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Abstract 
 
Considering the constant improvement of Eucalyptus cloning and the search for new technologies to produce plantlets of this 
species, somatic embryogenesis has attracted interest from research groups and forestry companies that use advanced genetic 
breeding and cloning programs. The objective of the present study was to verify the effect of concentrations and sources of 
calcium, concentrations and effect time of cytokinin BAP and polyamine putrescine on the induction and development of somatic 
embryos in juvenile explants of Eucalyptus grandis x E. urophylla. Cotyledonary explants were inoculated into culture medium 
containing calcium chloride (MS medium) or calcium nitrate (JADS medium) as source of calcium. Different concentrations of 
calcium were also used, for MS medium containing: 4.40 gL

-1
 (control-Ca), 6.60 gL

-1
 (50% increase over control - Ca 50) and 8.80 gL

-1
 

(increase of 100% over control – Ca 100) of calcium nitrate; and for JADS medium containing: 11.81 gL
-1

 (Ca), 17.72 gL
-1

 (Ca50) and 
23.62 gL

-1
 (Ca100) of calcium chloride. Cotyledon explants were inoculated into the primary induction medium (PIM) containing 

20.71 μM picloram as growth regulator. At 10, 20 and 30 days of primary induction, the explants were transferred to the secondary 
induction medium (SIM) containing 20.71 μM picloram and 11.10 μM BAP or 28.36 μM putrescine. The culture medium containing 
calcium nitrate provided higher callogenesis when compared to the medium containing calcium chloride. The increase in calcium 
concentration in the media did not provide higher percentage of induction of somatic pro-embryos. However, the addition of 28.36 
μM putrescine to the culture medium provided a higher percentage of induction of somatic embryogenesis. The number of somatic  
pro-embryos formed per explant was higher when BAP and putrescine were added to the culture medium when compared to 
medium containing only picloram. To obtain a greater number of somatic pro-embryos of Eucalyptus grandis × E. urophylla, the 
JADS culture medium containing 28.36 μM putrecine should be used. 
 
Keywords: In vitro propagation, JADS, micropropagation, polyamine, somatic embryogenesis. 
Abbreviations: BAP_6-benzylaminopurine, BIOAGRO_ Institute of Biotechnology Applied to Agriculture, Ca_control treatment of 
calcium, Ca50_50% increase over control, Ca100_ increase of 100% over control, CAL_percentage of callogenesis, FC_percentage of 
friable callus formation, HC_percentage of callogenesis into high level, JADS_culture medium specific for Eucalyptus (Correia et al., 
1995), LC_percentage of callogenesis into low level, MC_percentage of callogenesis into medium level, MS_culture medium 
(Murashige; Skoog, 1962), NAA_naphthaleneacetic, OXI_ percentage of oxidized explants, PIM_primary induction medium, 
PSE_percentage of somatic pro-embryos, PVP_polyvinylpyrrolidone, SIM_secondary induction medium, SPE_ somatic pro-embryos 
formed per explant. 
 
Introduction 
 
Considering the constant improvement of Eucalyptus cloning 
and the search for new technologies to produce plantlets of 
this species, somatic embryogenesis has attracted interest 
from research groups and forestry companies that use 
advanced genetic breeding and cloning programs. 
Several publications are found in the literature reporting 
propagation via somatic embryogenesis for some species of 
the genus Eucalyptus, such as Eucalyptus grandis (Major et 
al., 1997), Eucalyptus nitens (Bandyopadhyay et al., 1999; 
Bandyopadhyay and Hamill, 2000), Eucalyptus urophylla 

