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genotypes under normal and saline environments

S. ALl, R.K.GAUTAM, R. MAHAJAN, S.L.KRISHNAMURTHY and S.K.SARANGI

Central Agricultural Research Institute, Port Blair, 744 105
Andaman & Nicobar Islands

Received: 29.07.2013 Accepted: 29.08.2013

Parameters of genetic variability and correlation and path coefficient analyses for nine
quantitative traits were studied after evaluation of SALTOL QTL derived rice genotypes across
normal and saline stress environments for two years. Analysis of variance showed highly
significant differences due to environments for all the characters studied. Based upon the overall
parameters of genetic variability and genetic advance, phenotypic selection for the traits like
biological and grain yield in both conditions, whereas for tillers number, spikelet fertility and
harvest index under salt stress is likely to be more effective in trait improvement. In both
environments, grain yield was positively correlated with plant height, biological yield, 1000
grain weight, spikelet fertility and harvest index. Spikelet fertility was positively correlated
with panicle length and biological yield under salinity only. At genotypic level, the traits like
total tillers/plant, panicle length and harvest index exerted positive direct effects on grain yield
in both environments. While biological yield and spikelet fertility exerted positive direct effects
in normal environment, both these traits caused negative effects under salinity stress. Similarly,
positive correlation of 1000 grain wt. with grain yield was revealed through its direct effect per
se and indirect effects via productive tillers, panicle length and harvest index under salt stress.
The overall analysis revealed that traits such as biological yield, spikelet fertility and harvest
index could be effective indirect selection criteria for yield improvement under both normal
and saline environments in the novel rice material.
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Soil salinity is one of the major abiotic stresses
affecting crop productivity in the world. In India
about 6.73 m ha land is salt affected (Sharma et al,,
2004) Though irrigated lands are further expected
to suffer from secondary inland salinization, the
situation is likely to be aggravated by climate change
causing a rise in sea level (Wassmann et al., 2004).
Though rice (Oryza sativa L.) is the most important
crop and feasible option in the coastal areas, it is
likely to suffer the most due to this stress situation
especially in countries with long sea shore line
(Swaminathan and Kesvan, 2012).Under such
situation, search and systematic breeding for salt
tolerance is quite beneficial. Large intra-specific
variation in rice for tolerance to salinity stress has
been reported and harnessed in the form of
development and dissemination of salt tolerant
varieties in various countries including India
(Gregorio et al., 2002; Singh et al., 2010). In the
quest for modern rice breeding for salt tolerance, a
gene called as SALTOL quantitative trait locus (QTL)
has been mapped on chromosome 1 and
successfully transferred to different rice genotypes
at IRRI, Philippines (Bonilla et al., 2002; Thomson

et al., 2010. Large number of rice lines containing
SALTOL QTL have been developed at IRRI,
Philippines through marker assisted breeding
(MAB). In order to harness the productivity potential
of such novel material, it is important to understand
the magnitude and nature of genetic variability and
association of various agro-morphological traits with
grain yield under normal as well as saline
environments.

It becomes necessary to split overall genetic
variability into its heritable and non-heritable
components with the help of certain genetic
parameters, which may enable the breeders to plan
a proper breeding programme. The heritability and
genetic advance are important selection parameters
and are more helpful in predicting the genetic gain
under effective selection (Bisne et al., 2009).
Correlation coefficients indicate the magnitude of
association between two traits. However, path
coefficient analysis partitions the correlation
coefficients into its direct and indirect effects, so
that the contribution of each character to yield could
be estimated for picking up appropriate traits for
indirect selection. Since the nature and extent of
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genetic variability and association parameters are
expected to be influenced by the genetic material
under study and the prevailing environmental
factors, we attempted to study these parameters in
SALTOL QTL material. The study was also carried
out in normal as well as saline conditions to
understand the pattern of alterations for the above
mentioned parameters in the two environments.
Since evaluation under natural salinity affected
fields is often marred by spatial heterogeneity for
salt stress, the study of this novel material was
conducted under precisely controlled state of the
art facility of micro-plots environments.

