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ABSTRACT 
 
The objective of this work was to elucidate the growth curve of Eucalyptus camaldulensis Dehn. calli analyzing their 
anatomical modifications. A sigmoid aspect of the growth curve of the calli fresh matter was observed, with five 
different phases (lag, exponential, linear, deceleration and decline). In the lag phase, the highest growth percentage 
87%, was observed, which reduced during the evaluation period to 17% in the linear phase. As for the anatomical 
analyses, cellular multiplications was observed during the lag and exponential phases and increase in cell size 
during the linear phase, promoting the calli volume growth and the establishment of the globular conformation.  
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INTRODUCTION 
 
The genus Eucalyptus includes most of the forest 
species used in the establishment of plantations in 
the tropical and subtropical areas of the world. In 
function of its rusticity, the species Eucalyptus 
camaldulensis Dehn. is one of the most 
appropriate for reforestation in the critical areas, 
mainly those where hydric and edaphic 
deficiencies occur that limit the development of 
other species (Higa 2003).  
To supply a constantly demanding market for the 
amount and quality of wood derived products and 
maintaining the consonance with the appeal for the 
preservation of the native forests throughout the 
world, the planted forests should produce 
increasing amounts of biomass in a shorter time 
and, if possible, in more restricted areas. With this 
purpose, the biotechnology has been presenting the 
opportunities for mass cloning and genetic 

transformation of superior genotypes (Xavier et al. 
2001, García-Gonzáles et al. 2010). The 
application of plant tissue culture techniques, such 
as micropropagation, is a viable method for the 
large scale clonal propagation of various forest 
species, because as a main advantage it presents 
fast increase of the number of individuals and the 
possibility of germplasm conservation that can 
guarantee species biodiversity maintenance 
(Echeverrigaray et al. 2001). 
Among the micropropagation techniques, the 
indirect organogenesis is one of the most used, for 
providing a high sprout regeneration rate starting 
from calli (Lainé and David 1994; Moralejo et al. 
1998). But, especially for Eucalyptus, the 
micropropagation through shoot proliferation 
axillary has been the most used, being simpler than 
the mbryogenesis somatic or indirect 
organogenesis, because is based on the 
proliferation buds preformed (Gomes and Canhoto 
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2003; Xavier et al. 2009). Watt et al. (2003), 
studied the direct organogenesis route via axillary 
bud proliferation largely studied in Eucalyptus, 
whereas only eight species were regenerated 
indirectly from the callus. 
The formation of calli into an explant is a basic 
stage for the development of mass plants 
propagation systems by organogenesis or somatic 
embryogenesis and it is also useful when one 
wants to produce the cells for the genetic 
manipulations, such as somatic hybridizations, 
polyploidyzation and transformations (Venturieri 
and Venturieri 2004). 
Somatic embryogenesis technology is expected to 
play a significant role in future forest tree 
improvement programs. Methods for the efficient 
SE propagation in softwood species based on the 
bioreactors are underway (Sun et al. 2010). 
Furthermore, genetic transformation through 
somatic embryogenesis is also the most promising 
approach to generate and propagate the elite 
recalcitrant genotypes of forest trees (Andrade et 
al. 2011), or clonal propagation of the selected 
endangered high-value forest trees (Merkle et al. 
2007 and Pijut et al. 2011). The lack of an efficient 
protocol for the somatic 
organogenesis/embryogenesis is the bottle neck for 
the genetic manipulation of selected eucalyptus 
clones (Tournier et al. 2003; Aggarwal et al. 
2010).  
The organogenic events occur by dedifferentiation 
and cellular redifferentiation, depending on the 
resumption of the meristematic activity in the 
mature differentiated cells or in disorganized 
callus tissue. The in vitro organogenesis process is 
complex, with the involvement of multiple 
external and internal factors, being influenced by 
the genotype, the explant type, the makeup of the 
culture medium and by the cultivation 
environment (Joy IV and Thorpe 1999). 
Considering the influence of the explant, the use of 
those that contain a higher proportion of 
meristematic tissue is recommended, or those that 
present higher capacity to express totipotency 
(George 2008). The greatest advantage of using 
the indirect organogenesis as a tool for the clonal 
mass production and regeneration of plants is its 
potential of developing high multiplication rates, 
reproducing large amounts of uniform plants 
(Arenhart and Zaffari, 2008, Khan et al. 2011). The 
present study had as an objective to determine the 
growth curve of calli of E. camaldulensis Dehn. 

and describe the anatomical modifications 
occurring along its development.  
 
