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In vitro screening method for drought tolerance
evaluation in two rice varieties (BRRI 28 and BRRI 29)
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Abstract: Abiotic stress is one of the major rate limiting factor for rice production worldwide especially in Asia and Africa. While drought tolerance is become of
increasing importance in rice (Oryza sativa L.), selection under actual field conditions is tiresome due to low heritability and time required. Selection in tissue culture
is  thought  to  be  one  way  to  improve  selection  efficiency,  but  this  requires  standardized  protocols.   Rice  cultivars  BRRI  28  and  BRRI  29  showed  expressive  callus
induction, but the ability for callus induction and regeneration decreased under mannitol stress in both cultivars. Calli were induced on semisolid Murahige and Skoog
(MS) medium supplemented with 2 m g/l 2,4-dichlorophenoxyacetic acid (2 ,4 -D).  Embryogenic calli showed shoot regeneration on MS medium supplemented with
2 mg/l benzyl aminopurine (BAP) + 0. 5 mg/l kinetin + 0.5 mg/l naphthalene acetic acid (NAA). Increased levels of mannitol (0 gm/l, 10 gm/l, 20 gm/l, 30 gm/l, 40
gm/l) were used to create drought stress. There   was reduction in callus   induction ability and plant regeneration efficiency  with increasing  levels of mannitol stress.
These results  indicated that mannitol  can  be used as drought stress  creating agent under  in  vitro conditions and rice  variety BRRI 29 was  relatively  tolerant to
drought stress  as  compared to BRRI 28. This study will serve as a base line for in vitro screening of   drought tolerant transgenic rice.
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1. Introduction

Water deficit is a main problem for crop production

worldwide, limiting the growth and productivity of
many crop species particularly in rain-fed agricultural
areas [1]. The drought is a major environmental factor
that determines the growth, the productivity and the
distribution  of  plants.  It  is  estimated  to  be  one  of  the
most  serious  yield  reducing  stresses  in  the  agriculture.
The drought affects more than 10 % of arable soil and
desertification and salinization are rapidly increasing on
a global scale [2]. The drought condition is continually
distressed by the explosive increase in the world
population, the continuing deterioration of arable land
and scarcity of fresh water. This increase of the
environmental stress poses serious threats to global
agricultural production and food security. It has been
estimated that two-thirds of the yield potential of major

crops  are  routinely  lost  due  to  unfavorable  growing
environments.  Rice  (Oryza sativa L.)  is  subjected  to  a
range  of  abiotic  stresses  that  affect  their  growth  and
development.  In  particular,  it  is  predicted  that  water
deficit will continue to be a major abiotic factor affecting
global  crop  yields  [3].  One  third  of  the  world’s
population  resides  in  water  stressed  regions,  and  with
elevated CO2 levels  in  the  atmosphere  and  climatic
changes predicted in the future, drought could become
more frequent and severe.

In vitro selection  for  tolerance  to  abiotic  stress  depends
on the development of efficient and reliable callus
induction and plant regeneration systems. Hence this
experiment was carried out to screen the indica varieties
BRRI 28 and BRRI 29 for their inherent tolerance against
drought.
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The  importance  of  rice  as  staple  food  emphasizes  its
improvement  undoubtedly.  Rice  is  the  synonym  for
food in Bangladesh and has been traditional source of
carbohydrates and proteins since the prehistoric days. In
Bangladesh, rice covers an area of 11,059 thousand
hectares,  yielded  3,448.2  kg  ha-1 and the production is
38,134 thousand metric tons [4]. This sector generates
about  35%  of  the  total  foreign  exchange  earnings  and
provides nearly 40% of total national employment (48%
of rural employment), about 2/3 of total calorie supply,
about 1/2 of the total protein intake of an average person
and contributes 18% to the total GDP of the country [5].

Rice  (Oryza sativa L.)  is  subjected  to  a  range  of  abiotic
stresses that affect their growth and development. In
particular, it is predicted that water deficit will continue
to be a major abiotic factor affecting global crop yields.
One third of the world’s population resides in water
stressed regions, and with elevated CO2 levels in the
atmosphere and climatic changes predicted in the future,
drought could become more frequent and severe. In
tolerant plants, there are many defense mechanisms
such as osmoregulation, ion homeostasis, antioxidant
and hormonal systems, helping plants to stay alive and
development prior to their reproductive stages [6].