MATERIALS AND METHODS

A total of 21 rice genotypes possessing SALTOL
gene/QTL introgressed with SALTOL QTL developed
at International Rice Research Institute (IRRI),
Philippines were included in the study. The
experiment was carried out in artificially created
microplots or lysimeters at Central Soil Salinity
Research Institute (CSSRI), Karnal, India during two
consecutive years of Kharif 2009 and 2010. The
genotypes were evaluated under control (no stress,
pH~8.2, ECe~0.7 dS m'!) and saline (ECiw~10 dS
m!) environments of precisely controlled microplots
at CSSRI, Karnal each in a randomized complete
block design with three replications. Observations
on five randomly selected plants were made for plant
height (cm), total tiller number/plant, productive
tiller number/plant, panicle length (cm), 1000- grain
weight (g) and spikelet fertility (%) during different
crop stages. At maturity, data on whole plot basis
were recorded for biological yield (t/ha) which
includes both grain and straw yields. grain yield
(t ha'!), and harvest index (%). Genetic parameters of
variability like mean, analysis of variance, phenotypic
coefficient of variation (PCV), and genotypic coefficient
of variation (GCV), heritability (Broad sense) and
genetic advance as per cent of mean were computed
by the formula as suggested by Burton (1952) and
Johanson et al., (1955). Phenotypic and genotypic
correlation coefficients were computed as per Miller
et al., (1958) and path coefficient analysis was
performed according to Dewey and Lu (1959).

RESULTS AND DISCUSSIONS
Genetic variability parameters
The analysis of variance showed highly
significant differences due to environments for all

the characters studied. The mean sum of square
for all the 9 characters was significant indicating
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the presence of substantial amount of variability in
the SALTOL QTL derived rice germplasm. The Table
1 shows the comparative % reduction of mean values
for different traits under salinity stress. It was found
that grain yield (74% reduction) was the most
sensitive trait under tested salinity stress followed
by biological yield (57%), harvest index and spikelet
fertility (43%), productive tillers/plant and plant
height (25%) total tillers/plant and panicle length
(25%). This is expected because grain yield is the
final product which is ultimately affected due to
accumulation of reduction effects in respect of the
component traits. The magnitude of phenotypic
coefficient of variation (PCV) was slightly higher than
the corresponding genotypic coefficient of variation
(GCV) for the characters studied, indicating that
these characters were influenced by the tested
environmental conditions. Phenotypic variance was
higher than the genotypic variances for all the
characters indicated the influences of environmental
factors on these traits. Similar findings were earlier
reported (Singh and Chakraborty, 1996; Devi et al.,
2006). In addition, magnitudes of PCV, GCV and
variances were observed higher under salinity
compared to normal conditions, which is expected
under abiotic stress conditions. Among traits, grain
yield, biological yield, and harvest index in both
conditions whereas tillers number and spikelet
fertility under stress recorded higher values of PCV
(>25%) which substantiates genotypic differences
for the traits under study. Similar results for high
PCV and GCV are also earlier reported for grain yield
(Bose et al., 2005; Panwar, 2005; Kumar et al., 2006)
and for plant height, panicle length and spikelet
fertility (Panwar, 2005).

