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SUMMARY 

 
Water scarcity is a global dilemma, and rice crop needs plenty of water for optimum growth and yield. 
In the current climate change scenario, developing a broad-based gene pool of rice to help the crop 
breeders develop high-yielding cultivars needs dire action. This study assessed the genetic variation 

among 10 diversified parents and their 15 F5 populations developed under limited water supply for 
various morphological traits. Parents and F5 populations showed significant differences at 5% and 1% 
for most of the studied maturity and yield traits. F5 population 'Dokri-Basmati/DR-92' exhibited 
earliest for days to heading (93) with the highest culm length (85.5 cm). Maximum flag leaf area 
(34.67 cm2) resulted for the F5 population ‘DR-83/NIAB-IRRI-8.’ On the other hand, the F5 population 
'DR-83/DR-92' excelled in performance for the number of primary branches panicle-1 (11). F5 
population 'IR-8/NIAB-IRRI-9' displayed the longest panicle (28.70 cm) with the highest number of 

secondary branches panicle-1 (38). Three of the F5 populations 'DR-92/DR-83,' 'DR-83/NIAB-IRRI-8,' 
and 'NIAB-IRRI-9/IR-8,' displayed maximum heritability for panicle length (0.82), the number of 
primary branches (0.80), and secondary branches panicle-1 (0.94), respectively, offering the prospects 
for development of potentially high-yielding variety. The highest genetic advance for panicle length 
(9.87%) emerged from the F5 population ‘DR-92/DR-83,’ which also had the highest heritability for 
this trait. F5 population ‘DR-83/DR-92’ manifested maximum genetic advance (3.32%) for primary 

branches panicle-1, while ‘NIAB-IRRI-9/IR-8’ revealed the highest genetic advance (6.26%) for 
secondary branches panicle-1. Both of these populations may be suitable for developing the spreading 
type of rice germplasm with the potential water stress. F5 populations displayed differential responses 
for the studied traits, with none of the segregating populations excelling for studied maturity and yield 
traits. However, the germplasm pool created can serve as a better collection for improving existing 
populations from a production traits perspective under water-stress conditions or developing new 
cultivars focusing these traits for the target water stress region(s). 

 
Keywords: Broad sense heritability, F5 populations, genetic advance, genetic variations, maturity 
traits, panicle traits, rice 

 
Key findings: The study suggested that several genotypes have the potential for use in a breeding 
program for abiotic stresses, even if no genotypes showed as best for all the traits because of their 
diverse background. The germplasm can serve as material in the indigenous breeding program of rice 

and could also be available to other researchers as per a material transfer agreement for secondary 
breeding. 
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INTRODUCTION 
 

Rice belongs to the tribe Oryzeae, the family 
Poaceae, and the subfamily Pooideae (Iqbal et 
al., 2018; Chavan et al., 2022). The known 
cultivated types of rice include Oryza sativa L. 
(Asian rice) and African rice as Oryza 
glaberrima Steud (Semon et al., 2005). Rice is 

diploid with 24 chromosomes (Chang and 
Bardenas, 1965). It is one of the most 
important staple foods in the world (Hanjra 
and Qureshi, 2010; Sen et al., 2020). On a 

nutritional basis, most of the cultivated rice 
provides over 21% of the basic caloric needs to 
feed half of the human population and 76% of 

the caloric intake to feed, especially the people 
of Southeast Asia (Zhao et al., 2020; Singh et 
al., 2021). Based on kernel color, rice 
categorizes into two classes, i.e., brown rice 
and white rice, with storage in both cool and 
dry areas. The nutritional value of brown rice is 
commendable compared with that of white rice 

due to the presence of endosperm, which 
contains protein, starch, and lipids (Yang et al., 
2019). 
 Globally, rice is grown in 160.2 million 
ha, producing 755.5 million t (FAOSTAT, 
2021). Asia considers the foremost hub of rice 

growers (90%) and consumers by providing 
rice as food to half of the world's population 
(Yugandhar et al., 2018). In Pakistan, planting 
rice covers an area of 3.03 million ha, with a 
total production of 7.41 million t. As per the 
Pakistan Bureau of Statistics, in Punjab 
province of Pakistan alone, growing rice covers 

an area of 2.02 million ha, with 4.1 million t of 
production (PBS, 2020). Similarly, in the 
Khyber Pakhtunkhwa province, a report has 
stated an area under rice cultivation covered 
0.67 million ha, with 1.58 million t of 
production (KPBOS, 2020). The grain size of 
Pakistani rice is longer than that of the rice 

