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1. Introduction 

The fruits of the Amazon have attracted great interest in recent years, both nationally and 

internationally, according to its exotic flavors and pleasant and varied ways to use its pulp 

by agribusiness [1], pharmaceutical industry [2], high vitamin and antioxidant content [3]. 

In recent decades, the production of native fruits of the Amazon showed significant growth, 

mainly due to expansion of area for fruit production. It is noteworthy that this activity has 

had little impact on native vegetation, since most of the orchards were planted in areas 

previously occupied by other crops for market problems or environmental issues and 

pressure for sustainable agriculture, ceased to be interesting for farmers [4]. 

The Amazon forest has large number of non-domesticated fruit species and a minority being 

exploited through crop in place of natural occurrence [5]. According to the Brazilian 

Yearbook of Fruit [6], explored the country are 500 varieties of edible fruit-producing 

species native and exotic, and of these, 220 are still as untamed. The high rate of destruction 

of biomes, together with the predatory extraction, result in loss of genetic material of 

desirable characteristics, [7], with potential for use in food, as an ornamental or in 

pharmaceutical production can never be known. It is therefore essential to know these 

species and their growing needs for exploitation on a commercial scale, a rational and 

sustainable. 

However, little efficient production technology and knowledge of native Amazonian fruit 

tree species exist. Low orchard productivity indicates that Amazonian fruit is underused; 

underuse, in turn, has hindered its cultivation. In [8] notes that many of the current fruit 

production systems were developed empirically, which required technology that ensured 

greater productivity, sustainability, and profitability than the older production systems. 
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Such technology involves crop management, production of reproducible seedlings, and 

distribution of the seedlings to farmers. Therefore, the first step in domesticating native fruit 

species and in introducing them to commercial cultivation is developing seedling 

propagation techniques.  

The sexual propagation of native plants for use in horticulture, is not advantageous because 

it results in populations with wide variation in the period of maturation. In addition, some 

species have seeds with dormancy, which compromises the germination and seedling 

production on a commercial scale, or the recalcitrance of the seeds, preventing their storage 

for extended periods. 

The method of propagation of fruit species most commonly used grafting. This technique, 

like other methods of vegetative propagation allow the cloning of selected plants directly 

from nature or from artificial hybridizations, maintaining their desirable traits. Vegetative 

propagation results in high quality seedlings in orchards and more uniform and earlier, 

with higher productivity and better quality of fruits [9]. Besides these advantages, the graft 

is also advantageous because it allows greater control of plant height facilitating the 

management and harvesting, and the formation of plants with resistance to pathogens in 

soils and drought tolerant. 

2. Tissue culture techniques for native Amazonian fruit trees 

For decades numerous studies have been developed with the objective of establishing 

protocols for micropropagation of fruit species for clonal multiplication of superior 

individuals, in view of the numerous advantages it offers in vitro propagation. 

Besides the application of tissue culture techniques for plant propagation of high agronomic 

value carriers or rare genes and those at risk of extinction, the technique is also used for 

cleaning clonal plants through tissue culture. In plant breeding programs, the tissue culture 

can be used to reduce the time for development of new cultivars and expansion of genetic 

variability. Among the tissue culture techniques most widely used in plant breeding, there 

may be mentioned: in vitro selection of resistant /tolerant to various stress factors of the 

genetic variability from pre-existing or induced somaclonal variation or by use of 

mutagenic, haploidization, somatic hybridization, and rescue of zygotic embryos obtained 

from crosses between different species or genera of plants [10]. Tissue culture also stands as 

an adjuvant in introgression of genes of agronomic interest through genetic engineering. 

An application of tissue culture which is very important, especially for native plants is the 

maintenance and storage of germplasm. However, in many other species, tissue culture 

techniques have been also widely used for studying the metabolism, physiology, 

development and reproduction of plants with desirable commercial property of interest [11], 

like the nutraceutical and pharmaceutical products. 

Studies on the application of tissue culture techniques in fruit tree species native to the 

Amazon, are still incipient. Except for a few species in which native tissue culture studies 
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are in an advanced stage, such as Theobroma cacao and T. grandiflorum, for most species have 

been developed with the aim of improving methods for initial establishment of cultures in 

vitro (Table 1). 

 

Species Purpose of the study Author 

Açai 

(Euterpe oleracea.) 

Culture of embryos [12] 

Araça 

(Psidium spp.) 

