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ARTICLE INFO ABSTRACT

The present investigation was conducted to estimate genetic variability parameters and correlations
that exist for grain iron concentration and yield attributing characters and also to identify
transgressant lines based on grain iron concentration in rice. One hundred and sixty recombinant
inbred lines (RILs) of IRRI38 X Jeerigesanna were grown under aerobic condition at University of
Agricultural Science, Bangalore in augumented experimental design during wet seasons of 2011 and
2012.Grain iron concentration of RILs ranged from 7 to 24ppm. Nine transgressant lines were
identified based on high iron concentration in grains, ranging from 14-24ppm. Analysis of variance
revealed significant differences for all the traits. Grain iron concentration and grain yield per plant
showed high phenotypic and genotypic coefficients of variation. Number of productive tillers per
plant (r=0.55) and number of tillers per plant (r=0.46) exhibited significantly positive correlation
with grain yield per plant. Grain iron concentration showed negative correlation (r = -0.004) with
grain yield per plant. Path coefficient analysis indicated that number of productive tillers per plant
(0.869) and number of tillers per plant (0.744) have positive direct effect on grain yield per plant.
Grain iron concentration (-0.012) showed negative direct effect on grain yield. Therefore, breeding
for high iron concentration and high yield should be executed separately.
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INTRODUCTION

Rice is considered as the grain of life for billions of people
throughout the world. Being a staple food for most of the
Asians, rice contains little micronutrients in the edible portion.
Major nutritional problems in rice consuming countries
comprise malnutrition and deficiencies of iron, zinc and
vitamin A. Iron deficiency is the most common nutritional
disorder in the world affecting over 4 billion people, with more
than 2 billion people mainly in developing countries, actually
being anemic (WHO, 2011). According to WHO (2008) an
estimated 41% of pregnant woman and 27% of preschool
children worldwide have anaemia. It often leads to impaired
physical growth, mental development, and learning capacity
(Cakmak et al, 2010). Although supplements added to food or
taken in tablet form are effective in preventing and controlling
iron deficiency, such treatments are difficult to implement in
developing countries due to associated costs and small number
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of primary health care programs. Hence there is an urgent and
compelling need to develop rice varieties with
improved content of micronutrients using biofortification. Iron
is essential for photosynthesis, respiration and chlorophyll
biosynthesis in plants and in humans.

It is a component in heme, the Fe-sulfur cluster, and an
important catalytic centre in many enzymes. In normal healthy
adults, some 0.5-2 mg of iron is lost each day due to blood loss
and the constant exfoliation of iron-containing epithelial cells
that line the gastrointestinal and urinary tract, skin and hair.
Therefore, the same amount of iron from dietary sources is
required each day to replace the lost iron and maintain body
iron homeostasis (Sharp et al., 2007). Biofortification -
breeding staples with high micronutrient content, has evolved
as a new strategy to address micronutrient malnutrition (Virk
and Barry 2009) and nutritional security. It relies on
conventional plant breeding and biotechnology and holds great
promises for improving the nutritional status and health of poor
population in both rural and urban areas of the developing
countries. Several studies have examined the feasibility of
biofortification approach for improving the micronutrient (iron
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and zinc) content of staple crops including rice and found that
substantial useful genetic variation exists in key staple crops,
nutritional quality traits are highly heritable in some crops,
mineral rich traits are sufficiently stable across a wide range of
growing environments and traits for high micronutrient content
can be combined with superior agronomic and high yield
characteristics (Brar et al., 2011). To release a variety
commercially, various screening steps are required. With this
viewpoint the present study was done to (a) screen a RIL
population for grain Fe concentration in brown rice, (b) analyze
the statistical correlation between grain Fe concentration and
yield related traits and (c) identify transgressant lines
containing high Fe concentration in grains.

