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Abstract: With the purpose of increasing the embryogenesis regeneration process in vitroplants obtained from 
somatic embryos of the indica rice variety CR-5272 (Oryza sativa L.), two independent experiments were 
performed. The first experiment consisted in the effect of combination of three concentrations of the gelling 
agent Phytagel  (1.8, 2.4, and 3 gL-1) and four 2,4-D concentrations (2.26, 4.52, 6.78, and 9.05 M) on the 
induction and subsequent regeneration of embryogenic calli. On the second experiment, the pre-regeneration 
phase was modified; calli were subjected to darkness or diffuse light conditions for one, two, and three weeks. 
In embryogenesis induction, 35% calligenesis was obtained using the MS culture medium supplemented with 
6.78 M of 2,4-D and 2.4 gL-1 Phytagel , whereas on the control treatment (MS medium supplemented with 
9.05 M of 2,4-D and 3 gL-1 Phytagel  ) 24% calligenesis was obtained. In addition, regeneration percentages 
were improved (22% and 16% for calli induced with the above treatments, respectively). Furthermore, in light 
exposure experiments, the best result was obtained by exposing the embryogenic calli to darkness for one week 
in pre-regeneration, followed by direct light exposure during the regeneration phase. Rev. Biol. Trop. 53(3-4): 
361-368. Epub 2005 Oct 3.
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Somatic embryogenesis induction and 

embryo regeneration are determined by the 
interaction of growth regulators and the com-
position of the culture media along with the 
genotype and growth conditions (Figure 1). 

In monocotyledons, using auxins as pro-
moters of cell indiferentiation it is possible 
to induce indirect somatic embryogenesis. 
Among these, 2,4-dichlorephenoxyacetic acid 
(2,4-D) is one of the growth regulators most 
commonly used to obtain embryogenic calli 
in cereals at concentrations between 10-5 M 
and 10-7 M (Salisbury and Ross 1992, Jimenez 
2000). Endress (1994) suggests that 2,4-D gen-
erates DNA hypermethylation, which main-
tains the cells in a highly active mitotic stage 
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and, therefore, in a pro-embryonic phase. In the 
specific case of rice, indirect somatic embryo-
genesis from mature embryos is induced by the 
auxin 2,4-D at concentrations between 4.52 and 
9.05 M under darkness conditions. In contrast, 
plantlet regeneration from somatic embryos 
requires the use of cytokinins, either 6-bencyl-
aminopurin or kinetin (Chen et al.1998, Valdez 
et al. 1996 ). However, a different response has 
been observed as a function of the genotype, 
since indica varieties are characterized by hav-
ing low regeneration rates of in vitro somatic 
embryos, in contrast to the japonica varieties 
(Jain 1997, Kyungsoon et al. 2002, Valdez 
et al. 1996). In this sense, the concentration 
used and the subculture period control the 
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embryogenic response and the reconversion of 
embryos to plants (Tsukuhara and Hirosawa 
1992, Mitsuoka et al. 1994, Jimenez 2000). 
Vitroplant regeneration from somatic embryos 
of the variety CR-5272 is approximately two 
to three plantlets per callus, even though ade-
quate cytokinins concentrations and sufficient 
light are administered to induce organogenesis. 
Rueb et al. (1994) inform that the use of high 
2,4-D concentrations are necessary to induce 
somatic embryogenesis in rice, but at the same 
time they exert an inhibitory effect in vitroplant 
regeneration because regulator residues remain 
within the embryo cells.

In addition, it is known that light also plays 
an important role in embryogenesis induction 
and vitroplant regeneration. In Arabidopsis thali-
ana and Cydonia oblonga Mill (quince), it was 
determined that red light conditions (650/750 
nm) promote a high conversion level of somatic 
pro-embryos to more advanced stages, whereas 
white light promotes vitroplants (Kaldenhoff et 
al. 1994, D’Onofrio et al. 1998). 

The purpose of this research was to deter-
mine the effect of different concentrations 
of 2,4-D and Phytagel  as a gelling agent 

in the induction of embryogenic rice calli 
and their later regeneration. In addition, the 
evaluation of embryogenic calli regeneration 
was performed by applying three different 
light conditions for several periods along the 
pre-regeneration phase. 

MATERIALS AND METHODS

Two independent experiments were per-
formed with the purpose of modifying dif-
ferent stages of the somatic embryogenesis 
protocol of the rice variety CR-5272 and dilu-
cidating the effect of these changes on plant-
let regeneration. On the first experiment, the 
effect of the combination of different 2,4-D 
and Phytagel concentrations was evaluated on 
somatic embryogenesis and embryo regenera-
tion. On the second experiment, the effect of 
light type and duration of the pre-regeneration 
phase was evaluated on the regeneration of 
somatic embryos.