cultivars of other countries (Siddiqui and 

Karim, 2007). 
 For the success of any breeding 
program, the presence of genetic variation, 
high heritability, and genetic gain for the 
desired traits in segregating generations 

proved imperative in a selected environment 
(Lee et al., 2015). The analysis of variance 
(ANOVA) estimates whether the variation for a 
particular trait is either due to the differences 
in the genetic makeup of the genotypes or due 
to the environmental components. On the 
other hand, heritability is the proportion of 

phenotypic variance to genotypic variance 
(Johnson and Frey, 1967). Estimates of 

heritability show the interactions of genes in 
the upcoming generations and thus provide an 
indispensable part of the response to selection 
for improvement (Akvaforsk, 2005). Genetic 
improvement of complex traits could result 
from selecting, under stressed environments, 

secondary target traits among the breeding 
lines focusing on heritabilities and genetic 
advance (Wang et al., 2013).  
 There is a direct relationship between 

heritability and response to selection, which 
gave rise to the genetic advance (Nithya et al., 
2020), an improvement assessment in the 

mean genotypic value of selected plants over 
the parental population. The utility of 
heritability increases when used to measure 
expected genetic advance, which indicates the 
degree of expected gain in the obtained 
character under a particular selection pressure 
in the target region. Thus, genetic advance 

serves as an essential selection parameter, 
which supports breeders in crop improvement 
programs. The recent research targeted to 
assess genetic variability, heritability, and 
genetic advance for maturity and panicle traits 
in F5 rice populations to develop a broad-based 

genetic pool for rice improvement programs. 
Further, it aimed to identify the desirable F5 
populations for onward use in the local or 
global rice breeding programs for developing 
superior rice lines/cultivars. 
 
 

MATERIALS AND METHODS 
 
Fifteen F5 rice populations, along with their 10 
parents, planted in randomized complete block 
design with three replications, ensued at the 
Plant Breeding and Genetics Research Farm of 
the University of Agriculture, Peshawar-
Pakistan, located between 358ʹ 02ʺ N latitude, 

731ʹ 46ʺ E longitude with an altitude of 360 ft 

(Table 1). Each genotype grown in a two-row 
plot had a row length of 1.5 m, with row-to-

row and plant-to-plant distances kept at 30 
and 15 cm, respectively. Raising a preliminary 
nursery in the first week of June and the 
transplantation of seedlings into a well-puddled 
field during the first week of July proceeded, 
applying proper weeding, weedicides and 
pesticides, and balanced fertilizer for optimum 

growth. Water stress consists of physiological 
stress experienced by a plant as a result of a
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Table 1. Rice genotypes used in the study. 

Name of genotype Pedigree and origin of the genotype 

A. List of parental genotypes 

DR-92 IR8/IET1039-2-4 (RRI, Dokri, Larkana, Sindh-Pakistan) 
IR-8 Peta/Dee-gee-woo-gen (IRRI, Philippines) 
Dokri-Basmati Local selection (RRI, Dokri, Larkana, Sindh-Pakistan) 
DR-83 IR1833/C4-63 (RRI, Dokri, Larkana, Sindh-Pakistan) 
Pakhal IR36/IR10154-23-3-3//IR9129-209-2-2-1 (ARS, Mansehra, Khyber Pakhtunkhwa, Pakistan) 

Kashmir-Basmati  Mutant of Basmati-370 (NIAB, Faisalabad, Pakistan) 
Sugdesi Local selection (RRI, Dokri, Larkana, Sindh-Pakistan) 
NIAB-IRRI-8 Mutant of IR-8 (NIAB, Faisalabad, Pakistan)  
NIAB-IRRI-9 Mutant of IR6 (NIAB, Faisalabad, Pakistan) 
DR-82 BU1/CR-115 (RRI, Dokri, Larkana, Sindh-Pakistan) 

B.  List of F5 populations 

Dokri-Basmati/DR-92 Dokri-Basmati × DR-92 
Dokri-Basmati/Pakhal Dokri-Basmati × Pakhal 
DR-92/DR-83 DR-92 × DR-83 
DR-92/ Dokri-Basmati DR-92 × Dokri-Basmati 
Pakhal/Kashmir-Basmati Pakhal × Kashmir-Basmati 
DR-83/Dokri-Basmati DR-83 × Dokri-Basmati 
DR-83/DR-92 DR-83 × DR-92 
DR-83/NIAB-IRRI-8 DR-83 × NIAB-IRRI-8 
IR-8/Sugdesi IR-8 × Sugdesi 
DR-83/Sugdesi DR-83 × Sugdesi 
NIAB-IRRI-9/IR-8 NIAB-IRRI-9 × IR-8 

