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ABSTRACT

Two commercial indica rice varieties, PAU 201 and PR 116, exhibited appreciable callus induction in vitro but the capacity to induce and
regenerate callus decreased under salinity stress in both when exposed to sodium chloride (NaCl) at 90 mM. Callus was induced on semi-
solid MS medium supplemented with 2.5 mg/l 2,4-dichlorophenoxyacetic acid + 0.5 mg/I kinetin + 560 mg/1 proline + 30 g/ sucrose + 8
g/l agar. Callus developed shoots on MS medium supplemented with 2.0 mg/l benzylamino purine + 0.5 mg/l kinetin + 0.5 mg/l o-
naphthalene acetic acid + 30 g/l sucrose + 8 g/l agar. The results indicated the need to optimize the protocol for callus induction,
maintenance and regeneration before selection process for tolerance to salinity.
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INTRODUCTION

Rice (Oryza sativa L.) is one of the most important staple
food crops in the world. More than 90% of rice is cultivated
and consumed in Asia. Rice is an important crop, consumed
by more than 700 million people as their main food (Bennet
2001). Salinity is considered to be a major environmental
factor limiting plant yield (Flowers and Flowers 2005). It is
a widespread soil problem in rice-growing countries (Sha-
heen and Hood-Nowotny 2008). High salt concentrations in
the soil of the root zone limit the productivity of nearly 953
mha of productive land in the world (Singh 2009). 35% of
land area faces varying degrees of salinity problems from
the accumulation of NaCl generated by the underground
salt dome resulting in low crop productivity (Theerakulpisut
et al. 2005). Moreover, salinity is responsible for degrada-
tion of 2 million ha of world agricultural lands every year
(Cicek and Cakirlar 2008). Asia has the second largest area
under salinity in the world with 6.73 m ha area under Sali-
nity and sodicity in India (Singh 2009). The production and
cultivation areas of rice are greatly menaced by soil salinity
(Zhang et al. 1995). Rice is considered as moderately toler-
ant to salinity (Shaheen and Hood-Nowotny 2008). Rice
growth and development are reduced when exposed to Sali-
nity stress (Cha-um et al. 2007; Morsy et al. 2007). Rice
production in saline soils could be increased considerably if
salt-tolerant varieties were to be developed.

Plant tissue culture plays an important role in the pro-
duction of agricultural and horticultural plants and in the
manipulation of plants for improved agronomic perfor-
mance. In vitro culture of plant cells and tissues has
attracted considerable interest in recent years because it
provides the means to study the physiological and genetic
processes of plants in addition to offering the potential to
assist in breeding improved cultivars increasing their gene-
tic variability. Regenerated plants are expected to have the
same genotype as the donor plant; however, in some cases,
somaclonal variants are found among regenerated plants,
e.g. in rice (Lutts ef al. 2001; Aratjo and Prabhu 2004;
Rasheed et al. 2005; Elanchezhian and Mandal 2007). The

composition of the medium, mainly the hormonal balance,
is another important factor influencing in vitro culture ini-
tiation and plant regeneration from somatic embryos (Jiang
et al. 1998). The auxin 2,4-dichlorophenoxyacetic acid (2,4-
D), alone or in combination with cytokinins, is widely used
to enhance callus induction and maintenance (Castillo et al.
1998). Genetic factors are considered to be a major contri-
butor to the in vitro response of cultured tissues. Differen-
ces in the production of embryogenic calli and regenerated
plantlets have been observed, depending on the genotype
and explant source (Ganeshan et al. 2003). Salinity is the
main abiotic stress that can be addressed by in vitro selec-
tion and the application to other stresses such as heat and
drought has also been reported (Lutts et al. 1996). These
techniques are considered to be an important complement to
classical breeding methods (Zalc ef al. 2004). Many expe-
riments have been conducted for in vitro selection of Sali-
nity-tolerant plants, including wheat (Benderradji et al.
2007), sugarcane (Mallikarjun et al. 2008) and rice (Aditya
and Baker 2006; Prajuabmam ez al. 2009). In vitro selection
for tolerance to abiotic stress is dependent on the develop-
ment of efficient and reliable callus induction and plant
regeneration systems.

The aim of this study was to evaluate in vifro conditions
for callus induction and plant regeneration of two com-
mercial rice varieties PAU 201 and PR 116. Another aim
was to screen both rice varieties for their inherent tolerance
against salinity.

