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Camu-camu (Myrciaria dubia) belongs to the Myrtaceae family and is a small tree, found on the margins of rivers 
and lakes, which is native to the Amazon region. This species has great nutritional value, mainly due to the high levels 
of potassium and ascorbic acid (vitamin C), with values ranging from 1000–6000 mg/100 g in its pulp. In spite of its 
economic importance, little is known about the aspects of propagation of camu-camu, particularly in vitro multiplica-
tion, which could significantly increase yields. Therefore, the objective of this study was to develop a feasible system 
for in vitro multiplication of camu-camu using somatic embryogenesis. Different concentrations of a cytokinin and 
an auxin in two different media were evaluated. Embryogenic callus was induced from leaf and stem explants on 
either Murashige and Skoog (MS) or Woody Plant Media (WPM) medium, supplemented with various concentra-
tions of 2,4-dichorophenoxy acetic acid (2,4-D) (0, 1.0, 2.0, and 4.0 mg·L-1) along with Benzylaminopurine (BAP) (0, 
0.25, 0.5, and 1.0 mg·L-1). Preliminary results showed induction of embryogenic tissues on WPM medium with higher 
concentrations of 2,4-D and BAP, and using stem segments as the source of explants.

Camu-camu (Myrciaria dubia (H.B.K.) McVaugh) is a small 
fruit tree native to the Amazon region. It is a member of the 
Myrtaceae family that grows on the margins of rivers and lakes 
throughout the Amazon basin. The camu-camu fruit is considered 
of high nutritional value, especially because of its high levels 
of ascorbic acid, but it also contains high levels of potassium, 
vitamin A, glucose, fructose, starch, pectin, phosphorus, nitrogen, 
and various bioactive compounds such as phenolic compounds 
and carotenoids. (Yuyama, 2011; Akachi et al., 2010; Zanatta and 
Mercadante, 2007; Silva et al., 2006; and Zanatta et al., 2005). 

This fruit has great economic value because is contains 
an impressive quantity of vitamin C, ranging from 845–6112 
mg/100 g in its pulp. This makes it one of the richest sources of 
vitamin C in the world (Yuyama et al., 2002). Camu–camu is not 
consumed out of hand due to its high acidity. Consequently, the 
pulp is processed and is widely used in soft drinks, ice cream, 
jelly, liquor, syrup, shampoo, yogurt, extracts, and juice, which 

are mainly exported to Japan and Europe, or as an ingredient 
in the production of several food products (Akter et al., 2011; 
Castañeda et al., 2008; Chirinos et al., 2010; Rodrigues et al., 
2004; and Teixeira et al., 2004).

Camu-camu is commonly propagated by seeds, which come 
to full maturity after fruit ripening. Germination starts in 12 
days reaching 90% at 50 days after seed production (Yuyama 
et al., 2011). Despite the high viability, seeds are not adequate 
for commercial plantations due to the high genetic diversity. 
Therefore vegetative propagation methods are necessary for 
the clonal propagation and commercial production of uniform 
plants (Chagas et al., 2012).

Plant tissue culture techniques offer viable methods for the 
in vitro clonal propagation (micropropagation) of several fruit 
species, providing homogeneous populations of plants faster than 
conventional propagation methods (Souza et al., 2007). Micro-
propagation allows year-round production of large numbers of 
genetically identical plants (Schuch and Erig, 2005).

Somatic embryogenesis is a viable technique for in vitro 
propagation and regeneration of tree species, allowing the 
production of plants from a single progenitor cell and thereby 
maintaining clonal identity and avoiding chimeras (Poupin and 
Arce-Johnson, 2005). To date, no studies have been reported on 
in vitro propagation of camu-camu.
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Therefore, this study aims at the development of a feasible 
system for in vitro propagation of camu-camu using somatic 
embryogenesis. Different concentrations of a cytokinin and an 
auxin in two different media are evaluated.

