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Abstract
 The experiment on 113 genotypes (aromatic and non-aromatic rice) including three checks viz., Sarjoo 52, 
FL 478, and CSR 10 of rice (Oryza sativa L.) was conducted to work out the identification of elite genotypes 
based on grain yield and their various yield attributing traits.  The grain yield per plant ranged from 8.898g for 
NDRK 50047 to 24.658g in the case of IR 13 T 141 with a general mean of 16.464g. Out of 113 genotypes, 
thirty-six genotypes produced significantly higher grain yield per plant than the general mean. The best ten 
genotypes for higher grain yield per plant were IR 13 T 141, IR 11 T 230, IR 13 T 145, IR 12 T 147, IR 11 
T 171, IR 11 T 132, IR 11 T 205, IR 12 T 193, AT 401, and CSR 43. Similarly, the genotypes showed that 
very high mean performance in the desired direction for various characters; may also be used as donors for 
improving the characters for which they had high mean performance in yield and yield contributing traits. 
The availability of large genetic variability, as well as the nature of heritability and gene actions, are all 
important factors in the success of selection in improving plant traits. The basic material for a plant breeding 
programme is genetic diversity, which is used to generate superior genotypes through selection.
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Introduction
Rice (Oryza sativa L.) has chromosome number 2n 
= 24 (n=12) and basic chromosome number x=5 
and is a member of the Gramineae (Poaceae) family. 
Rice belongs to the genus Oryza, and there are 
approximately 24 kinds found in tropical, sub-tropical, 
and warm temperate regions around the world. The 
Oryza sativa and Oryza glaberrima are the two most 
often cultivated species. The Oryza sativa plant is 
classified into three subspecies: Indica, Japonica, and 
Javanica.

Rice (Oryza sativa L.) is the most important staple food 
crop in the world. Asia is the leader in rice production 
accounting for about 90% of the world’s production. 
India has the world’s largest rice-growing area (43.78 
million hectares), accounting for 28.26% of all rice-
growing land, and ranks second in overall production 
(118.40 million tonnes) after China, with an average 
yield of 2705 kg/hectare (Anonymous, 2019-20). Asia 
covers around 140.036 million hectares and produces 

5.32 tonnes per hectare (Anonymous, 2017-18). More 
than 80% of our population eats rice as their major 
meal and staple diet, either entirely or partially. Uttar 
Pradesh is a major rice-growing state in India. Rice is 
grown on 6.45 million hectares and produces 18.251 
million tonnes in Uttar Pradesh (UP), with an yield 
of 4.95 tonnes per hectare (Uttar Pradesh Directorate 
of Agricultural Ministry, 2017-18). Agriculture is the 
most important occupation in UP because around 
80% of the population lives in rural areas and 75% of 
the total workforce is engaged in cultivation/farming, 
which accounts for 27% of the state’s GDP. Families 
in the state rely on agriculture as their primary source 
of income. 

Although India’s average rice productivity is 
substantially lower than the global average, the 
development of high yielding, broadly adapted 
pure-line rice varieties, combined with advances in 
production technology, has enabled to meet the 
demand for rice to a satisfactory level over the last 
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four decades. However, fast-rising demand, owing to 
India’s ever-growing population, has compelled us to 
look for another quantum leap in rice yield. To solve 
this challenge, the creation of improved high-yielding 
pure line and hybrid rice varieties appropriate for harsh 
conditions (salt-affected soil) will be a key strategy. 
Inland salinity areas in UP are primarily found in 
the districts of Raibareilly, Azamgarh, Sultanpur, 
Faizabad, Lucknow, Unnao, and Pratapgarh.

Aromatic rice is a small but unique sub-group of 
rice that is prized for its superior quality. Aromatic 
rice has been grown for generations in the traditional 
territories of the Indian subcontinent’s northwestern 
regions. Aromatic rice emits a specific aroma in the 
field at the time of flowering, harvesting, in storage, 
milling, cooking, and eating (Efferson, 1985). Aroma 
development is influenced by both genetic factors 
and environmental factors. Mostly, a single recessive 
gene has been reported to control aroma, but there 
are also reports of a dominant gene, and multiple 
factors/polygenes, controlling aroma (Singh et al., 
2000). Aroma is due to certain chemicals present in 
the endosperm and such chemicals are also found in 
the vegetative parts, which emit aroma in the standing 
crop in some cases even at early stages of growth. 
The biochemical basis of aroma was identified as 
the compound 2-acetyl-1-pyroline. The compound is 
known to be present in raw grain as well as in plants. 
There are 100 more volatile molecules associated 
with the fragrance development in rice, including 
hydrocarbons, acids, alcohols, aldehydes, ketones, 
esters, phenols, and other substances, in addition to 
2-acetyl-1-pyroline. (Singh et al., 2005).