Establishment of culture [13] 

Bacuri 

(Platonia insignis) 

Establishment of culture [14], [15] 

Cacau 

(Theobroma cacao) 

somatic embryogenesis [16], [17] 

Multiplication of shoots [18] 

In vitro establishment [19], [14] 

Caja 

(Spondias mombin ) 

Culture of embryos and callus [20] 

Camu-camu

(Myrciaria dubia) 

Effect of culture media on 

morphogenetic responses 

[21], [22], [23] 

Cupuaçu

(Theobroma 

grandiflorum) 

In vitro establishment [24], [25] 

Callus [26], [27] 

somatic embryogenesis [28], [29] 

Inga 

(Inga vera) 

Establishment of culture [30] 

Murici 

(Byrsonima basiloba) 

direct organogenesis [7] 

Murmuru In vitro propagation and somatic 

embryogenesis 

[9] 

Pupunha

(Bactris gasipaes) 

Cultivation of embryos [31] 

Table 1.  

3. In vitro establishment and micropropagation 

Micropropagation is a high-impact plant tissue culture technique that is more consistent 

than other tissue culture methods. Micropropagation involves a high reproduction rate over 

a short time period, which produces plants with excellent phytosanitary quality. The 

technique involves various steps, from aseptic in vitro culture establishment to rooting, 

culminating in seedling acclimatization [32]. 

Most studies on the tissue culture of native Amazonian plant species have sought to 

improve methodologies for initial culture establishment. Disinfection plays a critical role 

in culture establishment because explant contamination during tissue culturing is 
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extremely problematic. Explant contamination is most severe in woody species, which 

include all Amazonian fruit species. The potential for contamination is greatest when the 

explants are taken directly from the field. Although plants maintained under greenhouse 

conditions are easily controlled, explants derived from them also have a high potential for 

contamination. However, even plants maintained in nurseries or greenhouses and 

subjected to rigorous phytosanitary control can harbor microorganisms, which may limit 

in vitro culture procedures [20]. In [10] cautions that, even before harvesting material from 

the field, it is essential to take some measures for each step in the culture process, from the 

laboratory to acclimatization and plant development in greenhouses. The phytosanitary 

conditions of the mother plant help determine the ease of explant sterilization during 

isolation. 

Several substances have been tested to minimize contamination and facilitate in vitro 

establishment, and chlorine and ethanol-based compounds are now standard disinfection 

tools (Silva et al., 2005). In some cases, antibiotics are added to the culture medium [29]. 

Research has demonstrated the success of these active ingredients in disinfecting explants of 

native fruit tree species when establishing plant tissues in vitro for use in studies on 

reproduction. The active ingredients in disinfectant solutions and their exposure durations 

vary greatly.  

In studying decontamination of floral explants from cupuaçu, [29] recommended immersing 

the explants in a 0.25% sodium hypochlorite solution for 20 minutes. The authors also 

observed that adding cefatoxime antibiotic to the culture medium was vital in controlling 

contamination in these explants. 

In studying decontamination of explants from bacuri trees, [29] and his team found that pre-

treating the explants in an antifungal solution of carboxin (0.067% p/v), thiram (0.067% w/v), 

carbendazim (0.17% w/v), chlorothalonil (0.17% w/v), and thiophanate-methyl (0.067% w/v) 

[15], and immersing them in a 1.75% sodium hypochlorite solution for 30 minutes produced 

the best results. 

In [31] found that the most efficient method for disinfecting the apices of peach palms was 

to immerse the peach palm explants in a 1.25% sodium hypochlorite solution for 20 minutes. 

The authors reported that 90% of these explants avoided contamination during in vitro 

culture. In [33] obtained the most promising results for the disinfection of explants from 

peach palm shoots; he first immersed the shoots in a 50% ethanol solution for 1 minute, and 

then in a 0.5% sodium hypochlorite solution for 5 minutes. 

In Figure 1 you can see the success obtained in vitro establishment of camu-camu (Myrciaria 

dubious) conducted by staff of the Tissue Culture and Fruits Embrapa Roraima and UFRR. 