 
MATERIAL AND METHODS  
 
Growth curves  
Foliar segments of Eucalyptus camaldulensis 
Dehn. plants cultivated in vitro and maintained in 
a growth room under the photoperiod of 16 h, with 
irradiance of  40 µmol m-2 s-1 and temperature 
conditions of 27±2°C, were used as explants. The 
foliar segments with approximately 1.0 cm2 were 
inoculated in the test tubes, containing 10 mL of 
LCBM – 4: MS culture medium (Murashige and 
Skoog 1962) with half concentration of nitrate and 
suplemented with 0.3% of sucrose, 0.45% of agar, 
10% of commercial coconut water (Kero Coco®), 
4.5 µM of BAP and 2.8 µM of ANA. The pH was 
adjusted to 5.8 before sterilization by autoclaving 
at 121 ° C for 20 minutes, and after inoculation, 
the explants were maintained in a  growth room at 
27±2°C in the absence of light.   
For the growth curve and anatomical analyses, the 
explants samples were analyzed at the first day 
(time 0); subsequently at intervals of 9 day, until 
the 99th day, generating 12 analysis point. For this, 
50 test tubes were inoculated and 10 tubes were 
randomly selected to accompany the fresh weight. 
To obtain the fresh weight, the explnats were 
carefully placed in sterile petri dish, sealed with 
plastic wrap, keeping thus the aseptic conditions 
so they could return to the culture medium. The 
calluses were weighed with the aid of a precision 
scale and the analysis was performed from the 
same fresh weight of 10 corns. The growth 
percentage of the calli was determined according 
to the equation determined by Lameira et al. 
(1996): 

 
 
 

Wi being = initial weight and Wf = final weight of 
calli  
 
The growth rate was calculated according to 
Teixeira et al. (2004) by the following formula: 

 
 
 
AGR being = average growth rate; ln = neperian 
logarithm; Wf = final weight of the fresh matter; 

x 100 Wf  – Wi         
   Wf   

% growth 

AGR = ln Wf – ln Wi 

t 
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Wi = initial weight of the fresh matter and t = the 
cultivation period, in days.  
 
Anatomical analysis  
For the anatomical analysis, the calli collected at 9 
day intervals were fixed in FAA 70% 
(formaldehyde, acetic acid and ethanol 70%) for 
48 h and, later, preserved in 70% ethanol 
(Johansen 1940). After the fixation, the material 
was cut in transverse sections, using a table 
microtome. The cuts were clarified with sodium 
hypochlorite at 1% and stained with a 0.1% Astra 
Blue solution and 1% Safranin at a proportion of 
7:3, in the case of the points 1 and 2 and with 
Astra Blue 0.1% in the case of the other points. 
Glycerin (50%) was used for the assembly of the 
semipermanent slides and nitrocellulose resin for 
sealing of the coverslips. The slides were observed 
under an optical microscope and the best fields 
were photographed and used for the anatomical 
parameter measurements using the software 

UTHSCSA-Imagetool calibrated with a 
photographed microscopic ruler.  
The appraised anatomical parameters were cell 
density, cell wall thickness, DC = diameter of the 
cells of the basic parenchyma, DEC = density of 
cells of the basic parenchyma (number of cells per 
mm2), EP = epidermis thickness, CAL = callus 
diameter. The statistical analysis was conducted 
with the Sisvar software (Ferreira, 1999), carrying 
out the regression analysis.  
 
 
RESULTS  
 
The general aspect of the formation of the calli 
induced in vitro, based on foliar segments of E. 
camaldulensis Dehn. inoculated in LCBM-4 
culture medium supplemented with cytokinin, 
auxin and coconut water is shown in Figure 1 from 
the inoculation up to 99 days of cultivation. 

