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DEVELOPMENT OF GLOBULAR EMBRYOS FROM THE HYBRIDIZATION BETWEEN
‘PÊRA RIO’ SWEET ORANGE AND ‘PONCÃ’ MANDARIN1

EDVAN ALVES CHAGAS2, MOACIR PASQUAL3, JOSÉ DARLAN RAMOS3, POLLYANA CARDOSO4,
JAIRO OSVALDO CAZETTA2, MILENE ALVES DE FIGUEIREDO 3

ABSTRACT - This research was undertaken to study the influence of different concentrations of the MT medium, sucrose, vitamins, activated
charcoal and gibberellic acid (GA3) on the culture of immature embryos from the crossing between ‘Pêra Rio’ sweet orange and ‘Poncã’ mandarin.
The embryos were excised under aseptic conditions and inoculated in 15 mL of the MT medium according to the following experiments: 1) MT
concentrations (0%, 50%, 100%, 150% and 200%) supplemented with 0, 30, 60 and 90 g.L-1 of sucrose; 2) vitamins concentrations of the MT (0%,
50%, 100%, 150% and 200%) supplemented with 0, 30, 60 and 90 g.L-1  of sucrose; 3) activated charcoal concentrations (0, 0.5, 1, 1.5 and 2 g.L-1 )
supplemented with GA3 (0, 0.01, 0.1; 1 and 10 mg.L-1). After the inoculation, the embryos were kept in a growth room for 90 days at 27 ± 1ºC, in a 16-
hour photoperiod with 32 µmol.m-2 .s-1 of irradiance. The best development of embryos at the globular stage was achieved using 50% and 100% of
the MT medium plus 60 g.L-1 and 90 g.L -1 of sucrose, respectively, supplemented with 0.01 mg.L-1 of GA3. The addition of activated charcoal or
vitamins in the MT medium has shown to be unnecessary to the development of globular embryos.
Index terms: embryo culture, tissue culture, biotechnology, citrus breeding

DESENVOLVIMENTO DE EMBRIÕES GLOBULARES DE CITROS PROVENIENTES DE HIBRIDAÇÃO ENTRE
LARANJEIRA ‘PÊRA RIO’ x TANGERINEIRA ‘PONCÃ’

RESUMO - Objetivou-se estudar a influência de diversas concentrações do meio MT, sacarose, vitaminas, carvão ativado e ácido giberélico no
cultivo de embriões imaturos oriundos do cruzamento entre laranjeira ‘Pêra Rio’ x tangerineira ‘Poncã’. Os embriões foram excisados sob condições
assépticas e inoculados em 15 mL do meio de cultura MT, de acordo com cada experimento a seguir: 1) concentrações do meio de cultura MT (0%,
50%, 100%, 150% e 200%) combinados com 0, 30, 60 e 90 g.L-1  de sacarose; 2) concentrações de vitaminas do meio MT (0%, 50%, 100%, 150% e
200%) combinados com 0, 30, 60 e 90 g.L -1 de sacarose e; 3) concentrações de carvão ativado (0; 0.5; 1; 1.5 e 2 g.L-1) combinados com GA 3 (0; 0.01;
0.1; 1 e 10 mg.L-1). Após a inoculação, os embriões foram mantidos por 90 dias em sala de crescimento à temperatura de 27±1ºC, fotoperíodo de 16
horas e irradiância de 32 µmol.m-2 .s-1. A utilização de 50% e 100% do meio MT associado a 60 e 90 g.L-1  de sacarose, respectivamente, acrescido de
0.01 mg.L-1  de GA3, proporcionou melhor desenvolvimento de embriões globulares. Não houve necessidade da adição de carvão ativado e vitaminas
no meio MT para o cultivo de embriões globulares.
Termos para indexação: cultura de embriões, cultura de tecidos, biotecnologia, melhoramento genético.
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INTRODUCTION