In [34] and [35] note that explant oxidation during the in vitro establishment of native plants 

is common; in camu-camu, explant oxidation is a major obstacle to in vitro establishment. In 

[23] evaluated the efficiency of different concentrations of sodium hypochlorite solutions at 

different immersion durations in the disinfection of nodal segments of camu-camu. The 
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authors observed that the lowest rate of contamination occurred when the explants were 

immersed in a 0.5% sodium hypochlorite solution for 10 minutes, but the rate of oxidation in 

the tissues was high for all treatments. Similarly, [21] found that immersing the explants in a 

2% sodium hypochlorite solution for 10 to 20 minutes provided the best rate of disinfection 

in camu-camu seeds. However, these treatments killed the seeds.  

 

Figure 1. In vitro establishment of camu-camu held in Biofactory (UFRR) by the team of Fruits and 

Tissue Culture of Embrapa Roraima and UFRR. Boa Vista, RR, 2010. 

In evaluating the effect of a light regime on the mother plant and the branch type used for 

the in vitro establishment of araça (Psidium spp.), [13] observed lower rates of contamination 

when using nodal segment explants of herbaceous branches, and obtained the highest 

survival rates when the mother plants were kept in darkness. These results are likely due to 

the reduced exposure of younger branches to contamination in the environment from which 

the explants were harvested. 

Another way to control explant oxidation during in vitro establishment is to reduce the 

concentrations of some components of the culture medium. In [33] found that reducing the 

concentrations of NH4NO3 and KNO3 macronutrients, sucrose, and agar by 50% in MS 

culture medium [36] controlled phenolic oxidation and the proliferation of peach palm 

explant shoots. 
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During the reproductive stage of shoots in vitro, the culture medium’s composition varies 

with the species and the type of tissue or organ used as an explant. MS is most commonly 

used in the micropropagation of plant species. However, the Woody Plant Medium (WPM) 

[37] has been used successfully in woody species, including native Amazonian fruit tree 

species. 

When using growth regulators to induce new shoot growth, native plants generally respond 

better to a culture medium supplemented with low doses of auxins and/or cytokinins. In 

[38] obtained excellent results in nance trees using different benzyladenine (BAP) doses for 

micropropagation. However, high BAP concentrations (above 4.0 mg L-1) were inefficient in 

inducing the growth of axillary shoots in nodal segments. In [30] found that BAP reduced 

the number of shoots and leaves in Inga tree explants. 

4. Somatic embryogenesis 

In somatic embryogenesis, somatic cells or tissues to develop the formation of a complete 

plant, through a series of stages similar to zygotic embryogenesis. 

Most systems via somatic embryogenesis is indirect, in which somatic embryogenesis is 

induced and maintained through the multiplication. The advantage of this method is that 

large quantities of somatic embryos can be formed with minimal manipulation and 

laboratory space. 

This process of plant regeneration was successfully achieved in cocoa [16, 17], cupuaçu 

[26,27] and murici [30]. 

In indirect somatic embryogenesis, the formation of pro-embryogenic callus is the first step 

in obtaining somatic embryos and is usually obtained with the culture of embryonic or 

juvenile explants in medium supplemented with auxin, especially 2,4-D and TDZ [39]. 

In [31] can be observed callus induction in shoot apices of peach palm. The highest 

percentage of induction was 60%, obtained by combining 10.0 mg L-1 2,4-D and 3.0 mg L-1 

BAP. 

Some studies have shown the ability of different cupuaçu explants to form callus. In [27] 

studied the induction of somatic embryogenesis in explants of cupuaçu, concluded that the 

hypocotyl region proved to be the most responsive of the embryonic axis, forming callus-

looking white and bright. The MS medium supplemented with 2,4-D promoted the 

formation of large callus. Similar results were found by [24], studying the effect of auxin 

concentration and liquid medium on the development of calluses cupuaçu. The authors 

observed that the combination of NAA and 2,4-D induced callus formation and root 

formation in hypocotyl segments, and coconut water in medium without growth regulators 

favored the rooting and callus formation. 

In [40] also studied the induction of somatic embryogenesis in explants cupuaçu and 

observed that the callus appeared as a process influenced by genotype. The staminode is 
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shown as a great source of explants for obtaining callus, and the PVP the best alternative to 

control the oxidation of explants cupuaçu. On the other hand, [41] did not succeed in callus 

formation using nodal segments cupuaçu in medium supplemented with different 

concentrations of 2,4 D. Similar results were obtained by [28]. The authors assessed the 

responses of different morphogenetic cupuaçu explants subjected to various culture 

conditions in vitro and argue that the absence of induction of somatic embryogenesis 

observed in culture may be related to several factors such as type and stage of development 

of the explants, using culture type and concentration of plant growth regulators. 