Germplasm is the most useful natural resource for 
creating successful variations since it possesses all the 
necessary characteristics. (Hawkes, 1981). Breeders 
can recombine favourable phenotypes of diverse 
qualities to generate superior genotypes capable of 
providing high and steady yields due to the availability 
of acceptable variability in germplasm collections. 
With the use of genetic parameters like coefficients 
of variation, heritability, and genetic progress, the 
existing variability in a population can be partitioned 
into heritable and non-heritable components to serve 
as a basis for selecting some outstanding genotypes 
over existing ones.

Although yield is a complicated character that appears 
through multiplicative interactions of other characters 
known as yield components, identifying factors re-
sponsible for high yields has proven difficult (Grafius, 
1959). 

The soil sodicity is a major factor that adversely affects 
the growth and yield of crop plant. Approximately one-
third of the land area on which rice is grown is affect-
ed by salinity. Approximately 10% of the world’s total 
land area (950 million ha), 20% of the world’s ara-
ble land (300 million ha) and 50% of the total irrigated 
land (230 million ha) are affected by soil salinization. 
Further, it is expected to influence 50% of total culti-
vated land in 2050 at a dis-quieting rate. Every year al-
most 12 billion US$ are globally lost due to salt stress 
that significantly affects the agricultural production 
(Shrivastav et al., 2022).

The number of salt-affected areas is growing every 
day because of excessive irrigation water use 
combined with poor drainage and irrigation water of 
poor quality. The only way to boost productivity is to 
develop cultivars for sodic soil. As a result, adapting 
high-yielding rice varieties to a variety of stress 
environments, such as sodic and salt-affected soil, 
would be a significant technique for addressing this 
problem.

The rice breeding scenario has progressed in 
recent years. Few important achievements have 
been addressed in this area. Changes in climatic 
circumstances, in addition to biotic and abiotic 
challenges, pose a serious danger to rice production 
sustainability, making it challenging for rice molecular 
breeders to improve production and productivity 
under these stress conditions. 

Materials and Methods
The study’s goal was to determine the status of elite 
genotypes based on grain yield and various yield 
attributing traits among 113 genotypes (aromatic 
and non-aromatic rice) in a field experiment at the 
A.N.D. University of Agriculture and Technology’s 
Main Experimental Station in Narendra Nagar 
(Kumarganj), Ayodhya, India, during the Kharif of 
2018 under natural sodic soil with the pH, EC and 
ESP were 9.5, 3.2 dSm-1 and 45%, respectively. 
Geographically, experimental site is located between 
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24° 47¢ and 26° 56¢N latitude, 82° 12¢ and 83° 98¢E 
longitude and at an altitude of 113 m above mean sea 
level. This area falls in sub-tropical climatic zone. 
The study’s experimental materials are 113 genotypes 
that included three check varieties: Sarjoo 52, FL 
478, and CSR 10. The experiment was designed 
with an augmented design. Days to 50% flowering, 
chlorophyll content, leaf nitrogen, leaf temperature, 
flag leaf area (cm), plant height (cm), panicle bearing 
tillers per plant, panicle length (cm), spikelets per 
panicle, grains per panicle, spikelet fertility (percent), 
biological yield per plant (g), harvest-index (percent), 
1000-grain weight (g), and grain yield per plant 
were among the sixteen grain yield traits observed. 
Federer’s (1956) analysis of variance for Augmented 
Design.

Results and Discussion
The results of an analysis of variance for augmented 
design for sixteen characters to see if there were any 
significant changes between the various treatments 
(checks) are provided. With the exception of 
chlorophyll content and panicle bearing tiller per 
plant, mean squares due to checks were extremely 
significant for all fourteen characters, whereas mean 
sum of squares due to blocks were highly significant 
for all fifteen characters except panicle bearing tiller 
per plant. Only for panicle bearing tillers per plant did 
the mean squares due to blocks exhibit significance as 
presented in Table 1.