Biochemical [proline, glycine betaine, soluble sugars,
photosynthetic pigments and defensive proteins] and
physiological [water use efficiency, osmotic adjustment,
chlorophyll a fluorescence, and net-photosynthetic rate
(Pn)] changes in plants growing under salt or water-
deficit conditions have been broadly investigated in
many crop species such as rice[7-9]. Those parameters in
crop  species  cultivated  in  water  deficit  or  salt  stresses
have been developed as effective indices for tolerant
selection in breeding programs [10]. Culture media or
nutrient  solutions  in  order  to  induce  water  deficit
conditions for protein expression or proteomic studies.
Mannitol, a member of sugar alcohols, is an osmotic

adjustment chemical to control osmotic potential in the
culture media or nutrient solutions in order to induce
water  deficit  conditions  for  protein  expression  or
proteomics studies [11].

Plant tissue culture plays an important role in the
production of agricultural and ornamental plants and in
the manipulation of plants for improved agronomic
performance. In vitro culture of plant cells and tissue has
attracted considerable interest over recent years because
it provides the means to study plant physiological and
genetic processes in addition to offering the potential to
assist  in  the  breeding  of  improved  cultivars  by
increasing genetic variability. Regenerated plants are
expected to have the same genotype as the donor plant;
however, in some cases somaclonal variants have been
found among regenerated plants [12-13].

Media composition – mainly the hormonal balance – is
an important factor influencing in vitro culture initiation
and plant regeneration from embryos. The auxin 2, 4-
dichlorophenoxy  acetic  acid  (2,  4-D)  alone  or  in
combination with cytokinins, is widely used to enhance
callus induction and maintenance. Genetic factors are
considered to be a major contributor to the in vitro
response of cultured tissues. Differences in the
production of embryogenic calli and the regenerated
plantlets have been observed, depending on the
genotype and source of the explants [14-23]. Salinity is
the main abiotic stress that has been addressed by in
vitro selection, but applications to other stresses such as
heat  and  drought  have  been  reported  [24].  These
techniques are considered to be an important
complement to classical plant breeding methods. In vitro
selection for tolerance to abiotic stress depends on the
development of efficient and reliable callus induction
and plant regeneration systems. Hence this experiment
was  carried  out  to  screen  the  indica  varieties  BRRI  28
and BRRI 29 for their inherent tolerance against drought
stress.
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2. Materials and methods

The study was conducted in the Plant Genetic
Engineering Laboratory, Department of Genetic
Engineering and Biotechnology, Shahjalal University
of  Science  and  Technology  (SUST),  Sylhet,
Bangladesh. The detail of materials used and
analytical  methods  employed  during  this  study  is
given below:

Mature  seeds  of  two  indica  rice  (Oryza sativa)
varieties  BRRI 28 and BRRI 29 were used for  callus
induction, screening and plant regeneration
experiments. For callus induction, the mature seeds
are surface-sterilized and placed on the appropriate
medium  for  that  cultivar.  At  the  end  of  21  days  –
referred to as a “passage” – the original explants and
its  entire  associated callus  are  transferred to  a  fresh
medium. After the second passage, embryogenic
callus  is  isolated  and  transferred  again  to  a  fresh
medium. Selected healthy seeds were manually
dehusked. Seeds were placed in autoclaved beaker
and  washed  with  sterile  distilled  water.  The  seeds
were  then  kept  in  70%  ethanol  for  3-5  minute,
followed by washing with autoclaved distilled water
for several times. The seeds were then placed on the
sterilized petridish having sterile filter papers with
the help of  forceps to  remove excess  water.  Surface
sterilized seeds of  two varieties  were inoculated on
solid MS Murashige and Skoog Medium (1962)
media  containing  growth  regulator  2,4-D  in  a
laminar airflow cabinet. In each test tube one seed
was inoculated. Before inoculation and also in
between  the  work,  autoclaved  scalpels  and  forceps
were  again  sterilized  by  burning  in  fire.   The
cultures were incubated in culture room at 25 ± 3ºC,
to white florescent light under 16 hour’s
photoperiods.  The  basal  medium  MS  was  used  for
callus induction. The proposed medium was
supplemented with various concentration of growth
hormone 2, 4- D (0.5-2.5 mg/l). The pH of the media

