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In vitro study on salinity screening in rice

B G THAMODHARAN AND M. ARUMUGAM PILLAI

SUMMARY

Two moderately resistant rice cultivars, White ponni and BPT — 52904 were used to selection of promising saline tolerant
callus lines through screen for salinity tolerance under in vitro condition. Embryogenic calli was obtained when tissue
culture basal media supplemented with 2 mg L 2,4-D along with 0.5 mg L-*kinetin and 1 mg L NAA. A significant
reduction in callus growth rate (Relative growth rate) and callusinduction per cent was noticed in media supplemented
with different concentration of saline treatment, from 0.5 to 1.0 and 1.5 per cent NaCl. But the time elapsed for callus
induction was increased with higher concentration of salt in the medium. A significant number embrogenic calli was
survived inlower concentration, 0.5 and 1.0 per cent of NaCl showed good regeneration capacity in regeneration media.
Few promising salinetolerant plantswere recovered and transferred to the rooting media before adapting to acclimati zation.
Hence, thisin vitro technique with different NaCl stress could have been used effectively to screening for salt screening
inrice, rather than the field screening.
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inity isone of the ever unresolved abiotic factor

jmiting rice production. About 6.5 per cent (831

illion ha) of the world’s total area important

cerea cropsand amajor crop consumed by (12.78 billion
ha) is affected by salt in soils (FAO). In India saline
and alkaline soil occupies more than 9 million ha
(Raveendar et al., 2008; Munns et al., 1999 and Attia
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et al., 2014). Breeding for salt tolerance through
conventional method of breeding is highly expensive.
To meet the increasing demand of food requirements
of growing population, especialy rice, conventional
method is inadequate. Therefore, in vitro screening
through tissue cultureisapotential, rapid and reliable
method. Adequate report has been furnished by various
authors on the success of in vitro screening by tissue
culture in rice. Among the tissue culture techniques
mature embryo is an important one in rice to create
additional variation and novel rice varieties (Lutts et
al., 1999 and Sathis et al., 1995). The present
investi gation was aimed to screen for salinity tolerance
through selection of callusderivedtolerant lines cultured
under invitro saline condition in two moderately tolerant
rice cultivars White ponni and BPT-5204.
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MATERIAL AND METHODS

Standardization of embrogenic callus induction
media :

The experimental materials, White ponni and BPT
-5204 (seeds) were obtained from Rice Research Station,
Ambasamudram and from the Department of Rice, Tamil
Nadu Agricultural University, Coimbatore. The mature
embryos of two rice cultivars were soaked in water for
5-10 min separately and surface sterilized with 70 per
cent ethanol for 39 sec. Surface sterilized seeds were
washed 4-5 times with water before and after the
embryosdisinfected with 0.2 per cent MgCl., for 25 min,
blotted with autoclave sterilized tissue paper and
aseptically inoculated under laminar air flow chamber
on to the callogenic mediaconsisting of MSbasal organic
and inorganic components (M urashige and Skoog, 1962)
containing 3.0 per cent sucrose, supplemented with
various combinations plant growth promoting substances
to induce embrogenic calli. The pH of the media was
adjusted at 5.8 and gelled by adding 0.8 per cent agar-
agar. The cultures were incubated at 22 °C — 25°C
temperature with 16/8 photoperiod. The four different
media used for callusinductionare; 1, MS+ 1.5mg L
2,4-D+0.5mgL*kinetin,2, MS+2mgL*2 4-D+
0.5mgkinetinL*+1mgL*NAA,3,MS+25mgL™*
2,4-D + 100 mg L thiamine HCI, and 4, MS + 4 mg
L12,4-D+05mgL?tkinetin+1 mg Lt NAA.

In vitro salinity screening :

Standardized media were supplemented with
different concentration of NaCl, 0.5, 1.0and 1.5 per cent.
Sterilized matured embryosof tworice cultivarsinocul ated
NaCl treated media. Four week old embryogenic calli
sustained on different NaCl media were transferred to
shoot differentiation mediasupplemented with 0.05mg
Lt NAA and 5.0 mg L**BAP for shoot induction and
proliferation.

Growth analysis:

Fresh weight of callus, seedlings and plant height
were recorded at the beginning and at the end of the
cultureperiod. Thedifferent parameters were cal cul ated
asfollows.