Experiment 1: Mature rice embryos 
(Oryza satva L. cv CR-5272) were used for 

Fig. 1.  Morphogenic events, physical and chemical factors involved in indirect somatic embryogenesis and in vitro plant 
regeneration of rice  (Oryza sativa).

                            Luminic Conditions                 Embryogenic phases                   Growth Regulators
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callus induction. For in vitro establishment, 
dehulled seeds were subjected to a superficial 
disinfection process using a 3.5% a.i. of sodium 
hypochlorite (NaOCl) with Tween 20 (one drop 
per 100 ml volume) for 20 minutes under con-
stant stirring, followed by three washes with 
distilled sterile water in a sterile flow chamber. 
This step was repeated twice, and seeds were 
finally washed with sterile distilled water and 
were innoculated on the culture media.

The MS medium was used (Murashige and 
Skoog 1962), supplemented with three concen-
trations of the gelling agent Phytagel  (SIGMA) 
(1.8, 2.4, and 3.0 gL-1) and four concentrations 
of 2,4-D (2.26, 4.52, 6.78, and 9.05 M) in the 
induction of embryogenic calli. For this, the 2,4-
D concentration treatments were combined with 
each one of the Phytagel  treatments, for a total 
of 12 treatments. Each consisted of five repeti-
tions with 17 seeds (Table 1). 

Four weeks later, the number of calli with 
globular-stage embryos, necrosed calli, calli 
with roots, germinated explants and not respond-
ing explants was evaluated. Furthermore, the 
number of vitroplants obtained from the calli 
of the three best treatments of the calligenesis 
phase was recorded. For pre-regeneration, the 
embryogenic calli were cultivated for a period 
of two weeks under diffuse light in a MSKA 
culture medium: MS (1962) supplemented with 
9.3 M kinetin (Kin), 2.69 M Naphthalene 
acetic acid (NAA), 3% maltose, and 6gL-1 
Phytagel. In the regeneration phase, a regen-
eration medium (MSR) was used: MS culture 

medium + 9.3 M Kin + 2.69 M NAA, as well 
as a control treatment with free-hormone MS 
medium. All culture media were supplemented 
with the MS vitamins, 3% maltose, 3 gL-1 
Phytagel, and pH 5.8. Four repetitions per treat-
ment were used, with 10 calli per repetition. 
Seven weeks later, the number of calli with 
plantlets, necrosed calli, and non-regenerating 
calli was evaluated.

Experiment 2: The calligenesis induction 
medium described by Valdez et al. (1996) was 
used: MS + 9.05 M 2,4-D + 3% maltose + 
3 gL-1 Phytagel, pH 5.8. Each treatment con-
sisted of eight repetitions, with 15 disinfected 
seeds per repetition. The embryogenic calli 
kept for four weeks in this culture medium were 
subcultured to the pre-regeneration medium: 
MS + 9.3 M Kin + 2.69 M NAA + 3% malt-
ose + 6 gL-1 Phytagel, pH 5.8 (MSKA). In this 
phase, the calli were exposed to three different 
light conditions: total darkness (0 lux), diffuse 
light (592 +/- 2.76 lux), and direct light (2067 
+/- 17.49 lux), and were kept on these light 
conditions for one, two and three weeks. After 
each period, all the calli were subcultured to 
the regeneration medium: MS + 9.3 M Kin + 
2.69 M NAA + 3% maltose + 3gL-1 Phytagel, 
pH 5.8 (MSR) under direct light. The variables 
evaluated were: number of calli with plantlets, 
number of green calli, number of calli with 
roots, and number of necrosed calli. The data 
were analyzed using the Statistix 4.0 statistical 
software. 

RESULTS

Experiment 1: The calli formed on the 
culture media solidified with 1.8 gL-1 Phytagel 
were characterized by having an intense yellow 
color, small size, and compact and globular 
form. In these treatments, the percentages 
obtained of globular callus (GE) formation were 
18% (T1), 24% (T4 and T7) and 29% (T10). 
An increase in this percentage was observed in 
relation to the increase of 2,4-D concentration 
In these treatments, the highest percentage of 

TABLE 1
Assigned treatment numbers according to Phytagel  

and 2,4-D concentrations evaluated during 
calli induction phase of rice

Phytagel  Concentration (gL-1)

1.8 2.4 3.0

2,
4-

D
 

C
on

ce
nt

ra
tio

n 
(

M
)

2.26 1 2 3

4.52 4 5 6

6.78 7 8 9

9.05 10 11 12
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globular calli resulted from using 9.05 M of 
2,4-D. 