MATERIALS AND METHODS

The study was conducted in the plant tissue culture laboratory,
School of Agricultural Biotechnology, PAU, Ludhiana, India.
Seeds of commercial indica rice varieties PAU 201 and PR 116
were provided by the rice section of the Department of Plant
Breeding and Genetics, Punjab Agricultural University, Ludhiana.
Manually dehusked seeds were treated with 0.1% bavistin (BASF,
India) for 3 h followed by three washes with sterile distilled water
(SDW). They were then surface sterilized in 0.1% mercuric chlo-
ride (Hi-media, Mumbai, India) for 8-10 min followed by three
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rinses in SDW under a laminar air flow cabinet. Sterilized seeds
were cultured in Petri dishes containing semi-solid MS (Murashige
and Skoog 1962) medium supplemented with 2.5 mg/1 2,4-D + 0.5
mg/l kinetin (Kin) + 560 mg/1 proline + 30 g/l sucrose + 8 g/l agar,
all reagents were supplied by Hi-media. The Petri dishes were
sealed with parafilm (Hi-media) and placed in a growth chamber
in the dark at 25 + 2°C. After 4 weeks of incubation, the induced
callus was subcultured, under the same growth conditions, and
onto the same MS medium to which various concentrations (0, 30,
60 90 and 150 mM) of NaCl (Hi-media) were added; the incu-
bation period lasted 2 cycles of 2 weeks each. Resulting callus was
excised and transferred into test tubes containing MS medium sup-
plemented with 2.0 mg/l benzylamino purine (BAP) + 0.5 mg/l
Kin + 0.5 mg/l a-naphthalene acetic acid (NAA) + 30 g/l sucrose
+ 8 g/l agar 30 g/l, for shoot initiation, over a 4-week period.
Rooting was initiated on half-strength MS medium free of plant
growth regulators (PGRs).

The test tubes were placed in a growth chamber under fluores-
cent light at 5000 Lux and an ambient temperature of 25 + 2°C.
The medium was changed every 15 days and after this period,
callus with clearly differentiated shoots was scored as regenerating
callus. Each piece of regenerating callus was counted as 1 regard-
less of the number of shoots. The regenerating calli forming shoots
and roots were transferred onto PGR-free basal MS medium and
placed in an illuminated chamber to sustain the growth of regene-
rated plantlets. The pH of all media was adjusted to 5.8 with 0.1 N
NaOH (Hi-media) prior to autoclaving. The culture medium was
autoclaved at 121°C for 30 min. All reagents used were of analy-
tical grade.

Data was obtained for callus induction efficiency, measured as
the number of seeds forming callus/total number of seeds cultured
x 100. The difference in callus fresh weight was recorded after
NaCl stress (2 subcultures of 2 weeks each i.e., 4 weeks). Simi-
larly, the percentage plant regeneration (number of plantlets/total
number of calli) X 100 after NaCl treatment was also recorded (2
subcultures of 4 weeks each i.e., 8 weeks).

For callus induction, 300 seeds were used for one experiment
and 10 experiments were conducted. Similarly for shoot regenera-
tion an equal mass of embryogenic calli was placed on regenera-
tion medium. For NaCl treatment the difference in callus fresh
weight was repeated 3 times. Statistical analysis was done ac-
cording to CPCS-1 package representing all data as the mean and
standard error.

RESULTS AND DISCUSSION
Genotypic callus induction capacity

In order to screen the rice varieties PAU 201 and PR 116 for
salinity tolerance in vifro, callus induction and regeneration
ability of both varieties was investigated. Callus induction
from mature seeds was assessed. Further, the response of
calli on elevated levels of NaCl was recorded as fresh
weight. The response of regenerating callus to NaCl stress
was also observed. The percentage callus induction was
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44.44 and 53.81%, respectively for PAU 201 and PR 116.
PAU 201 appeared to be less responsive to callus induction
than PR 116. Embryogenic and non-embryogenic callus for-
mation as well as plant regeneration showed genotypic
differences in some cereals, including rice (Khanna and
Raina 1998; Hoque and Mansfield 2004; Khalequzzaman et
al. 2005), wheat (Ozgen et al. 1998) and barley (Liihrs and
Lorz 1987). Likewise, in rice, a significant difference in
callus induction was found among different genotypes of
indica rice (Abe and Futsuhara 1986; Peng and Hodges
1989; Seraj et al. 1997; Niroula and Bimb 2009). Callus is
comprised mainly of masses of undifferentiated cells and is
good starting material for in vitro manipulation. Moreover,
calli induced from scutellar tissue of mature seeds are an
excellent source of cells for in vitro regeneration (Hiei et al.
1994; Rashid et al. 1996; Ikram-ul-Haq et al. 2009). In the
present study the variation noted in callus induction capa-
city appears to be mainly due to a genotypic effect, although
more cultivars would have to be tested to firmly confirm
this hypothesis.

