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ABSTRACT - (In vitro culture of zygotic embryos and seeds of Caesalpinia ferrea Martius). The aim of this study was 
to evaluate the in vitro germination of zygotic embryos and seeds of Caesalpinia ferrea Martius and the morphogenetic 
responses of the explants to different concentrations of growth regulators. Seeds and zygotic embryos were inoculated in 
MS culture medium and kept in a growth room at a temperature of 25 ± 2 °C for 16 hours of photoperiod for 30 days. The 
seeds had a higher in vitro germination rate than the explants from zygotic embryos. However, zygotic embryos in MS 
medium supplemented with 0.9 mg L-1 BAP had the highest percentage of regeneration (50%), number of shoots (3.25), 
buds (2.85) and leaves (3.15), multiplication rate (27.75), and length of shoots (1.96 cm). The in vitro culture of zygotic 
embryos and seeds made possible the multiplication of a higher number of healthy seedlings. Thus, it can be used as an 
alternative technique for the propagation of this species.
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 RESUMO - (Cultura in vitro de embriões zigóticos e sementes de Caesalpinia ferrea Martius). O objetivo deste trabalho 
foi avaliar a germinação in vitro de embriões zigóticos e sementes de Caesalpinia ferrea e as respostas morfogenéticas dos 
explantes em relação a diferentes concentrações de reguladores de crescimento. As sementes e os embriões zigóticos, foram 
inoculados em meio de cultura MS e mantidos em sala de crescimento com temperatura de 25 ± 2 °C, e 16h de fotoperíodo 
por 30 dias. Os resultados mostraram que a taxa de germinação in vitro de sementes foi superior em relação aos explantes 
originados de embriões zigóticos. Entretanto, os embriões zigóticos em meio MS suplementado com 0,9 mg L-1 de BAP 
apresentaram a maior percentagem de regeneração (50%), número de brotos (3,25), gemas (2,85) e folhas (3,15), taxa de 
multiplicação (27,75) e comprimento de brotos (1,96 cm). A cultura in vitro de embriões zigóticos e sementes possibilitou 
a multiplicação de maior número de plântulas sadias, revelando-se uma técnica alternativa para propagação desta espécie. 
Palavras-chave: auxinas, citocininas, pau-ferro, morfogênese, cultura de tecidos 

Introduction
 Caesalpinia ferrea Mart. (Brazilian ironwood, 
“pau-ferro” or “jucá”) is a Brazilian tree species of 
economic potential and pharmaceutical interest due 
to its active principle called “Pau-ferrol”, extracted 
from the stems of juvenile plants and used against the 
human topoisomerase II, which inhibits the growth 
of cells through the induction of apoptosis, thus 
becoming an important tool in the treatment of human 
leukemia HL60 (Nozaki et al. 2007; Ohira et al. 2013).

 The propagation of C. ferrea is viable by seeds 
(Scalon et al. 2011) and by seedlings (Lima et al. 
2008; Lenhard et al. 2010). In vitro propagation is a 
technique used in plant biotechnology that explores the 
totipotency of the nature of plant cells, which makes 
possible the reproduction of superior genotypes in 
vitro (Gatti et al. 2016) through small fragments of 
living tissue (explants) isolated from an organism and 
grown in a nutritious culture medium. Such advances 
have increased the prospects of genetic manipulation 
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to be used in various fields of plant biotechnology 
(Paiva et al. 2012). Woody species such as C. ferrea, 
when they are micropropagated, generally have a 
low rate of in vitro multiplication and rooting (Silva 
et al. 2018). Therefore, it is necessary to improve the 
propagation methods to increase the mass production 
of healthy and uniform plants, by multiplying selected 
genotypes, providing seedlings to ex situ plantations 
and allowing the reintroduction of plants in their 
natural habitat.
 The zygotic embryo culture technique is based 
on the plant cell totipotentiality that can influence 
the development and regeneration of the whole plant, 
resulting in a rapid multiplication of plants (Liu et 
al. 2007). The cultivation of zygotic embryos can be 
used to overcome seed dormancy, caused by embryo 
immaturity or inhibitory substances in the endosperm, 
and to evaluate nutritional and physiological aspects 
of embryo development and seed viability, aimed to 
increase the knowledge of the germinative processes 
(George et al. 2008).
 The aim of this study was to evaluate the in vitro 
germination of zygotic embryos and seeds of C. ferrea; 
as well as the in vitro morphogenetic response 
of zygotic embryos to different concentrations of 
6-benzylaminopurine (BAP) and 1-naphthaleneacetic 
acid (NAA).

