International Journal of
Plant Breeding

and Genetics

ISSN 1819-3595

@

Academic
Journals Inc. www.academicjournals.com




International Journal of Plant Breeding and Genetics 5 (4): 339-348, 2011
ISEN 1819-3595 / DOI: 10.39234jpbg. 2011.339.348
© 2011 Academic Journals Inc.

Genetic Variability and Association Studies in Salt Tolerant Rice
Mutant

'"M. Arumugam Pillai, *Susan Eapen, 'K. Yasin Jeshima, 'K. Anandhi and 'B. Selvi
'‘Department of Plant Breeding and Genetics, Agricultural College and Research Institute, Killikulam,
Tamil Nadu, India

*NA and BTD, BARC, Trombay, Mumbai-400 085, India

Corresponding Author: M. Arumugam Pillai, Department of Plant Breeding and Genetics, Agricultural College and
Research Institute, Killikulam, Tamil Nadu, India

ABSTRACT

Among the various factors limiting rice yield, salinity is one of the oldest and most serious
environmental problems in the world. The available rice germplasm has limited variability for salt
tolerance. Hence, the study was to develop salt tolerant rice varieties by inducing variability
through mutation and selecting high yvielding salt tolerant mutants. Variability and correlation
studies were conducted to isolate salt tolerant mutants from two rice varieties ADT 43 and ASD 16,
Gamma irradiated (10, 20, 25, 30, 40 and 50 kR) salt tolerant mutants were identified in M,
generation. My and M, generations of the mutant population were investigated for correlation
among yield and its components which can be utilized for selection. Altered conditions were
observed in the mutant population when compared to the unaltered population depending on the
dose, genctype and the character pairs. Morphologically stable salt tolerant mutants till M, were
selected based on the characters identified using correlation studies and for increased yield. Seed
yield of mutant lines showed an increase upto 446.94 (20 kR of ADT 43) which was higher than
the parental varieties (255.56 and 384.13 for ADT 43 and ASD 18). The number of tillers, panicle
length and plant height were alse much higher in some mutants than in parent varieties. Results
on yield and contributing characters possesses sufficiently high values of heritability and genetic
advance which can be utilized for further improvement in rice and in evolving a high yielding
saline tolerant variety.
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INTRODUCTION

It is notable that the grain yield, especially of rice has not been harvested in commensuration
to its existing genetic potential in almost all rice-growing ecosystems. One of the major reasons
behind this failure is the sensitivity of this crop to abiotic stresses particularly salinity
{Grover et al., 2000). Salt stress 1s one of the major abictic stresses, which adversely affect. the crop
productivity (Yasseen et al., 2010; Joseph and Jini, 2010). It causes reduction of crop yield and
alterations in plant metabolism, including a reduced water potential, 1on imbalances and toxicity
and sometimes severe salt stress may even threaten survival (Joseph and Jini, 2011). So the need
of the hour is to develop plants with resistance to abiotic stresses. In a study conducted by
Naifer ef al. (2011), it is inferred that losses incurred by farmers due to salinity were estimated at
$ 1,604 ha™ (28%) if salinity increases from low salinity to medium salinity level and $ 4,352 ha™
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{76%) 1f it jumps from low salinity to high salimty level. So excess of salt in the soil limits the yield
potential. Rice is the most economically important cereal erop in many parts of the world and
considered as a salt sensitive species (Htwe et @l., 2011). Even a low concentration of 50 mM is not
tolerable (Flowers and Yeo, 1981). In order to produce new rice genotypes with better adaptation
to salinity, mutation techniques can be used (Mba et al., 2007). Mason et al. (2010) reported that
the gene Arabidopsis high-affinity K' transporter 1;1 (AtHET1;1) responsible for removing sodium
ions from the root xylem was repressed by cytokinin treatment, but showed significantly elevated
expression in the cytokinin response double mutantarrl-3 arrlZ-1. They alse find out that
cytokinin, acting through the transcription factors ARE1 and ARRI1Z, regulates sodium
accumulation in the shoots by controlling the expression of AtHKT 1;1in the roots.