Callus proliferation and plant regeneration
response to NaCl stress

The main aim of this experiment was to check the inherent
capacity of two rice varieties, PAU 201 and PR 116, to
tolerate salinity stress. Both varieties showed a similar res-
ponse under salt stress conditions. Approximately 100 mg
of one-month-old callus was exposed to 5 different concen-
trations of NaCl. Calli that grew on control medium proli-
ferated normally (i.e. no decrease in callus fresh weight).
As the concentration of NaCl in the medium increased,
callus fresh weight decreased (Figs. 1, 3). In PAU 201 at
90 mM NaCl the fresh weight was 111.23 mg vs. 194.24
mg at 0 mM NaCl and in PR 116 it was 118.26 mg vs.
198.66 mg at 0 mM NaCl. Thus 90 mM resulted in a 42.7
and 40.3% reduction in callus fresh weight of PAU 201 and
in PR 116 respectively, compared to the control i.e. non-
stressed condition. Furthermore, at higher levels of salt
stress, i.e. 150 mM, there was a sharp decrease in fresh
weight, reaching 83.68 mg in PAU 201 and 87.82 mg in
PR 116. Saline soil contains sufficient salts in the root zone
to impair the growth of crop plants. The dominant ion spe-
cies in salt-affected soils are Na, Ca, CI, SO, and HCO;. Of
these NaCl is the most predominant (Akbar and Ponnam-
peruma 1982). There is a direct and inseparable relation
between the salt and water stress. Since the addition of a
salt to water lowers its osmotic potential, the salt stress
must expose the plant to a secondary osmotic stress. If a
plant or a plant part is transferred from low to high salt
medium, it is immediately subjected to osmotic dehydra-
tion. Even the leaves of higher plants show a decrease in
osmotic (and therefore water) potential although only the
roots are in contact with the salt (Kirst 1977). This osmotic
dehydration may be the immediate cause of salt injury,
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Fig. 1 Decrease in mean callus fresh weight with increase in NaCl concentration.
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Fig. 2 Decrease in mean plant regeneration percent with increase in NaCl concentration.

Fig. 3 In vitro screening of rice callus for salt stress using different
concentrations of NaCl. (A) Control, (B) 30 mM NaCl, (C) 60 mM
NacCl, (D) 90 mM NacCl, (E) 120 mM NacCl, (F) 150 mM NaClL.

such as the depression of growth and yield in rice by high
salt concentrations regardless of the source, i.e. whether it
was NaCl, CaCl,, or Na,SO4 (Ehrler 1960). NaCl is an ionic
and penetrating stress agent and produces specific ionic
toxicities in plant culture studies (Murillo-Amador et al.
2006; Ageel Ahmad ef al. 2007; Mokhberdoran et al. 2009;
Daneshmand ez a/. 2010). In addition, it can be easily taken
up by the cultured cells and can cause ionic as well as
osmotic effects (Turner and Jones 1980; Neumann 1997).
In vitro studies on salt tolerance were also carried out with
callus and seedlings of two indica rice varieties, CSR27
(salt-tolerant) and HBC19 (salt-sensitive) (Thach and Pant
1999). Calli of both varieties were transferred to salinized
MS medium containing 0 (control), 0.5, 1.0, 1.5 and 2.0%
NaCl (w/v) for 4 weeks. 14-day old seedlings were also ex-
posed to salt treatment in half-strength MS salts solution
with 0 (control), 0.25, 0.50, 0.75, 1.0 and 1.50% NaCl
(w/v) for 1 week (Thach and Pant 1999). Further, Aditya
and Baker (2006) studied the selection of salt-tolerant
somaclones from four Bangladeshi indica rice genotypes
through in vitro and ex vitro NaCl stress applied step-wise
and non-step-wise. Caulogenesis was initiated under 4 dif-
ferent levels of non-step-wise NaCl stress (50, 100, 150
and 200 mM) and subsequent plant regeneration was ob-
served under the same levels of NaCl stress. Rus et al.
(2000) reported a decrease in the relative growth rate and
water content of calli proliferated in saline medium com-
pared to calli incubated in salt-free medium. Abebe et al.
(2003) observed a 37% reduction in the growth of calli in
the presence of 100 mM NacCl stress.