The appearance of diseases like the citrus variegated clorosis
(CVC), citrus canker, citrus decline,  citrus sudden death, and recently the
alternaria spotting of tangerines has taken the production of citrus to a
very delicate situation. Therefore, great effort has been made to develop
new resistant varieties. However, several pitfalls are commonly faced in
developing these new citrus varieties, e.g. the gametic sterility, the long
duration of the young stage, species incompatibilities (Soost & Cameron,
1975) and especially the high rate of polyembriony, which is very common
amongst species of this genus (Soost et al., 1980). The latter normally
results in the abortion of the zygotic embryo, due to the competition with
the nucellar embryos, which are often more vigorous. Within this context,
the embryo culture is very important because it makes possible the use of
immature hybrid embryos (Hu & Ferreira, 1998) through an appropriate in
vitro procedure (Sharma et al., 1996), and an adequate culture medium.
Generally, the success of this technique depends on the stage the embryo
is excised and the composition of the medium used for germination.
However, the younger the embryo is, the harder is the in vitro culture,
mainly because of its small size, high risk damage during excision and
complex nutritional needs (Hu & Ferreira, 1998). This way, defining a
culture medium that renders the development of immature embryos is the
most important aspect of in vitro culture (Pasqual et al., 2001).

White’s medium (White, 1943) was extensively used as a basic
medium to the culture of a variety of tissues from many species (Caldas et
al., 1998).  A number of adaptations have been made in this medium to
each specific situation, and the increase of salt concentrations, reduction
of sodium and increase of nitrogen both as ammonium or nitrate, resulted

in the MS medium (Murashige & Skoog, 1962). Later, Murashige & Tucker
(1969) formulated a culture medium suitable to in vitro propagation of
citrus. Besides the adjustments in sucrose and vitamins concentrations,
other changes like the addition of hydrolyzed casein and malt extract
were made by these authors. Other alternatives are being searched,
especially the ones closer to the composition of the endosperm or the
embryonic sac which can make possible the development of embryos of
whatever stage (Andreoli, 1986).

In the specific case of citrus, many researches have been made
in an attempt to adjust the diverse factors of in vitro embryo culture, e.g.
pH, agar, MS concentrations, sucrose, gibberellic acid and activated
charcoal (Ribeiro et al., 1997, 1998, 1999b, 2000). The best concentrations
of macro and micronutrients, vitamins and complex mixtures of the MT
medium are being studied (Morais, 1997), as well as the identification of
the most appropriate developmental stage of the embryo (Ribeiro et al.,
1999a).

The quantitative and qualitative carbohydrate content plays an
important role in maintaining the correct osmolarity of the medium and in
promoting leaf primordium growth (Pasqual & Pinto, 1988). In general,
embryos at initial development stages need high sucrose concentrations,
between 12% and 18% (Caldas et al., 1998), while for Citrus, the optimal
concentrations vary from 2% to 7%, according to the explant (Navarro et al.,
1985). In many media, vitamins and amino acids are added (George, 1993).
The need for vitamins depends on the species and the kind of culture. It has
been shown that one or even all the vitamins are unnecessary to some
cultures and species (Pasqual et al., 2001).

The activated charcoal promotes embryo growth by sorbing
inhibitors released in the medium by the explants and is successfully
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used in many cultures in concentrations from 0.2% to 3% (Pasqual et al.,
2001). Besides, it can benefit rooting since it reduces light intensity in the
region roots are formed (Grattapaglia & Machado, 1998).

Gibberellins have several physiological roles in plants, especially
in cell elongation (Crocomo & Cabral, 1988). Therefore, the use of
gibberellins in tissue culture aims to promote natural ontogenic
development of embryos lacking the root primordium or allow the
development of an existing root zone.

Regarding the many constituents of culture media, our objective
was to study the  influence of several components of the MT medium
(Murashige & Tucker, 1969) in the culture of immature embryos from the
controlled crossing between ‘Pêra Rio’ sweet orange (Citrus sinensis
Osbeck.) and ‘Poncã’ mandarin (Citrus reticulata  Blanco).