In [25] undertook a study of the induction of callus formation of the hybrid Theobroma 

grandiflorum x T.obovatum, which has resistance to disease witches' broom (Crinipellis 

perniciosa), a disease that greatly affects native Amazonian species of the genus Theobroma. 

Among the explants, the cotyledons were produced more callus tissues in culture medium. 

For açaizeiro, [12] reported the conversion can be in vitro isolated zygotic embryos from 

mature seeds and seedlings complete normal requiring the presence of NAA and BA in the 

culture medium. The concentration of 2.68 mM NAA combined with 1.11, 1.55 or 2.22 mM 

BAP promoted the best growth of the seedling shoot. The authors also found that required 

the presence of NAA and BA in the culture medium for the conversion of zygotic embryos 

and the early growth of seedlings grown in vitro. The same authors in studies on direct 

somatic embryogenesis using zygotic embryos of açai, satisfactory results, with a halving of 

the amount of nutrients in MS medium in the absence of fitoregulators. 

5. In vitro zygotic embryo culture  

In vitro plants require a source of exogenous energy for carrying out the photosynthesis. 

Sucrose has been used more carbon source being present in fruit culture media at 

concentrations ranging native 20-40 g L-1 [26]. In [9] found that immature embryos murmuru 

showed higher germination in medium supplemented with 30 g L-1 sucrose. For embryos 

obtained from ripe fruits, 15 g L-1 sucrose in the medium was sufficient for it to reach the 

best germination rates. These results confirm the hypothesis that depending on the species 

and stage of development of embryos, the presence of carbohydrate in the medium may be 

in minute concentrations, or even not necessary because of embryos of many species use the 

energy required for germination in vitro from their own reserves of the embryo [42]. 

Embryos younger typically require higher concentrations of carbohydrates in the culture 

medium to sustain germination [43, 44]. In [9] have obtained best results using 3% sucrose in 

the development of embryonic axes cupuaçu, in accordance with [16, 18, 19 and 45] in 

studies performed with Theobroma cacao.  

6. In vitro germination of pollen grains 

One of the techniques used to obtain new varieties is controlled hybridization in the field 

and subsequent evaluation of the progenies. Thus, to obtain success in breeding is important 
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to catch up before going to the field the viability of pollen grains [46]. Thus, for the 

application of artificial pollination techniques, knowledge of the time of pollen viability and 

stigma receptivity is crucial for a successful fertilization of the flower [47]. However, the 

germination of the pollen grain depends on several factors, such as osmotic pressure, 

concentration and type of sugar, consistency, temperature, humidity, presence of enzymes 

and phytohormones in the middle [48, 46]. In native fruits, especially those species whose 

domestication process is more advanced, there are few studies in this line of research. 

In [49] Oliveira et al. (2001), studying the viability of pollen in vivo and in vitro staining 

method in genotypes of açai, the success observed in in vitro pollen germination of different 

cultivars. The authors found that pollen grains in vivo assai, drawn from floral buds and 

newly opened, exhibit high viability, being higher in the second stage of evaluation. With 

respect to time of storage at -100ºC, in vitro pollen showed a reduction in viability with 

increasing storage time. We also found that the viability of pollen grains varied with 

genotype and stage evaluated. With this study, the authors still recommend that the pollen 

of genotypes can be used for controlled pollination without fertilization damages, including, 

may remain stored for up to one year of storage under the conditions tested in that work. 

In [50] tested four concentrations of galactose, glucose, lactose and sucrose, with or without 

boric acid, for the germination of pollen from cubiuzeiro (Solanum topiro Humb. & Bonpl.) 

and cupuaçu (Theobroma grandiflorum Willd. Ex. Spreng. Schummann). The authors found 

that higher germination rates occurred in 10, 15 and 20% sucrose after 25 hours, no effect of 

boric acid for the two species. 

In [48] in their studies to obtain high levels of pollen from Theobroma grandiflorum found that 

pollen from one flower is not uniform. Therefore, it is recommended to use all anthers of a 

flower to prepare a sample. It is not necessary to have more than 300 pollen grains per 

sample. The stage at which the button is to be collected for the purpose of artificial 

pollination or germination and when all are detached sepals, petals with the extended 

length, style, stigma and exposed about two hours after the onset of anthesis (Step E) The 

pollen collected should be used, preferably up to two hours after it is collected, where there 

was more viable. The author also recommends the optimal medium for pollen germination 

cupuaçu should consist of 5% lactose, 0.01 H3BO3 and 1% agar, pH 6.1. The pollen collected 

cupuaçuazeiro button at the stadium and can remain viable up to 72 hours after the plant 

collected and stored at ambient conditions on the button, but at the end of this period, 

viability is very low, about 5%.  

