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Abstract

The present investigation was carried out to evaluate the seedling stage salinity tolerance of 12 breeding
lines developed in the genetic background of Improved Samba Mahsuri (ISM), possessing
the Saltol QTL using FL478 as tolerant check by adopting IRRI standard protocol (hydroponics). The
tolerance levels were assessed after 12 days of exposure to four different levels of saline solution (with
electrical conductivity of 4, 6, 8, 10, 12 dS m ~1). While, all the twelve breeding lines were observed to
be tolerant to seedling stage salinity, three lines, viz., i.e. ISM-18-217-18-141, ISM-110-39-23-147, ISM-
105-34-6-182 showed a higher degree of tolerance with a phenotypic score of 1 and five other lines, viz.,
ISM-100-17-66-98, ISM-84-7-12-47, ISM-10-12-67-157, ISM-102-179-13-179, ISM-19-15-178-142
showed a score of 3, while four lines i.e., ISM-9-5-50-160, ISM-22-102-179-143, ISM-3-181-90-196,
ISM-82-79-45-76 exhibited a score of 3. The development of breeding of lines of Improved Samba
Mahsuri possessing tolerance to seedling stage salinity can be helpful to increase the income of farmers
living in areas affected by coastal and inland salinity.
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Introduction

Rice is the staple food of more than 50% of the world’s population (Aggarwal et al., 2002) (41,
By the year 2025, 21% increase in rice production will be needed over that of year 2000
(Bhuiyan et al., 2002) B, It provides almost 50-80% of daily calorie intake amongst the poor
class of the society. It’s a staple food and cash crop for more than three billion people in the
World (Ma et al., 2007) 2. Asian farmers constitute about 92% of the world’s total rice
producing group (Mitin 2009). In Asia 90 % of rice is produced by small farmers who are
solely dependent on rice for their livelihood and food security (ANU 2006).

Salinity is one of the major obstacles in increasing production in rice growing areas
worldwide, which is an ever-present threat to crop yield. Therefore, development of salt
tolerant varieties has been considered as one of the strategies to increase rice production in
saline prone coastal areas. The response of rice to salinity varies with growth stage. Several
studies indicated that rice is tolerant during germination, becomes very sensitive during early
seedling stage (2-3 leaf stage), gains tolerance during vegetative growth stage, becomes
sensitive during pollination and fertilization and then becomes increasingly more tolerant
during grain maturity (IRRI, 1967). As per the classification of tolerance to salinity, rice is
within the sensitive division from 0 dS m —1 to 8 dSm —1 (Mass 1986) [*¥l. Quijano-Guerta and
Kirk 2002 reported that the cheapest and easiest way to address the problem of salinity is
through the development of a salt tolerant crop variety. For this, the foremost step is to screen
the existing gentotypes to identify the potential breeding materials. Screening at field level
proved to be difficult due to soil heterogeneity, climatic factors and other environmental
factors which may influence the physiological processes. Hence, screening under laboratory
conditions is considered to be advantageous over field screening. International Rice Research
Institute has developed a high-throughput method based on hydroponic culture for screening
salinity tolerance/susceptibility at seedling stage (Gregorio et al., 1997) Il Further, a major
QTL associated with tolerance to salinity at seedling stage, viz., Saltol has been discovered
from the Indian saline tolerant landrace, Pokkali and the QTL has been fine mapped.

The aim of the present study was to screen breeding lines of Improved Samba Mahsuri
possessing the major QTL associated with seedling stage salinity tolerance, i.e. Saltol under
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salinized and non-salinized conditions in hydroponics to
evaluate the salt tolerant genotypes at the seedling stage when
exposed to different salinity treatments.

Materials and Methods

Plant material: Twelve breeding lines possessing seedling
stage salinity tolerance QTL Saltol in the genetic background
of Improved Samba Mahsuri (ISM) were investigated for
salinity tolerance at seedling stage at ICAR-Indian Institute of
Rice Research (IIRR) glasshouse under controlled conditions.
FL478 was used as tolerant check while ISM as a susceptible
check.

Seed germination: For each genotype, sterilized seeds were
placed in Petri dishes with moistened blotting paper and
incubated for 48 hours to germinate (Gregorio et al., 1997) '],
These pre-germinated seeds were then transferred to the
styrofoam seedling float for evaluation under salinity stress.