Plants respond to stress via physiclogical, cellular and molecular process to survive. This 1s
expressed in the form of change in expression of phenotypic traits. The characters affected by
salinity vary with crop. In rice, plant height, total number of tillers, panicle length, grain weight
per panicle, 1000-seed weight and quality and quantity of grains decreased progressively with
increase in salinity levels (Abdullah et al., 2001). The differences between salt tolerance lines and
the sensitive lines were much larger for all traits except for chlorophyll content (Thomson et al.,
2010). Negative characters in traditional varieties and complex traits involved in salinity tolerance
have presented challenges for conventional breeding (Yamaguchi and Blumwald, 2005). Breeding
saline tolerant lines necessitates the understanding of salinity and the characters affected.
Important components of grain yield such as the number of productive tillers and panicle length
are affected by salinity and grain yield gets reduced. Other morphological traits such as plant
height also get affected at high salt concentrations (Navarro, 2002). The association of characters
is reported to change with mutation, hence the knowledge of nature and extent of correlation
between yield and its component traits in salt tolerant lines is essential. Based on the characters
identified, the selection for high yielding salt telerant mutants can be identified in presence of a
variable population. Therefore, the variability present for selecting saline tolerant lines is a
prerequisite. The objective of the study being develepment and establishment of efficient
methodologies for the induction of mutants, screening and development of rice varieties tolerant
to salinity stress the mutation was used to induce variability for saline tolerance in two high
yielding varieties. The correlation and variability was worked out to identify high yielding salt
tolerant mutants.

MATERIALS AND METHODS

A field experiment was conducted at the Agricultural College and Research Institute,
Killikulam, Tamil Nadu during the year 2007 to 2010. Two varieties of rice (Oryza sativa) namely,
ASD 16 and ADT 43 were used as experimental materials. Dry seeds were irradiated with 10, 20,
25, 30, 40 and 50 kR dose of gamma rays from ,,Co source at Tamil Nadu Agricultural University,
Coimbatore. In the present study, from M, progenies, 10 salt tolerant single plants from each
treatment (Gamma rays 10, 20, 25, 30, 40 and 50 kR) were selected by artificially inducing salt
stress (EC 12 ds m™) under field conditions and M, generation were raised subsequently. In M,,
10 single plants were selected. The seeds of the individual plants were sown in progeny rows in
Randomized Block Design with three replications. Observations were made on 15 randomly selected
plants at the rate of five plants per replications. The single plants with increased yield were selected
for M, generation. Selection on individual plant was practised in M, generation based on increased
plot yield. The seeds of selected plants in M, were forwarded to M, generation. Each mutant line
and control was grown in uniform size plots.
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Statistical analysis: The estimates of the intercomponent correlations were calculated in both M,
and M, generations as per the standard method for correlation analysis suggested by Goulden
(1952). Using data on M, generation, analysis of variance was done following the method suggested
by Singh and Chaudhary, 1985, Genotypic variance was determined by the formula suggested by
Burton (1952). Heritability in broad sense was computed by the formula suggested by
Johnson ef al. (1955) and the genetic advance according to the formula given by Allard (1960),

RESULTS AND DISCUSSION

Correlation studies: Significance was observed in association between panicle length and yield
in M, population at 30 and 40 kR (0.9999 and 0.8705) of ASD 16 and at 40 and 50 kR of ADT 43
{-0.8519 and -0.9055) as against non significance in all cther doses and control population.
Association of yield with productive tiller was significant in 50 kR of ADT 43 (0.9690) and control
(0.9308 and 0.9707) whereas it was non significant in all the other treatments. In ASD 16 of M,
population, significance was noted at 10 (0.9604), 25 (0.8882) and 40 kR (0.88562) alone as in
control with reversal in the other doses. Association was significant between plant height and yield
at 10 (0.9034), 25 (0.9799) and 40 kR (0.9598) in ASD 16 and at 25 (0.9912) and 50 kR (0.9707)
in ADT 43 as in control (0.9992 and 0.9986) with non significance in the other population
(Table 1). Kole et al. (2008) reported that grain yield was found to be positively and significantly
correlated with plant height and panicle number per plant in induced mutants of aromatic basmati
rice and also suggested selection for medium plant height indicating reversal in association in some
mutants.

Association reversal was noted between boot leaf length and yield at 10 (0.9966) and 40 kR
(0.9782) of ASD 16 and at 25 (0.9912) and 50 kR (0.9707) of ADT 43 in M, population. Significance
between chlorophyll content a (chla) and yield was found in 25kR (0.9842) and 40 kR (0.9791) of
ASBD 16 and 25 kR (0.9461) and 50 kR (1.000) of ADT 43 as against non significance in control
population. Similarly, Chl b also show significance with yield in 10 kR (0.9941), 40 kR (0.8607) and
50 kR (-0.8565) of ASD 16 and 50 kR (-0.8700) of ADT 43 (Table 1). Chlerophyll content was found
to be increased with an increase in radiation dose under saline conditions (Shereen et al., 2009).
This supports our study where we have observed an increase in chlorophyll contents with an
increase in yield in some mutants.