was adjusted to 5.8 before autoclaving. After
inoculation, the surface sterilized seeds of two
varieties were transferred and maintained in an
environmentally controlled growth room for 2-3
weeks for callus induction and growth. The cultures
were positioned away from continuous light
provided by general electric white florescent tubes.
Temperature was maintained at (25 ± 3)ºC thought
the growth period. Callus quality replicated three
times and twelve test tubes with twelve seeds were
used per replication for each genotype. All the calli
originated from a single seed was considered as one.
Frequency of callus induction was calculated
according to the following formula: Callus induction

frequency (%)      × 100

Before transferring the callus on mannitol containing
media, the weight of callus were adjusted to 100 mg.
The proposed MS medium containing different
concentration of mannitol was supplemented with
growth hormone 2, 4- D (2 mg/l). The pH of the
media was adjusted to 5.8 ± 2 before autoclaving.
After inoculation, the callus of two varieties were
transferred and maintained in an environmentally
controlled  growth  room  for  4  weeks  to  create
variation on callus weight. The cultures were
positioned away from continuous light provided by
general electric white florescent tubes. For plant
regeneration, calli were then inoculated on
regeneration media. The pH of media was adjusted
to 5.8 ± 2 before autoclaving. The culture was
performed at (25 ± 3)ºC under a cycle of 16 hours
light/8 hours dark for 4 weeks. Rooting was initiated
on half strength MS medium. After which the
frequencies of plant regeneration were calculated,
based on the appearance of shoots. Plant regeneration
from plated calli was calculated with the following

formula: Plant regeneration (%) =  × 100
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3. Results

3.1 Callus Induction
Mature dehusked rice seeds were used for callus
initiation and after 8 - 10 days, callus began to form at
the scutellum of the cultured seed in all the media. Both
embryogenic and non-embryogenic calli were initiated.
Embryogenic calli were found to be yellow to white, dry,
compact and nodular.

On the other hand, non-embryogenic calli appeared to
be watery, light yellow and nonnodular. After 3 weeks,
the  first  subculture  was  carried  out  and  calli  were
removed from seed and transferred onto fresh media.

In case of BRRI 28, callus induction frequency was found
to be relatively the lowest (18.50%) at 0.5 mg/l of 2,4-D
and a peak frequency (85.25%) was observed at a higher
concentration of 2 mg/l. On the other hand, callus
induction  frequency  of  BRRI  29  was  found  to  be
relatively the lowest (16.75%) at 0.5 mg/l of 2,4-D and the
highest frequency (70.50%) was observed at a higher
concentration of 2 mg/l.

But at 2.5 mg/L of 2,4-D again a downward induction
rate was obtained (Table 1) that the presence of 2,4-D in
the culture medium was critical for callus induction of
rice from mature seeds.
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Figure 1: Effects of different concentration of 2,4-D on callus
induction of BRRI 28 and BRRI 29

The rate of callus induction frequency in this case varied
from 16.75% to  85.25%.Maximum calli (85.25%) were
produced from the combinations of BRRI 28 with 2 mg/l
of 2,4 –D. Minimum calli (16.75%) were produced from
the combination of BRRI 29 with 0.5 mg/l of 2,4-D.

3.2 Variation of callus weight after four weeks of
mannitol treatment

The overall purpose of the experiment was to screen the
rice cultivars BRRI 28 and BRRI 29 for drought tolerance
under in vitro conditions. Callus induction from mature
seeds was assessed; further, the response of calli to
elevated  levels  of  mannitol  was  recorded  as  fresh
weight. The response of the regenerating callus to
mannitol stress was also observed. The cultivar BRRI 28
was less responsive than BRRI 29, which appears to be
best suited for in vitro tissue culture.

