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Abstract The landraces maintained by farmers are
endowed with wide genetic variability, which pro-
vides tremendous scope for further genetic improve-
ment of the rice crop. Therefore, the present inves-
tigation was carried out to assess the variability, heri-
tability and genetic advance in seventy landraces of
rice for sixteen agro-morphological and grain qual-
ity parameters. The analysis of variance revealed the
presence of significant variability among the
landraces of rice under study. Variability studies in-
dicated that the estimates of phenotypic coeffi-
cient of variation were slightly higher than genotypic
coefficient of variation for all the traits, indicating
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less influence of environment. Among all the char-
acters under study, total number of grains per panicle
exhibited highest PCV (35.94) and GCV (35.85),
whereas lowest PCV (4.59) and GCV (4.28) were
recorded for spikelet fertility. All the characters
under study except spikelet fertility and panicle
length exhibited high heritability coupled with high
genetic advance as a per cent of mean, which indi-
cated the preponderance of additive gene action in
controlling these traits. Hence direct selection of
these characters would be effective in improving the
seed yield. Emphasis should be given on these char-
acters, while selection is made to improve yield po-
tential, quality and nutritional status of crop, to de-
velop the hidden hunger free world.

Keywords Genetic advance, Heritability, Lan-
draces, Rice and Variability.

Introduction

Among cereals, rice is undoubtedly the most impor-
tant cereal of the world, which is the staple food for
more than half of the world’s population. It has shaped
the cultures, diets and economies of billions of
people living in Asia where it has a long history of



cultivation and is deeply ingrained in the daily lives
of Asian people. Landraces of rice harbor a great deal
of useful traits and played a very important role in
the local food security and sustainable development
of agriculture, in addition to their significance as
genetic resource for the improvement of rice culti-
vars.

The success of plant breeding depends on the
extent of genetic variability present in a crop. Knowl-
edge on the nature and magnitude of genetic varia-
tion governing the inheritance of quantitative char-
acters like yield and its components is essential for
genetic improvement. A critical analysis of genetic
variability present in the germplasm of a crop and
its estimation is a pre-requisite for initiating any crop
improvement program as well as adopting appropri-
ate selection techniques.

Partitioning of observed variability into heri-
table and non-heritable components is very much
essential to get a true indication of the genetic co-
efficient of variability as a useful measure of the
magnitude of genetic variance present in the popu-
lation. It is very difficult to judge whether observed
variability is heritable or not. Heritability indicates
the extent of transmissibility of a character into fu-
ture generations. Moreover, knowledge of heritabil-
ity is also essential for selection of component traits
for yield improvement.

Again the heritable portion of the total varia-
tion might not be always due to additive gene action.
Thus estimates of heritability alone will not give a
clear indication of the associating genetic progress
that would result from selecting the best plants. It is
also essential to find out the relative magnitude of
additive and non-additive genetic variances with re-
gard to the characters of concern. Therefore it
should be combined with information on genetic
advance. Thus a character possessing high heritabil-
ity along with high genetic advance will be valuable
in the selection program. Keeping in view the im-
portance of aforesaid aspects, the present investiga-
tion was undertaken to study the genetic variability,
heritability and genetic advance among the landraces
of rice for agro-morphological and grain quality pa-
rameters.
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Materials and Methods

The field experiment was conducted during kharif
2013 at Directorate of Rice Research Farm,
ICRISAT campus, Patancheru, Hyderabad, India, situ-
ated at 17.53° N latitude, 78.27°E longitude and al-
titude of 545 m above mean sea level. Seventy
landraces of rice, collected from various places were
sown separately in raised bed nursery. Thirty days
old seedlings of each genotype were transplanted in
5 rows of 3 m length by adopting a spacing of 20 cm
between rows and 15 cm between plants with in a
row in randomized block design replicated thrice.
All the necessary precautions were taken to main-
tain uniform plant population of each genotype per
replication. All the recommend package of practices
was adopted besides providing necessary prophylac-
tic plant protection measures to raise a good crop.

Data were recorded on a total of sixteen metric
characters. Among them seven agro-morphological
characters viz., stem length, total number of tillers
per plant, number of productive tillers per plant
panicle length, total number of grains per panicle ,
spikelet fertility and single plant yield were recorded
on five randomly selected plants in each plot. Time
of heading (50% plants with heads) was recorded on
plot basis. 100-grain weight was recorded per repli-
cation in each genotype.Grain quality and nutritional
traits including decorticated grain length, width, L/
B ratio, amylose content, gel consistency, grain iron
concentration and grain zinc concentration (EDXRF,
model-X-supreme 8000) were also recorded as per
the standard procedures. The data collected on all
the characters were subjected to standard methods
of analysis of variance, phenotypic and genotypic
coefficient of variation, heritability (broad sense),
genetic advance and genetic advance as a percent of
mean.

Results and Discussion

Genetic variability

The analysis of variance revealed the existence of
significant differences among the genotypes for all

the traits (Table 1), indicating the presence of con-
siderable genetic variability among the experimen-
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Table 1. ANOVA for agro-morphological and grain quality parameters in different landraces of rice. ** Significant at 1 percent level of

significance. * Significant at 5 % level of significance.

