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Abstract: Eleven genotypes, including the salt tolerant cultivar Pokkali as check, were used to evaluate salinity
tolerance phenctypically and genotypically. Three selected SSR primers viz., RM7075, RM336 and RM253 were
used to evaluate rice genotypes for salt tolerance. Two setups were mamtained for this study viz., the seedling
and reproductive stages. Phenotyping at the seedling stage was done in hydroponic system using salinized
(EC 12 dS m™") nutrient solution and at the reproductive stage using salinized tap water (EC 6 dS m™"). IRRI
standard protocol was followed to evaluate salimity tolerance in rice. The genotypes having similar banding
pattern with Pokkali were considered as tolerant. Phenotypically, three genotypes Pokkali, THDB and TNDB-100
and five genotypes RD-2586, TNDB-100, Dhol Kochuri, PNR-519 and Pokkali were 1dentified as salt tolerant at
the seedling and reproductive stages, respectively. These genotypes were also identified as salt tolerant
genotypically (with markers). Through phenotypic and genotypic study, five genotypes viz., Pokkali, Dhol
Kochuri, RD-2586, TNDB-100 and PNR-519 were identified as salt tolerant. Therefore, these microsatellite
markers used m this study could be efficiently used for identification of salt tolerant rice varieties in marker-

assisted breeding and quantitative trait loci analysis.
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INTRODUCTION

Rice (Oryza sativa 1.) plant is one of the most
suitable crops for saline soil, though it s considered
moderately sensitive to saline (Mori and Kinoshita, 1987).
The common practice is to cultivate rice with elevated
level of salt tolerance on salt affected marginal lands.
Today, the most economic and sustained way to
overcome the problems of food scarcity and salt stress is
to develop salt tolerant varieties. Salinity affects rice
growth in varying degrees at all stages starting from
germination through maturation (Marmmeh, 2004). So far,
conventional breeding methods for salt tolerance have
been found ineffective due to the strong environmental
effects on genotypic expression and the low narrow sense
heritability of salt tolerance (Gregorio, 1997; Gregorio and
Senadhira, 1993). This hinders the development of an
accurate, rapid and reliable screening techmque under
natural conditions. On the other hand, screening under
controlled condition has the benefit of reduced
environmental effects and the hydroponics system is free
from the difficulties associated with soil related stress
factors.

With the recent development in the field of molecular
markers analysis, it is now feasible to analyze both the
simply inherited traits as well as the quantitative traits and
then 1dentify the individual genes controlling the traits of
interest. Molecular markers now can be used to tag
Quantitative Trait Loci (QTLs) and evaluate their
contributions to the phenotype by selecting for
favourable alleles at these loci in a Marker-Assisted
Selection (MAS) scheme that aim to accelerate genetic
advancement i rice. Individual genotypes with target
gene in a segregating population can be identified with
the assistance of DNA markers. Identifying molecular
markers that are linked to genes controlling salinity
tolerance could facilitate selection in rice for this low
heritable trait. MAS in rice 1s faster, more efficient and
cost-effective than conventional screening under saline
field conditions. Progress in rice breeding for salt
tolerance constituted the identification of the major locus
conferring a salt tolerance gene at different growth stages.

The current level of genome coverage provided by
microsatellite markers in rice is sufficient to be useful
for DNA fingerprinting and variety protection (Smith
and Helentjaris, 1996) and screening of agronomic
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performance (3{iao et al., 1996). Microsatellite markers are
proving valuable tool for tagging and mapping of salt
tolerance genes (Nguyen et al., 2001; Tslam, 2004; Niones,
2004). The objectives of the present investigation were
screerung of rice germplasms under salt stress at the
seedling and reproductive stages and evaluation of rice
germplasms using SSR markers for salt tolerance.

MATERIALS AND METHODS

Plant materials: Eleven genotypes were investigated for
salinity tolerance at seedling and reproductive stages at
Bangladesh Institute of Nuclear Agricultire (BINA)
glasshouse. Among the test entries, six were Bangladeshi
landraces, four were advanced mutants and one was salt
tolerant Indian cultivar, Pokkali. Pokkali was used as
check to evaluate the salt tolerance of other rice
genotypes.

Phenotyping salinity tolerance: IRRI standard protocol
(Gregorio et al, 1997) was used to evaluate for salt
tolerance of rice germplasms. Salinized and non-salinized
setups with three replications were maintained both at
seedling and reproductive stages.

Evaluation of rice genotypes at seedling stage: At
seedling stage, pregerminated seeds were sown in
hydroponic system with tap water. After 3 days, tap water
was replaced with nutrient solution. Nutrient solution was
prepared following Yoshida et @l. (1976). Salinity level was
raised to HC 12 dSm ™" and maintained at this level for
30 days and pH value was mamtamed at 5.5 Nutrient
solution was also replaced in every & days. The modified
Standard Evaluation System (SES) of IRRI was followed
to assess the visual symptoms of salt toxicity (Table 1).
Tnitial and final scoring was done at 15 and 21 day after
salinization, respectively. Data on plant height and
biomass weight were collected.

