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Abstract

The main aim of this study was to test the potentiality of PR-115, PR-116, Sambha Mahsuri, Erramallelu, Cotton
Dora Sannalu and Pothana local rice cultivars to NaCl stress. Different concentrations and combinations of growth
regulators were supplemented in MS media to achieve the callus induction and regeneration in rice cultivars.
Maximum frequency of callus induction (75.54 + 0.91%) was observed in Sambha mahsuri cultivar with MS+2, 4-D
(3 mg/L) supplementation but, the response of 2, 4-D (5.0 mg/L) in callus induction was moderate (70.89 + 0.45%)
in Pothana cultivar of indica rice. The highest frequency of regeneration was achieved (65.45 + 0.51%) in Sambha
mahsuri while lowest in Pothana (42.38 + 0.73%) cultivar of indica rice at 50 mM NaCl concentration. From the
results, it has been established that Sambha Mahsuri was more tolerant to salinity in tissue cultures studies (to 50
mM NaCl concentration) so, this cultivar may be used for better production of rice in saline conditions.

Keywords: NaCl stress; Regeneration frequency; Oryza sativa;
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Introduction

Rice is a staple cereal crop and about 70% of the world’s poor
population depending on rice as their major source of food [1]. During
the past few decades, the demand for rice is continuously growing with
the increasing population density [2]. The population of the world is
increasing rapidly and reduction in rice yield could lead to hunger and
famine, especially in developing countries. So, the application of plant
tissue culture in combination with conventional breeding systems may
help to increase production of rice [3,4]. The detection and screening
of useful cultivars for the development of embryogenic calli and
subsequent plant regeneration through the in vitro culture technique is
a vital step in rice genetic transformation [5]. Similarly, the frequencies
of callus induction and plant regeneration are affected by several factors
such as type of explants and culture conditions [6,7].

Rice is a cereal crop of tremendous economic significance but, rice
production is very much suffering from severe loss of yield by abiotic
stresses. Soil salinity is one of the major abiotic stresses influencing
plant growth adversely and causing significant reductions in crop yield
[8,9]. In India, 1710673 hectares of total land area facing various levels
of salinity problems due to the NaCl accumulation generated by the
using of excessive level of fertilizers and salt is resulting in low crop
productivity in rice [10,11]. Plant biotechnologists of the world are
putting in their best efforts to develop salt resistant new cultivars of rice
for fulfilling the demand of human population [12]. At present plant
tissue culture technique used as an important and necessary component
of plant biotechnology, which is essential for the genetic manipulation
and is an ideal system for assessing the physiological effects of salt at
the cellular level of rice crop plants [13,14]. Therefore, de-husked seeds
were cultured onto MS medium and screened for salt stress by adding
NaCl to obtain resistant embryogenic calli and regenerants to make rice
plants tolerant to salt stress.

Materials and Method
Plant material

The mature seeds of two cultivars (PR-115, PR-116) of indica

rice were obtained (Aug, 2013) from State Farms Corporation of
India (SFCI), Suratgarh, India (authenticated by Neeraj Verma,
Director-Incharge, Suratgarh, India) and other 4 indica rice cultivars
(Sambha mahsuri, Erramallellu, Cotton dora sannalu, Pothana) (from
Agricultural Research Station, Warangal, India). The obtained seeds of
these 4 cultivars were authenticated by Dr. C Cheralu, Associate Director,
ARS, and Warangal, India. The obtained seeds of these cultivars were
stored at room temperature in plant tissue culture laboratory to keep
safe from the attack of insects and microbial infections.