IR-8/NIAB-IRRI-9 IR-8 × NIAB-IRRI-9 
DR-82/IR-8 DR-82 × IR-8 
Dokri-Basmati/DR-83 Dokri-Basmati × DR-83 
Dokri-Basmati/Sugdesi Dokri-Basmati × Sugdesi 

ARS: Agricultural Research Station, Dhodial, Mansehra, Pakistan, IRRI: International Rice Research Institute, Laguna, 
Philippines, NIAB: Nuclear Institute for Agriculture & Biology, Faisalabad, Pakistan, RRI: Rice Research Institute, Dokri, 
Larkana, Sindh, Pakistan 

 

lack of available moisture. Water stress 
application continued 40 days after 
transplantation for two weeks, irrigating the 
field once during the remaining growing 

season. Data recording on flag leaf area, days 
to heading, culm length, days to maturity, 
panicle length, primary branches panicle-1, and 
secondary branches panicle-1, used 10 
randomly selected plants of each genotype in 
each replication. 
 

Statistical analysis 
 
The compiled data underwent analysis of 
variance technique as outlined by Singh (1985) 

for the 10 parents and 15 F5 rice lines. Also, 
using the least significant difference (LSD) test 
separated means for proper comparison. Broad 

sense heritability (h2
BS) computation for each 

F5 population separately used the following 
formula outlined by Mahmud and Kramer 
(1951). 
 

 

 
 Where VF5 = Variance of F5 population 
for a trait; VP1 and VP2 = Parental variances of 
a particular trait. Similarly, the estimation of 

the expected genetic advance in each cross 
combination for the studied traits used the 
following computation of Johnson et al. (1955). 
 

 
 
 Where GA = Genetic advance; K = 
1.76 (10% selection intensity); h2 = 

Heritability coefficient, and √σ2
P = Phenotypic 

standard deviation, with the genetic advance 

taken as the percent of the mean using the 
formula of Falconer and Mackay (1996). 
 

 
  

 Where X is the mean of a particular 
trait of the F5 population. 
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RESULTS 

 
Days to 50% heading 
 

Significant (P ≤ 0.01) differences resulted 
among the parents and their derived F5 
populations, while parents vs. F5 populations 
revealed non-significant (P > 0.05) differences 
for days to heading (Table 2). Mean values for 
heading ranged from 92.3 to 107.4 days for 
the parents, with Kashmir-Basmati (92.3) as 

the early heading genotype and DR-82 (107.4) 
as the late heading genotype, whereas in F5 
populations, the range for heading days varied 
from 92.9 to 107.2. Among the F5 populations, 
‘Dokri-Basmati/DR-92’ gave the earliest (92.9) 

heading line and ‘IR-8/Sugdesi’ (107.2) as the 

late heading. Two F5 populations, 'DR-82/IR-8' 
and 'Dokri-Basmati/DR-83,' each headed in 
107 days (Table 3). For days to heading, the 
genetic variance (19.96) was greater in 
magnitude than that of the environmental 
variance (7.09) for the tested rice genotypes, 
with an overall heritability of 0.74 and its value 

as a percent of the population mean rated at 
6.77% (Table 5). 
 
Flag leaf area 
 
Data regarding flag leaf area exhibited 
significant differences (P ≤ 0.01) among 

parents, F5 populations, and parents vs. F5 
populations (Table 2). Among parents, the IR-8 
showed the maximum flag leaf area (41.6 
cm2), whereas, among the F5 populations, ‘DR-
83/NIAB-IRRI-8’ displayed the highest (34.6 
cm2) for flag leaf area and ‘Dokri-

Basmati/Sugdesi’ had the lowest (22.1 cm2) 
(Table 3). The F5 population 'DR-83/NIAB-
IRRI-8' displayed the estimated highest 
magnitude of broad sense heritability (0.88), 
whereas the lowest estimate (0.71) for 'DR-
83/Sugdesi.' In a similar pattern, the 
estimated highest (5.55%) and lowest genetic 

advance (3.45%) occurred for the F5 
populations ‘DR-83/NIAB-IRRI-8’ and ‘DR-
83/Sugdesi,’ respectively (Table 6). 

