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Abstract   

Induced mutation is an effective tool in generating variability of crop plants. 

Identification of efficient genotypes with improved yield requires 

knowledge of genetic variation in yield and yield contributing traits. There-

fore, an investigation was conducted to develop variants through azide mu-

tagenesis and estimation of genetic variability of the mutants to detect se-

lection standards towards higher yield. Mature rice seeds were mutagenized 

with estimated LD50 concentration. A hundred mutants were grown-up ac-

cordingly and their quantitative traits were evaluated through multivariate 

analysis to assess genetic variability. Every assessed trait except grain 

length exhibited highly significant variation for all mutants. The high geno-

typic and phenotypic coefficient of variation along with high heritability and 

genetic advance as a % of mean was accounted for total and filled grains 

panicle-1. Grain yield was positively and significantly correlated with total 

grains panicle-1, filled grains panicle-1 and straw yield hill-1. Besides, higher 

variance was also associated with these traits. Ward’s Agglomerative clus-

tering grouped the mutants into 7 major clusters. More than 36% of total 

variation was associated with first 2 principal components (PCs) and was 

mostly with total grains panicle-1 and filled grains panicle-1 whereas third 

and fourth PCs were mainly accounted for straw yield hill-1. Thus, these 

traits should receive special attention during selection of yield potential 

genotypes. Presence of genetic variation in mutants was ensured for most 

of the traits and selection based on greater tillers hill-1, grains panicle-1 and 

straw yield hill-1 may open a new avenue towards improved yield and other 

traits in rice.    

 

Keywords   

Azide mutagenesis, quantitative traits, variability analysis, selection standards    

 

Introduction   

Rice (Oryza sativa L.) becomes one of the most essential cereal crops by 
serving as the primary source of staple food for more than half of the 
world’s population (1) and it is not only a crop but also a life for the Asiatic 
population (2). It meets up about 22% of the calorie intake of the world’s 
population and 76% of the calorie of the population of Southeast Asia (3). 
Albeit several rice varieties with improved yield, quality and stress tolerance 
have been developed by the Bangladesh Rice Research Institute (BRRI) yet 
there is still a vital need to advance the existing germplasm towards higher 
yield to contribute to hunger eradication, global food security, poverty miti-
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gation, economic growth and correspondingly world 
peace. Improvement of elite genotypes through breeding 
relies on genetic variation with useful characters. To in-
duce genetic variation with desired attributes, mutation 
induction has been widely used as a very prolific tool in 
plant breeding (4). Mutations generate genetic variations 
that can be released directly as a variety or may serve as a 
source of raw materials with desirable alleles for the ge-
netic upgrading of crop plants (5). 

 Variations through mutation were created through 
physical and/or chemical agents (6). Bringing genetic vari-
ation by means of chemical mutagens is fairly cost-
effective, robust, quick, verified. Chemical mutagen can 
mutagenize any genotypes with random distribution in the 
genome. Furthermore, it provides a large allelic series and 
does not rely on transformation. Hence, there has been an 
increasing interest in using chemical mutagenesis (7).         
A number of mutagenic agents viz., diethyl sulphate (DES), 
ethylmethanesulfonate (EMS), N-methyl-N-nitrosourea 
(MNU), sodium azide (SA) (chemical mutagens), fast neu-
tron, and γ-ray (physical mutagens), have been employed 
to create new mutants for improving rice (8). Several mu-
tants even had attained noticeable success and are provid-
ing significant economic contributions (9). The mutagenic-
ity of SA is arbitrated through an organic metabolite 
(analogous to L-azidoalanine) of the azide compound gen-
erated by O-acetylserine sulfhydrylase enzyme (10) and 
this metabolite creates point mutations by interacting 
with the genomic DNA after entering the cell nucleus. It 
causes mainly G/C to A/T transitions (11).  

 The most common method of mutagenesis in seed-
propagated crops is the treatment of seeds (12). Though 
the genome size of the target individual is not a critical 
factor in chemical mutagenesis yet its toxicity may show a 
discrepancy from species to species (13). So the optimal 
dose (LD50) determination of the mutagen for the species 
to be mutated is imperative to get a high incidence of an-
ticipated mutants (14) and this is verified by altering the 
concentrations of the mutagen (15). Variations in rice have 
already been induced by chemical mutagens (16) and 
among them, SA has been declared as one of the most po-
tential in creating desired new variants (17). 

 The productivity of rice is affecting by various biotic 
and abiotic factors due to its narrow genetic base as most 
of the improved varieties have been developed through 
traditional breeding using common ancestors. But there is 
a lot of opportunities of increasing genetic variations in 
qualitatively as well as quantitatively inherited traits 
through induced mutagenesis by SA. Identification and 
selection of elite mutants to develop high yield potential 
rice varieties is possible through evaluation of genetic di-
versity and point out the selection criteria of the mutants. 
Quantitative traits are used to evaluate the germplasm as 
this is an easy, rapid, inexpensive and potent method of 
estimation of genetic diversity. Besides, this technique 
needs no sophisticated equipment or technical knowledge 
and can be innate without molecular procedures (18). 
Hence, the study was undertaken to decipher the diversity 
of SA induced mutants and to pinpoint selection principles 
toward higher yield.    