Callus induction and regeneration

The mature seeds of six cultivars of indica rice were de-husked
and immersed in 75% ethanol for 3 min. After proper washing with
distilled water, the de-husked seeds were treated with 1.0% HgCl, (w/v)
for 3 min. After the treatment, these seeds were rinsed 4-5 times with
sterilized distilled water to remove the traces of HgCl, with agitation in
the laminar air flow. The sterilized seeds were placed onto the sterilized
filter paper on the Petri dish. After the removal of water contents from
the upper surface of seeds, the seeds were then placed onto callus
induction culture media and incubated in the dark at 25 + 1°C with
60% relative humidity. For the induction of callus and regeneration of
plants, the basal Murashige and Skoog (1962) [15] culture medium was
used. The different concentrations of 2, 4-D (1.0-6.0 mg/L) were added
into the MS medium for the induction of callus in the six cultivars of
indica rice. The other combinations of growth regulators [MS+kinetin
(2.5 mg/L); MS+Kinetin+IAA (2.5+3.5 mg/L); MS+IAA+Kkinetin
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(3.0+2.5 mg/L); BAP+IAA (2.5+2.5 mg/L)] were also screened for the
induction and growth of callus in these six experimental cultivars. The
embryogenic calli of indica rice cultivars were described as yellowish to
granular, compact, white, brownish, greenish-yellow. The regenerated
embryogenic calli were selected and used for regeneration of plantlets.
Similarly, the plant regeneration was obtained by the supplementation
of different combinations of growth regulators in MS culture media
(i.e., T1=MS+2.5 mg/L kinetin, T2=MS+3.0 mg/L 2, 4-D+3.0 mg/L
BAP, T3=MS+2.5 mg/L kinetin+3.5 mg/L 2, 4-D, T4=MS+2.5 mg/L
kinetin+2.5 mg/L BAP, T5=MS+2.5 mg/L kinetin+3.0 mg/L IAA). After
evaluating the effects of each of the above mentioned group of growth
regulators individually, the combined effects of the media supplements
were also assessed in series of the experiments with determining the
days of callus induction and regeneration frequency.

Media for the screening of salt tolerance

The developed calli (2, 4-D, 3.0 mg/L) were grown onto MS media
with (treated group) and without (control group) NaCl supplement.
The concentrations of NaCl were added as 50 mM, 100 mM, 150 mM,
200 mM, 225 mM, and 250 mM in MS media. For each treatment,
total fresh weight of 10 calli (2.5-3.0 mm diameter) of 3 replicates were
determined and recorded. Similarly, for the screening of salt tolerance
in regenerants, the embryogenic calli were transferred onto the MS
media, supplemented with different NaCl concentrations (50 mM, 100
mM, 150 mM, 200 mM, 225 mM, 250 mM). At the end of experiment,
the callus was taken for growth analysis. Mean fresh weight of calli
at different concentrations was analyzed and compared by two-way
ANOVA.

Data analysis

The frequency of callus induction and plant regeneration (%) were
measured using the formula of following [16]:
) _ Number of seeds induced callus x 100
Number of cultured seeds

Callus induction frequency (%

Small pieces of embryogenic calli (2.5-3.0 mm diameter) were
further cultured in 100 ml conical flasks containing regeneration
culture medium. Frequency of plant regeneration was determined as
follows -

Plant recencration (0/) Number of regenerated calli x 100
b) =
€ Number of calli incubated for regeneration

Statistical analysis

The experiments were arranged in split plot design with 3
replications. Each replication per treatment contained 12 seeds for the
induction of callus and six embryogenic calli for the plant regeneration.
Data were analyzed using the two-factorial analysis of variance
(ANOVA), with plant growth regulator concentration as one treatment
and cultivar as the other treatment. Data were analyzed as means of
standard error (mean + SE).

Results and Discussion

Induction of callus and plantlets regeneration

The effects of 2, 4-D on induction of callus in mature de-husked
seeds of six indica rice cultivars (PR-115, PR-116, Sambha mahsuri,
Erramallelu, Cotton dora sannalu, Pothana) were investigated
in present study. The basal MS medium was supplemented with
different concentrations of 2, 4-D (1.0-6.0 mg/L) for obtaining the
fast induction and growth frequencies of callus. The induction of
callus was started after 15-18 days of transfer of the mature seeds to