The non significant association of 100 seed weight. and seed yield in control population of ASD
16 (0.0845) and ADT 43 (0.7302) was altered in M, generation at 20 kR (0.9827 and -0.9464) and
25 kR (0.9951 and -0.9748) for both the genotypes respectively. Besides, ADT 43 alsc shows a
significant association at 20 kR (-0.9915) and 40 kR (0.9985) for the above parameters. The
association of yield with number of productive tillers was non significant in the irradiated
population at all the doses except 40 kR of ASD 16 (0.8195) and 20 kR of ADT 43 (0.8990) in M,
population, whereas it was significant in the control population (0.9308 and 0.9707). Negative
significance was found between plant height and yield at 30 kR (-0.9221) and 50 kR (-0.9223) in
M, of ASD 18 as in control while significance was positive at 25 kR (0.8941) of ADT 43. In
irradiated population the association was non significant at all the cther doses. Reversion in
association between days to B0% flowering and seed yield was noted in M, population at 10, 20 and
25 kR of ASD 16 and at 20, 30, 40 and 50 kR of ADT 43 as compared to control (0.8856 and-0.9860)
{Table 2).

The nature of alternation in the association varied with the mutagenic deses, genotypes and
the character pairs (Rafi, 1987). These results in dicate that the situation can be exploited by
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selection for positively associated traits for improving yield in rice. Based on the above, selection was
practiced for decrease in plant height as negative association was noticed. Similarly the other
characters were also selected.

Variability studies: The application of mutation breeding in identifying abiotic stress resistant
mutants has been successful in some crop plants including rice (Ahloowalia ef al., 2004; Lee ef al.,
2003a). In the present study, salt tolerant mutants isolated from 20, 30, 40 and 50 kR treatment
showed significant increase in vield as compared to the other treatments and parental varieties
(255.56 and 384.13 for ADT 43 and ASD 16) (Table 3). In this 20 kR of ADT 43 (446.94) showed
highly significant vield increase than other mutants. Plant height was found to be significantly
higher in all the treatments when compared with the control varieties (82.73 for ASD 16 and
72.94 for ADT 43) Among all the treatments the maximum value was recorded by 10 kR in both
ABD 16 (97.81) and ADT 43 (88.47) (Table 4). All the treatments showed significant increase in
number of tillers as compared to control varieties. The control mean of ADT 48 was 10.72; the
maximum mean was recorded by 10 kR of ADT 43 (15.83) and minimum by 25 kR (14.50). The
mean of the contrel variety ASD 16 was 5.87 while the mutants of ASD 16 recorded mean of range
13.00 for 40 kR to 10.94 for 30 kR (Table 5) Similar study was conducted by Uddin ef al. (2007)
where the number of tillers and grain yield were found to be substantially increased in the mutated
plants than the parent variety ‘Drew’ under salt stress condition. Plant height, panicle length and
No. of tillers were found to be substantially increased in the M, lines tested under saline conditions
than the control plants (Lee ef al., 2003b).

Since vield is a quantitatively inherited character and is subject to different degree of non
hertable variability and more particularly its genetic components are the most important factor in
any breeding material. This has a close bearing on the response to selection. The results obtained
in our study on yield and its asscciated parameters (Table 3, 5) are highly heritable which can
be effectively used in developing salt tolerant rice. In the present study, heritability estimates
were high for all the three traits under study. High heritability indicates that the induced

Table 3: Estimates of mean values (%) and genetic parameters for yield of the mutants (Ms generation)

Source Treatment MeantSE Shift in x Genotypic variation (3%g) Heritability (h®) Genetic advance (Gs)

ADT 43 10 kR 295.83+£17.87 40.27** 31.14 86.50 64.15
20 kR 446.94+19.10 191.39%* 19.01 83.81 39.16
25 kR 307.50+14.21 51.94%* 17.15 73.93 9.68
30 kR 365.21+22.16 109.65%* 17.15 73.93 9.68
40 kR, 356.39+£31.95 100.83%* 28.20 68.63 16.30
50 kR, 358.80+27.82 103.33*%* 50.44 83.86 28.95
Control 255.56+28.58 0.00 1.24 25.96 2.55
CD (1%) 11.97

