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ABSTRACT

In the present study deals with the Oryza sativa .L was selected for callus induction and regeneration in in vitro
condition and also the physiological and biochemical studies were carried under the different salinity levels. The
different concentration of 2, 4-D were used to induce callus in the mature seeds and the callus was developed from
the region of the seeds and was visible within 7-10 days. The salt stress significantly influenced the germination
percentage was reduced gradually with increasing salt stress from 0 to 300 mM NaCl. The rate of proline
accumulation was observed much higher (205.4 mg/g) at 300 mM NaCl stress as compared to control (70.15). A
continuous decrease in protein content with increase in salt stress was observed, where around 64% reduction was
observed in plants under 300 mM NaCl stress as compared to the control plants. The starch content was higher in
control (617.2) than sample (345.5) with salinity stress. Among this study investigated that the overall showed better
tolerance to salt stress with a lesser extent of antagonistic effect of NaCl on germination and biomass production at
seedling stage.
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INTRODUCTION

Rice Oryza sativa L) is the most important food crop in the world dadds over half of the global population.
Asia where it covers half of the arable land used dgriculture in many countries. More than 90%rioé is
produced and consumed in Asia and it is the onlpmneereal crop that is consumed almost exclusibglijruman.
India is the largest rice growing country accougtiar about one-third of the world acreage underdiop. About
84% of rice production growth has been attributethe use of modern technologies.

n

Rice is one of the most important world food cropsrving as the staple food for over one-third haf torld's
population (Khush, 1997). It is one of the mostelydgrown crops in coastal areas frequently inuediatith saline
sea water during high tidal period (Mori and Kinibgh1987). Salinity is considered as one of imaotrtphysical
factors influencing rice production. At the presestlinity is the second most widespread soil mobin rice
growing countries after drought and is considergdhaerious constraint to increased rice productioridwide
(Gregorio, 1997). There exists tremendous varidiorsalt tolerance within species in rice, promgliopportunities
to improve crop salt-stress tolerance through genetans.

Various abiotic stresses including high or low tengure, water scarcity, high salinity and heavytatseexert
drastic antagonistic effects on crop metabolism #meteby plant growth, development and ultimatefgpc
productivity. Amongst these, soil salinity is a wrafactor limiting the crop production globally (Kar et al.,
2010). Soil salinity affects large areas of the ldiarultivated land causing significant reductiomscrop yield
(Tavakkoliet al., 2011). In Asia alone, 21.5 million ha of landaie thought to be salt-affected, with India having
8.6 million ha of such area which constitutes aangjart of problem soils in India (Saéti al., 2006). However,
improvement in salt tolerance of crop plants remalusive, due to the fact that salinity affecta@dt every aspect
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of the physiology and biochemistry of plants athbatole plant and cellular levels. Generally, sailinity affects
plants through osmotic effects, ion-specific effeand oxidative stress (Pitman and Lauchli, 2002).

In India and especially in coastal rice fields @il Nadu state, soil salinity is a major stress tleduces the rice
productivity to a great extent (Kumeral., 2008). Salinity is detrimental to the various gesses of crops such as
seed germination, seedling growth and vigor, vdgetagrowth, flowering and fruit set and ultimateatycauses
diminished economic yield and also quality of preel{Sairam and Tyagi 2004). In response, plante Haveloped
a number of mechanisms to counteract high salsstseich as mineral ions homeostasis and accunrtulatio
compatible solutes such as proline. Moreover, sakss responses of plants may depend upon sat typ
concentration, and genotype. Therefore, screemingdlt-stress tolerant genotypes in important €sych as rice
will help in ensuring future crop production. In ditibn, studying differential responses of genotypsith
contrasting stress tolerances will help revealugerlying salt stress tolerance mechanisms (Kugtredr, 2008).

Soil salinity is one of the main obstacles to iasiag rice production. Since ric®rfyza sativa) is rated as an
especially salt sensitive crop (Shanrebal. 1998), most of the modern high-yielding rice atdtis perform poorly
in saline environments. In addition, as salinessart usually waterlogged, it is not feasible wgcrops other than
rice in such areas. The rice germ plasm has gevetiability for salt tolerance (Xiet al. 2000), Plants are exposed
to many types of environmental stresses such gsdsalight, and freezing. Among these stresseisiityals one of
the major factors that limit crop production worldde. Salt tolerance of plants is a complex tdadtttis controlled
by a number of salt stress-responsive genes (Z00;20edaet al. 2002).

The present investigation was aimed to study thepeoative effects of NaCl stress towards germimatant
growth and various biochemical parameters includatgl proteins, sugars and carbohydrates, standhpaoline
accumulation in rice genotypes and also deterniirenhost suitable concentration and combination rofvth
regulators for improvement in calli induction aimdsitro plant regeneration efficiency in rice.