Material and methods

 The experiments were carried out from March to 
October 2016 at the Plant Tissue Culture Laboratory 
(LCTV), Superior School of Technology (EST) of 
the University of the State of Amazonas (UEA). 
C. ferrea seeds were obtained from the Seed Bank of 
the Microbiology and Soil Fertility Laboratory of the 
National Institute of Amazonian Research (INPA). 
The seeds had a good physiological maturity and were 
stored at room temperature.
 The MS (Murashige and Skoog 1962) culture 
medium was used. The pH of the medium was 
measured at 6.0 before autoclaving at 121 °C and 
1 atm pressure for 15 minutes. The cultures were 
maintained in a growth room at 25 ± 2 °C for 16 hours 
of photoperiod with light intensity of 52 μmol m-2s-1 
from two cold white fluorescent lamps.

Establishment and in vitro germination - Initially, 
the seeds were scarified on an emery stone, in the 
lateral region of the opposite side of the hilum to 
slightly wear out the tegument and thus allow the 

absorption of water. After scarification, the seeds 
were washed with neutral detergent and rinsed 
under running water for one minute. They were then 
immersed in 2.0% (v/v) Carbendazim® solution for 1 
hour under constant stirring at 100 rpm. Afterward, 
the seeds were immersed in 70% alcohol for 1 
minute and then in 0.25% (v/v) sodium hypochlorite 
solution (NaOCl) for 30 minutes under stirring. 
After disinfestation, the seeds were washed 4 times 
with distilled water and autoclaved. Then they were 
immersed in a container with distilled water sealed 
with polyvinyl chloride (PVC) film for 24 hours for 
imbibition. After this period, a horizontal incision 
was made at the center of the seed, separating the 
cotyledons using tweezers to remove the zygotic 
embryo, under aseptic conditions, in a laminar flow 
chamber.
 The explants were inoculated into test tubes 
(25 × 150 mm) containing 10 ml of MS culture 
medium. After 30 days, the explants were evaluated 
for the percentage of germination, number of shoots, 
buds and leaves, length of shoots, percentage of 
normal plants (occurrence or not of stunted growth 
of the aerial part, absence of plumule and/or leaf 
expansion), number of roots and multiplication rate 
(number of shoots × number of buds) according to 
Santos et al. (2006).
 A completely randomized experimental design, 
with 6 replications composed by 5 experimental units, 
was used for the in vitro germination. The results 
were subjected to analysis of variance (ANOVA) and 
the means were compared by the Duncan test at 5% 
probability.

Morphogenetic response - Seed zygotic embryos were 
inoculated into test flasks (119 × 70 mm) containing 
40 mL of MS culture medium supplemented with 
different concentrations of ANA and BAP, (totalizing) 
12 treatments: T1: Control; T2: 0.9 mg L-1 BAP; T3: 
1.8 mg L-1 BAP; T4: 3.6 mg L-1 BAP; T5: 0.18 mg L-1 
NAA; T6: 0.37 mg L-1 NAA + 0.9 mg L-1 BAP; T7: 
0.18 mg L-1 NAA + 1.8 mg L-1 BAP; T8: 0.18 mg L-1 
NAA + 3.6 mg L-1 BAP; T9: 0.37 mg L-1 NAA; T10: 
0.37 mg L-1 NAA + 0.9 mg L-1 BAP; T11: 0.37 mg L-1 
NAA + 1.8 mg L-1 BAP, and T12: 0.37 mg L-1 NAA 
+ 3.6 mg L-1 BAP.
 After 30 days of inoculation, the percentage of 
embryo regeneration, number of shoots and buds, 
multiplication rate, sprout length, number of roots and 
percentage of callus formation were evaluated.
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 Regarding the morphogenetic response, a 
completely randomized experimental design in 
a 4 × 3 factorial scheme (BAP concentrations × 
NAA concentrations) was used, totalizing 12 
treatments, with 5 replications, each one consisting 
of 4 experimental units. The data were subjected to 
ANOVA and the means were compared by the Duncan 
test at 5% probability. Statistical analyses were 
performed using the ASSISTAT® software, version 
7.7.