In order to check the efficiency of callus regeneration
in the presence of salt stress, calli were exposed to elevated
levels of NaCl by placing salt directly in the regeneration
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medium. This experiment was done to check the inherent
capacity of control calli to regenerate on medium containing
salt. One-month-old calli were grown on plant regeneration
medium supplemented with 5 concentrations of NaCl for
two cycles of 2 weeks each. Plants regenerated normally in
non-stressed medium but as the concentration of NaCl in
the medium increased there was a concomitant decrease in
the percentage plant regeneration for both PAU 201 and PR
116 (Fig. 2). The percentage plant regeneration was
43.29% at 0 mM NaCl decreasing to 7.99% at 90 mM
NaCl and reaching 0% at 120 mM for PAU 201. In PR 116,
the percentage plant regeneration on non-stressed medium
was 54.19% decreasing to 9.78% at 90 mM NaCl; there
was no regeneration at 120 mM NaCl. Therefore 90 mM
NaCl stress was taken to be as the new standard for screen-
ing transgenic calli for plant regeneration. In an in vitro
experiment with bread wheat (Triticum aestivum L.) cv.
‘Mahon Demias’ and ‘Hidhab’ there was appreciable callus
induction but significantly differences in the capacity of
both to proliferate callus and regenerate under salinity
stress, even though ‘Mahon Demias’ appeared to be more
tolerant than ‘Hidhab’ (Benderradji ef al. 2007). The effici-
ency of callus proliferation differed significantly between
these two bread wheat genotypes at each of the tested salt
stress levels. ‘Mahon Demias’ was not affected by 5 g/l
NaCl-salt while ‘Hidhab’ was. At higher salt stress levels
‘Mahon Demias’ reacted moderately, while ‘Hidhab’
showed a sharp decrease in the callus proliferation capacity,
reaching 25.0% at 15 g/l NaCl. “‘Mahon Demias’ showed a
curvilinear response to the level of salt stress, while the
response of ‘Hidhab’ was linear. Gonzalez et al. (2001)
mentioned that NaCl inhibited Triticum regeneration. In
tomato, a positive correlation between the salt response at
the cellular and whole plant levels was found when calli
were used (Rus ez al. 1999). In a recent study by Prajuab-
mom et al. (2009), 7-day-old rice seedlings germinated on
MS medium were subjected to NaCl at concentrations of 0,
50, 100, 150 and 200 mM for 15 days. The results showed
that all three cultivars of rice seedlings grown under high
salinity had decreased shoot and root length, fresh and dry
weight of shoots, and a relatively lower shoot growth rate.
Salinity is considered as a major factor limiting plant
development and crop productivity and salinization con-
tinues to increase particularly in arid and semi-arid regions.
Salinity tolerance is a polygenic trait difficult to select in
classical breeding procedures under field conditions (Rich-
ards 1996). Alternative strategies include the regeneration
of plants with improved salt tolerance after in vitro selec-
tion of salt-tolerant cells and/or construction of transgenic
plants over-expressing genes expected to increase salt tol-
erance (Bohnert and Jensen 1996; Wincov 1996; Abebe et
al. 2003). In vitro tissue culture is an important means to
improve crop tolerance and yield through genetic transfor-
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mation as well as induction of somaclonal variation. So it is
important to devise an efficient protocol of callus prolife-
ration in order to start in vitro selection for salt and drought
stress tolerance and to broaden the opportunities for genetic
manipulation of rice through tissue culture, including try-
ing various explants and media.

The results of the present study indicated that two rice
varieties PAU 201 and PR 116 have good callus induction
ability. This experiment gave us an idea about the inherent
tolerance of rice genotypes for salt tolerance. We have
transferred the Osgly II gene which encodes for the glyoxa-
lase II enzyme, into commercial rice variety PAU 201 (un-
published data) and next we will check the transgenic calli
and plantlets for tolerance to salt stress. The results of this
study will serve as a base for future screening experiments
of transgenic plant material.
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