Mean sum of squares

Replications Treatments Error
SI.No.  Character (df=2) (df =69 (df=138)
1. Time of heading (50% of plants with panicles) 0.171 374.34%* 1.862
A Stem length (excluding panicle) (cm) 1459 590.82%* 3.735
3. Total number of tillers per plant 0.067 14.43%%* 0.869
4. Number of productive tillers per plant 0457 13.96%* 0.797
5. Panicle length (cm) 1.672 19.86** 1.075
6. Total number of grains per panicle 12.078 11789.45%* 19.349
7. Spikelet fertility (%) 0.641 47.89%* 2268
8. Single plant yield (g) 0.385 93.63%* 2.108
9. 100-grain weight (g) 0.007 0.77%* 0.003
10. Decorticated grain length (mm) 0.004 1.37%%* 0.004
11. Decorticated grain width (mm) 0.0002 0.08%** 0.001
12. Decorticated grain : L/B ratio 0.001 1.06%* 0011
13. Amylose content (%) 0.674 76.89%* 0435
14. Gel consistency (mm) 5233 629.62** 5.040
15. Grain iron concentration (mg/kg) 0.381 7.54%* 0.547
16. Grain zinc concentration (mg/kg) 0.945 34 .84+ 1.033

tal material under study. Thus there is ample scope
for improvement of different quantitative and quali-
tative traits through selection. The mean values, ge-
notypic and phenotypic coefficient of variation ,
heritability, genetic advance and genetic advance as
per cent of mean (Table 2) of seventy landraces were
calculated for yield and its contributing traits and
grain quality parameters.

For all the characters under study, phenotypic
coefficient of variation values are slightly higher than
the genotypic coefficient of variation values indi-
cating that the characters were less influenced by
the environment. Therefore, response to direct se-
lection may be effective in improving these traits.

The characters studied in the present investiga-
tion exhibited low (less than 10%), moderate (10-
20 %) and high (more than 20 %) phenotypic and
genotypic coefficients of variation. High phenotypic
and genotypic coefficients variations were observed
for six traits namely total number of grains per
panicle (35.94/35.85), gel consistency (35.63/
35.21), single plant yield (24.07/23.28), 100- grain
weight (22.30/22.16), number of productive tillers

per plant (21.88/20.13) and amylose content (20.61/
20.44). These results are in confirmity with the find-
ings Padmajaetal. [1] and Vanisree et al. [2] for num-
ber of productive tillers per plant and single plant
yield, Basavaraja et al. [3] for number of grains per
panicle and amylose content Parikh et al. [4] for 100-
grain weight and Dhanwani et al. [5] and Shejul et al.
[6] for gel consistency. The estimates of phenotypic
(4.59) and genotypic (4.28) coefficients of varia-
tion were found to be low for spikelet fertility. These
findings are in accordance with those of Saidaiah et
al. [7] and Pandey et al. [8].

Phenotypic and genotypic coefficients of varia-
tion were moderate for total number of tillers per
plant (19.92/18.24), grain zinc concentration (18.33/
17.54), grain iron concentration (17.54/15.78), L/
B ratio (16.23/15.99), stem length (15.10/14.96),
decorticated grain length (12.24/12.19), time of
heading (11.94/11.85), panicle length (11.29/10.43)
and decorticated grain width (10.93/10.69). These
results are in trend with the findings of Bekele et al.
[9] for time of heading and decorticated grain length
Parray and Shikari [10] and Dhanwani et al. [5] for
total number of tillers per plant and panicle length
and Veerabadhiran et al. [11] for decorticated grain
width and L/B ratio.
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Table 2. Estimation of variability, heritabilityand genetic advance for agro-morphological characters and grain quality parameters in
landraces of rice. Min-Minimum, Max-Maximum, PCV-Phenotypic Coefficient of variation; GCV-Genotypic coefficient of variation; GA-

Genetic advance.

Range Heritability GAas
Pheno-  Geno- in broad percent

SL typic typic ~ PCV GCV  sense (h?) of
No. Character Mean Min Max variance variance (%) (%) (%) GA mean
1. Time of heading (50% of plants

with panicles) 93.77 7000 12000 12536 12349 1194 11.85 9851 2272 2423
2. Stemlength (cm) 93.54 52.65 12244 19943 19569 1510 14.96 98.13 2855 30.52
3. Total no. of tillers per plant 11.66 833 1961 539 452 1992 1824 8388 401 3441
4. No. of productive tillers