Heritability estimates provide the information
regarding the amount of transmissible genetic
variation out of total variation and determines
response to selection. The characters plant height,
panicle length and biological yield in both
environments whereas tillers number, grain yield
and harvest index under stress exhibited high broad
sense heritability of more than 70% (Table 1).
Therefore, there is good scope of genetic
improvement of these characters through selection.
High broad sense heritability has been reported for
grain yield (Hosseini et al., 2005), productive tillers
and plant height (Das et al., 2005, Jayashudha and
Sharma, 2010, Satyanarayana et al., 2005) and for
panicle length ( Satyanarayana et al., 2005). Genetic
advance denotes the scope of improvement in the
selection gain in the new population over the original
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Table 1. Genetic variability parameters under normal and saline stress environments
Characters |Environment [ Plant |Total tillers| Productive | Panicle | Biological [ 1000 | Grain | Spikelet | Harvest
Height /plant |tillers/plant | length Yield Grain | Yield | Fertility [ Index
(cm) (cm) (cm) (t ha'l) Wt.(g) | (t ha'!) (%) (%)
Grand Mean Normal 101.49 7.96 7.64 23.53 13.37 2271 4.46 79.13 33.39
Saline 75.74 6.58 5.64 19.71 5.68 1443 | 1.13 44.89 18.74
% reduction | Reduction | 25.13 17.33 26.09 16.23 57.51 37.46 | 74.64 43.25 43.87
CD Normal 4.52 1.38 1.45 1.71 3.30 2.37 1.81 10.67 9.84
(P<0.05) Saline 7.24 1.10 1.17 2.48 1.28 322 | 046 | 19.62 | 6.21
CV (%) Normal 2.70 10.51 11.47 4.40 14.97 6.33 | 24.64 8.17 17.86
Saline 5.79 10.13 12.62 7.62 13.58 13.52 | 24.61 26.48 | 20.07
SE Normal 2.24 0.68 0.72 0.85 1.63 1.17 | 0.90 5.28 4.87
Saline 3.58 0.54 0.58 1.23 0.63 1.59 | 0.23 9.71 3.07
GCV (%) Normal 8.79 9.71 9.20 9.17 24.74 8.28 | 34.82 11.35 21.33
Saline 13.97 25.34 21.08 20.45 23.51 13.10 | 51.90| 38.61 39.75
PCV (%) Normal 9.19 14.31 14.71 10.17 28.92 10.42 | 42.65 13.98 27.82
Saline 15.12 27.29 24.57 21.83 27.15 18.82 | 57.44 46.83 44.52
%G Normal 79.53 0.60 0.49 4.66 10.94 3.54 241 80.68 50.74
Saline 111.98 2.78 1.41 16.26 1.78 3.57 0.34 300.61 | 55.51
0°P Normal 87.04 1.30 1.26 5.73 14.95 5.61 | 3.62 122.49 | 86.33
Saline 131.23 3.23 1.92 18.51 2.38 7.38 | 0.42 | 442.01| 69.66
Heritability Normal 91.37 46.06 39.17 81.29 73.19 63.17 | 66.62 65.86 | 58.78
(%) Saline 85.33 | 86.23 73.61 87.81 | 7497 | 48.43| 81.64| 68.01 | 79.69
GA (as % Normal 16.85 13.22 11.55 16.59 42.47 13.21 | 57.01 18.48 32.81
of mean) Saline 20.27 41.12 29.21 33.44 28.92 11.83 | 32.62 38.63 | 35.42
Table 2. Inter-trait phenotypic (P) and genotypic (G) correlation coefficients in normal environment
Characters Plant Total | Productive | Panicle | Biological [ 1000 | Spikelet | Harvest [ Grain
Height | tillers/ | tillers/ | Length| Yield Grain | fertility | Index | Yield
plant plant Weight
Plant Height P 1.00
G 1.00
Total tillers P 0.29 1.00
G 0.36 1.00
Productive tillers P 0.26 0.96** 1.00
G 0.24 0.99** 1.00
Panicle Length P | 0.60** 0.15 0.16 1.00
G | 0.65** 0.47* 0.37 1.00
Biological Yield P [ 0.56** 0.52* 0.51* 0.16 1.00
G | 0.76** 0.50* 0.46* 0.31 1.00
1000 Grain Weight| P 0.41 0.31 0.29 0.24 0.45*% 1.00
G | 0.51* 0.19 0.20 0.35 0.51* 1.00
Spikelet fertility P 0.42 0.11 0.08 0.07 0.40 0.18 1.00
G | 0.46* -0.02 -0.08 -0.2 0.51** 0.26 1.00
Harvest Index P 0.44* 0.18 0.17 0.26 0.04 0.32 0.19 1.00
G | 0.44* 0.02 -0.01 0.24 0.02 0.34 0.06 1.00
Grain Yield P | 0.69** 0.54* 0.52* 0.23 0.78** 0.53* | 0.44* [ 0.59** 1.00
G | 0.90** 0.41 0.36 0.41 0.84** 0.59** [ 0.51* [ 0.57** 1.00