MATERIALS AND METHODS

Collection seeds
The local (Tamil Nadu, India) scented rio®ryza sativa L.) was selected for this study. Certified seedsewe
collected from local market Thanjavur, Tamil Nathdia.

Callus induction

Collected seeds were surface sterilized with 70/89) ethanol for 1 min and 0.1% (w/v) mercuric afidie for 10
min and then washed several times with sterildli@dtwater (Ramesh and Gupta, 2005). The seeds induced
on Petri dishes (10 cm) containing MS (Murashigé Skooge, 1962) media containing basal salts, 3%wsa (30
g L-1) as a source of carbon, 0.6% (6 g L-1) addferent concentration of 2,4-D (2,4- Dichloroplemy acetic
acid) and the NAA:BAP. The combination of theserhones produced the shoots and roots. The pH ahtuia
was adjusted to 5.8 with 1IN NaOH and 1N HCI usitecteonic pH indicator. The media was autoclaved at
temperature of 121°C and pressure of 15 Ibs ps2@omin. The medium filled plates were kept in laariairflow
cabinet and were subjected to UV light for 20 min.

Salt treatments

The experiment was conducted in laboratory at dloertemperature with 12 h daylight. Every day Sofrdlistilled

water (with or without varying NaCl levels, i.e.,5000, 150, 200 and 300 mM) was applied per Pé&h dnd all
the observations were recorded on the 21st day gdienination. The physiological and biochemicaldgts were
carried under the different salinity levels andthé experiments were carried out in triplicate.

Plant growth analysis
Total germination was expressed as a percentageafontrol for each variety. The germination patage, root
length, shoot length, and root/shoot ratio of segdivere recorded on the 21st day of germination.

Biochemical analyses

Determination of proline content

Free proline content was estimated by following thethod of Bategt al. (1973). Fresh 0.5 gm root and shoot
samples were homogenized in 5 ml of 3% sulphoadiacid using a mortar and pestle. About 2 mégtract was
taken in test tube and to it 2 ml of glacial acatitd and 2 ml of ninhydrin reagent were added. rEaetion mixture
was boiled in a water bath at 100°C for 30 mineAftooling the reaction mixture, 4 ml of toluenesvealded. After
thorough mixing, the chromophore containing toluevess separated and absorbance of red color dewklope
read at 520 nm against toluene black on UV-visigpectrophotometer (Chemito, UV- 2600). The proline
concentration was determined using calibration eamnd expressed as mg proline per g fresh weigigsafe.
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Determination of total protein content

Proteins were estimated using Lovatyal. (1951) method. Fresh samples (250 mg) wen@ogenized in 2.5 ml of
phosphate buffer (pH 7.0).The extract was centefugt 5000 g for 15 min at 4°C and the supernatad
transferred to a tube containing a mixture of 20awmétone and 14 nfl- Mercaptoethanol for precipitation of
protein. The sample tubes were stored at 0°C forahd then centrifuged at 100§Gor 20 min. The supernatant
was discarded and the pellet was dissolved in 2.% M sodium hydroxide solution. Aliquot of 0.2 rfnbm this
sample was used to prepare the reaction mixture.ifitensity of blue color developed was recorde@6& nm and
protein concentration was measured using bovinensatbumin as standard.

Determination of Total Phenols

Total phenol contents were estimated by followinglitk and Singh (1980). Total phenols were extrétem 500
mg of fresh roots and shoot tissues separatel@¥ @/v) ethanol and estimated by Folin-Ciocaltegagent. The
absorbance of the reaction was measured at 650 awalength on UV-visible spectrophotometer (Chenlity/
2600). Total phenols were calculated by using steshdraph of catechol.

Determination of reducing and non-reducing sugar leels

Reducing sugars were estimated using Dinitrosaticgtid (DNSA) reagent by following the method ofllist
(1972). Fresh shoots (0.1 g) of plants with or withsalt concentrations (0-200 mM NacCl) were honmizgsd in
hot 80% ethanol. The extract was centrifuged at05p®r 15 min at room temperature and the supernatast
evaporated by keeping in water bath at 80°C andrsugere dissolved by adding 10 ml distilled waReducing
sugars were estimated by using DNSA reagent coérically at 530 nm wavelength and calculated frgraph
plotted using glucose as a standard. Non-reduaiggrs were estimated using anthrone reagent. Brexdts (0.25
g) were hydrolysed separately by keeping in boilvager bath for 3 h with 2.5 N HCI (5 ml) and wasutralized
with Na2CO3 after cooling it to room temperatur@liyne was made up to 100 ml and centrifuged at 500 15
min at room temperature. Non-reducing sugars wetienated spectrophotometrically at 630 nm wavelerat
UV-visible spectrophotometer (Chemito, UV-2600) amadculated from graph plotted using glucose asuadard.