per plant 1041 6.50 1768 519 439 21.88 20.13 8463 397 38.14
5. Panicle length (cm) 2399 1935 3475 734 6.26 1129 1043 8535 476 19.85
6.  Total no. of grains per panicle 17470 7522 49933 394272 392337 3594 35.85 99.51 12872 73.68
7. Spikelet fertility (%) 91.15 7998 9658 1748 1521 459 428 8702 749 822
8. Single plant yield (g) 23.73 1258 3671 3262 3051 24.07 2328 9354 1101 46.38
9. 100-grain weight (g) 228 1.02 333 0.26 0.26 22.30 22.16 9881 104 4538
10. Decorticated grain : length (mm) 5.53 341 8.18 046 046 1224 12.19 99.11 1.38 25.00
11. Decorticated grain : width (mm) 1.51 1.13 1.86 0.03 0.03 1093 10.69 9564 033 21.53
12.  Decorticated grain: L/Bratio  3.70 1.99 6.57 0.36 0.35 1623 15.99 97.01 1.20 3244
13.  Amylose content (%) 24.70 632 3272 2592 2548 20.61 2044 9832 1031 41.75
14.  Gel consistency (mm) 4098 2200 9233 21323 20819 3563 3521 9764 2937 71.67
15.  Grain iron concentration (mg/kg) 9.67 597 129 2.88 2.33 17.54 15.78 8099 283 29.26
16.  Grain zinc concentration (mg/kg) 19.14 897 25.1 1230 1127 1833 17.54 9160 662 34.59

Heritability and genetic advance

All the characters under investigation expressed high
estimates of heritability in broad sense ranging from
80.99 to 99.51%. Among all agronomic characters,
highest heritability was recorded for total number
of grains per panicle (99.51%) followed by 100-
grain weight (98.81%), while decorticated grain
length (99.11%) and amylose content (98.32%)
among the grain quality parameters exhibited, high-
est heritability estimates.

High heritability for quantitative characters in-
dicates the scope of genetic improvement of these
characters through selection. All quality characters
also exhibited high degree of broad-sense heritabil-
ity, which revealed that these characters are less in-
fluenced by environment and there could be greater
correspondence between phenotypic and breeding
values.

Genetic advance as a per cent of mean is classi-
fied as low (less than 10%), moderate (10-20%) and
high (more than 20 %). Among the metric charac-

ters spikelet fertility exhibited low (8.22%) genetic
advance as a per cent of mean, panicle length had
moderate (19.85%) genetic advance as a per cent of
mean. Remaining all the traits exhibited high esti-
mates of genetic advance as a per cent of mean,
among them total number of grains per panicle ac-
quired highest value (73.8%). However all the grain
quality parameters exhibited high values of genetic
advance as a per cent of mean, among which gel con-
sistency recorded the highest (71.67%) value.

Among all the characters studied, spikelet fer-
tility exhibited high heritability coupled with low
genetic advance as a per cent of mean. Similar re-
sults were obtained earlier by Madhavilatha et al.
[12]. High heritability coupled with low genetic ad-
vance as a per cent of mean indicates that the ex-
pression of the trait is under the control of non-ad-
ditive type of gene action, and its response to selec-
tion would be poor. In such case hybridization pro-
gram is rewarded.

Panicle length expressed high heritability
coupled with moderate genetic advance as a per cent
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of mean, which is in accordance with the reports of
Singh et al. [13] and Sankar et al. [14] . High herita-
bility coupled with moderate genetic advance as per
cent of mean, suggested that the expression of this
trait was mostly influenced by additive type of gene
action. Hence its response to selection would be
effective in improving the seed yield.

All the remaining metric characters expressed
high heritability coupled with high genetic advance,
which indicated the preponderance of additive gene
action in controlling the traits. Hence direct selec-
tion of such characters would be effective in improv-
ing the yield. Similar results were observed by
Gangashetty et al. [15] for time of heading, Kumar
et al. [16] for plant height, total number of tillers
per plant and productive tillers per plant, Singh et al.
[17] and Jaiswal et al. [18] for total number of grains
per panicle and single plant yield and Padmaja et al.
[1] and Parikh et al. [4] for 100-grain weight.

All the quality parameters exhibited high heri-
tability coupled with high genetic advance as a per
cent of mean. These results are in accordance with
the findings of Amudha and Thiyagarajan [19] for
decorticated grain length and width. Veerabadhiran
et al. [11] reported similar results for decorticated
grain width and L/B ratio Sankar et al [14] also ob-
tained same results for decorticated grain L/B ratio
and for grain iron and zinc concentration Amudha
and Thiyagarajan [19] recorded similar results for
amylose content and gel consistency.

Conclusion

A perusal of genetic parameters viz., phenotypic and
genotypic coefficients of variation revealed less in-
fluence of environment on the characters under
study. Therefore, response to direct selection may
be effective in improving these traits. All the char-
acters under study except spikelet fertility and
panicle length exhibited high heritability coupled
with high genetic advance as a per cent of mean,
which indicated the preponderance of additive gene
action in controlling these traits. Hence direct se-
lection of the these characters would be effective in
improving the seed yield. Panicle length had high
heritability coupled with moderate genetic advance

as per cent of mean suggesting that the expression
of this trait was mostly influenced by additive type
of gene action. Hence its response to selection
would be effective in improving the seed yield.
While, spikelet fertility had high heritability coupled
with low genetic advance as per cent of mean indi-
cating that the expression of this trait was under the
control of non-additive type of gene action, hence
its response to selection would be poor.
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