Evaluation of rice germplasms at reproductive stage: At
reproductive stage, perforated pots with fertilized soil
were placed in the glassfibre trays, which were served as
a water tank. Seedlings were sown in pots and watered
with tap water. After 21 days of sowing, tap water was
replaced with salinized water for salinized setup and EC
was maintained 6 d3 m™". Yield, yield components and
biomass weight were collected.

CTAB extraction DNA: Modified CTAB (Cetyl Trimethyl
Ammonium Bromide) mini-prep method was followed to
extract DNA from leaf samples.

Table 1: Modified Standard Evaluation System (SES) of visual salt injury
at seedling stage

Score  Observation Tolerance

1 Normal growth, no leaf symptoms Highly tolerant

3 Nearly normal growth, but leaf tips of few Tolerant
leaves whitish and rolled

5 Growth severely retarded, most leaves Moderately
rolled; only a few are elongating tolerant

7 Complete cessation of growth; most leaves Susceptible
dry; some plants dying

g Almost all plants dead or dying Highly susceptible

Amplification of microsatellite markers and evaluation
of genotypes: Selected nine primers were used for this
study as those were used previously by Islam (2004),
Bonilla et al. (2002), Niones (2004) and Gregorio et al.
(2002) inrecombinant inbred lines (RTLs) of Pokkali X TR29
for tagging salt tolerance genes, where Pokkali was salt
tolerant and IR29 was salt susceptible. Among them
RM7075, RM336 and RM253 were polymorphic and
showed clear bands and used to reveal polymorphism.
Each PCR reaction carried out with 15.0 pL. reactions
contaimng 1.5 pL 10 X buffer, 0.75 uL. dNTPs, 1 pL primer
forward, 1 pl. primer reverse, 0.5 pl. taq polymerase,
8.25 pL ddH,O and 2.0 pl. of each template DNA samples.
PCR profile was maintained as initial denaturation at 94°C
for 5 min, followed by 34 cycles of denaturation at 94°C
for 1 min, annealing at 55°C for 1 min and polymerization
at 72°C for 2 min and final extension by 7 min at 72°C.
Banding pattern of the genotypes was scored comparing
the banding pattern of Pokkali. Germplasms that showed
similar banding pattern with Polkkali were considered as
tolerant, whereas those with different banding pattern
were considered as susceptible.

RESULTS

Screening of genotypes for salt tolerance at seedling
stage: Eleven genotypes showed wide variation in
phenotypes. Seedlings grown in salinized condition
showed different visual symptoms of salt injury. The
symptoms were prominent on the first and second leaves
and were visualized by leaf rolling, formation of new leaf,
browmish and whitish of leaf tip, drying of leaves and also
by reduction m root growth, stunted growth and stem
thickness leading to complete cessation of growth and
dying of seedlings.

Salt tolerant seedlings were distinguished from the
sensitive seedlings grown in salinized condition. The
genotypes scored 1 Chighly tolerant) to 9 (highly
susceptible) according to SES system (Fig. 1). The most
salinity tolerant germplasms were Pokkali, THDB and
TNDB-100. Four moderately salinity tolerant genotypes
were 1dentified as RD-2586, PNR-519, Dhol Kochuni and
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Fig 2: Percent reduction of plant hei ght, total dey moatter
and no. of filled grain of 11 rice genotypes at the
reproductive stage, when grown in sdinized
cotuditicns and in relevance to non sairized
cotiditions. 1 = Pokkali, 2 = Kalihoro 139-2, 3 =
Bara (Bord) Dhan, 4 = Kaliboro 109-4, 5 =
Charnock (D A), 6 = Dhol Kockn, 7= Latisal 11-
117, 8=RD-2586,9 = THDE-100, 10 = FE-519 and
11=THDE
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Fig 3: Polymorphism extdbition of prim e R 7075 among
11 tice genotypes. Late 1 = 1 Kb ladder, 2 =
Poldali 3 = Kaliboro 139-2, 4= Bata(Bord) Dhan,
5 =Kaliboro 109-4, 6 = Charnock (DAS), 7= Dhal
Kocdhut, £ = Latisal 11-117, 9 = RD-2586, 10 =
THWDE-100, 11 = FNR-519 and 12 = THDE

Bara (Boro) Dhat, Charnock (DAY, Dol K ocko,
Latizail 11-117, ED-2586, THDE-100, FNR-519 and THD B
wete identified as tolerand and Kaliboro 1392 and
Ealihoro 109-4 were identified as susceptible in reaction
with BM336, where the findings were almost similar in
case of the matker RMTOTS Bara (Bord) Dhan, Latisail
11-117, RD-2586, THNDE-100, FNE-519 and THDE wete
found as tolerant in reaction with EM253 and Kaliboro
130-2, Faliboro 108-4, Chatnock (DAS) and Dhol Kok
wet e found az susceptible.