*and ** denote significance at 5% and 1% levels, respectively
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population. The high genetic advance as % of mean
(> 20%) was registered for grain yield, biological yield
and harvest index in both environments whereas
for all remaining traits except 1000 grain weight
under salinity stress. High heritability coupled with
high genetic advance indicates the preponderance
of additive gene action and such characters could
be improved through selection. Therefore, the
improvement of these traits through selection is the
most important way to achieve the genetic gain
generation after generation. Heritability estimates
along with genetic advance are more helpful in
predicting the genetic gain under selection than
heritability estimates alone (Bisne, 2009) and it is
interpreted that the characters showing high
heritability with high genetic advance are controlled
by additive gene action (Panse and Sukhatme, 1967).
Such traits are amenable to simple selection
methods. Based upon the overall parameters of
genetic variability and advance, phenotypic selection
for biological and grain yield in both conditions,
whereas for tillers number, spikelet fertility and
harvest index under salt stress is likely to be more
effective in trait improvement.

Correlation and path coefficient analysis

The inter-trait correlation coefficients
calculated for both environments revealed that the
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magnitudes of genotypic correlation coefficients for
most of the characters were higher than their
phenotypic counterparts (Table 2 and 3). This
indicates lesser influence of external environment
in affecting correlations among traits. The results
of both phenotypic and genotypic correlation
coefficients in both environments revealed that grain
yield was positively correlated with plant height,
biological yield, 1000 grain weight, spikelet fertility
and harvest index. Regarding correlations among
component traits, it was observed that plant height
was positively correlated with panicle length,
biological yield, spikelet fertility and harvest index
in both environments. Under normal conditions
only, biological yield was positively correlated with
tillers number, and 1000 grain wt. Under salt stress
only, tillers number was negatively correlated with
1000 grain wt. The trait 1000 grain wt. developed
positive association with spikelet fertility and
harvest index. Spikelet fertility was positively
correlated with panicle length and biological yield
only under salinity condition. The positive
correlation of grain yield with harvest index is in
conformity with previous studies (Xiang et al., 1986;
Lu et al., 1988) and similar correlation with spikelet
fertility, plant height and 1000 grain weight is also
in agreement with earlier findings (Prasad et al.,
1988; Panwar et al., 1989).

Table 3. Inter-trait phenotypic (P) and genotypic (G) correlation coefficients in saline environment

Characters Plant Total | Productive | Panicle | Biological | 1000 | Spikelet | Harvest [ Grain
Height | tillers/ | tillers/ | Length| Yield Grain | fertility [ Index | Yield
plant plant Weight
Plant Height P 1.00
G 1.00
Total tillers P 0.061 1.00
G -0.19 1.00
Productive tillers p 0.22 0.82%* 1.00
G 0.07 0.89** 1.00
Panicle Length P | 0.67** 0.09 0.32 1.00
G | 0.73** 0.13 0.41 1.00
Biological Yield P 0.49* 0.17 0.27 0.37 1.00
G | 0.82** -0.07 0.07 0.53* 1.00
1000 Grain Weight| P 0.38 -0.52* -0.37 0.24 0.33 1.00
G | 0.59** | -0.75** [ -0.55** 0.22 0.61** 1.00
Spikelet fertility P [ 0.47* -0.13 0.05 0.26 0.34 0.56** 1.00
G | 0.81** -0.31 -0.07 0.59** [ 0.77** 0.80** 1.00
Harvest Index P 0.35 -0.33 -0.14 0.23 0.27 0.61** | 0.68** 1.00
G | 0.78** -0.41 -0.17 0.38 0.79** 0.81** | 0.93** 1.00
Grain Yield P [ 0.48* -0.12 0.04 0.29 0.68** 0.59** | 0.66** | 0.84** 1.00
G | 0.80** -0.31 -0.10 0.40 0.91** 0.77** | 0.92** | 0.97** 1.00