culture tubes. The final data of induction of callus were recorded on
28 day. The maximum frequency (75.54 + 0.91%) of callus induction
was observed in Sambha mahsuri with supplementation of 2, 4-D
in MS culture medium (3.0 mg/L) (Figure 1). The effects of several
combinations [MS+kinetin (2.5 mg/L); MS+Kinetin+IAA (2.5+3.5
mg/L); MS+IAA+kinetin (3.0+2.5 mg/L); BAP+IAA (2.5+2.5 mg/L)]
of other growth regulators were also evaluated for these indica rice
cultivars, but the callus induction frequency and growth rate were very
low in above mentioned combinations. The colours of calli were white,
yellowish-white, yellowish-green, yellowish-brown, light brown and
textures of calli observed as compact, friable, and watery (Figure 2).
The produced calli of convenient size were transferred onto MS culture
media supplemented with different combinations of growth regulators
for regeneration of plantlets. The highest frequency of plantlets
formation was recorded in Sambha mahsuri, followed by PR-115 and
Pothana cultivars of indica rice. The maximum plantlet regeneration
frequency (87.34 + 0.27%) was observed in Sambha mahsuri cultivar
when the MS medium supplemented with combination of 2.5 mg/L
kinetin and 3.5 mg/L 2, 4-D (Figure 3). The minimum regeneration
frequency (20.19 £ 0.17%) was observed in Erramallelu (MS+2.5 mg/L
kinetin). After attaining the size of 2-3 inch by the in vitro regenerated
plantlets, the plantlets were taken out from aseptic culture tubes and
transferred to the pots under natural conditions (Figure 4).

The plant tissue culture technique is well recognized as a novel
approach to generate genetic variability [17,18] and has been proposed
as an important supplementary method for the plants which breeding
programmes can be accelerated through the use of new expanded
genetic stability and diversity [19,20]. Several tissue culture techniques
are being applied for development of new cultivars of rice in different
countries of the world [9,12,14]. The various concentrations (1.0-6.0
mg/L) of 2, 4-D were tested for obtaining the fast and high frequency
of induction and growth of callus in six cultivars of indica rice. The
results revealed that the concentration and type of cultivars had great
variability for the early induction and growth of callus. Use of 2, 4-D
(3.0 mg/L) was found to be best for fast induction and higher growth
of callus in Sambha mahsuri. Rice cultivars display wide range in the
capacity of regeneration which depends on their genetic make-up and
their interaction with types of culture media [6,21]. The combination
of 2.5 mg/L kinetin+3.5 mg/L 2, 4-D was recorded as best combination
for enhancement of regeneration frequency in Sambha mahsuri. The
combination of MS+2.5 mg/L of kinetin demonstrated lowest regeneration
frequency among all the tested combinations of growth regulators in
selected cultivars of indica rice. These observed results were agreement
with the study of Agrawal et al. [22] in other cultivars of rice.

Effects of NaCl stress on callus growth and plant regeneration

The effects of NaCl stress on growth of calli in six cultivars of
indica rice were studied by using different concentrations of NaCl
and it resulted to decrease in yield of fresh weight of calli compared
to control. For the determination of growth of callus, the initial
inoculants were used as 100 mg (fresh weight) in control as well as
treated groups. In this course of study, the mean fresh weight (Figure
5) of calli was highest in PR-116, when the calli exposed to 50 mM
NaCl, and least growth observed at the exposure of 250 mM NaCl.
In case of Sambha mahsuri, the growth of calli was observed highest in
the control but the growth was not highest after exposing the calli with
50 mM NaCl concentration. In the span of 28 days of culture, the mean
fresh weight of calli of control group was higher than the group whose calli
were exposed with different concentrations of NaCl (50 mM, 100 mM,
150 mM, 200 mM, 225 mM, and 250 mM). Comparative study of control
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Figure 1: Effects of 2, 4-D on callus induction frequency (%) in selected cultivars
of indica rice. The maximum callus induction frequency (75.54 + 0.91%) in
Sambha mausuri cultivar with 2, 4-D (3.0 mg/L).

Figure 2: Induction of callus without any stress in indica rice cultivars: A) PR-
115; B) PR-116; C) Sambha mahsuri; D) Erramallelu; E) Cotton dora sannalu;
F) Pothana.

and treated group revealed that higher concentration exposure (250 mM)
of NaCl restricted the growth of calli, because at this concentration no
growth was observed in rice cultivars, except Sambha mahsuri (Figure 6).
The colour of calli was converted into dark brown or black after exposing
to 100-250 mM NaCl in case of Erramallelu. Similarly, the treatment of
NaCl stress was also reduced the growth of calli of PR-115 and PR-116 at
above 50 mM NaCl (Figure 6).