7. Possible tissue culture techniques for native Amazonian fruit trees 

There is a myriad of tissue culture techniques for native Amazonian fruit trees. However, 

this important technology has been seldom used. 

Tissue culture techniques can be used for in vitro conservation, reproduction, exchange, and 

genetic resource conservation. These techniques are particularly useful in species that have 
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recalcitrant seeds, low germination potential, and exclusively vegetative propagation, as 

well as in endangered species [51, 52].  

Ovary cultures are important in selective plant breeding. Obtaining plants from haploid 

tissues and subsequently doubling the chromosome number through colchicine treatment 

produces homozygous strains quickly, eliminating the multiple generations of selfing 

required in conventional selective breeding. 

Producing synthetic seeds from somatic embryos offers various advantages for propagating 

native fruit tree species, including year-round production, while avoiding the risk of losses 

from adverse weather, biomass degradation, pests, disease, and low production years. 

Moreover, synthetic seed technology enables more secure maintenance of the clonal identity 

of the material under laboratory conditions. Synthetic seeds can be sown directly into the 

field, thus eliminating the need for acclimatization structures, sowing, and nurseries. 

Protoplast fusion in somatic plant cells has great potential for combining genomes from 

sexually incompatible species. Somatic hybrids (artificial polyploids) of different species or 

genera are obtained through protoplast fusion and the subsequent regeneration of plants. 

These polyploids can be used as rootstocks in fruit production. 

8. Final thoughts 

Although there are eminent importance of the native fruits of the Amazon, it appears that 

only a few studies with applications of tissue culture techniques in the domestication and 

breeding of these species. The works are practically concentrated in developing protocols for 

the establishment of in vitro plants, plus a few studies with somatic embryogenesis, 

immature embryo rescue protocols and studies of the germination of pollen grains to 

support breeding programs.  

Despite the reality and effectiveness of the techniques of tissue culture, it is important that 

some basic difficulties must be overcome to implement satisfactory in woody fruit trees, 

as is the case of native Amazon. The phenolic oxidation disinfestation and represent the 

most serious problems during the establishment of in vitro culture of explants woody 

species.  

Suitable types of explants removed at appropriate times can help by having a lower content 

of endogenous phenols in tissues and, thus, less oxidation. Likewise, minor physical and 

chemical damage at the time of excision and pest may help reduce the problem of 

oxidation. Furthermore, the addition of antioxidant compounds as cysteine, ascorbic acid 

and adsorbents such as activated carbon and PVP can be critical in preventing oxidation, 

which is more pronounced in the initial stages of cultivation [53]. Additonally, with 

cultivation at low light intensities, and frequent replacement of the culture medium, the 

chances of success in the establishment and cultivation of explants of woody species are 

quite high. 



 
Recent Advances in Plant in vitro Culture 160 

Another important aspect to be highlighted concerns the small number of fruit species 

native to the Amazon that has been the subject of study and application of techniques of 

tissue culture. These species can be summed up pretty much to those whose breeding 

programs are in advanced stage. Thus, it appears that there is still vast field of study to be 

explored and a significant deficiency of techniques and information that will enable 

progress in the domestication and breeding of these species. 

9. Conclusion 

Although native Amazonian fruit tree species are important, few studies on the use of tissue 

culture techniques for domesticating and improving these species exist. Research has 

instead focused on developing protocols for the in vitro establishment of plants, and some 

studies have examined somatic embryogenesis, immature embryo rescue, and germination 

protocols for pollen grains as a basis for selective breeding programs.  

Author details 

Moacir Pasqual, Joyce Dória Rodrigues Soares and Filipe Almendagna Rodrigues 

Federal University of Lavras (UFLA), Department of Agriculture, Lavras/MG, Brasil 

Edvan Alves Chagas 

Brazilian Agricultural Research Corporation (EMBRAPA), Distrito industrial, Boa Vista-RR, Brasil 

10. References 

[1] Fernandes ARF, Carvalho J G, Melo PC. Efeito do fósforo e do zinco sobre o 

crescimento de mudas do cupuaçuzeiro (Theobroma Grandiflorum Schum.) Cerne 2003; 

9(2):221-230.  

