical Analysis


The analysis of variance (ANOVA) was carried out to detect the difference between the treatment means and was compared using a Duncan’s Multiple Range Test (DMRT) at a 5% probability level using SPSS software version 20.0 (SAS Institute Inc., Cary, NC, USA).





3. Results


3.1. Multiple Shoot Regeneration


The seed segments that were cultured on the WP medium initially demonstrated swelling and developed shoot buds from the surfaces of the seed segments as well as from the cut surfaces within two weeks of culture on a medium supplemented with BAP and KN. Such shoot buds developed further in another two weeks in culture. Amongst the three cytokinins tested, BAP was most effective for adventitious shoot bud differentiation in G. livingstonei. An average of 4 to 13 shoot buds developed in 100% explants at 10 and 15 µM BAP after four weeks of culture (Figure 1B). However, the shoot buds induced on 20 µM BAP-supplemented media showed poor shoot bud differentiation (Table 1). On the other hand, 100% of the seed segments responded on the WP medium supplemented with 10 and 15 µM KN and developed 3–4 shoot buds per explant. Furthermore, an increase in KN concentration led to the poor differentiation of shoot buds (Table 1). The medium supplemented with 10–20 µM TDZ was not beneficial in triggering the shoot bud differentiation of seed explants of G. livingstonei. The subculture of explants on the medium where the shoot buds were induced was very much essential and shoot elongation was observed after another four weeks in culture (Figure 1C). One more subculture of the shoot clumps on the BAP-containing medium was responsible for the growth of the shoots (Figure 1D). After, two subcultures explants that were growing on the WP medium containing BAP (15 µM) developed an optimum of 13 shoots per explant (Table 1; Scheme 1).




3.2. In Vitro Root Induction


For rooting, the shoots were cultured on a half-strength WP medium with auxins such as IBA and NAA (2.0, 5.0, 10.0, and 20.0 µM). The hormone-free basal medium failed to regenerate roots. The half-strength WP medium supplemented with NAA and IBA demonstrated the rooting of shoots. The IBA supplemented to a half-strength WP medium was found superior in optimum root induction than NAA. The medium supplemented with IBA (10 µM) 100% shoot explants developed 2.0 roots per explant and the root length was also optimum with this treatment (Figure 1E; Table 2).



The well-developed plantlets were removed from the culture media and transferred to pots containing a potting mixture of cocopeat: perlite: vermiculite (1:1:1). After 4 weeks of raising under controlled conditions, the plants were transferred to large pots containing soil, sand, and farmyard manure (1:1:1) and were maintained in the greenhouse. The plantlets showed an 80% of survival rate and transferred plants grew slowly after 6 months of transplantation (Figure 1F).





4. Discussion


The Garcinia species are slow-growing plants, so conventional vegetative propagation such as softwood grafting and the rooting of cuttings are not successful [19]. Additionally, these methods are dependent on the availability of rootstock for grafting and seasonality. Therefore, the propagation of the Garcinia species is through seeds, however, seeds are recalcitrant and they do not survive desiccation or cold temperatures [20]. Additionally, Garcinia seeds exhibit a dormancy that can persist for several months [21]. Therefore, micropropagation methods have been adopted for the regeneration of many Garcinia species such as G. mangostana, G. indica, G. cambogia, G. xanthochymus, and in most of the studies, matured seeds and leaves have been used as the stock material [10,12,22,23,24,25]. Young leaves, apical, and axillary buds have been also used for the in vitro culture establishment [19,26,27]. However, no reports are available for the in vitro propagation of G. livingstonei, consequently, the present investigation was taken up. In the current study, we have used matured seeds as primary experimental material and seed segments were cultured WP medium containing BAP, KN, and TDZ (10, 15, and 20 µM). Among the different concentrations of BAP and KN tested, BAP (15 µM) was found to be an optimum medium for the regeneration of a maximum number of shoots (13 shoots per seed segment) with a high regeneration frequency (100%). Similarly, the promotive effect of BAP in inducing multiple shoots has been previously reported in G. mangostana [11,12] and G. indica [19]. A subculture of explants containing differentiated shoot buds to the fresh medium was found essential for shoot elongation. In contrast to the current results, the subculturing of explants with shoots to a hormone-free medium was reported in G. indica [19].