Relative growth rate :

For thecallusgrowth analysisin salt stress, thefresh
weights of callus were recorded at the beginning and
the end of the culture period. The relative growth was

calculated on the basisof theinitial and final growths, as
follows:

Final weight — Initial weight
Initial weight

Relativegrowth rate=

Callus induction frequency :
Callus induction frequency was calculated as
follows:

Callusinduction frequency (CIF) = Numl?er of calli ~ 100
Number of incubated seeds

Freguency of embryogenic calli :
Freguency of embryogenic calli was calculated as
follows:

Number of embryogeniccalli .
Number of incuabed seeds

100

Frequency of embryogeniccalli =

Number of days to be taken for callus induction :

Fromthe date of inoculation to thefirst day of visual
appearance of callus on the surface of the germinating
seeds was considered as the number of days for callus
induction.

RESULTS AND DISCUSSION

Among the abiotic stresses, salinity is one of the
major and ever-present threatsto crop yields, inarid and
semiarid regions of theworld. Of which NaCl isthe most
abundant source of salinity inthesoil (Flowersand Yeo,
1995). Riceis highly sensitive to salt stress (Bashir et
al., 2010). Attemptstoimprovethe salt tolerance through
conventional breeding programmes have met with very
limited success (Bohnert and Jensen, 1996). Use of tissue
culturetechniqueshasthe potentia toincreasethestress
tolerance of plantsbecause plant cells contain acomplete
species genome and are totipotent. Tissue cultureisthe
oneof theareasinwhich thein vitro selection approach
has been used efficiently in plant breeding (Barakat and
Abdel-Latif, 1996). The success of in vitro selection
for tolerance to NaCl stress is dependent upon the
development of efficient and reliable regeneration
systems keeping in view the effects of individual
components of salt stress (ionic or osmotic) on
regeneration efficiency. In vitro screening starts with
induction and screening of callus. The callus initiation
was started at 7*" to 8" day after inoculation. Both the
varieties (BPT-5204 and White ponni), produced calli
with arange of 56.28t0 90.33 per cent (Table 1), likewise
the embryogenic callusinduction was 40.42 to 68.66 per
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Fig. 1: (a) Freshly inoculated seeds, (b) Callus induction, (c) Control, (d) 0.5 per cent NaCl, (e) 1 per cent NaCl, (f) 1.5 per cent
NaCl, (g) Regeneration and (h) Rooting

Table 1: Effect of different media composition on callus growth parameters
Media composition

Parameters  MS+1.5mg24-D +05 MS+2mg24-D+0.5mg MS+ 2.5 mg 2,4-D + 100 mg MS+4mg2,4-D +0.5mg
mg Kinetin (%) kinetin + 1 mg NAA (%) thiamine HCI (%) kinetin + 1 mg NAA (%)

White ponni

CIF 76.43+19 7430+ 4.64 80.83 +7.08 56.28 + 8.16

ECIF 4042 +0.11 59.39+5.25 58.33+2.27 46.51+4.32

RGR 1.47+£0.12 2.66+0.57 146 +0.24 1.68+0.43

NDCI 6.99+0.11 7.22+0.42 6.76 £ 1.70 6.55+1.41

BPT-5204

CIF 7233+4.11 86.66 + 9.02 90.33+ 14.20 69.00 + 10.65

ECIF 54.66 + 6.98 68.66 + 11.07 66.33 +9.63 65.33+8.19

RGR 111+0.64 146+0.44 1.34+0.30 0.96 +0.25

NDCI 7.43+1.29 5.43+1.07 5.76 + 0.81 6.40+1.06

*CIF: Callusinduction frequency (%); ECIF: Embryogenic callusinduction frequency (%); RGR: Relative growth rate;

NDCI: Number of days for callusinduction

Table 2 : Effect of different NaCl concentration in media on callus growth par ameters
NaCl concentration

Parameters

Control 05 1 15

White ponni

CIF 7430+ 6.41 83.00 + 11.89 63.16 +5.77 46.00 + 6.22
ECIF 59.39+ 11.30 64.22+9.11 50.33+5.13 40.83+£3.73
RGR 2.66 +1.07 2.62+0.65 2.28+0.47 297+0.76
NDCI 7.22+1.36 7.36+1.27 7.43+1.23 8.16 +0.73
BPT-5204