The mean performance of 113 diverse rice genotypes 
including 3 checks (Sarjoo 52, FL 478, and CSR 10) 
for 16 characters is presented in Table 2 and the most 
desirable lines for different characters are listed in 
Table 3. A very wide range of variation in the mean 
performance of genotypes was observed for all the 

sixteen characters under study. The comparison of 
the mean performance of 113 genotypes for sixteen 
traits using the least significant differences revealed 
the existence of a very high level of variability in the 
germplasm collections evaluated in the present study.

Table 1. Analysis of variance of augmented design for 16 characters in rice genotypes

S. No. Characters Sources of variation
Blocks Checks Error 

Degree of freedom 10 2 20
1  Days to 50%  lowering 87.60012** 717.07638** 0.31352
2 Chlorophyll content 7.70623** 0.02150 0.10558
3 Leaf nitrogen 0.03307** 0.03496** 0.00065
4 Leaf temperature 7.79106** 3.28954** 0.39504
5  Flag leaf area (cm2) 177.50943** 1198.80388** 3.84368
6 . Plant height (cm) 227.34473** 374.80927** 49.17389
7 Panicle bearing tillers/plant 3.03571* 3.08501 0.95376
8 Panicle length (cm) 30.52569** 41.93319** 0.10494
9 Spikelets/panicle 6793.52427** 6131.31184** 3.14637

10 Grains/panicle 5226.46163** 8570.66888** 3.77866
11 Spikelet fertility (%) 27.26834** 321.56878** 0.80395
12 Biological yield/plant (g) 375.23544** 532.99278** 0.54627
13 Harvest index (%) 27.42357** 75.34074** 0.66473
14 L/B ratio 0.29320** 2.15928** 0.03811
15 1000- grain weight (g) 2.95271** 44.24653** 0.02777
16 Grain yield/plant (g) 46.88795** 38.77322** 0.14937

*, ** Significant at 5% and 1% probability levels, respectively.
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The mean performance of sixteen characters is 
described character-wise in the following. Days to 
50% flowering varied from 80.205 (IR 45427-2B-2-
2B-1-1) to 117.219 days (Jallahari) with a general mean 
of 97.468 days. Out of 110 genotypes, nineteen entries 
were significantly earlier for days to 50% flowering 
over the general mean. The best ten genotypes for 
early flowering were IR 45427-2B-2-2B-1-1 (80.205), 
NDRK5089 (80.359), IR65427-2B-2-2 (83.205), 
IR11T265 (83.775), NDRK 510 (85.775), NDRK 
5087 (86.172), NDRK 50056 (86.359), IR11T255 
(86.775), NDRK 5049 (87.319) and NDRK 5093 
(87.892). NDRK5089 was statistically at par with 
the earliest flowering genotype IR 45427-2B-2-
2B-1-1. The lowest and highest means for chlorophyll 
content were recorded for Jallahri (7.022) and NDRK 
50050 (16.389), respectively. The general mean for 
chlorophyll content was 13.202. Thirty-six genotypes 
showed significantly high chlorophyll content over 
the general mean and the best ten genotypes among 
them were NDRK 50050 (16.389), Deepak (16.262), 
NDRK 5093 (16.252), NDRK 5003 (15.989), 
Sundari (15.889), IR 65427-2B-2-2 (15.859), IR 
86341-B-AJAY1-B (15.799), NDRK 5095 (15.772), 
IR 45427-2B-2-2B-1-1 (15.759) and Pusa Sugandha 
4 (15.722). The lowest and highest means for leaf 
nitrogen were recorded for NDRK 5070 (0.358) and 
NDR 2064 (0.794), respectively. The general mean 
for leaf nitrogen was 0.581. Forty-two genotypes 
showed significantly higher leaf nitrogen over the 
general mean and best ten genotypes among them 
were NDR 2064 (0.794), NDRK 5038 (0.784), IR 11 
T 171 (0.764), NDRK 5087 (0.758), AT 401 (0.744), 
FL 449 (0.744), NDRK 50030 (0.734), IR 86376-47-
3-1-B (0.728), Narendra 6093 (0.728) and NDRK 
5026 (0.724). 