 

 
 

Figure 1- General appearance of calli of E.camaldulensis Dehn. formed from leaf segments 
inoculated in vitro in 4-LCBM culture medium supplemented with cytokinin, auxin 
and coconut water. A- after inoculation, B-9 days, C-36 days, D-72 days, E-99 days 
(Bar 5 mm). 

 
 
The development of the calli in the foliar explant 
of Eucalyptus camaldulensis Dehn. occurred 
approximately on the 20th day, beginning in the 
areas close to the central rib of the leaves, with the 
growth and division of the basic parenchyma cell, 
towards the abaxial face (Fig. 2 A and B). The 
results regarding the evaluations of the calli 

growth can be observed in Figure 3. The graphs 
regarding the average calli weight (Fig. 3A), 
growth percentage (Fig. 3B) and average growth 
rate (Fig. 3C) referred to the data of real growth, 
since the same calli were weighed at all the 12 
points of the curve.  
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Figure 2 - Development of organogenic calli of E. camaldulensis Dehn. over time. A= 0 days, B= 

9 days, C= 18 days, D= 27 days, E= 36 days, F= 45 days, G= 54 days, H= 63 days, I= 
72 days, J= 81 days, K= 90 days. Bar= 50 µm. 

 
 

The growth curve of the calli was linear, with a 
tendency towards the fresh matter gains in the 
function of the cultivation time increase. In the 
analysisd period (99 days of cultivation), four 

different growth phases were observed (lag, 
exponential, linear and deceleration), not detecting 
the decreasing and the stationary phase (Fig. 3A). 
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Figure 3 - Growth curve indicating the growth and development of calli of Eucalyptus 
camaldulensis Dehn. A – Average weight (grams/day); B – Growth percentage; C – 
Average growth rate (grams/day). 

 
 

The lag phase, in which the cells of the explant 
became ready for the cell division, accumulating 
the biomass, occurred until the 9th day of 
inoculation, the period in which the highest growth 
rate was observed (0.23 grams/day) and the 
highest growth percentage, (87%). As for the 
internal analysis of the calli, a reduction of 57.94% 
in the cell diameter was also observed, which 
changed from 36.38 µm to 15.30 µm (Fig. 4A) and 
the cell density changed from 1600.00 at time 0, to 
2410.67 after 9 days, indicating intense cell 
division (Fig. 4 B).  
The exponential growth phase, a period in which 
the maximum cellular division occurred took place 

between the 9th and the 36th day after inoculation, 
with an average growth rate 0.14 g/day and 40% 
calli growth. The intense cell division, until the 
36th day, provided the cell diameter increase (Fig. 
4 A), and consequently the diameter of the calli, 
that  went from 0.00 µm m at 9 days to 951.14µm 
at 36 days (Fig. 5 B). The reduction in cell density 
observed between the 9th and 36th days (2410.67 to 
1377.78, respectively) was due to the volume 
increase of the callus and not to the apparent 
reduction of the cell division activity. During the 
period between the 18th and 27th day, the typical 
globular morphology for those calli was 
established (Fig. 2C and 2D).  
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Figure 4 - Changes in anatomical characteristics of the calli formed from leaf explants of E. 

camaldulensis over several days (points) during their development. A) Diameter of 
the basic parenchyma cells, B) density of basic parenchyma cells (no. per mm2). 
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Figure 5 - Changes in anatomical characteristics of the calli formed from leaf explants of E. 

camaldulensis over several days (points) during their development. A) epidermal 
thickness and B) callus diameter.  