MATERIALS  AND  METHODS

The experiments were conducted in two stages: the first
corresponded to controlled hybridizations between ‘Pêra Rio’ sweet
orange and ‘Poncã’ mandarin, male and female parents, respectivelly, at
the didactic orchard of Universidade Federal de Lavras (UFLA), Lavras,
MG, Brazil from September to October 2001. The second stage was the in
vitro culture of embryos from fruits harvested between January and
February 2002, at the Laboratório de Cultura de Tecidos Vegetais of
Departamento de Agricultura, UFLA. Fruits were collected at 118 days
after pollination, with 3 to 4 cm of diameter. Seeds were removed and
treated with ethanol 70 % for five minutes, then with sodium hypochlorite
2% for 20 minutes and finally washed three times in distilled water and
autoclaved.

Seeds teguments were separated longitudinally by the region
opposed to the micropyle with the help of a stereoscopic microscope,
with the care of not damaging embryos.

Embryos at the globular stage were excised in aseptic conditions
and inoculated individually in 15 mL of MT medium (Murashige & Tucker,
1969), used as a basic medium composed of salts, vitamins, sucrose, malt
extracts and hydrolyzed casein, and from which modifications were made

as follows to each of the three experiments:
Experiment 1 – MT medium x sucrose: were studied

concentrations of the medium MT (0%, 50%, 100%, 150% and 200%)
supplemented with 0, 30, 60 e 90 g.L-1 of sucrose. The statistical design
was completely randomized, in a 5 x 4 factorial arrangement with four
replications, each one composed of three test tubes.

Experiment 2 - vitamins x sucrose: were studied vitamins
concentrations (0%, 50%, 100%, 150% and 200% of the original medium)
supplemented with 0, 30, 60 e 90 g.L-1 of sucrose. The statistical design
was completely randomized, in a 5 x 4 factorial arrangement with four
replications, each one composed of three test tubes.

Experiment 3 – activated charcoal x gibberellin (GA 3): different
concentrations of activated charcoal (0; 0.5; 1; 1.5 and 2 g.L-1)
supplemented with GA3 (0; 0.01; 0.1; 1 e 10 mg.L-1), plus 50 g.L-1 of sucrose.
The statistical design was completely randomized, in a 5 x 5 factorial
arrangement with four replications, each one composed of three test
tubes.

After excision and inoculation, embryos were incubated in a
growth room at 27±1ºC, in a 16-hour photoperiod with 32 µmol.m-2.s-1 of
irradiance.

In all experiments seedlings were evaluated after 90 days based
on the shoot and root length, fresh weight and number of leaves.

Data were submitted to ANOVA and the results compared
through polynomial regression, according to each experiment, using the
software SISVAR (Ferreira, 2000).

RESULTS AND DISCUSSION

Experiment 1 – MT medium x sucrose
The best development of embryos were reached with the use

of 50%, 100% and 150% of the MT medium supplemented with 90 g.L -1

of sucrose (Figures 1A, 1B, 1C and 1D). The increment observed in the
variables as the concentrations of the culture medium increased is in
accordance with the results obtained by Sharp et al. (1971), who found
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FIGURE 1 – Shoot length (A), root length (B), fresh weight (C) and number of leaves (D) of the seedlings from immature embryos of the controlled
crossing between ‘Pêra Rio’ sweet orange and ‘Poncã’ mandarin as grown in different concentrations of the medium MT and sucrose.
UFLA, Lavras, MG, 2002.
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that high concentrations of the medium stimulated the formation of
embryos from tobacco anthers. Media with high salt concentrations,
like MS (Murashige & Skoog, 1962) and MT (Murashige & Tucker ,
1969), have been used in embryo culture because of their positive effect
on growth and development of somatic embryos. Kunitake et al. (1991),
using ‘Satsuma’ mandarin embryos at the heart-shaped stage, observed
that 50% of the MT medium salt concentration supplemented with 1
mg.L-1  of GA3 and 10 g.L-1  of sucrose have not provided good conditions
to in vitro culture of embryos, since only 5% of the embryos had normal
development, with 50% to 60% of the regenerated plants showing
abnormal growth. However, these results partly disagree with Ammirato
& Steward (1971), who observed better development of the pro-
embryonic structures using a medium with low salt concentration, as
White’s medium (White, 1943), probably due to the low sucrose
concentration.