The lowest and highest means for leaf temperature 
were recorded for IR11T255 (28.827) and NDRK 
5034 (39.054), respectively. The general mean for 
leaf temperature was 35.630. Twenty-nine  genotypes 
showed a significant leaf temperature over the general 
mean and best ten genotypes among them were NDRK 
5034 (39.054), NDRK 50019 (38.907), IR 11 T 171 
(38.497), NDRK 50044 (38.387), CSR 28 (38.244), 
Improved PB-1 (38.214), IR 86341-B-AJAY1-B 

(38.104), AT 401 (38.097), CSR-30 (38.074) and 
Jallahri (37.944). The general mean for the flag leaf 
area was 26.121 cm2. The lowest and highest mean for 
flag leaf area were recorded in the case of NDRK 5036 
(10.981cm2) and CSR 28 (46.698 cm2), respectively. 
Twenty-eight genotypes possessed significantly 
greater flag leaf area over the general mean. The best 
ten genotypes for higher flag leaf area were CSR 
28 (46.698 cm2), IR 12 T 195 (45.728 cm2), CSR 
43 (45.465 cm2), CSR-30 (43.965 cm2), CSR-23 
(40.815 cm2), AT 401 (40.195 cm2), Jallahri (39.095 
cm2), IR 11 T 230 (37.665 cm2), IR 45427-2B-2-
2B-1-1 (37.591 cm2) and Kalanamak (37.165 cm2). 
Plant height ranged from 63.830 cm (IR 45427-2B-2-
2B-1-1) to 165.593 cm (Pokkali (Acc 108921)) with a 
general mean of 99.589 cm. Twenty-nine, out of 110 
genotypes had significantly shorter plant stature than 
the general mean. The best ten genotypes for shorter 
plant height were IR 45427-2B-2-2B-1-1 (63.830 
cm), Samba Mahsuri (71.52 cm), CSR-30 (80.44 cm), 
IR 74095 AC 5 (80.91 cm), CSR-27 (83.4 cm), IR 11 
T 171 (83.933 cm), NUD-2009 (85.06 cm), IR 13 T 
145 (85.41 cm), IR 11 T 132 (85.41 cm) and Kashturi 
Chandauli (85.61 cm). None of these was found 
statistically at par with the shortest genotype, IR 
45427-2B-2-2B-1-1 (63.830 cm). The general mean 
for panicle bearing tillers per plant was 8.905. Panicle-
bearing tillers ranged from 5.409 (Samha Mahsuri) 
to 14.056 (IR64527-2B-2-1-1). Out of 110 entries, 
thirty-four entries exhibited significantly higher 
panicle bearing tillers per plant than the general mean. 
The best ten genotypes for higher mean performance 
for this character were IR64527-2B-2-1-1 (14.056), 
IR86731-1-1-1-3-3-2-1 (13.986), Sundari (12.953), 
IR12T195 (12.699), Motigold (12.689), IR65427-
2B-2-2 (12.193), NDRK 5017 (12.086), IR13T145 
(10.946) Deepak (10.899) and IR11T183 (10.893).  
IR64527-2B-2-1-1 constituted the top non-significant 
group for this trait alone because none of the remaining 
entries were statistically at par with it. 