In the calli obtained with culture media 
gelled with 2.4 gL-1 Phytagel, both friable and 
globular forms were observed on a same cal-
lus. The GE percentage was variable among 
treatments. Thus, using low 2,4-D concentra-
tions (2.26 and 4.52 M), the embryogenic 
response was 18% (T2) and 0% (T5), whereas 
increasing the 2,4-D concentration to 6.78 and 
9.05 M, this percentage increased to 35% 
(T8) and 29% (T11), respectively. Concerning 
embryo formation, the treatment that used 
6.78 M of 2, 4-D and 2.4 gL-1 Phytagel gen-
erated the best results Significant differences 
according to comparison mean test by Tukey 
(∝=95%) (Table 2).

The calli induced in media with 3.0 gL-1 
Phytagel (included in the control treatment) 
were light yellow in color, composed of larger 
globular areas than those obtained in the treat-
ments in which a lower Phytagel  concentra-
tion was used. No significant differences were 
observed regarding the calligenesis percentage 
in the treatments with the lowest (T3) and 

highest (T12) 2,4-D concentrations, since in 
both cases it was 24%. In a similar way, T5 
and T6 (both with 4.52 M of 2,4-D) did not 
present callus formation. Also, in both of these 
treatments, the highest percentage of necrosed 
calli was obtained, 41% and 35% respectively. 
In the remaining treatments, this percentage 
was low and oscillated between 0% and 6%.

The presence of roots in the calli was 
detected in all treatments, but was greater 
in treatments T1 and T10, in which 1,8 gL-1 

Phytagel was used. The rhyzogenesis was 
reduced by increasing the Phytagel concentra-
tion. Thus, the control treatment T12 (9.05 M 
2,4-D / 3 gL-1 Phytagel) was the only one that 
did not exhibit root formation. In all the evalu-
ated treatments, the percentage of explants that 
did not respond was between 53% and 76%, 
and was higher than the percentage of embryo 
formation (Figure 2).

Considering all the variables evaluated, it 
was observed that the combination of 6.78 
M 2,4-D and 2.4 gL-1 Phytagel (T8) allowed to 
obtain the highest percentage of embryogenic 
calli with the least amount of necrosed material.

TABLE 2
Percentage of calli with globular embryos (GE), with roots (R), necrosis (N), germinated shoots (GS) or 

without response (WR) to the ends of callus induction phase

Treatment Variable

Number
2,4-D
( M)

Phytagel
(gL-1)

GE R GS N WR

1 2.26 1.8 18    a      c 18   a  b 29   a 0          c 65     a

2 2.26 2.4 18    a  b  c 12   a  b  c 29   a 6          c 76     a

3 2.26 3.0 24    a  b  c 12   a  b  c 24   a 0          c 71     a

4 4.52 1.8 24    a  b  c 6     a  b  c 29   a 6          c 53     a

5 4.52 2.4 0             c 6         b  c 35   a 41  a 53     a

6 4.52 3.0 0             c 18   a  b 35   a 35  a  b 53     a

7 6.78 1.8 24    a  b  c 6         b  c 24   a 0          c 71     a

8 6.78 2.4 35    a  12   a  b  c 35   a 0          c 53     a

9 6.78 3.0 12        b  c 24   a 24   a 3       b c 71     a

10 9.05 1.8 29    a  b 18   a  b  29   a 6          c 59     a

11 9.05 2.4 29    a  b  c 12   a  b  c 29   a 6          c 65     a

12 9.05 3.0 24    a  b  c 0             c 24   a 6          c 65     a
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In the regeneration phase, the percent-
age of regenerated calli, non-regenerated calli, 
and necrosed calli induced in the calligenesis 
treatments T7, T8, and T12 evaluated in two 
regeneration media (with and without growth 
regulators) was recorded. In the calli from 
the above treatments, 18%, 22%, and 16%, 

regeneration was obtained, respectively, while 
in the media lacking cytokinins, plantlet regen-
eration was 6%, 7%, and 9% (Table 3). 

The addition of growth regulators to 
the medium decreased the percentage of 
necrosed calli, but even with the growth reg-
ulators, the percentage of non-regenerating 

Fig. 2.  Explants responses to different 2,4- D and Phytagel  concentrations during callus induction phase (after an induc-
tion period of four weeks).
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calli was high (between 74% and 81%) and 
similar to that of the treatments without 
growth regulators (between 79% and 84%), 
in which no regeneration would be expected. 

In these calli, green areas were observed; 
however, these did not develop into plantlets 
or just presented a morphogenic response 
(Figure 3).

TABLE 3
Percentage of regenerated calli, non regenerated calli and necrosed calli, after eight weeks on regeneration media

Treatment of 
Regeneration

       

Calluses Treatment

T 7
(6.78 M 2,4-D + 
1.8 gL-1 Phytagel)

T 8 
(6.78 M 2,4-D + 
2.4 gL-1 Phytagel)

T 12 (control)
(9.05 M 2,4-D + 
3.0 gL-1 Phytagel)

MS free medium

Calluses with shoots 6 7 9

Calluses no-regenerated 84 87 79

Calluses with necrosis 10 6 12

MS + NAA + Kinetina

Calluses with shoots 18 22 16

Calluses no-regenerated 77 74 81

Calluses with necrosis 5 4 3

Fig. 3. Development of plantlets from mature embryo derived calli. 
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Experiment 2: On table 4, the average 
percentages of callus with plantlets, green 
areas, roots, and necrosis, obtained during the 
pre-regeneration study, are shown. 