 
Culm length 
 
The mean square for culm length manifested 

significant differences (P ≤ 0.01) among 
parents, F5 populations, and parents vs. F5 
populations (Table 2). Mean data regarding 
culm length between parents varied from 54.9 
to 96.6 cm, and the mean value for culm 
length among F5 populations ranged between 

49.9 and 85.5 cm. F5 populations, 'Dokri-
Basmati/DR-92' and 'Pakhal/Kashmir-Basmati,' 

produced the tallest (85.5 cm) plants, whereas 

F5 population ‘DR-82/IR-8’ had the short 
stature (49.9 cm) plants (Table 3). The highest 
broad sense heritability (0.85) surfaced for 

each of the F5 populations, ‘Dokri-
Basmati/Sugdesi’ and ‘Dokri-Basmati/DR-92,’ 
whereas the lowest heritability (0.64) by ‘DR-
82/IR-8.’ Surprisingly, the maximum value 
(5.62%) of genetic advance emerged for the F5 
population ‘Dokri-Basmati/Sugdesi,’ which had 
the highest heritability as well; however, the 

lowest value of genetic advance (2.93%) came 
from ‘Dokri-Basmati/DR-83’ (Table 6). 
 
Days to maturity 
 

Analysis of variance for days to maturity 

exhibited highly significant (P ≤ 0.01) 
differences among parents, whereas F5 
populations showed significant (P ≤ 0.05) 
differences. On the other hand, parents vs. F5 
populations exhibited non-significant (P > 
0.05) differences (Table 2). Mean values 
among the parents for maturity ranged from 

129.3 to 148 days, and among the F5 
populations, mean data for maturity ranged 
between 126.2 and 145.8 days. F5 population, 
'Dokri-Basmati/DR-83,' manifested minimum 
days to maturity (126.2), whereas 'DR-
83/Dokri-Basmati' took maximum days of 
145.8 to attain physiological maturity (Table 

3). Genetic variance (20.49) showed 
comparatively less than the environmental 
variance (39.68) for the days to maturity for 
all the tested genotypes of rice, showing the 
highest environmental influence factors. The 
magnitude of heritability for days to maturity 

was low (0.34), with a genetic advance of 
3.41% (Table 5). 
 
Panicle length 
 
The studied F5 populations exhibited significant 
(P ≤ 0.01) differences in panicle length. 

Similarly, significant differences (P ≤ 0.05) 
also appeared for parental lines, with the 
parents versus F5 population effect as non-

significant for this particular trait (Table 2). 
Panicle length among the parents varied 
between 21.1 and 27.8 cm. Among the F5 
populations, mean values for panicle length 

ranged from 21.5 to 28.7 cm. F5 population, 
‘Dokri-Basmati/DR-92,’ produced the shortest 
panicle (21.5 cm), whereas ‘IR-8/NIAB-IRRI-9’ 
manifested the spread-out (28.7 cm) panicle 
(Table 4). Heritability for panicle length among 
F5 populations varied between 0.16 and 0.82, 

and genetic advances ranged from 1.02 to 
9.87. The F5 population 'DR-92/DR-83' had the 
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highest heritability magnitude (0.82) and 

genetic advance (9.87), whereas the F5 
population ‘IR-8/Sugdesi’ gave the lowest 
heritability (0.16) with low genetic advance 

(1.02) (Table 6). 
 
Primary branches panicle-1 

 
Primary branches panicle-1 exhibited significant 
(P ≤ 0.01) differences among the F5 
populations and parents vs. the F5 populations, 

with significant differences (P ≤ 0.05) observed 

among the parents (Table 2). Among parents, 

mean values for primary branches panicle-1 
ranged between 8.3 and 9.6. Maximum 
primary branches panicle-1 (9.6) among the 

parental genotypes resulted from Pakhal. 
Similarly, mean values among the F5 
populations varied between 8.3 and 11.4. F5 
population, ‘DR-83/DR-92,’ displayed 
maximum primary branches panicle-1 (11.4), 
whereas minimum primary branches panicle-1 
(8.3) with 'DR-92/DR-83' (Table 4). The 

magnitude of heritability for primary branches 

Table 2. Mean squares for various morphological traits in rice genotypes. 