The lowest and highest means for panicle length 
were recorded for NDRK 50033 (17.138 cm) and 
IR 12T195 (29.658 cm), respectively. The general 
mean for panicle length was 23.184 cm. Forty-three 
genotypes showed significantly longer panicle length 
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over the general mean and best ten genotypes among 
them were IR 12T195 (29.658 cm), Narendra 6093 
(29.638 cm), IR74095AC5 (29.565 cm), Pusa Basmati 
(29.275 cm), Pusa 1121 (29.148 cm), Pusa Sugandha 
4 (28.918 cm), CSR 28 (28.665 cm), NDRK 5026 
(28.385 cm), Deepak 27.528 cm) and NDRK 359 
(27.245 cm). Only IR 12T195, constituted the top 
non-significant group for panicle length. The general 
mean for spikelets per panicle was 135.224 with the 
range of 59.321 (NDRK50047) to 242.401 (NDRK 
5042). Out of 110 entries, fourty one genotypes 
exhibited significantly greater number of spikelets 
per panicle than the general mean. NDRK 5042 
(242.401), IR11T183 (210.629), Motigold (210.638), 
NDRK 5047 (209.711), Pusa Basmati 1 (198.881), 
NDRK 5062 (197.951), NDRK 5099 (194.711), 
CSR 43 (192.561), CSR 28 (191.901) and NDRK 
2064(191.161) emerged as the best genotypes for 
higher mean performance for spikelets per panicle. 
The general mean for spikelets per panicle was 
112.264 with the range of 47.92 (NDRK 50047) to 
197.025 (NDRK 5042). Out of 110 entries, twenty-
three genotypes exhibited significantly greater 
number of spikelets per panicle than the general mean. 
NDRK 5042 (197.025), NDRK 5047 (190.925), 
Motigold (186.675), NDR 2064 (173.545), NDRK 
5099 (169.655), NDRK5003 (167.052), NDRK 
5038 (166.755), CSR 43 (164.699), NDRK 5095 
(163.372) and CSR 28 (161.655) emerged as the best 
genotypes for higher mean performance for spikelets 
per panicle. The spikelet fertility (%) varied from 
64.514 % (NUD 2009) to 96.509 % (NDRK 50032) 
with a general mean of 82.695 %. Thirty-four out of 
110 genotypes exhibited higher spikelet fertility than 
the general mean. The best ten genotypes for higher 
fertility percentage were NDRK 50032 (96.509%), 
NUD 2008 (94.716%), NDRK 5038 (92.678%), 
NDRK 5067(92.545%), NDRK 5003 (91.625%), 
Kashtirichandauli (91.571%), NDRK 5047 (91.15%), 
NDR 2064(90.896%), CSR 28 (90.630%) and NDRK 
50005 (90.810%). NUD 2008, NDRK 5038, NDRK 
5067, constituted the top non-significant group for 
this trait along with NDRK 50032.The general mean 
for biological yield per plant was 42.205g. The entry 
NDRK 5092 recorded lowest mean (20.822g) for 

biological yield whereas, highest mean (64.472g) was 
observed in case of AT 401. 

Out of 110 entries, twenty-six produced significantly 
higher biomass than the general mean. The best ten 
genotypes for higher biomass production were AT 
401 (64.472g), Narendra 6093 (63.948g), IR 11T 205 
(63.002g), NDR 359 (61.732g), IR 11T 183 (61.692g), 
IR 13T141 (60.822g), IR 11T230 (59.652g), Motigold 
(58.718g), NDRK 50005 (58.682g), and Narendra 
Usar 2 (58.682g). The top non-significant group for 
higher biological yield per plant comprised of four 
genotypes viz., AT 401, Narendra 6093, IR 11T 205 
and NDR 359.The lowest and highest means for 
harvest–index were observed for Narendra Usar 2 
(29.255%) and NDRK 5092 (51.858%), respectively. 
The general mean for harvest–index was 39.614%. 
Out of 110 genotypes, forty five genotypes exhibited 
significantly better partitioning of photosynthates 
than the general mean. The best ten genotypes which 
also possessed harvest-index statistically at par were 
NDRK 5092 (51.858%), NDRK 5027 (50.162%), 
NDRK 5083 (48.277%), IR 85920-11-2-1AJAY1-2-B 
(47.947%), NDRK 50046 (47.399%), IR 11 T 132 
(47.112%), IR 85921-9-2-1AJAY1-1-B (47.076%), 
IR 13 T 145 (46.122%), NDRK 5067 (45.551%) and 
IR 65427-2B-2-2 (45.469%).The L:B ratio varied 
from 2.197 (NDRK 50031) to 5.133 (NDR 359) 
with general mean of 3.026mm. Out of 110 entries, 
fifty six genotypes exhibited significantly higher L:B 
ratio than the general mean. The best ten lines were 
NDR 359 (5.133), NDRK 5038 (5.077), NDRK 5003 
(3.917), IR 86731-1-1-1-3-3-2-1 (3.870), CST 7-1 
(3.760), NDRK 50045 (3.723), IR 87856-1AJAY1-B 
(3.670), NDRK 5083 (3.660), Kalanamak 3 (3.640) 
and NDRK 5087 (3.580). The one genotypes, NDRK 
5038 constituted top non- significant group of higher 
L:B ratio along with NDR 359.The 1000- grain weight 
ranged from 14.678g in case of Improved PB-1 to 
30.358g for NDRK 5038 with a general mean of 
22.856g. Out of 110 entries, twenty-eight genotypes 
had significantly higher 1000–grain weight than the 
general mean and the best ten genotypes among them 
were NDRK 5038 (30.358g), NDRK 5047 (28.938g), 
NDRK 50030 (27.108g), CSR-36 (26.878g), CSR 28 
(26.801g), NDR 359 (26.271g), AT 401 (25.958g), 
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NDRK 50005 (25.681g), NDRK 5026 (25.598g) 
and IR11T159 (25.321g). The grain yield per plant 
ranged from 8.898g for NDRK 50047 to 24.658g in 
case of IR 13 T 141with a general mean of 16.464g. 
Out of 113 genotypes, thirty-- six genotypes produced 
significantly higher grain yield per plant than the 
general mean. The best ten genotypes for higher grain 
yield per plant were IR 13 T 141 (24.658g), IR 11 T 
230 (24.458g), IR 13 T 145 (24.255g), IR 12 T 147 

