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ABSTRACT

This study was under taken to elucidate the effect of  genotypes and media compositions on callus induction

from mature rice seeds. Three different callus induction media, designated as A (N6 mineral salts + N6

vitamins, 2 mg/l each + myoinositol, 100 mg/l + 2,4-D, 2.5 mg/l + kinetin, 0.5mg/l + AgNO
3
, 10 mg/l +

maltose, 50 gm/l); B (MS organic salts + N6 mineral salts + NAA, 4 mg/l + kinetin, 2 mg/l + AgNO
3
,

5mg/l and sucrose, 60 gm/l); and C (B media without AgNO
3
), and six rice genotypes viz. Jumlimarshi,

Tilki, Jethobudo, Manshara, Masuli and Pahenle were evaluated. The modified N6 medium supplemented

with 2, 4-D, 2.5 mg/l and AgNO
3
, 10 mg/l exhibited better performance in callus induction. Among

genotypes, callus induction frequency was higher (100%) in Masuli, Tilki and Jumlimarshi regardless of

media tested. The positive effect of  AgNO
3
 was only observed in medium A for quality callus induction

and subsequent plant regeneration. The genotype Tilki performed better regarding plant regeneration

(27.77%). Therefore, it is suggested that application of  medium A is advantageous to accomplish overall

efficiency of  callus induction and plant regeneration from seeds of  various rice genotypes.
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INTRODUCTION
Rice (Oryza sativa L.) is one of  the most important cereal crops, which supplies food for more than half  of

the world’s population (Tyagi et al., 2004). A considerable improvement has already been made by exploiting the

natural variation through conventional breeding. Albeit the success made in the last century, traditional breeding

efforts alone can not meet the increasing demand of  rice consumers in the 21st century. Therefore, at present

various tissue culture techniques are being used for the genetic improvement of  rice plant throughout the world

(Raina, 1989). Among techniques, anther culture, protoplast fusion and culture, leaf  culture, root culture, immature

embryo culture and mature seed culture are important in rice to create additional variation and novel rice

varieties (Lutts et al., 2001; Sathish et al., 1995). It has been demonstrated in several cases that when higher plant

tissues undergo a process of  dedifferentiation and cell proliferation in vitro, wide range of  mutations occur at a

frequency much higher than expected (Brar and Khush, 1994). Somaclones provide a novel and valuable source

of  genetic variability, which can be exploited for crop improvement particularly, for the development of  stress

tolerance rice cultivars (Lutts et al., 1999).

In the most agronomically important crop species, somaclonal variation is greater than that of  variation

displayed among the seed progeny of  the donor (Skirvin, 1978). Several high yielding rice varieties were developed

through the application of  anther culture, and other forms of  somaclones in rice (Lutts et al., 2001, Gupta,

1999, Sathish et al., 1995, Raina, 1989). However, plant regeneration from callus obtained from somatic tissue

is more successful than that of  anther culture (Guo and Cao, 1982). Hartke and Lorz (1989) tested 15 indica

rice lines and found that seven of  them produced embryogenic calli and only four regenerated into plants. Abe

and Fustsuhara (1986) tested 66 indica and japonica cultivars and reported that japonica varieties exhibited a

higher rate of  callus induction and regeneration than those of  indica. Moreover, many agronomically valuable

rice genotypes are recalcitrant to in vitro manipulation because of  their poor callus production and regeneration

ability. High frequency of  callus induction and green plant regeneration is a perquisite for utilization of  indica

rice somaclones in breeding programmes. In this context, the evaluation of  new factors and their manipulation

for efficient callusing and green plant regeneration from dehulled seeds in indica rice is still challenging

field.
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Dehulled grain culture (embryo) being the most popular and easily accessible materials among wide ranges
of  tissue to be used as explants for rice tissue culture (Raina, 1989). Many experiments have been conducted to
optimize the techniques and composition of  culture medium for callus induction from dehulled rice seed for
various purposes (Islam et al., 2004, Khatun et al., 2003, Wang et al., 1987). However, its application is still
limited by many factors influencing the culture efficiency such as medium composition (Sun and Zheng, 1990),
explants source (Torbert et al., 1998), genotype (Shen et al., 1982) and environment (Qu and Chen, 1983).
Among them the genotype and nutrient composition are regarded to be the major sources of  variation in in
vitro culture (Khanna and Raina, 1998).  In the backcloth of  the above situations, the present study was carried
out to compare the performance of  six dehulled rice varieties in respect of  their callusing ability in three
different cultural media with various supplements.