*and ** denote significance at 5% and 1% levels, respectively
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Table 4. Phenotypic (P) and genotypic (G) path coefficients in normal environment

Characters Plant Total | Productive | Panicle | Biological 1000 Spikelet | Harvest
Height | tillers/ tillers/ Length Yield Grain | fertility | Index
plant plant Weight
Plant Height P 0.12* 0.03 0.03 0.07 0.07 0.05 0.05 0.05
G -0.31 -0.11 -0.07 -0.2 -0.24 -0.16 -0.14 -0.14
Total tillers P 0.03 0.09 0.09 0.01 0.05 0.03 0.01 0.02
G 0.11 0.31 0.31 0.15 0.16 0.06 -0.01 0.01
Productive tillers P -0.01 -0.02 -0.02 0.00 -0.01 -0.01 0.00 0.00
G -0.09 -0.36 -0.36 -0.13 -0.17 -0.07 0.03 0.00
Panicle Length P -0.06 -0.01 -0.02 -0.10 -0.02 -0.02 -0.01 -0.02
G 0.12 0.09 0.07 0.19 0.06 0.07 -0.04 0.05
Biological Yield P 0.38 0.35 0.34 0.10 0.67 0.30 0.27 0.03
G 0.74 0.48 0.45 0.3 0.96 0.49 0.49 0.02
1000 Grain Weight | P 0.01 0.01 0.01 0.00 0.01 0.02 0.00 0.01
G -0.03 -0.01 -0.01 -0.02 -0.03 -0.05 -0.01 -0.02
Spikelet fertility P 0.01 0.00 0.00 0.00 0.01 0.00 0.02 0.00
G 0.07 0.00 -0.01 -0.03 0.08 0.04 0.15 0.01
Harvest Index P 0.23 0.09 0.09 0.13 0.02 0.17 0.1 0.52
G 0.28 0.01 -0.01 0.16 0.01 0.22 0.04 0.63
Correlation with P 0.70 0.54 0.52 0.23 0.79 0.53 0.44 0.59
yield G 0.90 0.41 0.36 0.41 0.84 0.59 0.51 0.57

*Bold figures indicates direct effect; Residual effect = 0.2346
Table 5. Phenotypic (P) and genotypic (G) path coefficients in saline environment

Characters Plant Total | Productive | Panicle | Biological 1000 Spikelet | Harvest
Height | tillers/ tillers/ Length Yield Grain | fertility | Index
plant plant Weight
Plant Height P 0.04* 0.00 0.01 0.02 0.02 0.01 0.02 0.01
G 0.04 -0.01 0.00 0.03 0.03 0.02 0.03 0.03
Total tillers P 0.00 0.08 0.06 0.01 0.01 -0.04 -0.01 -0.02
G -0.44 2.33 2.08 0.31 -0.17 -1.74 -0.71 -0.94
Productive tillers P -0.01 -0.02 -0.02 -0.01 -0.01 0.01 0.00 0.00
G -0.08 -1.00 -1.12 -0.45 -0.07 0.61 0.07 0.19
Panicle Length P -0.05 -0.01 -0.02 -0.08 -0.03 -0.02 -0.02 -0.02
G 0.73 0.13 0.41 1.00 0.53 0.22 0.59 0.38
Biological Yield P 0.23 0.08 0.13 0.17 0.47 0.15 0.16 0.13
G -0.64 0.06 -0.05 -0.41 -0.78 -0.47 -0.6 -0.62
1000 Grain Weight | P 0.02 -0.02 -0.02 0.01 0.01 0.04 0.02 0.03
G 1.2 -1.51 -1.11 0.45 1.23 2.02 1.63 1.64
Spikelet fertility P -1.24 0.64 0.15 -1.42 -1.15 -2.42 -0.56 -1.37
G -2.24 0.84 0.18 -1.62 -2.12 -2.22 -2.76 -2.57
Harvest Index P 0.25 -0.23 -0.1 0.16 0.19 0.43 0.49 0.71
G 2.23 -1.16 -0.49 1.09 2.27 2.32 2.67 2.86
Correlation with P 0.49 -0.12 0.04 0.30 0.68 0.60 0.67 0.84
yield G 0.80 -0.31 -0.10 0.40 0.91 0.77 0.92 0.97