(24.088), IR 11 T 171 (23.598g), IR 11 T 132(23.395g), 
IR 11 T 205 (23.095g), IR 12 T 193(22.718g), AT 
401(21.818g) and CSR 43 (21.665g).

Similarly, the genotypes showing very high mean 
performance in desirable direction for various 
characters listed in Table 4, which may also be used 
as donors for improving the characters for which they 
had high mean performance.

Table 4. The mean performance of high yielding genotypes in aromatic and non-aromatic group in sodic 
soil for other characters 

S. No. Genotypes High mean performance of 
grain yield per plant (g)

High mean performance for other 
characters

1 IR 13 T 141 24.658 BY/P
2 IR 11 T 230 24.458 FLA, BY/P
3 IR 13 T 145  24.255 PH, PBT/P, HI
4 IR 12 T 147  24.088 -
5 IR 11 T 171  23.598  LN, LT, PH
6 IR 11 T 132  23.395 PH, HI
7 IR 11 T 205  23.095 BY/P
8 IR 12 T 193  22.718 -
9 AT 401  21.818 LN, LT, FLA, BY/P, 1000-GW
10 CSR 43 21.665  FLA, S/P, G/P

DF=Days to 50% flowering, CC=Chlorophyll content (SPAD value), LN= Leaf nitrogen (SPAD value), LT= Leaf temperature 
(SPAD value), FLA=Flag leaf area (cm2), PH=Plant height (cm), PBT/P=Panicle bearing tillers / plant, PL=Panicle length (cm), S/
P=Spikelets / panicle, G/P= Grains per panicle, SF=Spikelet fertility (%), BY/P= Biological yield / plant (g), HI=Harvest index (%), 
L/B=L/B ratio, 1000-GW=1000- grain weight (g) and GY/P=Grain yield / plant(g)

The availability of large genetic variability, as well 
as the nature of heritability and gene action, are 
all important factors in the success of selection in 
improving plant traits. The basic material for a plant 
breeding programme is genetic diversity, which is 
used to generate superior genotypes through selection. 
The phenotypic, genotypic, and environmental 
coefficients of variation can be used to assess and 
compare the nature and magnitude of variability 
present in breeding materials for various traits. In 
a general sense, heritability refers to the proportion 
of heritable genetic variance in total phenotypic 
variance, whereas in a more specific meaning, it refers 
to the ratio of fixable additive genetic variance to total 
phenotypic variance. Estimates of heredity aid in 
predicting expected selection progress. By taking into 

consideration the character’s genetic variability and 
heritability, the genetic advance in percent of mean 
provides an indicator of expected selection response.

The estimates of direct selection parameters, 
coefficients of variation, heritability and genetic 
advance in per cent of mean were computed for 
sixteen characters of 113 germplasm lines including  
3 checks (Table 5). The high estimates (>20%) of 
phenotypic (PCV) and genotypic (GCV) coefficients 
of variation were recorded in case of grains per 
panicle, spikelets per panicle, flag leaf area, biological 
yield per plant and grain yield per plant. These similar 
results have also been reported by earlier scientists 
(Khedikar et al., 2003; Saxena et al., 2005; Singh and 
Singh, 2005; Dhanwani et al., 2013; Gyawali et al., 
2018 and Parimala and Devi, 2019).
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Table 5. Estimates of coefficient of variation, h(bs)
2 (broad sense) and genetic advance in per cent of mean 

for 16 characters in rice

S. 
No.

Characters Range Mean Coefficient of 
variation

Herita-
bility in 
broad 

sense (%)