Traits 
Replication
s (df=2) 

Genotypes 
(df=24) 

Parents(P) 
(df=9) 

F5population 
(F5)  (df=14) 

P vs. F5 

(df=1) 
Error(df=
48) 

Days to 50% heading 24.9 67.0** 76.1** 64.4** 20.6 7.1 
Flag leaf area 10.2 69.1** 82.0** 32.5** 463.7** 5.3 
Culm length 5.1 445.7** 475.6** 402.0** 788.8** 9.7 
Panicle length 4.4 10.8** 10.5* 11.4** 5.1 4.5 
Days to maturity 103.1 101.2** 134.9** 86.6* 2.3 39.7 
Primary branches panicle-1 0.2 1.3** 0.6* 1.7** 2.8** 0.3 
Secondary branches panicle-1 4.5 27.4** 17.9* 33.9** 22.4 7.8 

*, ** = significant at 5% and 1% level of probability, respectively. 
 
 
Table 3. Mean values of rice genotypes for various morphological traits. 

Genotypes Days to heading Flag leaf area (cm2) Culm length (cm) 
Days to 
maturity 

DR-92 95.5 29.3 83.4 129.3 
IR-8 97.9 41.6 62.0 131.5 
Dokri-Basmati 95.5 31.9 66.2 134.0 
DR-83 99.2 32.3 96.6 144.6 
Pakhal 94.0 33.0 82.3 130.4 
Kashmir-Basmati 92.3 33.5 87.3 130.3 
Sugdesi 104.8 30.9 76.4 137.8 
NIAB-IRRI-8 101.0 30.3 54.9 136.8 
NIAB-IRRI-9 103.9 36.7 83.2 148.0 
DR-82 107.4 21.2 75.9 143.2 
Parental means 99.1 32.0 76.8 136.6 
LSD0.05Parents 4.9 4.2 5.7 11.6 

F5 Populations     

Dokri-Basmati/DR-92 92.9 30.2 85.5 130.1 
Dokri-Basmati/Pakhal 97.0 23.6 73.0 139.8 
DR-92/DR-83 94.4 23.9 81.1 129.6 
DR-92/Dokri-Basmati 99.6 29.1 61.1 138.5 
Pakhal/Kashmir-Basmati 99.4 26.8 85.5 138.8 
DR-83/Dokri-Basmati 103.7 22.9 70.6 145.8 
DR-83/DR-92 100.0 26.0 64.8 135.1 
DR-83/NIAB-IRRI-8 102.0 34.6 77.3 135.6 
IR-8/Sugdesi 107.2 25.6 78.8 141.1 
DR-83/Sugdesi 102.9 29.2 61.6 134.7 
NIAB-IRRI-9/IR-8 95.5 25.4 54.3 139.0 
IR-8/NIAB-IRRI-9 97.8 29.0 57.6 143.2 
DR-82/IR-8 107.0 28.3 49.9 134.2 
Dokri-Basmati/DR-83 107.0 27.9 69.6 126.2 
Dokri-Basmati/Sugdesi 96.9 22.1 82.2 131.9 
F5 Population means 100.2 27.0 70.2 136.2 
LSD0.05F5 Populations 4.6 4.0 5.1 11.0 
Genotype means 99.8 29.0 72.8 136.4 
LSD0.05Genotypes 4.3 3.7 5.1 10.3 
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Table 4. Mean values of rice genotypes for various morphological traits. 

Genotypes Panicle length (cm) Primary branches panicle-1 Secondary branches panicle-1 

DR-92 21.1 9.3 27.7 
IR-8 24.9 8.7 31.5 
Dokri-Basmati 26.5 8.9 28.7 
DR-83 25.8 8.4 27.7 
Pakhal 27.8 9.6 31.9 
Kashmir-Basmati 27.1 8.4 28.4 
Sugdesi 24.3 8.3 32.3 
NIAB-IRRI-8 24.5 9.2 30.7 
NIAB-IRRI-9 24.8 8.5 32.1 
DR-82 26.1 9.2 25.0 
Parental means 25.3 8.8 29.6 
LSD0.05Parents 3.9 0.9 5.1 

F5 Populations    

Dokri-Basmati/DR-92 21.5 8.8 30.7 
Dokri-Basmati/Pakhal 24.7 8.5 25.7 
DR-92/DR-83 25.6 8.3 30.8 
DR-92/Dokri-Basmati 24.4 9.8 34.0 
Pakhal/Kashmir-Basmati 24.2 9.4 32.9 
DR-83/Dokri-Basmati 25.3 9.4 30.8 
DR-83/DR-92 26.1 11.4 34.3 
DR-83/NIAB-IRRI-8 27.6 9.2 28.3 
IR-8/Sugdesi 26.4 8.8 26.3 
DR-83/Sugdesi 24.1 9.2 33.2 
NIAB-IRRI-9/IR-8 23.1 9.2 28.9 
IR-8/NIAB-IRRI-9 28.7 8.6 38.3 
DR-82/IR-8 22.4 8.8 29.3 
Dokri-Basmati/DR-83 23.9 9.1 28.1 
Dokri-Basmati/Sugdesi 21.8 9.9 29.2 
F5 Population means 24.8 9.1 30.5 
LSD0.05F5 Populations 3.7 0.9 4.8 

Genotype means 25.0 9.0 30.3 
LSD0.05Genotypes 3.4 0.8 4.5 
 
 

Table 5. Genetic parameters for various morphological traits in rice genotypes. 