Table 1: Callus weight of BRRI 28 after treating with different
concentrations of mannitol

Variety Mannitol
concentra
tion
(gm/l)

Callus
weight(m
g) before
treating
with
mannitol

Callus weight(mg)
after four weeks of
mannitol treatment

BRRI 28 0 gm/l 100 mg 197.50 mg
BRRI 28 10 gm/l 100 mg 185.75 mg
BRRI 28 20 gm/l 100 mg 122.25 mg
BRRI 28 30 gm/l 100 mg 90.50 mg
BRRI 28 40 gm/l 100 mg 77.25 mg
BRRI 29 0 gm/l 100 mg 196.00 mg
BRRI 29 10 gm/l 100 mg 188.50mg
BRRI 29 20 gm/l 100 mg 121.50 mg
BRRI 29 30 gm/l 100 mg 92.25 mg
BRRI 29 40 gm/l 100 mg 80.50 mg
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3.3 Callus proliferation response to mannitol stress

The  major  aim  of  this  experiment  was  to  check  the
inherent capacity of two rice cultivars BRRI 28 and BRRI
29  to  mannitol  stress.   Both  of  this  cultivars  showed  a
similar response under mannitol stress. In vitro
screening  of  control  calli  of  rice  cultivars  BRRI  28  and
BRRI29 for drought tolerance was carried out by
growing embryogenic calli on callus induction medium
supplemented with 0, 10, 20, 30, 40 mg/l for two weeks.
Approximately  100  mg  of  one  month  old  embryogenic
callus was exposed to each mannitol concentration. Calli
on control medium ex hibited normal proliferation. As
the mannitol concentration in the medium increased,
there was a decrease in callus fresh weight (Figure 4). At
20 gm/l mannitol the fresh weight was 122.25 mg  in rice
cultivar BRRI 28 compared  to 197.50 mg at 0 gm/l  and
125.25  mg   in  BRRI  29   compared  to  196  mg  at  0  mg/l
mannitol.

Figure 2: In vitro  screening of BRRI 28 rice callus for drought
stress  using different concentrations of mannitol (a) Control,
(b) 10 gm/l, (c)  20 gm/l, (d) 30 gm/l, (e) 40 gm/l

Figure 3: In vitro  screening of BRRI 29 rice callus for drought
stress  using different concentrations of mannitol (A) Control,
(B) 10 gm/l, (C)  20 gm/l, (D) 30 gm/l, (E) 40 gm/l
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ecba

B CA

d

D E

343

IJSER© 2013 
http://www.ijser.org

IJSER



International Journal of Scientific & Engineering Research, Volume 4, Issue 6, June-2013
ISSN 2229-5518

There was a 75.25% decrease in callus fresh weight at 20
gm/l in rice cultivar BRRI 28 and a  74.50%  decrease in
rice  cultivar   BRRI  29  (Figure  4).  At  0  gm/l,  the  callus
weight was 197.5mg  and 196mg  whose were  reduced
to 185.75 mg  and 188.5 mg at 10 gm/l of mannitol and
finally decreased to 77.25 mg and 80.5 mg at 40 gm/l of
mannitol in case of BRRI 28 and BRRI 29 respectively

3.4 Plant  regeneration response to mannitol stress

To  check  the  efficiency  of  embryogenic  calli  to
regenerate in the presence of drought stress, calli we re
exposed to elevated levels o f  mannitol by putting
mannitol in the plant regeneration medium. This
experiment was performed to check the inherent
capacity of calli to regenerate on medium which induced
drought stress. Month old embryogenic calli were
grown on plant regeneration  medium supplemented
with 0, 10, 20, 30, 40 gm/l for two cycles each of two
weeks.