Materials and Methods   

Location of the study    

The present investigation was carried out discreetly at 

Plant Breeding and Biotechnology Laboratory and at Ex-

perimental Farm of Agrotechnology Discipline under Khul-

na University (latitude 22°79′88″ E, longitude 89°53′44″ N 

and elevation: 18 m), Bangladesh from 2020 to 2021 (Fig. 

1). 

Selection of effective dose for mutagenesis   

The overnight soaked seeds of BRRI dhan28, a popular rice 
variety of Bangladesh, were treated for 12 hrs in recurrent 

shaking (60 rpm) with nine concentrations of SA prepared 

in potassium phosphate buffer (pH= 3.0) including the con-

trol (0, 0.001, 0.002, 0.004, 0.008, 0.016, 0.032, 0.064 and 

0.128 M). The seeds were washed under running tap water 

for an hour after decanting SA solution followed by three 

times washing with distilled water. The treated seeds were 

germinated on double-layered filter paper in petri plates 

under 3000 lux light regime maintaining 16/8 hrs light/dark 

at 27±1 0C temperature (19) following Completely Random-

ized Design (CRD). A concentration of 0.039M SA was deter-

mined as LD50 through dose-response curve based on ger-

mination (%), survivability (%) and mortality (%) of 14 days 

old seedlings. Further, 500 seeds were mutagenized with 

LD50 concentration to develop mutants. 

Raising the mutants    

A total of 303 mutants were planted in plastic pots (30 l) 

with single mutant in single pot filled earlier with rice field 

soil (pH=8.1, OM (organic matter)= 5.38%, total nitrogen= 

0.222%, P= 16.36 µg g-1 soil, K= 0.34 mg 100g-1 soil, S= 31.40 

µg g-1 soil, Zn= 2.88 µg g-1 soil and B= 1.23 µg g-1 soil) and 

finally the number mutants reduced to hundred through 

selection. An untreated control was also maintained along 

with mutants. To avoid cross-pollination, an isolation dis-

tance of 3 m was maintained and the mutants were grown 

to maturity following proper agronomic practices. The 

distribution pattern of rainfall, temperature and relative 

humidity in the study area during crop growth are present-

ed in Fig. 2.  

Experimental design  

The mutants were maintained following completely ran-

domized design (CRD) with three replications in a net 

house that ensured proper sunlight and airflow through-

out the crop growth period where the assessment of varia-

tions in plant characters were conducted. At biological 

maturity, the seeds from the panicles of main tillers of 

each of 100 mutants were harvested, threshed, cleaned, 

dried and preserved. 

Parameters studied      

Data were measured for 16 quantitative traits viz., plant 

height, tillers hill-1 (total and effective), days to flowering, 

days to maturity, panicle length, branches panicle-1 

(primary and secondary), grains panicle-1 (filled and un-

filled), 100-grain weight, grain length, grain breadth, straw 

yield hill-1, grain yield hill-1 and harvest index.  
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Fig. 1. Geographical location of the study area (highlighted in orange color)  

Fig. 2. Manifested weather situation during crop growing period  
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Statistical analysis       

The data were subjected to analysis of variance (ANOVA) 

by using Statistical Tools for Agricultural Research (STAR) 

software. The means of the quantitative traits were com-

pared by Duncan’s Multiple Range Test (DMRT) (20). To 

identify the genetic and environmental effects on the stud-

ied traits, genetic components were assessed by using the 

R program language (21) (2.14.0 version). 

Genotypic variance:  ……..……...…… (22) 

Phenotypic variance:  ...……………….....(22) 

 

Genotypic coefficient of variation: ×100 ….(23) 

 

Phenotypic coefficient of variation: ×100 .(23) 

 

Heritability in broad sense:  …………...….……...(24) 

Genetic advance:  …………….…..(25)  

Genetic advance as percentage of mean: 

 ……………...……….. (25) 

Here, MSG is the mean square of genotypes, MSE is mean 

square of error, r is the number of replication,  is mean 

squares of error,  is the phenotypic variance,  is the 

genotypic variance,  is mean of trait, and K is the selec-
tion differential (K=2.06 at 5% selection intensity). 