Traits Ve Vg Vp h2
BS GA (%) 

Days to 50% heading 7.09 19.96 27.06 0.74 6.77 

Days to 50% maturity 39.68 20.49 60.17 0.34 3.41 

panicle-1 among the F5 populations ranged 
between 0.64 and 0.80, while genetic advance 
for primary branches panicle-1 varied from 1.80 
to 3.32. Among the F5 populations, 'IR-

8/Sugdesi' displayed the lowest heritability 
(0.64) and a low genetic advance of 1.80 units, 
whereas F5 populations, ‘DR-83/DR-92’ and 
‘DR-83/NIAB-IRRI-8’ manifested high 
heritability (0.80), respectively. However, ‘DR-

83/DR-92’ recorded the highest value of 
genetic advance (Table 6). 

 
Secondary branches panicle-1 

 
Analysis of variance regarding secondary 
branches panicle-1 displayed significant (P ≤ 
0.01) differences for F5 populations, with 

significant (P ≤ 0.05) differences shown by 
parents. Parents versus F5 populations 
displayed non-significant differences for this 
particular trait (Table 2). Mean values for 

secondary branches panicle-1 among the 
parents ranged between 25 and 32.3. Among 
the F5 populations, mean values for secondary 
branches panicle-1 varied from 25.7 to 38.3. F5 

population, 'Dokri-Basmati/Pakhal,' manifested 
the least secondary branches panicle-1 (25.7), 
whereas the maximum secondary branches 
panicle-1 (38.3) resulted from the F5 
population, ‘IR-8/NIAB-IRRI-9’ (Table 4). 

Estimates of broad sense heritability for the 
secondary branches panicle-1 among the F5 

populations ranged from 0.69 to 0.94, whereas 
genetic advance varied from 2.62 to 6.26 
(Table 6). F5 population, 'NIAB-IRRI-9/IR-8,' 
had the maximum values of broad sense 
heritability (0.94) with the highest genetic 
advance of 6.26 units. Inversely, the lowest 

heritability (0.69) with low genetic advance 
(2.62) emerged for 'Dokri-Basmati/DR-92' 
(Table 6). 
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Table 6. Heritability (h2
BS) and genetic advance as percent of the mean (GA) for flag leaf area, culm 

length, panicle length, and primary branches panicle-1 in F5 rice populations. 

F5 populations 
Flag leaf area Culm length Panicle length 

Primary 
branches 

panicle-1 

Secondary 
branches 

panicle-1 

h2
BS GA h2

BS GA h2
BS GA h2

BS
 GA h2

BS
 GA 

Dokri-Basmati/DR-92 0.84 4.87 0.85 5.05 0.57 5.76 0.74 2.50 0.69 2.62 
Dokri-Basmati/Pakhal 0.77 3.72 0.80 4.46 0.54 5.24 0.74 2.35 0.93 5.14 
DR-92/DR-83 0.80 4.19 0.69 3.31 0.82 9.87 0.78 3.09 0.87 4.53 
DR-92/Dokri-Basmati 0.81 4.35 0.76 3.76 0.23 1.47 0.71 2.40 0.85 4.71 
Pakhal/Kashmir-
Basmati 