 Table 2: Plant regeneration (%) of BRRI 28 at different
concentrations of mannitol

Table 3: Plant regeneration (%) of BRRI 29 at different
concentrations of mannitol

There was normal plant regeneration in  the no-stress
medium, but increased mannitol concentration in
medium decreased  percent plant regeneration in rice
cultivars  BRRI  28  and  BRRI  29  (Figure  5).  Plant
regeneration of BRRI 28 was 42.5% at 0 gm/l of mannitol,
but decreased to 15.25%  at 20 gm/l of mannitol. There
was 0% plant regeneration at 40 gm/l of mannitol.In
BRRI 29 plant regeneration on the no-stress  medium
was 52.25% , but increased mannitol  concentration in
medium decreased of the  per cent plant regeneration.
At 20 gm/l it decreased to 20.5% and there was no
regeneration  at  40  gm/l  of  mannitol.  In   vitro  tissue
culture could be an important means of  improving  crop
tolerance and yield through genetic transformation as
well  as by induced somaclonal variation. Therefore it is
important to devise an efficient protocol of callus prolife
ration to start in vitro selection for drought stress
tolerance,  and  to  extand  opportunities  for   genetic
manipulation  of rice through tissue culture, including
trying   various explants and media.

 The overall aim of the experiment was to screen the rice
cultivars  BRRI  28  and  BRRI29  for  drought  tolerance
under in vitro conditions. Callus induction from mature
seeds and callus proliferation was mandatory for this
experiment.
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Figure 5: Decrease in mean plant regeneration per cent (%)
with increase in mannitol  concentrations.

Varieties Concentration of
mannitol

Plant regeneration
(%)

BRRI 29 0 gm/l 51.75%
BRRI 29 10 gm/l 40.50%
BRRI 29 20 gm/l 21.25%
BRRI 29 30 gm/l 8.75%
BRRI 29 40 gm/l 0%

Varieties Concentration of
mannitol

Plant
regeneration (%)

BRRI 28 0 gm/l 42.50%
BRRI 28 10 gm/l 28.75%
BRRI 28 20 gm/l 15.25%
BRRI 28 30 gm/l 6.25%
BRRI 28 40 gm/l 0%
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In  this  study,  it  was  found  that,  as  the  mannitol
concentration in the medium increased, there was a
decrease in callus fresh weight. At 20 gm/l mannitol the
fresh weight of callus was 122.25 mg in rice cultivar
BRRI 28 compared to 197.50 mg at 0 gm/l and 125.25 mg
in BRRI 29 compared to 196 mg at 0 mg/l mannitol.
There was a 75.25% decrease in callus fresh weight at 20
gm/l in rice cultivar BRRI 28 and a  74.50%  decrease in
rice cultivar  BRRI 29(Figure 3.15). At 0 gm/l , the callus
weight was 197.5mg  and 196mg  whose were  reduced
to 185.75 mg  and 188.5 mg at 10 gm/l of mannitol and
finally decreased to 77.25 mg and 80.5 mg at 40 gm/l of
mannitol  in  case  of  BRRI  28  and  BRRI  29  respectively.
Relevant result was made by Shabir H. Wani(2010) who
used PEG instead of mannitol.

There was normal plant regeneration in  the no-stress
medium, but increased mannitol concentration in
medium decreased  percent plant regeneration in rice
cultivars BRRI 28 and BRRI 29. Plant regeneration of
BRRI 28 was 42.5% at 0 gm/l of mannitol, but decreased
to  15.25%   at  20  gm/l  of  mannitol.  There  was  0%  plant
regeneration at 40 gm/l of mannitol.

In BRRI 29 plant regeneration on the no-stress  medium
was 52.25% , but increased mannitol  concentration in
medium decreased of the  per cent plant regeneration.
At 20 gm/l it decreased to 20.5% and there was no
regeneration at 40 gm/l of mannitol. On the other study,
Shabir H. Wani(2010) found that, plant regeneration was
44.2% at  0% PEG (6000), but decreased to 17.6%  at 1.0%
PEG ( 6000).There was 0% plant regeneration at 2.0%
PEG  (6000) in PAU 201. In PR 116% plant regeneration
on the no-stress  medium was 54.7% , but increased PEG
(6000) concentration in medium decreased of the  per c e
nt plant regeneration. At 1.0%t  PEG (6000) it decreased
to  23.7%  and  there  was  no   regenerati  on  at  2.0%  PEG
(6000).

4. Conclusion

The  results  of  this  study  indicate  that  the  two   rice
cultivars  BRRI  28   and  BRRI  29  have  good  callus
induction ability. This experiment  provides an
indication of the inherent tolerance of rice genotypes to
drought. I think the above study will be the base line for
future screening expeiments.
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