Determination of Starch

Starch was estimated using anthrone reagent bgwimy the method given by Thayumanavan and Sadasiva
(1984). Fresh roots and shoots (250 mg each) weparately homogenized in hot 80% ethanol (v/v)amave
sugars. Residue was retained after centrifugattoB080 xg for 15 min at room temperature. The starch was
extracted by 52% perchloric acid at 0°C for 20 mBtarch was estimated by using anthrone reagent
spectrophotometrically at 630 nm wavelength on Uaible spectrophotometer (Chemito, UV-2600) andwatted
from graph plotted using glucose as a standard.

Statistical analyses
Each Petri dish was considered as replicate arti@lireatments were repeated three times andadatexpressed
as mean and standard error (S.E.). All the stedistinalyses were done using SPSS statistical aatpackage.

RESULTS

Callus induction

The morphology of callus is taken as a criterion delection of callus for regeneration under stramsdition.
Experiments for callus induction and regenerati@meaconducted in ricéOfyza sativa L). Callus was developed
from the region of the seeds and was visible wifib0 days. The different concentration of 2, 4-Brevused to
induce callus in the mature seeds. The NAA and B#&Re used to the regeneration of shoot and rogtldpment
(Table.1).

Table 1. Effects of different concentration of NaCbn seed germination and growth parameters i®ryza sativa. L

Germination percentage | Root length (cm) | Shoot length (cm .
S. No. | NacCl stress (mM) Mean ES.E 9 MeangiS.EE ) Mean gsé ) Root/Shoot ratio(cm)
1 0 (Control) 100+ 1.0 145 +1.2 10.5+2.1 1.38
2 50 100+ 2.3 12.0 £1.3 8.1+1.2 1.48
3 100 96 +1.8 11.5£0.9 7.5+1.0 1.62
4 150 88 +2.2 6.8 0.6 3.510.3 1.75
5 200 68 +1.7 45+ 0.3 2.2+0.2 2.05
6 300 48 £1.6 1.8+£0.1 0.8 0.1 2.20
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Table 2. Effects of different concentration of NaCbn proline, protein and phenol content inOryza sativa. L

s NaCl stress Total proline cor_]tent Total protein content Total phenol coptent
NO’ (mM) (mg/g fresh weight) (mg/g fresh weight) (mg/g fresh weight)
) Mean = S.E Mean = S.E Mean + S.E

1 0 (Control) 70.15+2.3 461.7+ 3.8 11.5+0.4

2 50 77.5+1.6 349.4 7.6 13.6 +1.5

3 100 110.7+£ 3.9 298.5+5.7 16.4+ 2.3

4 150 125.6+5.4 248.6+ 6.5 19.4+2.6

5 200 155.8 9.4 2124 75 28.3+2.8

6 300 205.4 +13.8 184.3+4.5 32.5+2.9

Table 3. Effects of different concentration of NaCktress on reducing and non-reducing sugars and std content in Oryza sativa. L

Reducing sugar content| Non-reducing sugar content Starch content
S. No. | NacCl stress (mM) (mg/g fresh weight) (mg/g fresh weight) (mg/g fresh weight)
Mean + S.E Mean + S.E Mean + S.E
1 0 (Control) 120.5+4.3 124.5 5.9 617.2+ 254
2 50 170.847.5 103.5+ 3.5 345.5+ 16.4
3 100 2005 +12.4 67.8 #4.5 176.3+12.3
4 150 270.4 £10.5 34.5 3.2 102.5 #8.5
5 200 283.4 +£10.5 11.4+ 0.5 49.5+2.4
6 300 290.3 +£10.8 10.3+0.6 30.4 £2.3

Effect of NaCl stress on shoot development

The most critical stage in seedling establishmentisually considered as seed germination whichecprently
determines the successful crop production. Undmilgtg the responses of plants at these stagesrtisyterly
important for elucidating the mechanisms of sadtstance or sensitivity in plants and their surkiva

In the present report, NaCl induced salt stressifiégntly influenced the germination percentageswaduced

gradually with increasing salt stress from 0 — 8@ NaCl (Tablel). The results clearly showed thatpercentage
emergence was reduced by increasing salt levelsekier, noticeable difference was evidenced of geatron rate.

Up to 50 mM NacCl, 100% germination was observedrdasing salt stress resulted in gradual decreasigoot and
root length with more adverse effects on shootsvtirgTable 1).

Effect of NaCl stress on proline content:

Similar responses were observed in the presenstigation and salinity stress resulted into a shagpease in
proline content. However, the rate of salt stresik€ed proline accumulation was considerably highrecontrol
plants the proline content was almost similar, heevethe rate of proline accumulation was obsemedh higher
(205.4 mg/g) at 300 mM NaCl stress as comparednitral (70.15) (Table 2).