(Arruda et al., 2000), Corymbia citriodora (Muralidharan and 
Mascarenhas, 1987; 1995) and Eucalyptus globulus 
(Bandyopadhyay et al., 1999). However, the application of 
this technique at commercial level is limited due to the lack 
of a complete, efficient and reproducible protocol, from the 
somatic embryo induction to the plantlet acclimatization. 
There are several factors, as well as complex interactions, 
that lead plant tissue cultures to become competent to 
neoformation programs and thus develop new organs or a 
whole new organism. As a main factor, are the high auxin 
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levels, essential for the acquisition of the embryogenic 
competence (Fehér, 2015).  
However, several other factors interfere during and in 
subsequent processes to induction, such as cytokinins, 
polyamines and calcium ions. In plants, cytokinins are 
required for the establishment of the bipolar structure in 
embryos, in addition to improving embryo development 
after somatic embryo induction (Ree and Guerra, 2015). 
Polyamines have physiological regulatory functions during 
cell division (Ahmad et al., 2012), and have been studied as 
growth regulators in tissue culture as well as stress-reducing 
compounds in plants (Reis et al., 2016). The effect of 
polyamines, mainly putrescine, on somatic embryogenesis 
has been described for several species (Sakhanokho et al., 
2005; Nieves et al., 2008; Wu et al., 2009; Silveira et al., 
2013; Rajesh et al., 2014). 
Calcium ions have the function of signal transduction to 
environmental stimuli and intracellular messengers in 
several processes of plant development (Poovaiah and 
Reddy, 1993; Bush, 1995; White and Broadley, 2003), among 
them, the embryonic development. Some authors suggest 
that increased levels of cytoplasmic calcium may be an 
important factor of embryogenic response in different 
species (Jansen et al., 1990; Etienne et al., 1997; Arruda et 
al., 2000; Malabadi and Standen, 2006; Ramakrsihna et al., 
2011). 
Given the above, the objective of this study was to verify the 
effect of concentration and source of calcium, and 
concentration and time of effect of BAP and putrescine on 
the induction and development of somatic embryos in 
juvenile explants of Eucalyptus grandis x E. urophylla. 
 
Results 
 
Effect of calcium on the induction of somatic embryos 
 
Differences were found among the culture media for the 
total percentage of callogenesis and its levels (CAL, HC, MC 
and LC) and for the percentage of friable callus formation 
(FC). The means in the medium containing calcium nitrate 
were superior for all these characteristics (PSE, CAL, HC, MC, 
OXI and SPE), except for the percentage of callogenesis at 
low level (LC), in which the medium containing calcium 
chloride was superior. 
The mean values for the culture medium containing calcium 
nitrate were CAL: 92%, HC: 24%, MC: 54%, LC: 13% and FC: 
56% and for the culture medium containing calcium chloride 
were: CAL: 74%, HC: 1%, MC: 37%, LC: 38% and FC: 24%. 
In relation to the calcium concentration, considering the two 
culture media studied, differences were found for the mean 
percentage of oxidation (OXI), percentage of total 
callogenesis (CAL), percentage of callogenesis at low level 
(LC) and percentage of friable callus formation (FC) (Fig 1). 
For the percentage of oxidized explants, the Ca 
concentration of the control was significantly higher than 
Ca50 (Fig 1A). In relation to the percentage of callogenesis, 
the mean of the control was higher than Ca100 for total 
callogenesis (CAL) and low callogenesis (CB) (Fig 1B). For the 
percentage of friable callus formation and somatic pro-
embryos formed, the control was significantly higher than 
Ca100 (Fig 1C and 1D). 
Somatic pro-embryos were induced indirectly, with the 
proliferation of disorganized cells (callus) preceding their 
formation. 

In general, the induced PSE in Eucalyptus grandis x E. 
urophylla stands out for their yellowish and shiny color (Fig 
2A and B). 
There was differentiation of the protoderm, characterized by 
cells arranged contiguous as well as the initial formation of 
the procambium. It is also observed the formation of a 
bipolar structure, characteristic of embryos, with regions of 
the shoot apical meristem (SAM) and root apical meristem 
(RAM) (Fig 2G). 
In general, the number of somatic pro-embryos (SPE) was 
low: 1.0; 1.5 and 1.2 for Ca, Ca50 and Ca100, respectively, in 
the medium with calcium chloride; and 1.0; 0.8 and 1.4 for 
Ca, Ca50 and Ca100, respectively, in the culture medium 
with calcium nitrate. 
 