* Bold figures indicates direct effect; Residual effect = 0.2591

The goal of the path analysis is to know the yield. The partitioning of correlation coefficients into
cause and effect relationships and to understand direct and indirect effects is shown in Tables 4 and
the influence of specific traits on resultant grain 5. It was observed that at genotypic level, the traits
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total tillers/plant, panicle length and harvest index
exerted positive direct effects on grain yield in both
environments. However, productive tillers in both
environments caused negative direct effects.
Whereas biological yield and spikelet fertility exerted
positive direct effects in normal environment, both
these traits caused negative effects under salinity
stress. Under salt stress, the positive correlation of
plant height, and spikelet fertility with grain yield
was explained by its contribution via panicle length,
1000 grain wt. and harvest index. Similarly, positive
correlation of 1000 grain wt. with grain yield was
revealed through its direct effect per se and indirect
effects via productive tillers, panicle length and
harvest index under salt stress. Regarding related
literature on this aspect, higher positive direct
effects of harvest index (Murty and Babu, 1992;
Surek et al., 1998) and biological yield (Peiyan, 1988,
Surek et al., 1998) have been reported. The residual
effect was found to be about 0.25 in both normal
and saline environments indicating that most of the
variation was accounted for by the traits studied.

It is important to know the specific traits which
could be useful for attempting fruitful selection in
the marker assisted breeding derived material.
Considering the genetic variability parameters in
conjunction with association and path analysis, it
is concluded that the traits biological yield, spikelet
fertility and harvest index could be effective
selection criteria for yield improvement in such
genetic material under both normal and saline
environments.

ACKNOWLEDGEMENT

Authors are grateful to the Director, CSSRI,
Karnal for providing facilities and German Federal
Ministry for Economic Cooperation and
Development and IRRI, Philippines for funding the
BMZ-IRRI project.

REFERENCES

Bisne, R., Sarawgi, A. K. and Verulkar, S. B. (2009).
Study of heritability, genetic advance and
variability for yield contributing characters in
rice. Bangladesh Journal of Agriculture Research
34(2): 175-179.

Bonilla, P. S., Dvorak, Mackill, J. D., Deal, K. and
Gregorio G. (2002). RFLP and SSLP mapping of
salinity tolerance genes in chromosome 1 of rice
Oryza sativa L. using recombinant inbred lines.
Philippine Agricultural Scientist 85: 64-74.

Genetic variability parameters in SALTOL rice genotypes 39

Burton, G. W. (1952). Quantitative inheritance in
pearl millet (P. typhoides L.). Agronomy Journal
50: 503.

Das, R., Borbora, T. K., Sarmah, M. K. and Sarmabh,
N. K. (2005). Genotypic variability for grain yield
and flood tolerance in semi deep water rice
(Oryza sativa L.) of Assam. Oryza 42(4):
313-314.

Devi, S. L., Raina, F. A.; Pandey, M. K. and Cole,
C.R. (2006). Genetic parameters of variation for
grain yield and its components in rice. Crop
Research 32(1): 69-71

Dewey, D. R. and Lu, K. H. (1959). Correlation and
path coefficient analysis of components of
crested wheat grass seed production. Agronomy
Journal 51: 515-518.

Gregorio, G. B., D. Senadhira, R. D. Mendoza, N. L.
Manigbas, J. P. Roxas, and C. Q. Guerta, 2002:
Progress in breeding for salinity tolerance and
associated abiotic stresses in rice. Field Crops
Research 76: 91-101.

Hosseini, M., Nejad R. H. and Tarang, A. R. (2005).
Iranian Journal of Agriculture Science 36(1):
21-32.