Genetic 
advance 

in per cent 
of meanPCV GCV

1  Days to 50% flowering 80.205-117.219 97.468 6.672 6.647 99.26 13.6421
2 Chlorophyll content 7.022-16.389 13.202 10.106 9.801 94.06 19.5807
3 Leaf nitrogen 0.358-0.794 0.581 15.403 14.766 91.90 29.1598
4 Leaf temperature 28.827-39.054 35.630 3.756 3.315 77.92 6.0288
5  Flag leaf area (cm2) 10.981-46.698 26.121 26.199 25.084 91.67 49.4721
6 Plant height (cm) 63.830-165.593 99.589 11.564 9.191 63.17 15.0485
7 Panicle bearing  tillers/plant 5.409-14.056 8.905 17.037 13.031 58.50 20.5318
8 Panicle length (cm) 17.138-29.658 23.184 10.470 10.377 98.22 21.1853
9 Spikelets/panicle 59.321-242.401 135.224 26.220 26.187 99.75 53.8776

10 Grains/panicle 47.092-197.025 112.264 28.201 28.147 99.62 57.8734
11 Spikelet fertility (%) 64.514-96.509 82.695 6.115 6.018 96.86 12.2015
12 Biological yield/plant (g) 20.822-64.472 42.205 23.935 23.870 99.46 49.0373
13 Harvest index (%) 29.255-51.858 39.614 9.882 9.667 95.70 19.4808
14 L/B ratio 2.197-5.133 3.026 14.141 12.593 79.31 23.1016
15 1000- grain weight (g) 14.678-30.358 22.856 8.679 8.649 99.29 17.7534
16 Grain yield/plant (g) 8.898-24.658 16.464 21.375 21.245 98.79 43.4988

High estimates of broad sense heritability (> 75%) 
were recorded for spikelets/panicle, grains/panicle, 
biological yield/plant, 1000-grain weight, days to 50% 
flowering, grain yield/plant, panicle length, spikelet 
fertility, harvest index, chlorophyll content, leaf 
nitrogen, flag leaf area, L/B ratio and leaf temperature.

The high estimates of genetic advance in per cent 
of mean (>20%) were recorded for grains/panicle, 
spikelet’s/panicle, flag leaf area, biological yield/
plant, grain yield/plant, leaf nitrogen, L/B ratio, 
panicle length, panicle bearing tillers/plant. The high 
to very high estimates of direct selection parameters 
for above mentioned nine characters indicated that 
these would be ideal traits for improvement through 
selection in context of materials evaluated owing to 
existence of high genetic variability represented by 
high coefficients of variation and high transmissibility 
denoted by high heritability for them. The high 
estimates of direct selection parameters observed for 

the above characters are broadly in agreement with 
earlier reports in rice (Thakur et al., 1999; Kumar 
et al., 2001; Roy et al., 2001; Mohammad and 
Deva, 2002; Nayak et al., 2002; Yadav et al., 2002; 
Chaudhary et al., 2004; Shukla et al., 2004; Mall 
et al., 2005; Suman et al., 2005; Singh et al., 2006; 
Panwar et al., 2007; Babar et al., 2009; Anjaneyulu 
et al., 2010; Dhanwani et al., 2013; Lingaiah et 
al., 2014; Gyawali et al., 2018; Parimala and Devi, 
2019). Panicle length with moderate PCV and GCV 
values and high heritability resulted in strong genetic 
advance, implying that due to high transmissibility, 
even if variability is moderate, a reasonable response 
to selection may be attained for this trait. Despite high 
heritability in the broad sense, days to 50% flowering 
resulted in low genetic progress due to low variability, 
as measured by low PCV and GCV values, indicating 
that improving trait through selection in the context 
of current material would be difficult due to a lack 
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of genetic variability. The availability of large genetic 
variability, as well as the nature of heritability and 
gene action, are all important factors in the success of 
selection in improving plant traits. The basic material 
for a plant breeding programme is genetic diversity, 
which is used to generate superior genotypes through 
selection.       
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