MATERIALS AND METHODS

160 recombinant inbred lines including their parental
genotypes IRRI38 and Jeerigesanna were used for the present
study. All genotypes were grown in the experimental field of
University of Agricultural Science, Bangalore under aerobic
condition (Shashidhar et al., 2007) using Augmented Block
design (Federer, 1961) during wet seasons 2011 and 2012.
RILs and checks were raised by direct seeding with a spacing
of 30 cm between the rows and 15 cm between the plants. The
field management followed the recommended package of
practices of UAS, Bangalore. Soil was fertilized with 5 t ha-1 of
FYM and NPK in the ratio of 100:50:50 kg/ha. Nitrogen was
supplied in the form of urea at basal, 30 and 60 days after
sowing as 50%, 25% and 25% respectively. P was provided as
single super phosphate (16% P2O5) and K as muriate of potash
(60% K2O). Plants were grown in available rainfall conditions
and irrigation was done once in five days in the absence of
rainfall. The data were recorded from middle rows for days to
50% flowering, days to maturity, plant height (cm), number of
tillers per plant, number of productive tillers per plant, biomass
per plant (g) and grain yield per plant (g) at respective stages of
growth.

Sample preparation and iron concentration analysis

Seeds were harvested and hand threshed to avoid any metal
contamination. Dehusking was done manually. Whole grains
were collected and washed quickly with 0.1N HCl and then
with sterile double distilled water to remove any surface
contaminants and dried in hot air oven at 70o C for 72 h. Five
grams of each sample were used for analysis. The iron content
of seed samples was estimated by energy dispersive X-ray
florescence spectrometry (EDXRF) at M. S. Swaminathan
Research Foundation, Chennai. EDXRF was carried out using
Oxford Instruments X-Supreme 8000 fitted with a 10 place
autosampler (Paltridge et al., 2012). Measurement conditions
were as recommended by the users’ manual for analysis of Fe.
Calibration of instrument was done using standard samples of
high, medium and low Fe containing genotypes. Total analysis
time for each sample was 180 s which included 60 s acquisition
times for the separate Zn and Fe conditions as well as 66 s
‘dead time’ during which the EDXRF established each
measurement condition. Scans were conducted in sample cups
assembled from 21 mm diameter Al cups combined with
polypropylene inner cups sealed at one end with 4 μm Poly-4

XRF sample film. Cups containing samples were gently shaken
to evenly distribute grains. In 21 mm cups, minimum depths
equated to ≥ 4 g of grain for Zn analysis, and ≥ 2 g of grain for
Fe analysis, so sample mass was fixed at 4 g. X-Supreme 8000
scans a circle of 21 mm diameter with the sample spinner on.

Statistical Analysis

The analysis of variance for all the traits was tabulated using
the software program AUGMENT 1 (Agrawal and Sapra,
1995). Genetic variability and correlation studies were
computed using MS-Excel and   SPSS 16.0 (SPSS Inc.)
respectively. Path-coefficient analysis was analyzed with
GENRES statistical software package (GENRES, 1994).

RESULTS

160 RILs along with their parental genotypes IRRI38 and
Jeerigesanna were analyzed for Fe concentration in brown rice
in wet season of 2011 and 2012.The mean Fe concentration
ranged from 7.20 ppm to 24.00 ppm with an average value of
11.30 ppm in both years. IRRI38 and Jeerigesanna showed
8.00 ppm and 13.60 ppm of Fe concentration in brown rice,
respectively. Transgressant lines (Table 1) were selected from
the present study based on high Fe concentration in grains. It
has been observed that these RILs showed consistent values for
higher Fe accumulation in grains ranging from 14-24 ppm in
both seasons with relatively better grain yield.

Table 1. Transgressant lines selected from RILs based on grain
iron concentration

RILs
Mean grain iron concentration

(ppm)
Mean grain yield per

plant(g)

IRJS32 24.00 8.00
IRJS5 22.84 3.75
IRJS197 20.72 11.46
IRJS210 17.91 6.34
IRJS137 15.93 4.85
IRJS107 15.80 9.66
IRJS104 14.83 3.84
IRJS228 14.61 7.25
IRJS148 14.36 3.53

ppm:parts per million, g:grams

Analysis of Variance: Highly significant differences among
the RILs were observed for grain iron concentration and other
yield related traits indicating presence of sufficient amount of
variability for all the characters among the genotypes studied in
wet season of 2011 and 2012.