Jayashudha S. and Sharma D. (2010). Genetic
parameters of variability, correlation and path-
coefficient for grain yield and physiological
traits in rice (Oryza sativa L.) under shallow
low land situation. Electronic Journal of Plant
Breeding 1(5): 1332-1338.

Johanson, H. W., Robinson, H. F. and Comstock,
R. E. (1955). Estimates of genetic and
environmental variability in Soyabean.
Agronomy Journal 47(7): 314-315.

Lu, Z. T., Tang, S. Q., Xun, Z. M., Ming, S. K. and
Sheag, L. D. (1988). Analysis of yield component
in conventional and hybrid rice. Zhejiang
Agriculture Science 4: 156-158.

Miller, D. A., Williams, J. C., Robinson, H. F. and
Comstock, K. B. (1958). Estimates of genotypic
and environmental variances and covariances
in upland cotton and their implication in
selection. Agronomy Journal 50: 126-131.

Murty, P. S. S. and Babu, V. (1992). Path coefficient
analysis of physiological parameters in hybrid
rices. Oryza 29: 379-380.

Panse V. G. and Sukhatme, P. V. (1967). Statistical
methods for Agriculture workers. Indian
Council of Agricultural Research, New Delhi.



40 Ali et al.

Panwar, D. V. S., Bansal, M. P. and Naidu, M. R.
(1989). Correlation and path coefficient analysis
in advanced breeding lines of rice. Oryza 26:
396-398.

Panwar, L. L. (2005). Genetic variability, heritability
and genetic advance for panicle characters in
transplanted rice. Research on Crops 6(3): 505-
508.

Peiyan, L. (1988). Inheritance of biological yield and
harvest index and their relationship with grain
yield in rice. Tropical Agriculture Research Series
21: 230-233.

Prasad, G. S., Prasad, A. S. R., Sastry, M. V. S. and
Srinivasan, T. E. (1988). Genetic relationship
among yield component in rice. Indian Journal
of Agriculture Science 58: 470-472

Sarawgi, A.K. (1986). Partial diallel cross analysis
of yield and its components in rice. Ph.D. Thesis,
J.N.K.V.V., Jabalpur, M.P., India.

Sharma, R. C., Rao, B. R. M., Saxena, R. K. (2004).
Salt affected soils in India - current assessment.
In: Advances in sodic land reclamation.
International Conference on Sustainable
Management of Sodic Lands, 9-14 February,
2004, Lucknow, India. pp 1-26.

Singh V.B. and Chakraborty, R. C. (1996). Notes on
genetic analysis of yield component characters

31(1)

in rice. Indian Journal of Agriculture Science 52:
311-316.

Surek, H., Korkut, Z. K. and Bilgin O. (1998).
Correlation and path analysis for yield and yield
components in rice in a 8-parent half diallel
set of crosses. Oryza 35(1): 15-18.

Swaminathan, M. S., Kesavan, P. C. (2012).
Agricultural research in an era of climate change.
Agriculture Research (Springer) 1: 3-11.

Thomson, M. J., Marjorie de Ocampo, James
Egdane, M. Akhlasur Rahman, Andres Godwin
Sajise, Dante L. Adorada, Ellen Tumimbang-
Raiz, Eduardo Blumwald, Zeba I. Seraj, Singh
Rakesh K., Gregorio Glenn B, Ismail Abdelbagi
M. (2010). Characterizing the Saltol quantitative
trait locus for salinity tolerance in rice. Rice
(Springer) 3: 148-160.

Xiang, Z. M., Min, S. K., Shem, S. T., Qin, H. B,,
Kong, F. L. and Wang, C. L. (1986). Analysis of
the yield component of newly released indica
rice varieties and future prospects. Science
Agriculture Sin 6: 17-23.

Wassman, R., Hien, N.X., Hoanh, C. T., Tuong, T.
P. (2004). Sea level rise affecting Vietnamese
Mekong delta: water elevation in flood season
and implications for rice production. Climate
Change 66(1): 89-107.