MATERIAL AND METHODS
This study was conducted during the winter season of  2005 at biotechnology laboratory of  Biotechnology

Unit, Nepal Agriculture Research Council (NARC), Khumaltar, Nepal. Dehulled mature seeds from six rice
genotypes, viz. Jumlimarshi, Tilki, Jethobudo, Manshara, Masuli, and Pahenle covering diverse ecology of  Nepal
were used in this study. These genotypes were kindly provided by Plant Genetic Resource Unit of  Agri-Botany
Division, NARC. Seeds from each genotype were dehulled manually, washed in distilled water and dipped in
70% ethanol for 1 minute. The seeds were then dipped in a 0.1 HgCl

2
 for 20 minutes, washed for three to four

times with sterilized doubled distilled water and finally dried with sterilized filter paper. The finally dried sterilized
seeds were then inoculated in three different callus induction media designated as A, B and C. These media
were prepared by supplying the following ingredients: Medium (A): N6 mineral salts (Chu, 1978) + N6 vitamins,
2 mg/l each + myoinositol, 100 mg/l + 2,4-D, 2.5 mg/l + kinetin, 0.5mg/l + AgNO

3
, 10 mg/l + maltose, 50

gm/l, medium (B): MS organic salts (Murashige and Skoog, 1962) + N6 mineral salts + NAA, 4 mg/l + kinetin
2 mg/l + AgNO

3
, 5mg/l and sucrose, 60 gm/l ,  and medium C: B medium without AgNO

3
.

Half  MS medium supplemented with sucrose 20 gm/l, NAA 1mg/l, BAP 2 mg/l, Kinetin 0.5mg/l was
used for regeneration of  the seed derived calli. The pH of  each medium was adjusted at 5.8 by adding NaOH
(0.1 N) prior to adding gelling agent, agar. All the media were solidified with 0.7 % agar. Conical flasks with
respective medium were sterilized by autoclaving at 15 psi for 18 minutes. Once the media were completely
sterilized, flasks containing media were allowed to cool to 550C. The cooled media were then dispensed @ 20
ml per 70 mm petriplates. Seven seeds per plate were maintained in each replication. Replications were varied
from 3-4 depending on the availability of  seeds. The cultured petriplates were sealed using parafilim and incubated
at 25 ± 1°C in total darkness for 25 days. The first observation was recorded at 10 days after caryopsis inoculation
and then repeated twice at five days interval. All experiments were done following completely randomized
design (CRD) with unequal replications. The seed derived 27 days old calli were isolated and cultured in the
regeneration medium for ten days at 16 hours photoperiod at ~3000 lux and 25˚ ± 10˚C. Calli were then further
transferred to the same regeneration medium and the cultures maintained as earlier. After two months of
incubation in regeneration medium, the well rooted plants were transferred onto plastic pots and hardened
following the method of  Niroula et al. (2003). Finally hardened seedlings were further transferred into plastic
bucket containing fertilized puddle soil and grown in glasshouse.

Callus induction frequency was recorded considering that each callus piece originated from a single seed.
The frequency of  callus induction and regeneration was calculated as follows: Callus induction frequency (%) =
number of  grains producing calli/number of  grains plated x 100 and regeneration frequency (%) = number of
plants recovered/number of  calli plated x 100.  The percent value was transformed into arcsine √x function
(Gomez and Gomez, 1984) and analyzed by standard statistical computer package (MINITAB version 10).
Means of  each treatment were separated by Duncan's Multiple Range Test (DMRT) using MSTATC.

RESULTS AND DISCUSSION
Dehulled seeds from six rice genotypes were tested to study their callus forming ability using three different

media. From this study it was found that the genotypes, media compositions and their interactions significantly
affected the callus induction at 1% level. Most of  the responsive genotypes in respective media developed calli
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within 10 days of  inoculation (Figures 1 and 2). The rate of  callus induction was similar in B and C media (Table
1) however, calli obtained from B medium were quite good in texture and friable in nature than that of  C.
Maximum callus (100%) was observed for genotypes Masuli in medium B, and Tilki and Jumlimarshi in medium
A. Low frequency of  callus was observed for Jumlimarshi in medium B, that was significantly different from the
rest of the media tested.

Mean frequency of  callus induction over media (Table 1) showed that the genotype Masuli produced
maximum callus (88.20%) which was significantly higher than the rest of  the genotypes except Tilki (79.65%)
and Jethobudo (76.64%). Among the media composition, medium A was found to be most effective for callus
induction (84.34%). Although some genotypes performed better in media B and C, the quality of  calli was not
as good as those induced in medium A. Most of  the calli surface induced from media B and C was covered with
profuse roots. The observations found in this study are in agreement with the findings of  other researchers
(Islam et al., 2004, Khatun et al., 2003, Pandey et al., 1994). They reported that the success of  in vitro cultures
largely depend on the use of  harmonious combinations of  nutritional constituents and growth regulators.