Growth Curve and Development of the Internal Calli 
 

Braz. Arch. Biol. Technol. v.55 n.6: pp. 887-896, Nov/Dec 2012 

893

The linear growth was observed between the 36th 
and the 81st day of cultivation, presenting a 
growth rate of only 0.08 g/day that corresponded 
to 17% of the growth (Fig. 3A). In this period, 
there was decrease in the cell division rate 
internally and consequent stabilization of the cell 
density and callus volume. There was an increase 
in the cell diameter that changed from 31.59 to 
47.87 µm (Fig. 4A).  
As a response to the metabolic changes, after the 
cellular multiplication occurred during the 
exponential phase in the linear phase an increase 
was observed in cell volume and of the calli 
establishing the typical globular formation (Fig. 
2G to 2J). This morphology was maintained from 
the 45th day (Fig. 2), giving rise to the sprouting 
completely developed into the plants (Fig. 1 E).  
The deceleration interval of the growth was 
observed between the 81th and the 90th day of 
inoculation, with a growth rate of only 0.07 g/day, 
representing 2% of the growth. Corroborating that 
data, the anatomical analysis revealed the 
stabilization of the diameter and the density of the 
cells and the lessening of the callus diameter. At 
this time, the proliferation of adventitious buds 
was also observed (Fig. 1 E). 
 
 
DISCUSSION 
 
The morphogenic responses observed during the 
growth curve of Eucalyptus camaldulensis 
Dehn.calli are of great interest, considering the 
potential of the biotechnology and the tissue 
cultures to accelerate the improvement programs. 
The biotechnological processes that can be applied 
to the micropropagation of selected clones could 
reduce the time involved in the improvement of 
woody plants. Thus, the production of eucalyptus 
trees, starting from the clonal material is 
considered a more attractive perspective than the 
production of the trees from the germination of 
seeds that possess unknown agronomical 
characteristics. 
The growth curve of the calli presented four 
different growth phases (lag, exponential, linear, 
deceleration); the decline and stationary phases 
were not detected. The  lag  phase occurred until 
the 9th day. However, several studies have 
demostrated that the period of the  lag phase varies 
according to the species studied. In the studies on 
the growth  curve of calli obtained through the 
foliar segments of the pequi tree (Caryocar 

brasiliense Camb), Landa et al. (2000) observed 
the occurrence of the  lag phase till the 7th day of 
cultivation. Dibax et al. (2010) observed that the 
initial morfogenetic response in the calli of 
Eucalyptus camaldulensis Dehn was the turgidity 
of the explant after 7 days of in vitro culture.  
The importance of anatomical studies was reported 
by Hervé et al. (2001) and Carvalho et al. (2004). 
For these authors, the histological analysis in 
studies organogenesis in vitro is fundamental to 
confirming the source of buds formed in culture, 
excluding the possibility of misinterpretation the 
results arising from the presence of gems 
preformed in the original explant and Hervé et al. 
(2001) the knowledge of the exact site where the 
cell divisions begin before calli formation is 
important for studies of genetic transformation, 
because they indicate the surface of origin of the 
adventitious shoots. 
The anatomical observations conducted in the 
foliar explants cultivated for 9 days revealed that 
the highest development of the calli occurred in 
the area of the central rib. Histological study have 
indicated that the cell proliferation began at the cut 
surface of the explants from the parenchymatic 
and vascular cylinder cells (San-Jose et al. 2010; 
Gueye et al. (2009). The nodular or friable calluses 
can be formed from the activity of cells 
perivascular sheath. Marín-Méndez et al. (2009) 
observed the differentiation of the procambium 
bands into the ascular tissues, xylem and phloem. 
Hervé et al. (2001) observed that in Eucalyptus 
gunnii, the formation of calli in the leaf was 
connected to the foliar vessels, since numerous 
cell divisions took place in the cells close to the 
tracheal elements. This strongly suggested that the 
protuberances observed on the surface of the 
explant originated from the leaf vascular exchange 
system cells, although the hypothesis could not be 
excluded that some cells also originated from the 
fascicular parenchyma as was observed by. Dibax 
et al. (2010) for Eucalyptus camaldulensis Dehn, 
where the buds were formed on the calli developed 
from the mesophyll of the abaxial face of the leaf. 
Most of the works with the callus have observed 
that the best shoot regeneration capacity, starting 
from the calli, could be associated with the 
meristematic origin of the calogenic protuberance 
as reported by Barueto-Cid et al. (1999). This 
could be related to the presence of nutrients and 
photoassimilates in the xylem and phloem that 
were the main nutrient translocation points in the 
leaves (Castro et al. 2009).  
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The exponential growth phase occurred between 
the 9th and 36th day after the inoculation where the 
calus formation, intense cell division and cell 
diameter increase was observed. According to Taiz 
and Zeiger (2004), the plant growth occurs in two 
stages: the increase of the number of cells and the 
increase of the cell size. Therefore, the small sized 
cells and the high density at nine days allowed to 
infer that this was the beginning of the exponential 
phase, when the most intense cell division 
occurred. The increase in the cell diameter during 
the interval between the 9th and the 36th day 
indicated the establishment of this phase. For 
Quercus robur trees, the callus proliferation was 
observed within two weeks following the culture 
initiation, first developing at the proximal cut 
surface and then progressing towards the distal end 
(San-Jose, et al. 2010). Dibax et al. (2010) 
observed the formation of shoots on Eucalyptus 
camaldulensis Dehn after 45 days, either in the 
midrib region or basal petiole region or apical 
region of the leaf. 
The lag phase can be considered as the energy 
producing phase and the exponential phase as the 
biosynthetic phase. The histological information 
will contribute to a more accurate determination of 
the optimal anatomical stages for a stable 
integration of foreign genes and the suitable 
conditions for in vitro culture for the regeneration 
of transgenic plants (Marín-Méndez et al. 2009). 
The linear growth period was observed between 
the 36th and the 81th day of the cultivation, where 
the decrease in the division and consequent 
stabilization of the cells density and volume 
occurred, with the maintenance of the globular 
form and proliferation of the buds. Dibax et al. 
(2010) observed that the callis of E. camaldulensis 
Denh., after 45 days were highly developed and 
showed concentric groups of vascular cells and 
adventitious buds with visible shoot meristems. 
Alcantara et al. (2010) observed the formation of 
buds 20 to 30 d after the transfer of explants of 
Eucalyptus grandis × Eucalyptus urophylla for a 
bud induction medium. In Cedrela odorataca L. 
almost all the explants, after 36th in induction 
medium, had responded by forming the calli and 
some masses of calli classified as friable and 
continued to grow, produced organogenic 
structures, but most became necrotic and died 
(Pena-Ramirez et al. 2011).  
 