[2] Franzon RC. Caracterização de mirtáceas nativas do sul do Brasil. Dissertation. 

Universidade Federal de Pelotas; 2004. 

[3] Auler AS, Wang X, Edwards RL, Cheng H, Cristalli OS, Smart PL, Richards DA. 

Palaeoenvironments in semi-arid northeastern Brazil inferred from high precision mass 

spectrometric speleothem and travertine ages and the dynamics of South American 

rainforests. Speleogenesis and Evolution of Karst Aquifers 2004; 2:1-4. 

[4] Rebouças FS, Carmo DO, Almeirda NS, Dantas ACVL, Costa MAPC, Almeirda WAB. 

Germinação de cupuaçuzeiro in vivo e in vitro.  In: XX Congresso Brasileiro de 

Fruticultura 54th Annual Meeting of the Interamerican Society for Tropical 

Horticulture, 12-17 October 2008, Vitória; 2008. 

[5] Mitra SK. Important Myrtaceae Fruit Crops. Acta Horticulturae 2010; 849:33-38. 

[6] Anuário brasileiro de fruticultura. Panorama. Editora Gazeta; 2008. 



 
Tissue Culture Techniques for Native Amazonian Fruit Trees 161 

[7] Luis ZG. Propagação in vitro e caracterização anatômica de gemas adventíceas e 

embriões somáticos de murici (Byrsonima basiloba Juss., Malpighiaceae). Dissertation. 

Universidade de Brasília; 2008. 

[8] Sudam DRN, Genamaz CT. Workshop biodiversidade de fruteiras com potencial sócio-

econômico na Amazônia: 24-26 August 1999; relatório final. Belém; 2000. 

[9] Pereira JES, Maciel TMS, Costa FHS, Pereira MAA. Germinação in vitro de embriões 

zigóticos de murmuru (Astrocaryum ulei). Ciência Agrotécnica 2006; 30(2): 251-256. 

[10] Pasqual, M. Introdução à cultura de tecidos: fundamentos básicos. Lavras: 

UFLA/FAEPE; 2001. 

[11] Borém, A. Biotecnologia Aplicada ao Melhoramento de Espécies Silvestres. In: BORÉM, 

A.; LOPES, M. T. G.; CLEMENT, C. R. Domesticação e Melhoramento de Espécies 

Amazônicas. Ed. UFV. Viçosa: UFV; 2009, p117-163. 

[12] Ledo AS, Lameira AO, Benbadis AK, Menezes IC, Ledo CAS, Oliveira MSP. Cultura in 

vitro de embriões zigóticos de açaizeiro. Revista Brasileira de Fruticultura 2001; 

23(3):468-472.  

[13] Souza JÁ. Efeito do tipo de ramo e do regime de luz fornecido à planta matriz no 

estabelecimento in vitro de araçazeiro cv. “Irapuã”. Ciência Rural 2006; 36(6):1920-

1922. 

[14] Rodrigues EF. Desenvolvimento do eixo embrionário in vitro e calogênese de 

cupuaçu (Theobroma grandiflorum (Willd. ex Spreng.) Schum.) e estabelecimento do 

ápice caulinar de bacuri (Platonia insignis Martius). Thesis. Universidade Estadual 

Paulista; 2000.  

[15] Ferreira MGR, Santos MRA, Santos ER, Rocha JF, Correia AO. Desinfestação de 

explantes radiculares de bacurizeiro (Platonia insignis Mart.). Saber Científico 2009b; 

2(2):56-62.  

[16] Duhem K, Le Mercier N. Données nouvelles surl’ induction et le développement d’ 

embryons somatiques chez Theobroma cacao L. Café Cacao Thé 1989; 33(1):9-14. 

[17] Söndahl MR, Liu S, Bellato C, Bragin A. Cacao somatic embryogenesis. Acta 

Horticulturae 1993; 336:245-248.  

[18] Janick J, Whipkey A. Axillary proliferation of shoots from cotyledonary nodal tissue of 

cacao. Revista Theobroma 1985; 15:125-131.  

[19] Kononowicz AK, Janick J. In vitro development of zygotic embryos of Theobroma cacao. 