ASD 16 10 kR 301.94+26.60 -66.73%* 55.47 84.02 37.85
20 kR 382.22+90.30 13.55 8.89 89.72 4.79
25 kR, 374.17+£20.43 5.50 39.01 78.92 21.48
30 kR 385.17+7.54 16.50 3.16 82.62 1.69
40 kR, 388.7516.32 20.08 2.64 85.09 1.40
50 kR 392.33+:9.77 23.66%* 5.43 83.22 2.85
Control 384.13+27.82 0.00 0.67 33.48 0.38
CD (1%) 20.29

** Significant at 1% level
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Tahle 4: Estimates of mean values (%) and genetic parameters for plant height of the M; mutants

Source Treatment Meant+SE Shift in x Genotypic variation (%) Heritability ¢h®)  Genetic advance (Gs)

ADT 43 10 kR 88.47+3.64 15.52%* 181.48 75.25 4.23
20kR 87.47+2.38 14.52%* 72.15 73.81 1.94
25 kR 83.90+0.79 10.96%* 18.58 86.76 0.54
30kR 83.08+1.75 10.13*%* 654.56 82.45 1.93
40 kR, 82.44+1.52 9.49%* 7777 88.15 2.36
50 kR, 86.74+2.73 13.79** 57.38 63.13 1.36
Control 72.94+£0.69 0.00 1.49 41.18 0.04
CD (1%) 1.22

ASD 16 10 kR 97.81+1.66 15.08%* 90.22 87.92 1.94
20kR 91.53+1.18 7.84%* 20.83 76.91 0.51
25 kR 86.94+1.11 4,21*%* 23.39 80.78 0.64
30 kR 87.82+0.86 5.00%*% 17.79 84.20 0.48
40 kR, 88.75+0.92 6.02%% 19.30 83.49 0.50
50 kR 91.40+0.64 8.67** 9.66 83.96 0.24
Control 82.73+0.90 0.00 3.44 48.31 0.10
CD (1%) 0.90

**Sigmificant at 1% level

Table 5: Estimates of mean values ( x ) and genetic parameters for number of tillers of the Ms mutants

Source Treatment MeantSE Shift in x Genotypic variation (5%g) Heritability (h?) Genetic advance (Gs)

ADT 43 10 kR 15.83+1.07 5.11%* 38.93 88.28 5.07
20 kR 14.88+0.67 4.16%* 5.36 72.82 4.99
25 kR 14.50+0.51 3.78%* 6.93 85.60 6.79
30 kR 14.87+0.87 4. 15%* 20.03 85.36 18.64
40 kR 15.11+010 4.39%* 32.20 87.82 20.05
50 kR 15.67+1.58 4.94%* 21.03 65.19 2.76
Control 10.72+0.75 0.00 4.73 65.24 091
CD (1%) 0.69

ASD 18 10 kR 11.83+0.84 5.96%* 13.83 81.21 20.35
20 kR 12.78+0.55 6.91** 7.33 84.18 9.25
25 kR 11.67+0.81 5.80%* 8.29 73.98 12.54
30 kR 10.94+0.64 5.07** 5.67 75.33 9.75
40 kR 13.00+0.59 7.13%* 4.15 72.38 5.06
50 kR 12.27+0.59 6.40%* 9.04 85.39 12.38
Cantral 5.87£0.41 0.00 0.64 45.28 3.83
CD (1%) 0.70

**Significant at 1% level

variability in mutant lines was fixed by selection. Johnson ef al. (1955) suggested that heritability

estimates coupled with genetic advance are more helpful than the heritability values alone. This

is because heritability estimates are subject to genctype environment interactions. Furthermore,

genetic advance gives the extent of stability and genetic progress for a particular trait under a

suitable selection system. Results on yield and contributing characters possesses sufficiently high

values of heritability and genetic advance which can be utilised for further improvement in rice and
in evolving a high yielding saline tolerant variety. Lee et al. (2003b), Uddin ef al. (2007) and
Shereen et al. (2009) reported that induced mutation could be successfully used for enhancing salt

tolerance 1n rice.
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CONCLUSION

Gamma ray treatment resulted in generation of high genetic variability in both the varieties
used for this study. The mutants differs significantly for all vield related parameters assessed,
thereby providing a wide genetic base for selection. The mutagenic treatment also results in
alternation of character association, hence correlation was worked out and selection was based on
the characters identified. Kstimated variations of segregating generations increased depending on
the character investigated and the mutagenic dose used. The high heritability estimates in response
to selection shows that the treatment has generated inheritable variability. As expected genetic
advance is high in M, generation saline tolerable plants with higher yield can be obtained.
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