0.78 3.84 0.81 5.09 0.59 4.33 0.73 2.29 0.90 4.52 

DR-83/Dokri-Basmati 0.79 4.37 0.77 4.21 0.29 2.17 0.76 2.59 0.83 3.57 
DR-83/DR-92 0.74 3.47 0.80 4.78 0.55 3.97 0.80 3.32 0.81 3.80 
DR-83/NIAB-IRRI-8 0.88 5.55 0.72 3.78 0.30 1.77 0.80 2.81 0.89 4.75 
IR-8/Sugdesi 0.74 4.02 0.79 4.64 0.16 1.02 0.64 1.80 0.88 4.47 
DR-83/Sugdesi 0.71 3.45 0.75 3.93 0.43 3.02 0.71 2.33 0.89 4.84 
NIAB-IRRI-9/IR-8 0.82 4.79 0.70 3.58 0.26 1.93 0.73 2.61 0.94 6.26 
IR-8/NIAB-IRRI-9 0.79 4.29 0.76 4.42 0.52 4.69 0.73 2.53 0.89 4.55 
DR-82/IR-8 0.75 3.88 0.64 3.13 0.30 2.58 0.73 2.67 0.86 4.16 
Dokri-Basmati/DR-83 0.77 3.90 0.65 2.93 0.51 6.41 0.71 2.27 0.83 3.81 
Dokri-Basmati/Sugdesi 0.83 5.02 0.85 5.62 0.56 3.87 0.77 2.81 0.90 5.25 

 

DISCUSSION 
 
The early heading values as one of the 
desirable features in rice crops, serving as a 
principal character in most of the plant 
breeding programs, as it provides sufficient 

time for grain formation. Enhanced grain filling 
duration, in turn, increases the grain weight 
(Sattar, 2010). The variation in the parents 

and F5 populations for heading days was due to 
the genetic pool and diversified origin of the 
parents, with the environment affecting these 

crosses. Study results align with the findings of 
Bitew (2016); Kishore et al. (2018); Ganapati 
et al. (2020); and Dev et al. (2022). The 
observed high heritability and genetic advance 
for days to heading of the study agree with an 
earlier report by Bekele et al. (2013). It said 
the evaluated 64 rice genotypes in field 

conditions exhibited high heritability and 
genetic advance. Similarly, a recent report on 
high heritability with moderate genetic advance 
came out (Gupta et al., 2022) for a set of rice 
lines. 

 Photosynthesis depends on several 
active leaves and expanded flag leaf area as it 

plays a prominent role in determining the yield 
potential of cereal crops. Flag leaf is 
responsible for producing more than 70% of 
the photo-assimilates directly absorbed by the 
grains, ultimately contributing toward the final 
yield (Yang et al., 2006). Significant (P ≤ 0.01) 

genetic variation observed among the rice 
genotypes, parents, F5 populations, and 
parents vs. F5 populations for flag leaf area 
paralleled with the findings reported previously 

for flag leaf area in rice populations (Bhadru et 
al., 2012; Hefena et al., 2016; Longkho et al., 
2020; Pushkarnath et al., 2022). The highest 
magnitude of heritability (>80%) coupled with 
genetic advance of 5.55 units estimated for the 
F5 population, 'DR-83/NIAB-IRRI-8' has the 

potential use for the improvement of a specific 
trait or the development of cultivars for water-
limited regions. High heritability and genetic 

advance for flag leaf guarantee the 
development of high-yielding bold-grain rice 
genotypes for stressed environments (Devi et 

al., 2016; Srujana et al., 2017; Sumanth et 
al., 2017). 
 Increased culm length enhances rice 
resistance to lodging along with maximum 
grain yield. The mean square for the culm 
length in this study showed significant (P ≤ 
0.01) genetic variations among parental rice 

genotypes, F5 populations, and parents vs. F5 
populations, which are in agreement with the 
findings of Iqbal et al. (2018). The authors 
reported significant (P ≤ 0.01) differences for 
culm length in 38 rice lines for yield and yield-

associated traits. Similarly, Lingaiah et al. 
(2015) also reported significant genetic 

variations for culm length while testing a set of 
31 rice genotypes. Broad sense heritability and 
elevated genetic advance confirm the findings 
of the previously reported study in cereals 
(Jawad et al., 2013; Shrivastava et al., 2014) 
for culm length. 

 The best strategy to develop and 
screen the population is appropriately grouping 
the available germplasm based on 
physiological maturity. Early maturity is a 
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desirable parameter for plant breeders to 

screen genotypes adaptable to different 
environments and geographical regions in the 
current climatic conditions and to categorize 

them for stressful environments. Significant (P 
≤ 0.01) differences were observed among the 
parents and derived F5 populations (P ≤ 0.05) 
for days to maturity. Yadav et al. (2022) 
evaluated 72 rice genotypes, including 
prominent checks, and observed significant (P 
≤ 0.01) differences among them for days to 

maturity. Likewise, Girma et al. (2018) 
assessed 64 rice genotypes and observed 
significant (P ≤ 0.01) differences for the said 
trait. The consistency for variation was due to 
the diverse background of the selected 

parents. On the contrary, Padmaja et al. 