The benefic effect of high sucrose concentrations proves the
importance of this carbohydrate to embryo culture, and is in accordance
with Caldas et al. (1998) because according to these authors embryos at
initial stages need high concentrations of sucrose. Carimi et al. (1998)
also observed that the germination and development of embryos of two
Citrus aurantium genotypes were significantly lower at low (0 and 5
g.L -1) sucrose concentrations, while the opposite behavior was seen at
high concentrations (50 g.L-1).

Besides contributing to optimal growth, supporting the highest
growth rates in most species, high sucrose concentrations also have an
important role in maintaining the adequate osmolarity of the medium
(Hu & Ferreira, 1998), especially avoiding mineral toxicity when its
concentration is high in the culture medium.

The reduction of the MT concentration to 50% of the original
was enough to the development of citrus immature embryos, which is
also important on reducing costs. Ribeiro et al. (1998) studying the
behavior of ‘Pêra’ sweet orange in different sucrose and MS
concentrations, also found that the best development of embryos was
achieved using diluted MS (75% of the original concentration), with

added sucrose (60 g.L-1 ).
Studying embryos of ‘Poncã’ mandarin, Pasqual et al. (2002)

verified that the best growth and development were reached using MS
at its original concentration, supplemented with 15 to 30 g.L-1  of sucrose.
Similarly, Tomaz et al. (2001) obtained more seedlings of the variety
‘Seleta Vermelha’ when embryos were grown in culture medium with 15
g.L-1 of sucrose, while for ‘Cravo’ mandarin, a high number of seedlings
was obtained with 25 g.L-1  of sucrose. Ricci et al. (2002) also induced
the formation of more seedlings of ‘Valência’ sweet orange and ‘Poncã’
mandarin growing embryos in MT medium with 20 and 25 g.L-1  of
sucrose, respectivelly.

At 0% of medium embryos have not developed adequately
and the addition of higher concentrations of sucrose was not enough
to substitute the lack of MT. On the other hand, at 200% of MT seedlings
have shown intermediate performance in the absence of sucrose, and
the development worsened with the addition of increasing
concentrations of sucrose (Figure 1).

In the presence of low MT concentration (50%), higher root
growth was observed, probably as a way of better exploring the medium
and increase nutrient uptake. Otherwise, when medium concentrations
were higher (100% and 150%), seedling roots did not develop so well
(Figure 1B).

Experiment 2 - vitamins x sucrose
This experiment confirmed how essential sucrose is to growth

and development of the immature embryos of the hybrids, being the
source of energy most commonly used in embryo culture of many
species (Pasqual et al., 2001), including citrus immature embryos (Navarro
et al., 1985; Pasqual & Pinto, 1988; Caldas et al., 1998; Carimi et al., 1998;
Ribeiro et al., 1998; Tomaz et al., 2001; Ricci et al., 2002; Pasqual et al.,
2002). Vitamins have not shown to be totally necessary to the embryos
studied here, becuase their absence resulted in good response to all
variables determined in the experiment (Figuras 2A, 2B, 2C e 2D), in
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FIGURA 2 – Shoot length (A), root length (B), fresh weight (C) and number of leaves (D) of the seedlings from immature embryos of the controlled
crossing between ‘Pêra Rio’ sweet orange and ‘Poncã’ mandarin as grown in different concentrations of vitamins of the medium MT
and sucrose. UFLA, Lavras, MG, 2002.
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accordance with Pasqual et al. (2001) who mentioned that embryos are
capable of synthesizing these vitamins. However, this research has
shown better responses to sucrose levels when associated with higher
levels of vitamins. (Figure 2C).

Even though vitamins are frequently used according to the
formulation of Murashige & Skoog (1962), Linsmaier & Skoog (1965)
showed that only thiamine was essential to the growth of tobacco callus
and therefore suggested an increase in the concentration of this vitamin
to 0.4 mg.L-1  and the elimination of pyridoxine and nicotinic acid, because
the latter are a little inhibitory to growth. To some species grown in
vitro, it is necessary to increase vitamins concentration, as observed
by Chatuverdi & Mitra (1974) studying Citrus  somatic tissues, but this
observation is not valid to the globular embryos of this research.