Genotypes Mean arcsine value of  callus induction (original frequency %)

Media

A B C Mean over media

Jumlimarshi 88.92 a 31.56 d 47.14 cd 55.87 d
(100.00 ) (35.49 ) (53.5 ) (62.83 )

Tilki 88.92 68.02 bc 55.54 bc 70.83 ab
(100.00 ) (82.00 ) (67.50 ) (79.65 )

Jethobudo 75.83 ab 68.02 bc 60.60 bc 68.15 ab
(89.25 ) (82.00 ) (75.00 ) (76.64 )

Manshara 58.82 bc 71.16 ab 58.20 bc 62.73 bc
(71.67 ) (82.0 ) (71.33 ) (70.54 )

Masuli 75.83 ab 88.92 a 70.55 ab 78.43 a
(89.25 ) (100.00) (85.75 ) (88.20 )

Pahenle 61.68 bc 49.20 cd 55.54 bc 55.47 cd
(71.50 ) (57.0 ) (67.5 ) (62.38 )

Mean over 75 a 62.81 b 57.93 b 65.25
genotype (84.34 ) (62.81 ) (65.15 )
P-value ** ** ** **
CV (%) 19.13

Table 1. Interaction between the genotypes and cultural media on callus induction of  six rice genotypes

Means followed by same letters in a column are not statistically significant by DMRT, ** significant at 0.01 level

Pandey et al. (1994) worked with matured dehulled rice seeds using different level of  2, 4-D in nutrient
medium and they concluded that seed response for callusing was the best on 2 mg/l. Other workers like Islam
et al. (2004) obtained good number of  calli on the MS based medium when 2, 4-D 1 mg/l  was applied. Further
they reported that best embryogenic calli were recovered from 2, 4-D supplied media than the media supplemented
with phenylacetic acid and other organic supplements. Present study also found that 2, 4-D supplied @ 2.5 mg/
l was the best for callus induction and subsequent regeneration in contrary to Chen et al. (1991), who reported
that regeneration ability in calli obtained from 2, 4-D supplied medium was quite low as compared to that
formed on medium supplemented with NAA. The non significant difference observed between medium B and
C (Table 1) reflects that the AgNO

3
, ethylene inhibitors in vitro, supplied @ 5 mg/l in B medium had not any

affects on callus induction and regeneration, however, it greatly improved the regeneration ability of  calli that
induced in medium A (Table 2). Although relatively high frequency of  callus was observed in this study as
compared to the report of  other workers (Islam et al., 2004), the overall regeneration was quite low. It was
observed that green plant regeneration ability of  plated calli depends on the genotypes and the callus induction
media. Altogether 11 rice plants were regenerated and are growing in glass house for further study. Among the
studied rice genotypes Tilki regenerated maximum number of  plants (27.77%) followed by Masuli (20%) and
Jethobudo (11.76%) only from the calli induced in medium A (Table 2 and Figures. 3,4,5,6,7 and 8). Similar
results were reported by other workers in rice using different genotypes and media composition (Islam et al.,
2004, Khatun et al., 2003). Moreover, regeneration was almost zero when calli induced in medium A without 10
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mg AgNO
3
 (data not shown). Therefore, it is speculated that AgNO

3
 is only compatible with nutrients

composition of  medium A. Similar positive effect of  AgNO
3
 was reported by Laxmi and Reddy (1997) for

indica rice anther culture. The higher rate of  callus induction and low rate of  regeneration observed in this
study might be attributed to relatively higher doses of  auxin source used in the callus induction medium.
Therefore, exact level of  hormone in the callus induction medium requires some degree of  compromise between
callus induction and regeneration frequency.
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Figures 1.   Showing different stages of  callus induction and regeneration from matured rice seeds in vitro: 1-2) calli obtained from Masuli., 3) initiation

of  green chloroplast pigment (arrow) after 4 days of  incubation at regeneration medium, 4) calli ready to regenerate (arrows) after 7 days of

culture in regeneration medium, 5) fully developed plantlets and 6) successful field transferred of  regenerants, genotype Tilki

7

8

Figures 2. Growing regenerated plant (somaclone) derived from seed calli:  7) regenerated plant from Tilki at milking stage, and 8) showing parent (left)

and regenerated plant (right) at flowering stage of  Masuli
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Genotypes Callus induction No. of calli plated in No. of  green Regeneration
media  regeneration medium     plant           (%)

Jumlimarshi A 20 1 5

B 8 0 0

C 10 0 0

Tilki A 18 5 27.77

B 15 0 0

C 12 0 0

Jethobudo A 17 2 11.76

B 16 0 0

C 13 0 0

Manshara A 12 0 0

B 17 0 0

C 11 0 0

Masuli A 15 3 20

B 18 0 0

C 10 0 0

Pahenle A 14 0 0

B 8 0 0

C 10 0 0

Total - 244 11 -

In summary, rice genotypes showed significant divergence for their in vitro response to callus induction.
The quality and frequency of  callus induction and subsequent plant regeneration, however, ultimately depends
on composition of  initial callus induction medium. Therefore, selection of  better responsive rice genotypes like
Tilki, Masuli and Jethobudo and medium designated as A would offer great promise for the induction of  higher
level of  desired somaclones and quality of  callus for various means of  genetic transformation and other studies
for improving this world’s staple food crop.

Table 2. Effect of  genotypes and callus induction media on frequency of  green plant regeneration
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