Genetic variability for grain Fe concentration and yield
related traits: In wet season of 2011, the grain Fe
concentration ranged from 4.10 ppm (IRJS153) to 31.2 ppm
(IRJS197), with an average value of 9.3 ppm whereas in wet
season of 2012, the same varied from 8.2 ppm (IRJS252) to
37.8 ppm (IRJS32) with an average value of 13.3 ppm. In wet
season 2011, the grain yield per plant showed a variation from
2.00 g (IRJS69, IRJS84, IRJS93 and IRJS129) to 32.40 g
(IRJS67), with an average value of 9.83 g whereas in 2012, the
range of variation was from 0.20 g (IRJS4) to 32.00 g (IRJS57)
with an average value of 4.65g as shown in Table 1. Variability
parameters of genotypic co-efficient of variation (GCV or G),
phenotypic co-efficient of variation (PCV or P), broad sense
heritability (h2) and genetic advance as percent mean (GAM)
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Table 2. Estimates of genetic parameters for different traits in RILs

Trait Season Min. Max. Mean ± S.E GCV (%) PCV (%) h2 (%) GAM (%)

DF WS11 82.00 119.00 98.06±0.60 30.97 31.59 96.1 62.54
WS12 73.00 118.00 88.53±0.70 7.16 29.02 6.08 3.63

DFF WS11 87.00 125.00 104.48±0.62 6.94 10.33 45.14 9.61
WS12 75.00 124.00 97.36±0.81 10.43 11.80 78.08 18.98

DM WS11 117.00 160.00 138.27±0.67 5.94 7.97 55.48 9.11
WS12 110.00 160.00 135.43±0.67 6.21 7.27 72.88 10.91

PH WS11 54.60 122.60 79.66±1.02 15.48 24.94 38.52 19.79
WS12 36.00 98.40 62.98±0.88 17.67 19.08 85.75 33.70

NT WS11 7.00 29.80 13.88±0.29 25.78 39.65 42.29 34.54
WS12 3.60 26.80 11.49±0.33 35.81 46.77 58.63 56.49

NPT WS11 5.20 27.20 12.18±0.27 26.60 39.03 46.45 37.34
WS12 2.60 20.60 9.60±0.30 39.16 45.81 73.07 68.96

BP WS11 18.20 116.20 49.51±1.52 38.50 42.65 81.51 71.61
WS12 4.20 69.60 23.84±0.93 411.00 470.56 76.29 739.49

GY(g) WS11 2.00 32.40 9.83±0.49 63.05 71.09 78.64 115.17
WS12 0.20 32.00 4.65±0.38 103.06 109.16 89.13 200.43

Fe WS11 4.1 31.2 9.34±0.22 31.01 29.05 87.73 56.05
WS12 8.2 37.8 13.28±0.26 25.47 24.88 95.44 50.08

HI WS11 2.20 71.10 20.69±0.92 56.30 63.17 79.43 103.36
WS12 0.60 68.40 18.50±1.03 69.09 92.08 56.30 106.79

DF: Days to flowering, DFF: Days to 50% flowering, DM: Days to maturity, PH: Plant height (cm), NT: Number of tillers per plant, NPT: Number of productive tillers
per plant, BP: Biomass per plant (g), GY: Grain yield per plant (g), Fe: Grain iron concentration (ppm), HI: Harvest Index, WS11: Wet season 2011, WS12: Wet season
2012, PCV: Phenotypic coefficient of variation; GCV: Genotypic coefficient of variation; h2: Heritability in broad sense, GAM: Genetic advance as percent mean

Table 3. Phenotypic correlation coefficients for different traits in RILs (n=160)