Results and Discussion

 The seeds started germinating between the 
seventh and tenth days. This result is similar to that 
observed by Medeiros Filho et al. (2005), who found 
a mean germination time of scarified C. ferrea seeds 
in greenhouse and growth room (germinator) of 7.8 
and 10.5 days, respectively. There was no significant 
difference (p < 0.05) between the germination rates 
of seeds (46.67%) and zygotic embryos (66.67%) 
(table 1). However, in vitro seed germination 
resulted in a higher number of shoots (1.93), buds 
(1.33) and roots (3.40), sprout length (1.82 cm), 
and multiplication rate of explants four times higher 
than the explants from zygotic embryos of C. ferrea 
(table 1).
 The formation rate of normal seedlings (figure 1) 
from the in vitro germination of zygotic embryos 
(13.33%) and seeds (20%) was low in comparison to 
the growth of the seedlings. These differences can be 
attributed to losses due to microbial contamination 
and to the latency in the development of seedlings 
cultured in vitro, which resulted in the absence of 
leaf expansion and in the germination of explants. 
This fact is possibly related to the high osmotic 
pressure reducing plant growth and affecting the cell 
metabolism, acting as a barrier to leaf expansion 
(Pinheiro & Chaves 2011).
 Regarding the hypothesis, it is expected to obtain 
a high number of shoots of zygotic embryos cultured 
in vitro, due to the high totipotency of these explants 
(Bhojwani & Dantu 2013). The lowest number of 
shoots and buds occurred in the zygotic embryos, which 
is possibly related to shoots of fasciculate apex and 
lower internode elongation (figure 1a), differing from 
the seedlings originated by seed germination, which 
showed a higher internode elongation and uniformity 
(figure 1b). This result makes it possible to establish 
the in vitro culture of C. ferrea, considering that from 
a seedling which can produce 10 nodal segments.

 The lower multiplication rate of seedlings 
originated from zygotic embryos, in comparison to the 
seeds, suggests the need to carry out new studies on 
the morphogenetic response of the zygotic embryos 
regeneration, considering the fact that zygotic embryos 
are explants with tissue of high totipotency (Kumar 
& Reddy 2011).
 The effect of hormone concentrations as a 
morphogenetic response resulted in significant 
differences (p < 0.05) when C. ferrea explants 
were subjected to isolated concentrations of BAP 
(figure 3a). The concentration of 0.9 mg L-1 BAP (T2) 
in the MS medium stimulated the highest percentage 
of regeneration (50%), number of shoots (3.25), buds 
(2.85) and leaves (3.15), multiplication rate (27.75) 
and shoots length (1.96) per explant (figures 2a, 2b, 
2c, 2d, 2e and 2f).
 The interaction between NAA and BAP 
influenced the oxidation of explants, and the highest 
concentrations significantly reduced the induction 
of shoots (figure 2b). Excessive concentrations of 
cytokinins and auxins when applied to the sprout 
induction medium may compromise sprouting from 
the embryonic axes, affecting the growth of the 
explants, in addition to being a reduction factor of the 
multiplication rate (Wójcikowska & Gaj 2017).
 In tissue culture, growth regulators and hormones 
act at low concentrations in plant growth and 
development (Cid & Teixeira 2014). This fact was 
observed in explants of C. ferrea treated with the 
lowest concentration of BAP, which stimulated the 
highest regeneration rate of zygotic embryos (figures 
2a and 3b) and shoots (figures 2b and 3c). Similar 
results were observed by Fonseca et al. (2014) who 
verified the highest regeneration rate of zygotic 
embryos of Erythrina velutina Willd. (Leguminosae) 
when they were cultured in vitro in MS medium 
supplemented with 4 μM BAP.
 Regarding the development of zygotic embryos, 
there was a reduction in the number of buds when the 
explants were subjected to isolated concentrations 
of NAA, or to combinations of NAA with BAP 
(figure 2c). The reduction in the number of buds 
may be related to the high concentrations of auxin/
cytokinin which inhibited the development of the 
lateral and adventitious buds in the C. ferrea explants. 
Cytokinins are responsible for cell division, apical 
dormancy overcoming, and induction of axillary bud 
proliferation in explants cultured in vitro (Miransari 
& Smith 2014).
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Explants
Variables