Eight tolerant and three susceptible genotypes were
identified using RMFOTS with tespect to salt tolerard

cultivar Pokkali. Ot of eight salt toleratt genotypes (in
reaction with RWTOTH), three were tol erart and five were
petformed as mooderately tolerart based on phenotypic
petform ance at the seedling stage, where as five tolerant
atud three moderately tolerant cultivars were observed at
the reproductive stage Considering RIMGE36, nine
getwiotypes exhibited as salt tolerant and two genotypes
were susceptible. Out of mine genotypically idertified
tolerant genotypes, phenotypically theee tolerant and six
moderately tolerart were at seedling stage and five
tolerant atid four moderately tolerart genotypes were
iderfified a reproductive stage. Seven tolerant and four
susceptible cultivars were found when genotypes were
tested with BEL233 Out of these seven salt tolerant
genotypes, phenotypically three were tolerart and four
moderately tolerart at the seedling stage, whereas at the
reproductive  stage fowr  were  tolerant and  three
modetately tolerant.

DISCU SSION

Wlwins ef al. (19820 reported that salinity might
directly or indirectly intibit cell division and enlar gement
in the plant’s growing period. Reduced shoot growth
caused by salinity originates in growing tissues, not in
mature photosynthetic tissues. Az a residt, leaves and
stetn s of the affected plants sppear shunted. Salinity
cauges some morphological changes like reduction of
shoot (Ivlisra ef al, 1995 and root length (Evers ef ol
1997 and restriction of rooting (L opez and Jatt, 1996).
Peng ef ol (1999 repotted that increasing plart e ght
would dlow greater biotmass production Zhang ef &
(2004 spported these findings in theit doubled haplodd
(DH) poprdation which consists of 81 DH lines and they
tepotted that under salt stress, increase of plart hedght
was responsible for inerease of biomass, s0 as to inctease
weldpotential. Islam (2004) found positive and = gnificant
cottelations among reduction it soanber of filled graing
percert fertility, grain weld per plant and total biomass
weight at reproductve stage in 20 RIL s of PoklkaliJR29.
The determination of salinity sensitive parameters, for
example, thresholds of salinity effects on growth and
weld components and interrelationships among yield
cothponerts wnder salinity stress, helps developing better
managen ent practices for growing rice under salivdty and
impr e waderstanding of salt toleratice in tice.

Tolerart ecultivars showed less growth recuction
than sensitive genofypes under salirdzed conditions
(Dian of al, 2001; Suplick-Floense of &, 2003, Tield
cotmponents related to final grain seld were severey
affected by salindty (Zeng and Zhannon, 200070, Salinity
affected more the weld and weld components at the
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reproductive stage, rather than at the vegetative stage as
reported by Baloch et al (2003). In present study
considerable effects due to salimty were observed for
most of the traits evaluated during the reproductive stage.
Salinity significantly reduced the filled grain weight (grain
vield), biomass (leaf, shoot and rachis) weight and total
biomass weight in RILs of IR29/Pokkali (Salim et al., 1990).
The reduction i total biomass weight 1s the major cause
of stand loss in salt affected rice fields. Yield sink capacity
is always one of the primary objectives in crop breeding
for mncreasing crop yield. The yield components were
believed to have their own critical development periods
that can affect final grain yield (Zeng and Shannon, 2000).
Salinity response to rice occwrs in varying degrees at all
growth stages from germination to maturity. Reproductive
stage tolerance 1s a more distinct varietal difference than
the vegetative and seedling stage salt tolerance for rice
(Mishra et al., 1990).

Genotypes 1dentified as salt tolerant phenotypically
were also identified as salt tolerant with markers.
Considering phenotypic and genotypic observations, five
genotypes RD-2586, TNDB-100, PNR-519, Dhol Kochuri
and Pokkali were 1identified as salt tolerant. Four
genotypes viz, THDB, Bara (Boro) Dhan, Latisail 11-117
and Charnock (DA6) were found as moderately tolerant.
Bhuiyan (2005) identified 158 tolerant individuals in F2
and F3 populations of BRRI Dhan 28 X PSBRc88 with the
marker RM493, with 105 of the individuals being also
phenotypically tolerant. Nguyen et «l. (2001) found that
the marker RM315 was associated with NaCl tolerant
alleles under EC 18 dS m™' and salt stress genes were
located mn chromosomes 1 and 8. Lang et al. (2000) found
that RM223 was closely linked to rice salt tolerance gene
in chromosome 8. Foolad (1999) found that only a few
major QTLs could account for a large portion of the total
phenotypic variation for salt tolerance, mdicating that
marker-assisted selection for salt tolerance should be
feasible, providing the opportunity to rapidly develop
germplasms with enhanced salt tolerance at more than one
stage of plant development.

Salt stress affected the yield and yields components
both at seedling and reproductive stages. Performance in
terms of agronomic traits showed lower salinity affection
in case of tolerant genotypes than m case of susceptible
ones. Phenotypically, Pokkali, Dhol Kochuri, RD-2586,
TNDB-100 and PNR-519 showed lower reduction under
salt stress as they were found as salt tolerant and these
genotypes were also 1dentified tolerant genotypically
(with markers). Selected salt tolerant genotypes could be
used as a donor for transferring tolerant genes into other
desirable cultivars to develop salt tolerant high yielding
cultivars. Since, the markers were used m this study

showed polymorphism among the genotypes; these
markers could be used in tagging salt tolerant genes, in
marker-assisted selection and QTL mapping.
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