According to Caldas et al. (1998), vitamins have important
roles in photosynthesis and biosynthesis of amino acids, amongst other
compounds. This way, the benefic effect of the addition of a certain
vitamin to the medium is highly dependant of the capacity of each
tissue or organ to synthesize it. On the other hand, complex mixtures
like yeast extract, malt extract and hydrolyzed casein, provide a group
of amino acids (Steinhart et al., 1961) that stimulates in vitro growth of
many species (Caldas et al., 1998; Yatazawa & Furuhashi, 1968). It is
probable then that the high concentration of these components already
present in the medium used in this study supplied the absence of
vitamins and induced little effect when vitamins were added (Figure 2).

Hu & Ferreira (1998), mention that malt extract and hydrolyzed
casein are commonly used in the culture medium to stimulate embryo
growth and development. The importance of the malt extract in the

culture of citrus embryos was verified by Carimi et al. (1998) since they
observed good results from the substitution of sucrose by 5 g.L-1 of
malt extract. Ghazvini & Shirani (2002) also observed that 300 mg.L -1 of
malt extract increased the formation of citrus embryos and Rangan et al.
(1969) succesfully grew embryos of Citrus aurantium in White medium
supplemented with 400 mg.L-1  of hydrolyzed casein. Many other works
also show the importance of malt extract and hydrolyzed casein in embryo
culture (Zdrujkovskala-Richter, 1981; Gmitter et al., 1990; Jumin & Nito,
1996; Glória et al., 2000). Associating the information found in the
literature with the results of this research, it can be affirmed that malt
extract and hydrolyzed casein could supply the absence of vitamins for
the survival of the embryos studied. However, the data presented in
Figure 2C suggest that the addition of vitamins can result in more
vigorous seedlings and maybe with a higher potential of development.

Experiment 3 – activated charcoal x gibberellin
The use of 0.01 mg.L -1 of GA3 in the absence of activated

charcoal resulted in higher length of roots, fresh weight and number of
leaves (Figuras 3B, 3C e 3D). The low need of gibberellic acid observed
through variables can be explained by the fact that embryos can
synthesize this hormone Jiménez et al. (2001). However, it was necessary
to supplement gibberellic acid in the culture medium to promote better
development of embryos (Figure 3) as also observed by (Norstog, 1979).

These results corroborate with Ribeiro et al. (2000) who
observed that supplementing MS with 0.01 mg.L -1 of GA3 favored the
growth and development of embryos from the crossing between Citrus
limonia and Poncirus trifoliata. Das et al. (2000), studying zygotic and

Y(0mg.L
-1

) = 1,7657-2,2329x+1,1714x
2

R
2

= 0,71

Y(0,01mg.L
-1

) = ns

Y(0,1mg.L
-1

) = 1,7229-1,0514x+0,7857x
2

R
2

= 0,98

Y(1mg.L
-1

) = 1,8079-1,0914x+0,7857x
2

R
2

= 0,86

Y(10mg.L
-1

) = 1,32+0,595x
2

= 0,75

0

0,5

1

1,5

2

2,5

3

0 0,5 1 1,5 2

Activated charcoal (g.L
-1

)

Y(0mg.L
-1

) = 3,1,35-1,04x
2

= 0,85

Y(0,01mg.L
-1

) = 9,7986-11,974x+4,4571x
2

R
2

= 0,73

Y(0,1mg.L
-1

) = 5,8629-4,6314x+2,3857x
2

R
2

= 0,71

Y(1mg.L
-1

) = 4,1532+2,8503x-1,1473x
2

R
2

= 0,95

Y(10mg.L
-1

) = ns

0

2

4

6

8

10

12

0 0,5 1 1,5 2

Activated charcoal (g.L-1
)