CIF 86.66 + 8.98 85.66 + 9.23 66.66 + 9.28 4766 £8.41
ECIF 63.33+4.15 61.00 + 2.86 57.33+5.07 44.33+3.50
RGR 146 +0.49 2.79+0.29 231+081 0.96 + 0.47
NDCI 5.43+1.25 5.80+1.14 6.23+1.01 6.40+1.19
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cent. The embryogenic calli contain globular cells, are
nodular, shiny and watery in appearance are able to
produce plantletswhen cultured on suitable regeneration
media. Among the two rice cultivars, the intensity of
callogenesis and embryogenic callus was high in BPT-
5204. In the present study, 2.5 mg L * 2, 4-D induced
better callogenic response in both the cultivar, but higher
calusinductionwasin BPT (90.33 %) than White ponni
(80.83 %). Similar results were obtained by Pandey et
al. (1994) at 2mgL 12, 4-D. Auxins, especidly 2, 4-D,
areessential for induction and proliferation of thecallus.
In most cases, 2,4-D as a strong synthetic auxin was
sufficient to initiate and sustain embryogenic callusgrowth
in rice and has been used asthe only growth regulator in
callusinduction media(Lin and Zhang, 2005). However,
afew reportsindicated that the combination of 2,4-D with
kinetin was more effective in producing embryogenic
calus, while2,4-D doneonly produced anon-embryogenic
calli (Al-Forkan et al., 2005). Decrease in growth value
and percentage of adapted callus through consecutive
phases, is the result of media composition and growing
condition. The highest growth rate were achieved in the
mediasupplemented with2mg L 2, 4-D for White pooni
(2.66) was higher than BPT- 5204 (1.46). Similar results
were disclosed by other authors.

Number of days for callus induction varied with
genotypes and media used. The early callus induction
was observed in BPT-5204 (5.43 days), which is
responded well in mediacontaining2 mgL*2,4-D dong
with 0.5 mg L*kinetin and 1 mg L NAA, whereas
White ponni took slightly longer duration for callus
induction (6.55 days) in this media composition. The
minimum number of daysrequired for callusinduction
was more than six days for other three treatments. On
the basis of growth parametersof initiate calli 2 mg L+
2,4-D, proved to be beneficial for earlier callusinduction
in both thevarieties. Thecallusinductionisthe primary
step in the in vitro screening technique. Significant
difference in callus induction frequency was observed
between two genotypes under different concentrations
of saline condition (Table 2 and Fig. 1). Callus growth
parameters was rapidly reduced when the relative
increase of NaCl concentration inthemedia Thisresult
showed that NaCl had an inhibitory effect on the growth
of callus (Shanthi et al., 2010). Salt stress induced by
NaCl caused a significant decrease in relative growth
rate (Table 2). Treatment with 1-1.5 per cent NaCl
significantly decreased the relative growth rate of calli
compared to 0.5 per cent. A significant decrease in the

number of somatic embryos, callusinduction frequency
(CIF) and increasein time el apsed for somatic embryos
formation were observed at 1 and 1.5 per cent NaCl.
However, it was also reported that the possibility for
differentiation of salt susceptible lines were strongly
inhibited in the presence of NaCl in the regeneration
media (Aditya and Backer, 2006). The results of the
study envisaged asignificant reductionin relative growth
rateismainly asaresult of decreasein callusfresh weight
under salinity stress. However, the reverse wastrue for
callus dry weight. The decrease in fresh weight and
increase in callus dry weight under salinity stress has
a ready been reported in anumber of studies (Ahmad et
al., 2007). Treatment with 1.5 per cent NaCl tolerant
calli obtained either by direct or indirect sel ection process
did not sustained aregular growth on salt supplemented
media. These calli were suffered with prolonged duration
in NaCl medium. Similar to our findings Gul ati and Jaiwal
(2010), reported that NaCl tolerant lines maintained
higher growth rate when compared to non-sel ected calli.
Calli derived fromlower concentration of NaCl showed
good regeneration capacity when transferred to the
regeneration media. Few promising salinetolerant plants
were recovered and transferred to the rooting media
before adapting it acclimatization. Hence, this in vitro
technique with different NaCl stress can also be used as
an effective screening techniquefor salt tolerance rather
than the field screening, as field screening would take
more duration.
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