Effect of BAP and putrescine on the induction of somatic 
embryos 
 
A significant interaction among the factors tested for the 
percentage of explant oxidation (OXI) was observed. At the 
10-days interval between PIM and the SIM, the SIM with 
PUT resulted in more oxidized explants than SIM with BAP. 
At all the other time intervals between PIM and SIM, OXI in 
SIM did not differ statistically (Fig 3A). In the SIM with BAP, 
the 30-days interval between PIM and SIM showed more 
oxidized explants than the 10-day interval (Fig 3A). 
There was a significant difference for high level callogenesis 
(HC) among the time intervals during the transition of PIM to 
SIM, with 30-day interval being higher than the 20-day (Fig 
3B).  
For the characteristic percentage of somatic pro-embryo 
formation (SPE), the SIM with PUT (mean 47%) was more 
efficient in the induction of somatic embryogenesis than the 
SIM with BAP (mean 23%) (Fig 3C). 
As shown I the Fig 2, the SPE were formed indirectly and 
present a yellowish and bright color (Fig 2A and 2B). It is also 
observed the beginning of protoderm differentiation, 
characterized by the cells adjacently organized (Fig 2F). In 
general, embryo-forming cells have a high nucleus/cytoplasm 
ratio and smaller vacuoles, as can be seen in the similarities 
between Fig 2E and 2F, where the former corresponds to a 
zygotic embryo and the latter a somatic pro-embryo. There 
was also the formation of a phenolic cord delimiting the SPE, 
as well as the presence of phenolic compounds inside the 
cell (Fig 2C, 2D and 2F), which is characteristic in the 
preforming of somatic and zygotic embryos in some species. 
It is worth mentioning that the number of somatic embryos 
found in the second experiment was up to four times higher 
than those found in the first experiment, as can be observed 
in Fig 3D and comparing Fig 2A and 2B.  
 
Discussion 
 
The indirect somatic embryogenesis, characteristic of 
species of the genus Eucalyptus, is that one where there is 
formation of a disorganized mass of cells (callus) preceding 
the embryo formation. Thus, the callogenesis characteristics 
evaluated in this study are positive signs to further 
formation of somatic embryos, especially when there are 
friable callus. The friable callus is more suitable to initiate 
suspension culture cells when compared to compact callus, 
since the cells are disconnected from each other, without 
vascular elements and interspersed with intercellular spaces 
(Fransz and Schel, 1991). 
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Fig 1. Percentage of oxidation (A); percentage of total callogenesis (CAL) and percentage of callogenesis at low level (LC) (B); 
percentage of friable callus (C); percentage of somatic pro-embryos (SPE) (D); in cotyledonary explants of Eucalyptus grandis x E. 
urophylla submitted 40 days to different concentrations of calcium added to the culture medium [Ca - control; Ca50 (increase of 
50% to the control) and Ca100 (increase of 100% to the control). Means followed with the same letter do not differ among 
themselves by the Tukey’s test at 5%. Letters with an asterisk were compared by the Tukey’s test at 7% probability. 

 
Fig 2. Embryogenic callus containing somatic pro-embryos (SPE) captured by stereoscopy (A and B) and longitudinal sections 
obtained by light microscopy (C, D, E, F and G) in Eucalyptus grandis x E. urophyllas. Zygotic embryo (seed) (C and E); somatic pro-
embryo induced in culture medium containing calcium nitrate in Ca50 concentration (G); SPE induced in secondary induction 
medium (SIM) with putrescine during 30 days (B); SPE induced in SIM with BAP during 10 days (D and F) and 30 days (A). Bars in A 
and B represent 1 mm and bars in C, D, E, F and G represent 50 μM. C = cytoplasm; PCrd = phenolic cord; PC = phenolic compounds; 
BN = bulky nucleus; Pc = procambium; Pt = protoderm; V = vacuole; RAM = root apical meristem; SAM = shoot apical meristem; * = 
Pro-somatic embryos. 
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Fig 3. Percentage of oxidation (A); percentage of high level callogenesis (HC) and friable callus (FC) (B); percentage of somatic pro-
embryos induction (SPE) (C); and number of somatic pro-embryos per explants (NSP) (D); in cotyledonary explants of Eucalyptus 
grandis x E. urophylla cultured 40 days with BAP or putrescine (PUT) and in different time intervals between the primary induction 
medium (PIM) and secondary induction medium (SIM). Means followed with the same uppercase letter do not differ between type 
of SIM (BAP or PUT) and means followed with the same lowercase letter do not differ among time intervals in PIM (10, 20 or 30), by 
the Tukey’s test at 5%. 
 