It was observed that the regeneration per-
centage decreased as the culture time in the 
pre-regeneration phase increased, for both light 
conditions evaluated. Thus, 13% and 11% 
regeneration was obtained when the mate-
rial was kept for one week in pre-regeneration 
in darkness and diffuse light, respectively. 
Besides, no difference was observed between 
keeping the explants under diffuse light or in 
total darkness for one week, since for both 
treatments a high percentage of calli with green 
areas was observed (85% in darkness and 74% 
in diffuse light).

DISCUSSION

By increasing 2,4-D concentration and 
decreasing the concentration of Phytagel in the 
culture media, a better response of embryo-
genic calli was observed, since the mobil-
ity and absorption of the growth regulator 
and culture media nutrients was favored with 
this condition. With a high Phytagel concen-
tration (3 gL-1), the embryogenic response 
decreases even though the auxin concentration 
is increased. The indirect somatic embryogen-
esis protocol in rice (Oryza sativa L) described 
by Valdez et al. (1996) uses a Phytagel con-
centration of 3.0 gL-1. However, concentra-
tions similar to those recommended (1.8 and 
2.4 gL-1) and lower than those suggested by 
Valdez et al. (1996) with 9.05 and 2.26 M 
2,4-D, root formation and seed germination 
were observed without obtaining embryogenic 
calli. Studies performed by Al-Khayri et al. 
(1996) determined that inoculated seeds in 
MS media (1962) with 4% sucrose, 10gL-1 
agar-agar and 2.26 M to 4.52 M of 2,4-D 
produced roots and shoots due to low auxin 
concentration, whereas in those cultivated with 
9.05 M 2,4-D, the germination process was 
inhibited and calli were obtained from embry-
onic regions such as the scutellum. Under the 

conditions of this experiment, the best treat-
ment for embryogenic callus induction was the 
combination of 6.78 M of 2,4-D + 2.4 gL-1 
Phytagel. Parallel to that, the regeneration rate 
of these calli was also the most successful. In 
addition, it was observed that the calli do not 
produce vitroplants in a synchronized way. 
In this sense, Mitsuoka et al. (1994) affirm 
that callus regeneration is produced slowly, 
since this process initiates as the amount of 
intercellular 2,4-D in the calli decreases. The 
auxin is necessary for the formation of rice 
embryogenic calli, but it negatively affects 
their redifferentiation process.

Concerning the effect of duration and type 
of light used in the pre-regeneration phase, 
no difference was observed by keeping the 
explants under diffuse light or in total dark-
ness for one week, since for both treatments a 
similar percentage of regenerated plants was 
obtained (13% and 11%, respectively). In addi-
tion, a high percentage of calli with green areas 
was obtained for calli subjected to darkness 
(85%) and diffuse light (74%). The calli were 
cultured in media with a double concentration 
of Phytagel  with the purpose of promoting 
hydrid stress, which at the same time promotes 
abscisic acid (ABA) biosynthesis and, there-
fore, the development of somatic embryos. 
However, a detrimental effect was observed 
by prolonging the pre-regeneration phase for 
two or three weeks, independently of the type 
of light used. In addition, the high percent-
ages of calli with green areas indicate that 
the photosynthetic processes begin when the 
calli are exposed to a light stimulus. However, 
more than this stimulus is required to activate 
the morphogenesis processes in the embryos. 
Although the type of cells with embryogenic 
potential was good, two situations could have 
occurred during the regeneration process: an 
inhibitory factor may hinder bud production, or 
else a greater or different stimulus is required 
to continue the process. Therefore, although the 
number of regenerated plants was increased in 
comparison to the study performed by Vega 
(1996), it is necessary to search for other fac-
tors that may affect the in vitro culture of the 



368 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 53 (3-4): 361-368, September-December 2005

variety CR-5272, such as the use of osmoregu-
lators to dehydrate embryogenic calli through 
the application of high mannitol concentrations 
and gelled agents (Al-Khayri et al. 1996, Jain et 
al. 1996). One alternative would be to cultivate 
the calli in growth regulator-free media for one 
week before initiating the regeneration phase 
to eliminate all possible “toxic residues” of the 
calligenesis promoting auxin (2,4-D) (since 
there is information about the inhibitory effect 
it causes on rice calli regeneration). Another 
one would be to use novel regeneration tech-
niques as temporary immersion systems.
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