DF DFF DM PH NT NPT BP GY HI Fe

DF 1 0.87** 0.69** -0.23** -0.27** -0.34** 0.01 -0.31** -0.37** 0.13
DFF 0.87** 1 0.68** -0.24** -0.35** -0.40** 0.01 -0.36** -0.38** 0.09
DM 0.64** 0.67** 1 -0.26** -0.39** -0.43** 0.02 -0.30** -0.32** 0.14
PH -0.18* -0.30** -0.29** 1 -0.02 0.06 0.29** 0.15 -0.01 -0.01

NOT -0.37** -0.41** -0.31** 0.33** 1 0.92** 0.39** 0.33** 0.11 -0.04
NPT -0.48** -0.54** -0.40** 0.42** 0.91** 1 0.44** 0.46** 0.22** -0.06
BP -0.31** -0.34** -0.20* 0.57** 0.59** 0.59** 1 0.33** -0.18* 0.11
GY -0.45** -0.47** -0.29** 0.36** 0.46** 0.55** 0.59** 1 0.82** -0.004
HI -0.42** -0.43** -0.28** 0.14 0.22** 0.36** 0.16* 0.81** 1 -0.1
Fe -0.03 -0.04 -0.16* -0.13 -0.08 -0.1 -0.14 -0.04 0.05 1

*Significant at 5%, ** significant at 0.01%. Above half diagonal, values on the table indicate correlation   coefficients in wet season 2011.Below half diagonal,
values on the table indicate correlation coefficients in wet season 2012. Note: DF: Days to flowering, DFF: Days to 50% flowering, DM: Days to maturity, PH:
Plant height (cm), NT: Number of tillers per plant, NPT: Number of productive tillers per plant, BP: Biomass per plant (g), GY: Grain yield per plant (g), Fe:
Grain iron concentration (ppm), HI: Harvest Index.

Table 4. Path coefficient analysis for different traits of RILs grown in wet season 2011(n=160)

Via character
Effect of character DF DFF DM PH NT NPT BP Fe r

DF 0.056 -0.241 -0.029 0.012 0.174 -0.292 0.006 0.003 -0.312
DFF 0.048 -0.276 -0.029 0.012 0.225 -0.344 0.001 0.002 -0.36
DM 0.038 -0.187 -0.043 0.013 0.249 -0.373 0.003 0.003 -0.296
PH -0.013 0.067 0.011 -0.050 0.016 0.055 0.059 -0.0003 0.146
NT -0.015 0.096 0.016 0.001 -0.651 0.803 0.078 -0.001 0.327

NPT -0.019 0.109 0.018 -0.003 -0.601 0.869 0.090 -0.002 0.462
BP 0.002 -0.001 -0.001 -0.014 -0.248 0.383 0.205 0.003 0.327
Fe 0.007 -0.025 -0.006 0.0006 0.027 -0.054 0.022 0.024 -0.004

Diagonals bold indicate direct effects

Table 5. Path coefficient analysis for different traits of RILs grown in wet season 2012(n=160)

Via character
Effect of character DF DFF DM PH NT NPT BP Fe r

DF -0.036 0.047 0.001 0.003 -0.009 -0.001 -0.144 0.0004 -0.451
DFF -0.031 0.055 0.001 0.004 -0.010 -0.002 -0.160 0.0005 -0.464
DM -0.023 0.037 0.001 0.004 -0.008 -0.001 -0.093 0.0019 -0.29
PH 0.007 -0.016 -0.0004 -0.015 0.008 0.001 0.267 0.001 0.36
NT 0.013 -0.022 -0.0004 -0.005 0.025 0.003 0.275 0.001 0.456

NPT 0.017 -0.030 -0.0005 -0.006 0.022 0.003 0.274 0.001 0.548
BP 0.011 -0.019 -0.0003 -0.008 0.015 0.002 0.468 0.002 0.587
Fe 0.001 -0.002 -0.0002 0.002 -0.002 -0.0003 -0.065 -0.012 -0.044

Diagonals bold indicate direct effects. Note: DF: Days to flowering; DFF: Days to fifty percent flowering; DM: Days to maturity; PH: Plant height (cm); NT: Number
of tillers; NPT: Number of productive tillers; BP: Biomass per plant (g); Fe: Grain iron concentration (ppm).