Journal of the American Society of Horticultural Science 1984; 109(2):266-269. 

[20] Medeiros CPC. Indução in vitro de respostas morfogenéticas em explantes nodais 

de cajazeira (Spondias mombin L.). Dissertation, Universidade Federal do Ceará; 

1999. 

[21] Kikuchi TYP, Nunes HCB, Mota MGC, Vieira IMS, Ribeiro SI, Corrêa MLP. Assepsia 

para sementes de camu-camu (Myrciaria dubia (H.B.K) Mc vaugh) cultivadas in vitro. In: 

Anais do IV Encuentro Latinoamericano de Biotecnologia Vegetal; 2001. 



 
Recent Advances in Plant in vitro Culture 162 

[22] Gutiérrez-Rosati A, Rojas EI, Micky M, Rodriguez M. Avances em la introducción de 

genotipos de camu camu (Myrciaria dubia H.B.K. Mc Vaugh). Folia Amazônica 2006; 

p.57-60,  

[23] Araújo MCR, Chagas EA, Couceiro MA, Donini LP, Pio R, Schwengber JAM, Castro 

AM, Araújo WF. Desinfestação in vitro de segmentos nodais de camu-camu. in: XXI 

Congresso Brasileiro de Fruticultura, Natal; 2010.  

[24] Ferreira MGR, Cárdenas FEN, Carvalho CHS, Carneiro AA, Damião Filho CF. 

Desenvolvimento de calos em explantes de cupuaçuzeiro (Theobroma grandiflorum 

Schum) em função da concentração de auxinas e do meio líquido. Revista Brasileira de 

Fruticultura 2001; 23(1):473-476. 

[25] Venturieri GA, Venturieri GC. Calogênese do híbrido Theobroma grandiflorum x 

T.obovatum (Sterculiaceae). Acta Amazônica 2004; 34(4):507–511. 

[26] Ferreira MGR, Cárdenas FHN, Carvalho CHSC, Carneiro AA, Dantas Filho CF. 

Resposta de eixos embrionários de cupuaçu (Theobroma grandiflorum Schum.) à 

concentração de sais, doses de sacarose e renovação do meio de cultivo. Revista 

Brasileira de Fruticultura 2002; 24(1):246-248. 

[27] Ferreira MGR, Cárdenas FEN, Carvalho CHS, Carneiro AA, Filho CFD. Indução de 

calos embriogênicos em explantes de cupuaçuzeiro. Revista Brasileira de Fruticultura 

2006; 26(2):372-374. 

[28] Ledo AS, Lameira AO, Benbadis AK. Explantes de cupuaçuzeiro submetidos a 

diferentes condições de cultura in vitro. Revista Brasileira de Fruticultura 2002. 

24(3):604-607.  

[29] Ferreira MGR, Santos MRA, Bragado ACR. Propagação in vitro de cupuaçuzeiro: 

desinfestação de explantes florais. Saber Científico 2009a; 2(2):37-44. 

[30] Stein VC. Organogênese direta em explantes de ingazeiro (Inga vera Willd. subsp. affinis 

(DC.) T.D. Penn.). Revista Brasileira de Biociências 2007; 5(2):723-725.  

[31] Santos MRA, Ferreira MGR, Correira AOC, Rocha JF. In vitro establishment and 

callogenesis in shoot tips of peach palm. Revista Caatinga 2010; 23(1):40-44. 

[32] Bastos LP. Cultivo in vitro de mangabeira (Hancornia speciosa). Revista Brasileira de 

Biociências 2007; 5(2):1122-1124. 

[33] Teixeira JB. Limitações ao processo de cultivo in vitro de espécies lenhosas. Brasília: 

Embrapa-Recursos Genéticos e Biotecnologia; 2001. 

[34] Sato AY, Dias HCT, Andrade LA, Souza VC. Micropropagação de Celtis sp: controle da 

cantaminação e oxidação. Cerne 2001; 7(2):117–123. 

[35] Erig CA, Schuch MW. Estabelecimento in vitro de plantas de marmeleiro (Cydonia 

oblonga Mill.) cultivares MC, Adans e Portugal. Ciência Rural 2003; 8(2):107-115. 

[36] Murashige T, Skoog FA. revised medium for rapid growth and bioassays with tabacco 

tissue culture. Physiologia Plantarum 1962; 15:473-497.  