The rooting of shoots was achieved on the medium supplemented with auxins. Both IBA- and NAA-induced roots from the shoot, however, IBA proved better in inducing a maximum number of roots with the highest average root length. Similar results were reported in G. mangostana [11] and G. indica [19], wherein an IBA-supplemented medium was effective for root induction from the regenerated shoot. The roots were induced directly from the shoot base without an intervening callus phase on all the media tested. In contrast, is the result of Kulkarni and Deodhar [27] on G. inidca where the rooting of shoots occurred through an intervening callus phase on NAA-supplemented media. The hardening of plantlets was essential for their survival. For the hardening, the regenerated plants were initially transferred to pots containing cocopeat: perlite: vermiculite (1:1:1) and reared in controlled environmental conditions for four weeks. Plants that were transferred to pots were irrigated with a Hoagland solution. Such treatments were essential for the transplanted plants to involve in photosynthesis and for the better establishment of plants [28]. In the current study, the G. livingstonei plants were regenerated by using matured seed explants. The Garcinia species possess apomictic seeds and, thus, the regeneration of plants using apomictic seeds leads to a uniform genetic makeup; due to this reason, many researchers have used seeds and seed segments as the primary material for micropropagation [12,17,27].




5. Conclusions


The present study demonstrated a simple and efficient method for high-frequency direct shoot regeneration from the mature seed of G. livingstonei. This present protocol is an attempt to conserve the economically important horticultural tree species with high medicinal value. This protocol could be used for the large-scale multiplication of elite clones of G. livingstonei.
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Scheme 1. In vitro regeneration of Garcinia livingstonei from seed segments. 






Scheme 1. In vitro regeneration of Garcinia livingstonei from seed segments.



[image: Seeds 01 00023 sch001]







[image: Seeds 01 00023 g001 550] 





Figure 1. Morphogenetic response of explants obtained from mature seeds and in vitro developed plantlets of Garcinia livingstonei T. Anderson. (A) Ripened fruits of G. livingstonei (Bar = 1.5 cm), (B) Shoot buds initiated from seed segments cultured on WP medium with 15 µM BAP after 4 weeks of culture (Bar = 0.375 cm), (C) Multiple shoots developed from seed explants cultured on WP medium supplemented with 15 µM BAP after 8 weeks of culture (Bar = 0.35 cm), (D) Well-developed multiple shoots regenerated on WP medium containing 15 µM BAP after 12 weeks of culture (Bar = 1.95 cm), (E) Rooted plantlet with primary and secondary roots with 10 µM IBA (Bar = 1.25 cm), (F) Plant transferred to the pot containing a mixture of garden soil, sand, and farmyard manure (1:1:1) (Bar = 7.75 cm). 
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Table 1. Effect of cytokinins supplemented to WP medium on shoot induction from seed explants of Garcinia livingstonei T. Anderson.
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	BAP (µM)
	KN (µM)
	TDZ (µM)
	% of Explants

Developing Shoots
	Mean Number of Shoots
	Mean Shoot Length (cm)





	Control
	0
	0
	0
	0
	0



	10
	-
	-
	100
	10.75 ± 0.13 a
	1.49 ± 0.11 bc



	15
	-
	-
	100
	13.0 ± 0.73 a
	2.81 ± 0.76 a



	20
	-
	-
	83.33
	3.50 ± 0.86 b
	0.67 ± 0.21 bcd



	-
	10
	-
	100
	3.75 ± 0.09 b
	1.37 ± 0.51 bc



	-
	15
	-
	83.33
	2.75 ± 0.79 b
	1.81 ± 0.71 ab



	-
	20
	-
	66.66
	0.75 ± 0.47 c
	0.43 ± 0.25 cd



	-
	-
	10
	0
	0
	0



	-
	-
	15
	0
	0
	0



	-
	-
	20
	0
	0
	0







Data were collected after 12 weeks of culture. Mean values are with ±SE; mean values followed by the same letter are not significantly different according to DMRT at p = 0.05.
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Table 2. Effect of auxins supplemented to 1/2 WP medium on rooting of in vitro developed shoots of Garcinia livingstonei T. Anderson.
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Auxin

	
Concentration (µM)

	
Response (%)

	
Mean Number of Roots

	
Mean Root length (cm)






	
Control

	
0

	
0

	
0

	
0




	
IBA

	
2

	
66.66

	
0.66 ± 0.33 ab

	
5.33 ± 0.03 ab




	
5

	
100

	
1.33 ± 0.33 ab

	
4.35 ± 0.60 abc




	
10

	
100

	
2.0 ± 0.10 a

	
6.31 ± 0.75 a




	
20

	
33.33

	
0.33 ± 0.33 b

	
0.80 ± 0.80 c




	
NAA

	
2

	
50.0

	
0.66 ± 0.33 ab

	
1.36 ± 0.73 bc




	
5

	
66.66

	
1.0 ± 0.23 ab

	
4.10 ± 0.51 abc




	
10

	
33.33

	
0.66 ± 0.33 ab

	
1.20 ± 0.66 bc




	
20

	
33.33

	
0.66 ± 0.33 ab

	
1.96 ± 0.76 bc








Data were collected after 6 weeks of culture. Mean values are with ±SE; mean values followed by the same letter are not significantly different according to DMRT at p = 0.05.
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