Establishment of seedlings for screening

The experiment was conducted in the glass house of ICAR-
IIRR maintained at 30/20 °C day/night temperatures with
70 % humidity and 16 h photoperiod. At seedling stage,
genotypes were screened for salt tolerance in a hydroponic
system using International Rice Research Institute’s (IRRI)
standard protocol (Gregorio et al., 1997) [, Three replications
were used in the experiment along with tolerant (FL478) and
susceptible (ISM) checks. Salinized and non-salinized sets
were maintained. The evaluation was performed using the
nutrient solution proposed by Yoshida et al., 1976 %1, Two

pre-germinated seeds were planted per hole on the Styrofoam
seedling float. Each replicate consisted of 8 such holes. The
radicle was inserted through the nylon mesh carefully without
damaging the radical which interferes with inherent of salt
tolerance mechanism of rice. Therefore, seedlings were
allowed 3 days to repair for any root damage. After the
recovery seedlings were allowed to grow under normal
nutrient solution up to 7 days. After well establishment of
seedlings, nutrient solution was salinized by adding different
concentrations of NaCl i.e. 40mM, 60mM, 80mM, 100mM
and 120mM (electrical conductivity of 4, 6, 10, 12 dS m ).
Due to evaporation and transpiration there was a loss of
solution volume changing the PH, the volume was adjusted
back to the appropriate levels for every two days and the pH
was adjusted to 5 using 1% HCI or 5 % NaCl. Solution was
changed by lifting off the Styrofoam seedling float and
placing them temporarily onto an empty basin and pouring the
hydroponics solutions back into a big container where the
bulked solution is pH adjusted for the whole experiment in
one step. Once adjusted, the solution was re-distributed into
the test containers and the seedling platform returned. These
operations also helped to aerate the hydroponics solution.

Evaluation of rice genotypes at seedling stage: Visual
symptoms of salinity stress includes reduced leaf area, whitish
appearance of lower leaves, leaf tip death and leaf rolling. The
modified standard evaluation system (SES) was used in rating
the visual symptoms of salt toxicity (IRRI 2013). Scoring of
salinity tolerance was performed as shown in Table 1

Table 1: Modified standard evaluation score (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 or few leaves whitish and rolled Tolerant
5 Growth severely retarded; most leaves rolled; only a few are elongating Moderately tolerant
7 Complete cessation of growth; most leaves dry; some plants dying Susceptible
9 Almost all plants dead or dying Highly susceptible

Discriminating the susceptible ones from the tolerant and the
moderately tolerant genotypes. Initial and final scorings were
performed 15 days and 21 days after salinization,
respectively. At this stage, sensitive seedlings begin to die,
whereas test entries show varying degrees of tolerance gives
classification criteria for salt tolerance based on the known
standards.

Results

Twelve genotypes showed wide variation in phenotypic
screening under salinity stress. Seedlings grown in salinized
condition showed different visual symptoms of salt injury
while the seedlings under non salinized conditions were
healthy and with no symptoms. The symptoms were
prominent on the first and second leaves and were visualized
by leaf rolling, formation of new leaf, brownish and whitish
of leaf tip, drying of leaves and also by reduction in 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 after 15 days for initial
scoring and after 21 days for final scoring based on the visual
symptoms of sensitive and tolerant checks. The genotypes
were scored 1 (highly tolerant) to 9 (highly susceptible) using
modified standard evaluation system (SES) of IRRI 2013 for

rating the visual symptoms of salt injury (Table 2; Figure 1)
with respect to the tolerant cultivar FL478.

Table 2: Phenotypic scoring of genotypes based on IRRI SES 2013

S. No codes Saltinjury scores | Tolerance
1 FLA78 1 HT
2 RPBi0-226 9 S
3 1ISM-9-5-50-160 7 MT
4 ISM-19-15-178-142 3 T
5 ISM-18-217-18-141 1 HT
6 ISM-22-102-179-143 7 MT
7 ISM-102-179-13-179 3 T
8 ISM-110-39-23-147 1 HT
9 ISM-3-181-90-196 7 MT
10 ISM-82-79-45-76 7 MT
11 ISM-10-12-67-157 3 T
12 ISM-84-7-12-47 3 T
13 ISM-105-34-6-182 1 HT
14 ISM-100-17-66-98 3 T

*HT- Highly tolerant; MT-Moderately tolerant; T-Tolerant check; S-
Sensitive check

In the present study, the seedlings were treated at different
concentrations of NaCl i.e., 40mM, 60mM, 80mM, 100mM
and 120mM. It was observed that no symptoms were
developed when treated at 40mM and 60mM concentration of
NaCl and genotypes along with checks were healthy. At

~1183~



Journal of Pharmacognosy and Phytochemistry

80mM and 100mM concentration, slight differences in the
plant growth were observed along with visual symptoms of
stress after four weeks of exposure in susceptible and tolerant
checks.