High oxidation percentages of the explants were observed. 
Oxidation may occur when, in contact with the culture 
medium, the excised explants produces secondary 
metabolites resulting in a brownish color of the tissue. In 
some non-woody species, the callus oxidation causes 
absence of the embryogenic process until the explant death 
(Takamori et al., 2015). Whereas in woody species, such as 
Eucalyptus, the embryogenic callus oxidation is a process 
that precedes the embryo formation. 
At histological and cellular level, the phenolic cord and 
phenolic compounds could be observed within the 
embryogenic callus cells in Eucalyptus grandis x E. urophylla. 
The oxidation of the tissues is usually seen in stress 
situations, which, at lower levels, cause changes in cell 
physiology and metabolism and induce mechanisms of 
adaptation such as cicatrization, organogenesis and somatic 
embryogenesis (Fehér, 2003). 
Here we demonstrate that the interference of Ca 
concentrations on the callogenesis of the explants. An 
increase in calcium concentration, to a certain level, inhibits 
intercellular transport in plants through the block of 
plasmodesms (Tucker, 1990). This isolation of the initial cells 
is important to initiate friable callus and the embryogenic 
process (Williams and Maheswaran 1986). The calogens at 
all levels and the production of friable callus were higher 
when JADS medium was used, where the calcium source was 
calcium nitrate, in relation to MS medium, where the source 
of calcium was calcium chloride. 
One of the major differences between these two culture 
media is the amount and the source of Ca, with JADS 
medium having more than twice Ca than MS. Different 
sources of the same nutrient may present different 
responses in the same plant species, mainly due to the 
chemical formulation of the fertilizer, which influences its 
absorption and translocation in the plant. In addition, the 
other nutrients present in each of the calcium formulations 
used in the present study may influence the responses 

obtained. However, in the present study, the main 
responses obtained appear to be due to the higher calcium 
concentration in the JADS culture medium compared to MS. 
Experiments with calcium blockers and chelators inserted 
into sandal and carrot somatic embryogenesis induction 
medium indicated that the influx of exogenous calcium is 
essential for the start of somatic embryogenesis (Overvoode 
and Grimes, 1994; Anil and Rao, 2000; Anil et al., 2000). 
Higher Ca concentrations in the culture medium favored the 
maintenance of embryogenic potential and somatic embryos 
development in carrot cell cultures (Daucus carota) (Jansen 
et al., 1990), (Hevea brasiliesis) (Etienne et al. 1997), 
eucalyptus (Eucalyptus urophylla) (Arruda et al., 2000) and 
coffee (Coffea canephora) (Ramakrishna et al., 2011). 
In Pinus, Ca ions work as a second messenger in the somatic 
embryogenesis signal transduction (Malabadi and Standen, 
2006). Ca also participates in the onset of cell polarity during 
somatic embryogenesis (Overvoorde and Grimes, 1994; 
Timmers et al,. 1989, 1996). In studies with carrots, Timmers 
et al. (1996), showed the temporal and spatial variations of 
endogenous the Ca. Ca concentrations varied according to 
the embryonic development stage, levels of auxins and 
cytokinins, and were concentrated in the nucleolus and in 
the somatic embryo protoderm (Timmers et al., 1996). 
These studies show how sensitive and variable is the 
concentration of Ca within embryogenic cells, with a need of 
more detailed studies about this element in the somatic 
embryogenesis of Eucalyptus. 
As our results demonstrate, Putrescine (PUT) induced 
somatic pro-embryos in juvenile explant of Eucalyptus 
grandis x E. urophylla. The percentage of somatic 
embryogenesis (SE) on the SIM containing PUT was twice 
than in the SIM containing BAP. 
Although the endogenous cytokinins exert essential 
functions in the embryogenic process, its exogenous 
application promoted significant gains only in the amount of 
somatic pro-embryos per explant. An alternative to the 
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addition of cytokinins in the ES induction medium is the 
inclusion of polyamines such as PUT, which can also be 
classified as a plant growth regulator. 
Polyamines are small, low molecular weight, aliphatic 
molecules that have three amino-polycationic groups 
capable of interacting electrostatically with nucleic acid 
molecules, phospholipids, cell-wall compounds and proteins 
(Baron and Stolasol, 2008;  Tiburcio et al., 2014). 
The main polyamines in plants are putrescine, cadaverine, 
spermidine and spermine, usually associated with the 
regulation of physiological processes during cell division, 
protein synthesis, DNA replication and responses to abiotic 
stresses, acting in processes of organogenesis, 
embryogenesis, flowering, senescence and fruit maturation 
(Ahmad et al., 2012). 
The behavior of polyamines seems to follow a similar 
pattern in some species, such as Vitis vinifera (Bertoldi et al., 
2004), Coffea canephora (De-La-Pena et al., 2008), Pinus 
sylvestris (Vuosku et al., 2012) and Sacharum sp. (Silveira et 
al., 2013) during somatic embryogenesis induction, with the 
presence of a high concentration of PUT, followed by an 
intermediate spermidine and a lower spermine content. Reis 
et al. (2016) suggested that the role of PUT may be related 
to the modulation of peroxidases expression and other 
proteins responsible for supporting cells in oxidative stresses 
induced by excessive production of reactive oxygen species 
(ROS). 
In Pinus, the addition of a PUT biosynthesis inhibitor in the 
culture medium inhibited the SE induction (Malabadi and 
Nataraja, 2007). In sugarcane, the incorporation of 
exogenous PUT resulted in a high content of intracellular 
free PUT, responsible for inducing better performance in the 
maturation of somatic embryos (Reis et al., 2016). In cotton, 
the inclusion of PUT promoted the germination and 
regeneration of plantlets produced via SE (Sakhanokho et al., 
2005). 
During the SE induction in plants, the most common way to 
induce the initial stress is the application of high auxin 
concentrations. There is an interaction of exogenous auxin 
with endogenous hormones, modification of gene 
expression and the induction of cellular dedifferentiation 
and re-differentiation in the embryogenic state (Jiménez, 
2005). After the initial impulse to the embryogenic process, 
the exogenous application of other growth regulators may 
be essential, like the cytokinins, responsible for the axes 
formation and the establishment of the embryo bipolar 
meristem (Ree and Guerra, 2015), or polyamines, often 
associated with cell division and stress tolerance (Kaur-
Sawhney et al., 2003). Therefore, the objective of this study 
was to elucidate in which phase of somatic embryogenesis 
induction should be added other types of growth regulators. 
However, no significant differences were observed for the 
increase interval of PUT or BAP in the somatic 
embryogenesis induction medium. 
Regarding to the number of SE produced per explant, both 
BAP and PUT treatments promoted higher pro-embryo 
production, when compared to the experiment in which only 
picloram was added. With the addition of PUT to the culture 
medium in sugarcane, the somatic embryo production 
almost tripled in relation to the control (Reis et al., 2016). 
This increase in the somatic embryo production can be due 
to the increase in cell division, a function regulated by both 
cytokinins and polyamines. 