Y(0mg.L
-1

) = 0,0127+0,0222x-0,0105x
2

R2 = 0,69

Y(0,01mg.L
-1

) = 0,0753-0,1034x+0,0408x
2

R2 = 0,72

Y(0,1mg.L
-1

) = 0,0744-0,0771x+0,0365x
2

R2 = 0,80

Y(1mg.L
-1

) = 0,0551-0,0351x+0,019x
2

R2 = 0,78

Y(10mg.L
-1

) = ns

0

0,02

0,04

0,06

0,08

0,1

0 0,5 1 1,5 2

Activated charcoal (g.L
-1

)

Y(0mg.L
-1

) = 5,7643-6,7071x+2,9286x
2

R
2

= 0,76

Y(0,01mg.L
-1

) = 6,9-2,25x R
2

= 0,72

Y(0,1mg.L
-1

) = 5,15-0,5x R
2

= 0,76

Y(1mg.L
-1

) = 6,0571-6,1286x+2,7143x
2

R
2

= 0,90

Y(10mg.L
-1

) = ns

0

1

2

3

4

5

6

7

8

0 0,5 1 1,5 2

Activated charcoal (g.L
-1

)

R

R
A

C D

B

� 0 0,01 0,1 x 1 * 10

N
u

m
b

e
r

o
f

le
a

v
e

s
R

o
o

t
le

n
g

th
(c

m
)

S
h
o
o
t
le

n
g
th

(c
m

)

S
e
e
d
lin

g
fr

e
s
h

w
e
ig

h
t
(g

)

FIGURA 3 – Shoot length (A), root length (B), fresh weight (C) and number of leaves (D) of the seedlings from immature embryos of the controlled
crossing between ‘Pêra Rio’ sweet orange and ‘Poncã’ mandarin as grown in different concentrations of activated charcoal and GA3
in the medium MT. UFLA, Lavras, MG, 2002.
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nucellar embryos of sweet orange grown in MS medium observed that
1 mg.L-1  of GA3 promoted better seedling formation. These authors
suggested that depending on the species or variety, GA3 concentrations
above 1 mg.L-1  are not good for the development of embryos, as also
observed by Jarvis (1986). The results of this experiment disagree with
those where 0.1 mg.L-1 (Pasqual et al., 1990; Jumin & Nito, 1996), 1 mg.L -1

(Kunitake et al., 1991; Carimi et al., 1998) or 2 mg.L-1  (Zdrujkovskaja-
Richter, 1981; Gmitter et al., 1990) of GA3 allowed better results in in
vitro  embryo culture. It is possible that this controversy is related to
the presence of other medium components like the activated charcoal,
because this component reduced the effect of the GA3 added to the
medium (Figure 3). According to some authors, the activated charcoal
is capable of sorbing toxic substances released by the explants or even
by the medium, being useful in some cases (Grattapaglia & Machado,
1998; Ricci et al., 2002). However, the results suggest that the activated
charcoal can also adsorb GA3 from the medium, reducing the effect of
higher concentrations.

Tomaz et al. (2001) observed that the activated charcoal had
negative effect upon the germination of ‘Seleta Vermelha’ embryos,
suggesting that this component can adsorb other compounds important
to the germination, because the number of germinated embryos was
16% higher in the medium with 25 g.L-1  of sucrose and no charcoal.

Although the presence of activated charcoal disfavored the
root length, fresh weight and number of leaves, its supplementary effect
to GA3 stimulated the stem elongation reflecting in higher shoot length
(Figure 1A).

CONCLUSIONS

1) The best development of globular embryos from the
hybridization between ‘Pêra Rio’ sweet orange and ‘Poncã’ mandarin
was obtained with the use of 50% or 100% of the MT medium,
supplemented with 60 to 90 g.L-1 of sucrose.

2) The vitamins of the MT medium did not show to be essential
to in vitro culture of globular embryos from the hybridization between
‘Pêra Rio’ sweet orange and ‘Poncã’ tangerine.

3) The addition of 0.01 mg.L-1  of GA3,  without activated charcoal
provides better conditions to the development of globular embryos
from the hybridization between ‘Pêra Rio’ sweet orange and ‘Poncã’
tangerine.
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