However, clear differences were observed in the trays
exposed at 120mM concentration after 15 days and 21 days.
Scoring was done initially after 15 days and finally after 21
days. Out of 12 genotypes, 3 were identified as highly tolerant
with 1 score (ISM-18-217-18-141, ISM-110-39-23-147, ISM-
105-34-6-182); 5 as tolerant with 3 score (ISM-100-17-66-98,
ISM-84-7-12-47, 1SM-10-12-67-157, ISM-102-179-13-179,
ISM-19-15-178-142) and 4 were identified as moderately
tolerant (ISM-9-5-50-160, ISM-22-102-179-143, ISM-3-181-
90-196, ISM-82-79-45-76) with score 5 (Table 2).

Phenotype Scoring
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Fig 1: Schematic representation of phenotypic evaluation of
genotypes for seedling stage salinity tolerance at 120mM NaCl
concentration

Discussion

Salinity is the second most widespread soil problem in rice
growing countries after drought and is considered as a serious
limitation to increase rice production worldwide (Gregorio
1997) I7). It causes yield reduction and also shrinks caloric and
potential of agricultural products (Yokoi et al. 2002) [?2
causing leaf injury or death of plants, thus exceeding the
capacity of salt compartmentalization in cytoplasm (Munns et
al. 2006) [*"1, Several studies indicated that rice is tolerant
during germination, becomes very sensitive during early
seedling stage (2-3 leaf stage), gains tolerance during
vegetative growth stage, again becomes sensitive during
pollination and fertilization and then becomes increasingly
more tolerant at maturity (Lutts et al. 1995) '3, Munns et al.
(1982) 81 reported that salinity might directly or indirectly
inhibit cell division and enlargement in the plant’s growing
period. Reduced shoot growth caused by salinity originates in
growing tissues, not in mature photosynthetic tissues. As a
result, leaves and stems of the affected plants appear stunted.
The determination of salinity sensitive parameters under
salinity stress helps in developing better management
practices for growing rice under salinity and improves
understanding of salt tolerance in rice.

However, conventional methods of screening for salt
tolerance are not easy because of environmental effects and
narrow sense heritability of salt tolerance (Gregorio 1997) [],
This hinders the development of an accurate, rapid and
reliable screening technique. In rice the screening can be done
independently at its two salt sensitive stages but screening at
seedling stage is a rapid method and based on simple criteria.
In vegetative stage root length, shoot length and biomass have
been proved as the potential indicators for screening of salt
tolerance (Akbar et al. 1986; Jones 1986; Yeo and Flowers

1986; Flowers and Yeo 1995) [26.211 |t has also been reported
that the assessment of the actual salt tolerance of the
genotypes may be determined by comparisons of their
biomass production only after a long growth period (Leland et
al. 1994); which therefore serves as another criterion to
evaluate the salt tolerance. However, the salt tolerance at
early growth stages does not always correlate with that to the
subsequent growth stages (Mass and Grieve 1994; Zeng et al.
2002; Ferdose et al. 2009) [ 51, In this study, therefore, we
focused on evaluating the potential of salt tolerance in rice
genotypes at early growth stage i.e. at seedling stage.
Screening of genotypes for salt tolerance at early stages may
be important for screening salt tolerance as there is
considerable saving in time.

Tolerant cultivars showed less growth reduction than sensitive
genotypes under salinized conditions (Qianet al., 2001;
Suplick-Ploense et al., 2002) [, In present study
considerable effects due to salinity were observed in breeding
lines of ISM. Salinity response to rice occurs in varying
degrees at all growth stages from germination to maturity.
The genotypes along with checks when exposed at different
salt concentrations (40mM, 60mM, 80mM, 100mM and
120mM), no symptoms were observed at 40mM and 60mM
concentration and seedlings were healthy. Some differences in
growth of seedlings and visual symptoms of salt stress were
observed at 80mM and 100mM NacCl concentration after four
weeks of exposure. Clear differences in the symptoms were
observed when exposed at 120mM concentration. Out of 12
genotypes; 3 were identified as highly tolerant, 5 were
tolerant and 4 genotypes were moderately tolerant. Foolad
(1999) found that only a few major QTLs could account for a
large portion of the total phenotypic variation for salt
tolerance. Salt stress affected the yield and yields components
both at seedling and reproductive stages. 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 and also used for cultivation under
saline prone areas.
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