Effect of NaCl stress on protein content:

Under control (non-saline) conditions, showed high®tein content than sample (Table 2). Howevemmtinuous
decrease in protein content with increase in $adss was observed, where around 64% reductiorobserved in
plants under 300 mM NacCl stress as compared ta@ahé&ol plants. On the other hand, the protein eésintvas
increased up to 50 mM and even at 300 mM NaClste&l the reduction in protein content was 64%b(€ 2).

Effect of NaCl stress on total phenol content:

The results presented in Table. 3 makes it clegtrttital phenol content was gradually increaseti yibgressing
salt stress, however contrasting results were agitk lower magnitude of increase in phenol contenthe later
(Table. 2).

Effect of NaCl stress on sugars and starch content:

Reducing sugar content was higher in control tllanpde with or without salinity stress. On the othand sample
showed higher non-reducing sugar level than contralspective of the salinity stress level. Redgaugar content
was increased with continuous progression of N&€ks, without much striking difference amongstih@able 3).
However considerable amount of differential resgowsas observed in terms of non-reducing sugarst staking
results were seen in starch content where a steamease was observed in plants with increasingsaks from 50
— 300 mM NacCl, whereas starch content was incresiggificantly under the influence of salt stresgplants. The
starch content was higher in control (617.2) trem@e (345.5) with salinity stress.
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DISCUSSION

In the present study the efficiency of seed gertionain Oryza sativa L under the different salt concentration. In
addition the callus induction and regeneration wesed by the different concentration of 2, 4-D agrihg MS
media and also assess the various biochemical péeenfrom the regenerated plants. Results of thgiqus
studies by Kumaeet al. (2009) demonstrated that the salt tolerant culivaroduce greater biomass than salt
sensitive mungbean and rice cultivars respectiwehen irrigated with NaCl dominated waters. Ragidwamulation

of free proline is a typical response to salt str&milar responses were observed in the preseastigation and
salinity stress resulted into a sharp increaserdtine content irrespective of the cultivars. Inntrol plants the
proline content was almost similar in both the eti¢is, however, as the magnitude of salinity sties®ased, the
rate of proline accumulation was observed muchdrigh (305 % of control) and at 200 mM NacCl straséhen
exposed to high salt content in soil, many plamateehbeen observed to accumulate high amounts bfi@ran some
cases several times the sum of all other amincsgtdmaret al., 2009). Proline is a known osmo-protectant, and
plays an important role in osmotic balancing, pebte of sub-cellular structures, enzymes and icreasing
cellular osmolarity (turgor pressure) that provitte turgor necessary for cell expansion under stoemditions
(Sairam and Tyagi 2004). In the present study #te of proline accumulation was observed much hi¢gp@5.4
mg/g) at 300 mM NacCl stress as compared to co(tfbll5) (Table 2).

Similar to the results of present investigationfikhal. (2003) observed higher starch content in salt aolewheat
genotype at 300 mM NaCl stress. Dubey and SingB9)L6btained the similar kind of results and codeldi that
the starch content was reduced with much highemithadp in salt sensitive rice cultivars than thiasalt tolerant
ones up to moderate salinity stress (150 mM). 8ter@an important component of plant tissues arndrmaclates in
leaves as a temporary reserve form of carbon atigeiprincipal component of dry mass accumulatethature
leaves, hence the accumulation of more starch ifbémohar may be seen as the protective mechanisimgdur
stress conditions.

Besides the highest average number of shoots (®p#@s observed on the callus derived from 2.0.myy 2, 4-D
(Table .1). Pandest al. (1994) reported that 2.0 and 3.0 mg L-1 IAA aikkin produced the most shoots. These
findings are fully consistent to the present stulighuaet al. (1995) also reported that 0.5 and 2.0 mg L-1 IA4 an
kinetin in regeneration medium were beneficialdozen plantlet differentiation of japonica ric@ryza sativa). The
present study revealed that the different concgotraf 2, 4-D were used to induce callus in theureseeds. The
NAA and BAP were used to the regeneration of slhaodtroot development.

Some reports implicate on the positive correlatidmproline accumulation to drought and salt toleeim several

species including rice (Ahmaat al. 2007), while other reports suggest that prolinaiaadation might mainly be a
consequence of salt stress rather than being iadoin its alleviation. In this study, proline acauation was

highest in the salt sensitive cultivar under 50 4868 mM NacCl, so it might be a consequence of jnjather than

being involved in the stress tolerance.

CONCLUSION

From the results obtained in the present investigatve can conclude that overall showed bettesrawice to salt
stress with a lesser extent of antagonistic efiét&taCl on germination and biomass production atléeg stage. In
addition showed higher proline, protein and stazchtent with lesser poly phenol levels under vagysalt stress
condition and all these biochemical parameters tiiglve played an important role in its salt tolemanature. In
further research should be carried out to findtbeatproduce the salt tolerance ri€ryza sativa L) at genetic level.
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