with respect to all the characters studied in RILs grown in wet
season of 2011 and 2012 were shown in Table 2. The
characters under study exhibited high, moderate and low PCV
and GCV values. PCV and GCV were highest(>20%) for grain
iron concentration (25.47P, 24.88G), grain yield per plant
(42.65P, 38.5G), number of tillers per plant (46.77P, 35.81 G)
number of productive tillers per plant (45.81 P, 39.16 G),
biomass per plant (71.08P, 63.04G) and  harvest index (63.17P,
56.3G). Moderate values (10-20%) of PCV and GCV were
tabulated for days to 50% flowering (11.8P, 10.43G) and plant
height (19.08P, 17.67G). Low values of PCV and GCV were
recorded for days to maturity (7.27P, 6.21G). High heritability
coupled with high genetic advance as percent mean were
observed for days to flowering (h2- 96.1,GAM-62.54), plant
height (h2 -85.75, GAM- 33.7), number of productive tillers per
plant (h2- 73.07, GAM-68.96), biomass per plant (h2- 78.64,
GAM-115.16), grain yield per plant (h2- 81.51, GAM-71.61),
harvest index (h2- 79.43, GAM-103.36) and grain iron content
(h2- 87.73, GAM-56.05). High heritability coupled with
moderate genetic advance as percent mean were observed for
days to maturity (h2- 72.88, GAM-10.91) and days to 50%
flowering (h2- 78.08, GAM- 18.98).

Correlation for grain Fe concentration and yield related
traits

Highly significant and positive correlation were observed for
number of productive tillers per plant with number of tillers per
plant (r = 0.92), biomass per plant (r = 0.59) and grain yield per
plant (r = 0.55). Also, grain yield per plant showed significant
positive correlation with number of tillers per plant (r = 0.46)
and biomass per plant (r = 0.59) whereas grain Fe
concentration showed non-significant correlation with all the
biometric characters studied (Table 3). Assessment of the
relationship between grain Fe concentration and grain yield per
plant using linear regression also showed negative correlation
between these traits (Fig 1 a and b).

Fig. 1a & b. Relationship between grain iron concentration and grain
yield per plant in RILs a) Grown in wet season 2011 and b) Grown in

wet season 2012. n = Number of recombinant inbred lines

Path coefficient analysis

In wet season 2011, the number of productive tillers per plant
(0.869) and in wet season 2011, the number of productive
tillers per plant (0.869) and in wet season 2012, harvest index
(0.744) showed highest positive direct effect on, showed
highest positive direct effect on grain yield per plant followed
by biomass per plant (0.117) and days to fifty percent
flowering (0.055). Among the indirect effects, the number of
tillers per plant had highest positive indirect effect on grain
yield per plant via number of productive tillers per plant
(0.803) and biomass per plant (0.275) in wet season 2011 and
2012 respectively. Grain Fe concentration showed low direct
effect (0.024, -0.012) and negative indirect effect on grain yield
per plant via other characters in both seasons respectively.

DISCUSSION

Generating and exploiting genetic variability are two important
unavoidable factors for crop improvement. According to Allard
(1960), the potentiality of a breeding process depends on the
extent of variability generated in different quantitative traits as
it indicates the extent of recombination for effective selection.
Crop improvement programmes in majority of the self
pollinated crops depends mainly on hybridization
(Manickavelu et al., 2006).In the present study, RILs were
developed as a result of hybridization of an early maturing,
semi-dwarf variety IRRI38 (a line from IRRI, Philippines) with
a late maturing, tall, local line Jeerigesanna and forwarded to
F8 generation with single seed descent method without any
selection. Hence they exhibited genetic variability which
observed earlier in the population. The RILs obtained also
exhibited variability in grain Fe concentration and grain yield
per plant adapting to aerobic condition. Considerable genetic
variation observed among RILs in ANOVA (analysis of
variance) for all the agronomic characters including grain Fe
concentration, suggested that the parents used in the cross were
genetically different. The Fe concentrations showed significant
transgressive segregations with values either more or lesser
than those of the parents. In this study, nine best stable
transgressive segregants for grain Fe concentration (>14ppm)
were identified by the phenotypic evaluation of RILs in wet
seasons of 2011 and 2012 (Table 1).