Materials and methods 
 
Plant material 
 
Hybrid mature seeds of Eucalyptus grandis x E. urophyll from 
APS 13 (Gerdau, Três Marias-MG), collected in January 2011, 
were used in that experiment. The hybrids are produced by 
controlled polinization in orchard of hydridation. Seed-
producing trees are of reproductive age (between 7 and 10 
years). 
For disinfection, seeds were previously washed in tap water 
and immersed in 70% ethanol for 30 seconds and then in 5% 
sodium hypochlorite for 15 minutes, with 100 µL of tween 
20 for each 100 mL of solution. After this they were washed 
six times in autoclaved water and inoculated into sterile 
Petri dishes (90 x 15 mm), containing half strenght MS basal 
salts solution (Murashige and Skoog, 1962), MS vitamin 
complex, 15 g L

-1
 of sucrose, 50 mg L

-1
 of myo-inositol, and 

2.8 gL
-1

 of Phytagel
®
. The pH of the medium was adjusted to 

5.8 ± 0.1, and the medium was autoclaved at 120°C and 1 
atm. The plates were placed in growth room environment at 
24 ± 1 °C, with light regime of 16 h and irradiance of 33 μmol 
m

-2 
s

-1
, achieved by 2 fluorescent lamps (20 W, HO, Osram

®
, 

Brazil) for 10 days. 
 
Effect of calcium on the induction of somatic embryos 
 
The cotyledons of the in vitro germinated plants were used 
as source of explants, which were inoculated into sterile 
Petri dishes (60 x 15 mm) containing 15 mL of MS or JADS 
culture medium (Correia et al., 1995), with basal salts 
(except calcium) and vitamins, 30 g L

-1
 of sucrose, 100 mg L

-1
 

of myo-inositol, and 7 gL
-1

 of agar Merck
®
, 20.71 µM 4-

amino-3,5,6-trichloropicolinic acid (picloram) and different 
concentrations of calcium solution. In the MS medium the 
source of Ca was calcium chloride, at the concentration of 
4.40 gL