GER (%) NS (%) NS NB NF   BL (cm) NR RM
Zygotic embryos 66,67 a 13,33 a 0,83 b 0,40 b 1,70 a 0,52 b 0,76 b 0,50 b
Seeds 46,67 a 20,0 a 1,93 a 1,33 a 3,40 a 1,82 a 4,03 a 2,50 a

Table 1. Percentage of germination (GER) and normal plantlets (NP), number of shoots (NS), number of buds (NB) and 
number of leaves (NF), shoot length (SL), number of roots (NR) and rate of multiplication (RM) obtained from zygotic 
embryos and Caesalpinia ferrea seeds after 30 days of inoculation in MS culture medium.

Means followed by the same letter do not differ statistically among themselves the Duncan’s test (p < 0.05)

Figure 1. In vitro culture of germinated seedlings from zygotic 
embryos (a) and seeds (b) of Caesalpinia ferrea in MS medium 
after 30 days.

Figure 2. Percentage of regeneration (a), number of shoots (b), 
buds (c) and leaves (d), multiplication rate (e), shoot length (f), 
number of roots (g) and callus formation (h) obtained from zygotic 
embryos of Caesalpinia ferrea after 30 days of culture in vitro 
in MS medium supplemented with different concentrations of 
BAP and NAA. Means followed by the same letter do not differ 
statistically among themselves by the Duncan’s test (p < 0.05).

 The multiplication rate (figure 2e) of the zygotic 
embryos was higher (27.75) than that observed by Silva 
et al. (2018) who studied explants of nodal segments 
and axillary buds of the species (10.06). The shoots 
from zygotic embryo cultured only at the 0.9 mg L-1 
BAP concentration had a mean length of 1.96 cm 
(figure 2f and 3d). It was also observed that the highest 
concentrations of BAP and NAA resulted in the lowest 
sprout growth (figure 2f). Miao et al. (2016) report 
that the ability of tissues to respond to the growth and 
development of shoots depends on various endogenous 
and/or exogenous factors and their interactions.

 Root formation was observed in all treatments; 
however, the culture medium with no growth regulators 
(T1) had the highest mean (2.15 roots/explant), significantly 
differing from the other combinations of auxin and cytokinin 
(figure 2g). Natural or synthetic auxins generally fail to 
stimulate root formation in vitro. Souza & Pereira (2007) 
report that certain plant species, especially woody plants, 
are difficult to root in the presence of auxins, indicating that 
other factors may influence the in vitro rooting.
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there were cases of changes in leaf morphology and 
seedling stem, which was broader and with frequent 
callus production at the base. Almeida et al. (2001) 
report that these somaclonal variations occur in 
plants regenerated from callus obtained from epicotyl 
explants and cotyledonary leaves, where higher rates 
of somaclonal variation are found.

Conclusions

 The highest  rates of  regeneration and 
multiplication of C. ferrea zygotic embryos were 
obtained in MS culture medium supplemented with 
0.9 mg L-1 BAP. The highest mean (2.15) of roots/
explants was observed in the absence of a growth 
regulator, benefiting the survival of the seedlings. 
The results pointed out the importance of evaluating 
the mineral composition of the culture medium and 
growth regulators in order to determine optimal 
conditions for the propagation of C. ferrea from seeds 
and zygotic embryos for commercial purposes as well 
as for conservation and multiplication in vitro of this 
species.
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