Variability in a population is measured on the basis of
phenotypic and genotypic co-efficients of variation. The high
PCV and GCV estimates were reported by Govindraj et al.
(2011) in pearl millet and Ravindra Babu et al. (2012) in rice,
for grain iron concentration, Akinwale et al. (2011) for grain
yield per plant, Bisne et al. (2009) and Ashok et al. (2013)for
number of tillers per plant and number of productive tillers per
plant respectively. Similar results of high PCV and GCV
observed in RILs of IRRI38 and Jeerigesanna in two seasons
indicated the presence of high genetic variability of the traits
studied and least role of environmental influence for the
expression of these characters. Hence, simple selection on the
basis of phenotype alone is effective for the improvement of
these traits. Moderate and low PCV and GCV were reported
for plant height by Chakraborty et al. (2010) and days to
maturity by Priyanka et al. (2010) respectively. Heritability is
a measure of extent of phenotypic variation caused by the
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action of genes. High heritability coupled with high genetic
advance as percent mean recorded for the characters indicated
that genotypes plays most important role than the environment
in determining the phenotype suggesting predominance of
additive gene effects in the inheritance of the traits. Hence,
simple selection in the segregating generation would be fairly
effective for their improvement. Concomitant results were
reported by Balan et al (1999), Bidhan et al. (2001) and
Gangashetty et al. (2013). The traits which expressed high
heritability coupled with moderate genetic advance suggested
that these traits were primarily under genetic control and
selection for these traits can be achieved through their
phenotypic performance. Highly significant and positive
correlations existing between different traits can be used to
conduct indirect selection of a desired complex trait in a
breeding program. Similar results for highly significant and
positive correlation for grain yield per plant with number of
tillers per plant was also reported by Akinwale et al. (2011).
Non-significant correlation of grain Fe concentration with
grain yield per plant was reported by Nagesh et al. (2012)
supporting our data. Xia H et al. (2013) also reported negative
correlation of maize grain Fe concentration with grain yield.

Path coefficient analysis reveals the direct and indirect effects
of various quantitative traits and grain Fe concentration on
grain yield per plant. The results given in Table 4 and 5 reveals
the highest positive direct effect of number of productive tillers
per plant and harvest index on grain yield per plant. Similar
results were also reported by Panwar et al. (2007), Nagesh
et al. (2012) and Gopikannan et al. (2013) for highest positive
effect of number of productive tillers per plant on grain yield
per plant. Supriyo (2010) elucidated high direct effect of
harvest index on grain yield in Boro rice.  In the present study,
grain Fe concentration showed low to negative effects on grain
yield in two seasons consistently. Nagesh et al. (2012) reported
negative direct effect of grain Fe concentration on grain yield
per plant which is in accordance with our data. Also,
Chakraborthi et al. (2009) reported the absence of direct and
indirect effect of grain Fe concentration on grain yield in
maize. These findings indicated that grain Fe concentration had
no contribution towards grain yield and hence this trait cannot
be used as selection criteria for improvement in grain yield.
Instead selection based on number of productive tillers per
plant, harvest index and biomass per plant can be adopted for
enhancement of grain yield as it showed positive direct effect
on grain yield per plant.

Conclusion

Overall, the present study revealed high genetic variability
among the RILs for grain Fe concentration and yield attributing
characters. Superior transgressant lines showing promising
improvement in grain Fe concentration have been identified.
Grain Fe concentration showed negative correlation with grain
yield per plant. Hence breeding for high Fe concentration in
grains and enhancement of grain yield should be executed
separately. Number of productive tillers per plant had a higher
direct effect on grain yield per plant whereas grain yield per
plant had a negative direct effect on grain yield.
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