Materials and Methods

Seeds of camu-camu (Myrciaria dubia) were obtained from 
the germplasm collection at Embrapa Roraima’s research center 
in Roraima, Brazil and germinated in the greenhouse at Uni-
versity of Florida’s Tropical Research and Education Center 
(TREC) in Homestead, FL. Three months after germination, two 
different explant types (leaf and stems sections) were collected 
and disinfected as follows: 10 minutes in 1% Alconox solution, 
followed by transfer to a laminar flow hood, where the explants 
were disinfested with 8% sodium hypochlorite for 1 minute 
followed by three 3-minute rinses in sterilized distilled water. 
Afterwards, explants were placed in a petri dish containing either 
Murashig and Skoog (MS) or Woody Plant Media (WPM) media 
solidified with 7 g·L-1 agar and containing 30 g·L-1 sucrose, 100 
mg·L-1 myo-inositol, 100 mg·L-1 casein hydrolysate, and differ-
ent combinations of 2,4-D (0, 1.0, 2.0, and 4.0 mg·L-1) and BAP 
(0, 0.25, 0.5, and 1.0 mg·L-1) concentrations. The media pH was 
adjusted to 5.7 before autoclaving at 121 °C for 30 minutes at 
1.2 kg·cm-2. 

After 30 days, explants were transferred to fresh media for 
maintenance and callus multiplication. Cultures were maintained 
in the dark at 25 °C for 60 days, after which they were transferred 
to a 2,4-D free medium.

The experimental design was completely randomized in a 
factorial with 2 culture media x 4 concentrations of 2,4-D x 
4 concentrations of BAP. Each treatment consisted of five petri 
dishes containing 5 explants each, totaling 32 treatments and 
800 explants.

Results and Discussion

To date tissues similar to pro-embryogenic masses (PEMs) 
and callus were observed under different treatments. The highest 
percentage of PEMs was observed in treatments with higher 2,4-D 
concentrations (4 mg·L-1) combined with any BAP concentra-
tions (Fig. 1A, 1B, 1C). 

The lowest percentage of PEMs and callus formation was 
observed in treatments with lower 2,4-D concentrations or with 
BAP alone at all different concentrations (Fig. 1D).

PEMs had a round smooth surface, similar to those of globular 
embryos during the process of somatic embryogenesis (Fig. 1A, 
1B, 1C). In certain treatments, these structures seemed to be 
slightly elongated, similar to torpedo stages of somatic embryos 
(Fig. 1A). In other treatments PEMs were more prolific and 
larger in size (Fig. 1B, Fig. 1C). However, in treatments with 
low or no 2,4-D, PEMs seemed darker in color and smaller in 
size (Fig. 1D). Stem sections appeared to be the best explants 
for the induction of PEMs, which can be an indication that this 
type of tissue is more amenable for the micropropagation of 
camu-camu via somatic embryogenesis. 

No differences were observed in callus and PEM formation 
when comparing either MS or WPM medium under all different 

Fig. 1. Camu-camu (Myrciaria dubia) pro-embryogenic mass (PEM) formation in stem explants under various treatments with different concentrations of 2,4-D 
and BAP. (A) PEM formation with 4.0 mg·L-1 2,4 D + 1.0 mg·L-1 BAP in WPM medium. Small globular embryos (g) are present with one apparently elongated 
embryo (e). (B) PEM formation is higher, with large globular embryos (g) as BAP concentration increases; 4.0 mg·L-1 2,4 D + 0.25 mg·L-1 BAP in MS medium. 
(C) PEM formation and globular embryo (g) presence with 4.0 mg·L-1 2,4 D + 1.0 mg·L-1 BAP in MS medium. (D) Lower PEM formation with fewer globular 
embryos (g) with 1.0 mg·L-1 2,4 D + 0.5 mg·L-1 BAP in WPM medium, as compared to other treatments.
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treatments, suggesting the effect of callus or PEM formation is 
mostly induced by the combination of auxin (2,4-D) and cytokinin 
(BAP) in different concentrations.

Studies continue in order to elucidate mechanisms of somatic 
embryo elongation, maturation and plant regeneration. The pres-
ent study is the first to report the formation of pro-embryogenic 
masses in camu-camu, serving as a precursor for the develop-
ment of a viable in vitro propagation system for this species via 
somatic embryogenesis.
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