-1
, whereas in the JADS medium was 11.81 gL

-1
 

calcium nitrate. The treatments consisted of increasing the 
concentration of Ca in these two culture media, for MS 
medium: 4.40 gL

-1
 (control-Ca), 6.60 gL

-1
 (50% increase over 

control - Ca 50) and 8.80 gL
-1

 (increase of 100% over control 
- Ca100) of calcium nitrate; and for JADS medium 11.81 gL

-1
 

(Ca), 17.72 gL
-1

 (Ca50) and 23.62 gL
-1

 (Ca100) of calcium 
chloride. The pH was adjusted to 5.8 ± 0.1, and the medium 
was autoclaved at 120°C and 1 atm. The plates were placed 
at the dark in growth room environment at 24 ± 1 °C. 
A completely randomized design was used, in factorial 
scheme 2x3 (types of culture medium x concentrations of 
calcium solution), with 6 replicates and 10 explants/plate. 
 
Effect of BAP and putrescine on the induction of somatic 
embryos 
 
The cotyledons of the in vitro germinated plants were used 
as source of explants, which were inoculated into sterile 
Petri dishes (60 x 15 mm) containing 15 mL of JADS medium 
with total basal salts and vitamins, 30 g L

-1
 of sucrose, 100 

mg L
-1

 of myo-inositol, and 7 gL
-1

 of agar Merck
®
. The pH of 

the was adjusted to 5.8 ± 0.1, and the medium was 
autoclaved at 120°C and 1 atm. The plates were placed at 
the dark in growth room environment at 24 ± 1 °C. 
The explants were kept in the dark at 24 ± 1 ºC in the 
primary induction medium (PIM) with 20.71 μM picloram as  



518 

 

growth regulator. At 10, 20 and 30 days of primary 
induction, the explants were transferred to the secondary 
induction medium (SIM) containing 20.71 μM picloram and 
11.10 μM 6-benzylamino purine (BAP) or 28.36 μM 1, 4-
butanediamine (putrescine). 
A completely randomized design was used, in factorial 
scheme 2x3 (types of SIM x time of induction in PIM), with 
10 replicates and 10 explants/plate. 
 
Variables analyzed and statistical analysis 
 
For both somatic embryo induction experiments the 
following evaluations were made at 40 days: percentage of 
somatic pro-embryos (PSE), percentage of callogenesis 
(CAL), which was divided into high (HC), medium (MC) or low 
(LC) levels, percentage of oxidized explants (OXI), percentage 
of friable callus formation (FC), and somatic pro-embryos 
formed per explant (SPE). 
For all analyzes, the statistical software R, version 3.0.3 (R 
Core Team, 2014), and the ExpDes package (Ferreira el al., 
2013) were used. The means were compared using Tukey’s 
test. 
 
Anatomical characterization 
 
For the anatomical characterization, embryogenic calli were 
collected from all experiments at 40 days of induction. 
Samples were fixed in Karnovsky’s solution (Karnovsky, 
1965) for one week, dehydrated with serial increasing 
concentrations of ethanol and embedded in methacrylate 
resin (Historesin, Leica Instruments, Heidelberg, Germany). 
Cross and longitudinal sections with 5 mm thick were 
obtained with an automatic advance rotary microtome 
(RM2155, Leica Microsystems Inc., Deerfield, USA) and 
stained with toluidine blue (pH 4.4) (O’Brien; McCully, 1981) 
for 10 minutes. Images were captured with an Olympus 
AX70TRF microscope (Olympus Optical, Tokyo, Japan) with a 
U-Photo Camera System (Spot Insight Color 3.2.0, Diagnostic 
Instruments Inc., USA). 
 
Conclusion 
 
In conclusion, it was observed in the present study that the 
culture medium with calcium nitrate provided greater 
callogenesis in cotyledonary explants of Eucalyptus grandis x 
E. urophylla, when compared to the medium containing 
calcium chloride. The increase in calcium concentrations did 
not provide higher induction of somatic pro-embryos. The 
addition of 28.36 μM putrescine to the culture medium 
provided higher somatic embryogenesis induction in 
cotyledonary explants of Eucalyptus grandis x E. urophylla. 
The number of somatic pro-embryos formed per explant was 
higher when BAP and especially putrescine were added to 
the culture medium, when compared to medium with 
picloram. 
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