(2008) studied 52 rice genotypes and the 
variation for maturity days observed was 
significant at 5% only. High heritability coupled 
with a high genetic advance in most of the F5 
rice populations matches the result of Bitew et 
al. (2016) for days to maturity. 
 Likewise, maturity, culm length, leaf 

area, heading, and panicle length comprise the 
key parameters for developing high-yielding 
rice cultivars that influence grain yield (Rashmi 
et al., 2017; Zheng et al., 2022). Significant (P 
≤ 0.01) differences occurred for the F5 
populations, whereas parental lines showed 
significantly different for panicle length at 5% 

only. The non-detrimental variation in parents 
is because of the fixation of genes that took 
place with time. Moreover, the parents versus 
F5 population effect were non-significant. 
Previous studies suggest significant differences 
(P ≤ 0.01) among the tested genotypes of rice 

for panicle length (Khaire et al., 2017; Chavan 
et al., 2022; Yadav et al., 2022). The non-
significant differences observed in the F5 
populations confirm that genes responsible for 
panicle length, especially in the derived lines, 
deviated from parents with little room for gene 
fixation. It shows no significant variation 

resulted in the F5 populations for panicle 
length. In this study, some populations gave 
low (0.16–0.30) or moderate (0.43–0.59) 

heritability, and just a few lines had high 
heritability (>0.80). F5 population, ‘DR-92/DR-
83,’ had the highest magnitude of heritability 
(0.82) and genetic advance (9.87), whereas 

the lowest heritability (0.16) associated with 
low genetic advance (1.02) resulted with 'IR-
8/Sugdesi'. Other researchers have also 
reported this wide range of variation for the 
estimates of heritabilities and genetic advances 
(Bacha et al., 2015; Gampala et al., 2015; 

Sarwar et al., 2015; Kahani and Hittalmani, 
2016). Moreover, a study reported a broad 

range of variation for heritability comprising 26 

rice cultivars for yield traits (Ketan and Sarkar, 
2014). This wide variation helps the breeder 
the opportunity to study the trait further and 

identify the genes responsible for controlling 
the expression of this trait, as it has shown a 
strong association with grain yield (Sanghera 
et al., 2013). 
 Primary and secondary branches 
directly contribute to the final yield, with the 
breeders giving them weight for their 

associations with grain yield (Singh et al., 
2022). The current study observed significant 
(P ≤ 0.01) variation among the F5 populations 
for primary and secondary branches. However, 
this variation was found relevant at a 5% 

probability level for the parental combinations. 

Furthermore, some genes might have strongly 
merged, not allowing the parents vs. F5 
populations for notable variation. Iqbal et al. 
(2018) reported significant (P ≤ 0.01) 
variability among F5:6 rice populations for 
primary branches panicle-1, as well as, 
secondary branches panicle-1. Observed 

heritability for almost all F5 populations 
resulted in low to high genetic advances. 
Previous studies suggest that primary branches 
and secondary branches panicle-1 have been 
under the control of genetic influence and high 
heritability coupled with high genetic advance 
and could be more suitable for making an 

indirect selection for grain yield improvement 
(Sarma et al., 2022; Singh et al., 2022). 
 
 
CONCLUSIONS 
 

Developing superior germplasm to derive 
desirable crop cultivars requires genetic 
diversity for the desired maturity and yield 
traits in segregating populations. Significant 
differences observed among the F5 populations 
resulted for the studied maturity and yield 
traits. However, the studied populations 

displayed differential potential for various traits 
on account of diverse genetic backgrounds of 
parental material used in the crosses. 

Furthermore, 'IR-8/NIAB-IRRI-9' excelled in 
performance for panicle length and secondary 
branches. High broad sense heritability for 
panicle length, primary and secondary 

branches were manifested by 'DR-92/DR-83,' 
'DR-83/DR-92,' and 'NIAB-IRRI-9/IR-8,' 
respectively. F5 population 'DR-92/DR-83' was 
good for most of the traits as a direct or 
reciprocal cross. This cross also displayed high 
genetic advance for panicle length and primary 

branches. F5 population ‘NIAB-IRRI-9/IR-8’ 
exhibited the maximum genetic advance for 
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secondary branches panicle-1. Based on 

performance for maturity and other related 
traits, 'Dokri-Basmati/DR-92,' 'DR-83/DR-92,' 
and 'NIAB-IRRI-9/IR-8' displayed superiority 

over their parental lines and thus 
recommended for future in-depth research, 
primary and secondary breeding in local and 
international rice breeding programs. 
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