The regeneration frequency of plants was determined on the basis
of development of plantlets from the individual embryogenic callus.
This experiment was designed to test the inherent potentiality of
embryogenic calli to regenerate plantlets on the medium which was
prepared adding NaCl. The frequency of regeneration was highest
(65.45 + 0.51%) in Sambha mahsuri while lowest in Pothana (42.38
+ 0.73%) cultivar of indica rice at 50 mM NaCl (Figure 7). There
was normal plant regeneration frequency observed in salt free
culture medium but increased NaCl concentration decreased plant
regeneration frequency in all the selected experimental cultivars of

dora sannalu; F) Pothana.

callus growth).

Pl mn Vodiaonou 1 sl — Tl mmids

Figure 3: Frequency of regeneration (%) in selected cultivars of indica rice with
different concentration of growth regulators (mg/L) (control group). T1=MS+2.5
mg/L Kin; T2=MS+3.0 mg/L 2, 4-D+3.0 mg/L BAP; T3=MS+2.5 mg/L Kin+3.5
mg/L 2, 4-D; T4=MS+2.5 mg/L Kin+2.5 mg/L BAP; T5=MS+2.5 mg/L Kin+3.0
mg/L IAA. The maximum regeneration frequency (87.34 + 0.27%) in Sambha
mahsuri with kinetin (2.5 mg/L) and 2, 4-D (3.5 mg/L).

Figure 4: Regenerated plantlets in selected cultivars of indica rice (without
stress): A) PR-115; B) PR-116; C) Sambha mahsuri; D) Erramallelu; E) Cotton
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Figure 5: Callus fresh weight (mean + SE) in experimental cultivars of indica rice
with different concentrations of NaCl stress. Maximum callus growth in Sambha
mahsuri at 50 mM while moderated to mild growth in other rice cultivars. No
growth of callus at 250 mM in rice cultivars except Sambha mahsuri (minimum
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indica rice. No regeneration was observed at the treatment of 200
and 225 mM NaCl in the cultivars of indica rice except Sambha
mahsuri, which responded very poor regeneration growth (5.16 +
0.59%) (Figure 7). The observed results revealed that the addition of
above 50 mM NaCl in the regeneration medium could not lead to the
regeneration of plantlets in all selected cultivars of indica rice. Even
at 50 mM NaCl concentration, the poor root system was observed in
PR-115 and Cotton dora sannalu but, the Sambha mahsuri responded
more optimistically in relation the regeneration of roots (Figure 8).

Salinity is one of the major abiotic stresses that adversely affect
the overall physiological activities and cause the death of plants [23].
Production potentialities of certain agronomic crops are reported to be
reduced in saline soils [24]. Worldwide more than 30 million hectares
of irrigated land have already been damaged by increasing salinity [25].
The regeneration frequency was higher in Sambha mahsuri while
lower in other rice cultivar in 50 mM NaCl supplemented MS medium.
There was normal plant regeneration frequency observed in salt free
culture medium but by increasing the NaCl concentration in medium,
plant regeneration frequency of experimental cultivars of indica rice
was reduced. No callus induction and plant regeneration was recorded
at the treatment of 200 and 225 mM NaCl in the cultivars of indica rice
but very poor response observed in Sambha mahsuri.

Figure 6: Morphological characters of induced callus under NaCl stress: A) PR-
115; B) PR-116; C) Sambha mahsuri; D) Erramallelu; E) Cotton dora sannalu;

F) Pothana.
Figure 7: Regeneration frequency (%) of different rice cultivars with different

concentrations of NaCl (mM). Except Sambha mahsuri, no regeneration in other
rice cultivars at 225-250 mM NaCl concentration.
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Figure 8: Morphological appearance of under stress of NaCl at 50 mM
concentration.

Conclusion

Salinity area is increasing every year in India and demand for food
grain increasing day by day. Therefore, it is an urgent need of modern
times to develop new rice cultivars of indica rice that could grow stronger
under saline conditions if the countries are to sustain production of
rice. Hence, we conducted this study to screen the callus induction
and regeneration potentialities of experimental cultivars under NaCl
stress conditions. As per our observed results, the Sambha mahsuri calli
showed poor growth response but showed high regeneration frequency
in saline conditions.
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