 

The growth deceleration interval was observed 
between the 81st and  90th day of inoculation, 
with the stabilization of the cell diameter and 
density, diminuation of the diameter of the callus 
probably due to the cell death caused by a scarcity 
of nutrients.  According to Smith (1992), it is in 
that phase that the calli should be collected for 
multiplication, in reason, mainly, of the nutrient 
reduction, the drying of the agar, or even the 
accumulation of toxic substances in the culture 
medium, that arise as a consequence of the oxygen 
reduction inside the cells. In that context, the 
results indicated that the transfer of calli from the 
leaves of E. camaldulensis Denht should be done 
before the beginning of the deceleration phase; in 
other words, on the 72nd day of cultivation so that 
there was no compromise of the multiplication and 
the cell division. Similar results were found by 
Lima et al. (2007) who studied the growth curve of 
calli of sangra-d`água (Croton urucurana). They 
also recommended that the transfer was made 
close to 70 days after inoculation.  
After 45 and 60 d in the presence of NAA and 
BAP, the calli were highly developed and showed 
concentric groups of vascular cells and 
adventitious buds with visible caulinar meristems. 
The results presented by the calli growth curve of 
E. camaldulensis Denh. formed based on foliar 
segments indicated that the high percentage of 
growth reached in the  lag phase at the 9th day of 
cultivation was associated to the fast growth of the 
species, which, possibly was due to the occurrence 
of fast cellular cycle. The observation of the 
growth curve of the calli also aided in the 
understanding of the in vitro cellular behavior and 
provided the optimization of the culture 
manipulation in order to assist the species 
improvement objectives.  
 
 
CONCLUSION  
 
The growth curve of calli fresh matter formed 
from the foliar explants of E. camaldulensis 
presented a curve growth, with four different 
phases for the morphological and anatomical 
characteristics. The anatomical characteristics 
could aid in the analysis and understanding of the 
growth curve of the calli.   
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