[37] Lloyd G, Mccown B. Commercially feasible micropropagation of montain laurel, Kalmia 

latifolia, by use of shoot tip culture. Com. Proc. Int. Plant Prop. Soc. 1981; 30:421-327. 



 
Tissue Culture Techniques for Native Amazonian Fruit Trees 163 

[38] Nogueira RC. Indução de calos em explantes foliares de murici-pequeno. Ciência e 

Agrotecnologia 2007; 31(2):366-370.  

[39] Akram M, Aftab F. High frequency multiple shoot formation from nodal explants of 

teak (Tectona grandis L.) induced by thidiazuron. Propagation of Ornamental Plants 

2008; 8(2):72-75. 

[40] Almeida CF, Rodrigues SM, Lemos OF. INDUÇÃO DE CALOS EMBRIOGÊNICOS EM 

EXPLANTES DE CUPUAÇU. In: XIV Seminário de Iniciação Científica da EMBRAPA. 

Embrapa Amazônia Oriental, Belém; 2010. 

[41] Roberts SA, Cameron RE. The effects of concentration and sodium hydroxide on the 

rheological properties of  potato starch gelatinization.  Carbohydrate Polymers 2002; 50: 

2446-2455.  

[42] García JL, Troncoso J, Sarmiento R, Troncoso A. Influence of carbon source and 

concentration on the in vitro development of olive zygotic embryos and explants raised 

from them. Plant Cell, Tissue and Organ Culture, Dordrecht, 69:95-100, 2002. 

[43] Chagas EA, Pasqual M, Dutra LF, Silva AB, Cazetta JO, Santos FC, Cardoso P. 

Desempenho de diferentes estádios embrionários no cultivo in vitro de embriões de 

'Pêra Rio' x 'Poncã'. Revista Brasileira de Fruticultura 2003a; 25(3): 523-525. 

[44] Chagas EA, Pasqual M, Ramos JD, Cardoso P, Cazetta JO, Figueiredo MA. 

Development of globular embryos from the hybridization between 'Pêra Rio' sweet 

orange and 'Poncã' mandarin. Revista Brasileira de Fruticultura 2003b; 25(3):483-

488.  

[45] Söndahl MR, Liu S, Bellato C, Bragin A Cacao somatic embryogenesis. Acta 

Horticulturae, Wageningen, 336:245-248, 1993. 

[46] Chagas EA, Pio R, Chagas PC, Pasqual M, Neto JEB. Composição do meio de cultura e 

condições ambientais para a germinação de porta-enxertos de pereira. Ciência Rural 

2010; 40: 261-266. 

[47] Ramos JD, Pasqual M, Pio LAS, Chagas EA, Pio R. Stigma receptivity and in vitro citrus 

pollen grains germination protocol and adjustment. Interciência 2008; 33:51-55. 

[48] Antonio IC. In vitro germination of cupuassu [Theobroma grandiflorum (Willdenow ex 

Sprengel) Schumann] pollen grain. Científica 2004; 32(2):101-106.  

[49] Oliveira MSP, Maués MM, Kalume MAA. Viabilidade de pólen in vivo e in vitro em 

genótipos de açaizeiro. Acta Botânica Brasileira 2001; 15(1):27-33. 

[50] Neves TS, Machado GME, Oliveira RP. Efeito do tipo e concentração de carboidratos e 

ácido bórico na germinação de grãos de pólen de cubiuzeiro e cupuaçuzeiro. In: 

Congresso brasileiro de fruticultura, 14.; reunião interamericana de horticultura 

tropical, 42.; Simpósio internacional de mirtáceas, 1., 1996, Curitiba. Resumos... 

Curitiba: Sociedade Brasileira de Fruticultura, 1996. p.213. 

[51] Andrade SEM. Princípios da cultura de tecidos vegetais. Planaltina: Embrapa Cerrados; 

2002. 



 
Recent Advances in Plant in vitro Culture 164 

[52] Engelmann F, Engels JMM. Technologies and Strategies for ex situ conservation. In: 

ENGELS, J. M. M. et al. (Eds.). Managing Plant Genetic Diversity. Oxford: IPGRI; 2002, 

p89-103. 

[53] Santos RB, Paiva R, Paiva PDO, Santana JRF Problemas no cultivo in vitro: cultura de 

tecidos. Paiva e Paiva, UFLA, Lavras, MG. 9:73-79, 2001. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [481.890 680.315]
>> setpagedevice