 The relationships among the traits were also as-

sessed using Pearson’s correlation coefficient. The stand-

ardized data were subjected to cluster the mutants using 

Euclidean distance following Ward’s Agglomerative clus-

tering method by using ‘stats’, ‘factoextra’ and ‘cluster’ 

packages of R program to find out the genetic relation-

ships among the variants. The individuals with liked traits 

were mathematically grouped in the same cluster. Princi-

pal component analysis (PCA) based on the Euclidian dis-

tance method was also accomplished to simplify the com-

plexity in high-dimensional data while retaining trends 

and patterns by using ‘GGally’, ‘factoextra’ and ‘ggfortify’ 

packages, whereas the path coefficient analysis was con-

ducted to evaluate causal models by examining the rela-

tionships between a dependent variable and two or more 

independent variables by using ‘lavaan’ and ‘semPlot’ 

packages of R program.  

 

Results  

Variability among the mutants       

Sodium azide induced mutants presented greatly signifi-

cant variation (p≤0.05) for all traits (Supplementary Table 

1). The analysis of variance showed that SA mutagenesis 

had brought substantial modifications on the quantitative 

traits. The estimates of genetic components of mutants for 

quantitative traits are presented in SupplementaryTable 2. 

A higher value for GCV and PCV was observed for all the 

parameters. The highest value of GCV (24.51) and PCV 

(33.71) were recorded for filled grains panicle-1 and that of 

lowest GCV (2.31) for grain breadth and PCV (2.81) for days 

to maturity. Most of the traits (10 out of 16) exhibited high 

heritability. Among the parameters, plant height, total 

tillers hill-1, effective tillers hill-1, total grains panicle-1 and 

100-grain weight exhibited high heritability while panicle 

length, grain length and grain breadth exhibited low herit-

ability specifying more impact of environment on these 

parameters. The ultimate genetic advance as percentage 

of mean was recorded for total grains panicle-1 (38.53) fol-

lowed by filled grains panicle-1 (36.71) though the lowest 

assessment was for grain breadth and grain length. 

Interrelations among the parameters      

Character association analysis showed that the majority of 

the parameters had significant (p≤0.001) and positive asso-

ciations with one another. Additionally, the genotypic cor-

relation coefficients were higher than the corresponding 

phenotypic correlation coefficients, indicating that the 

environmental effects reduced resilient association at the 

phenotypic level (SupplementaryTable 3). Grain yield hill-1 

had significant and positive correlations with total grains 

panicle-1, filled grains panicle-1, 100-grain weight, grain 

breadth, straw yield hill-1, and harvest index at genotypic 

level and it had significant and positive correlations with 

secondary branches panicle-1, total grains panicle-1, filled 

grains panicle-1, 100-grain weight, grain length, grain 

breadth and straw yield hill-1 at phenotypic level. Grain 

yield hill-1 was significantly and positively associated with 

total grains panicle-1, filled grains panicle-1, 100-grain 

weight, grain breadth and straw yield hill-1 in both geno-

typic and phenotypic levels.  

Path analysis          

Partitioning of the correlation coefficients of the traits to-

wards grain yield was assessed through path analysis to 

know their direct and indirect effects (Fig. 3). Path coeffi-

cient analysis revealed that all the traits had direct positive 

effects on grain yield hill-1 whereas the panicle length and 

primary branches panicle-1 showed negative effects on the 

road to grain yield. Among the traits, grain breadth (2.09) 

Fig. 3. Path diagram of traits on grain yield hill-1. Single-headed arrows 
(paths) denote causal relationships, with the variable at the arrow's tail caus-
ing the variable at the arrow's head. The covariance between the two varia-
bles is represented by the double headed arrows pointing to them, and the 
variances associated with that variable are represented by the single headed 
arrow pointing to that variable. (Residual= 0.578).  
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had the maximum effects followed by straw yield hill-1 

(0.35). The highest variance was associated with total 

grains panicle-1 (1293.58) followed by filled grains panicle-1 

(961.44) whereas the variance associated with grain 

breadth was the minimum (0.02).   

Cluster analysis        

The standardized data were subjected to cluster the mu-
tants using Euclidean distance following Ward’s agglomer-
ative clustering method and grouped the mutants into 

seven major clusters (Fig. 4). The distribution array publi-

cized a maximum number of genotypes including the par-

ent (28) under cluster I. The second largest group having 
21 genotypes was cluster III. Each of clusters IV and VI com-
prised 14 mutants and cluster II contained low number of 

mutants (5).  

 Cluster V had the highest average value of six traits 
viz., plant height, secondary branches panicle-1, total 
grains panicle-1, filled grains panicle-1, grain length and 
grain breadth followed by cluster II and cluster IV each of 

which had the highest mean values of four traits (Table 1). 
The maximum inter-cluster distance (8.71) was between 
cluster II and cluster VI and that of minimum (5.06) was 

between cluster VI and cluster VII whereas the highest 
(4.69) and the lowest (3.33) intracluster distance were for 
cluster I and cluster II, respectively (Table 2). 

Principal component analysis (PCA)       

First six principal components (PCs) which had Eigen val-
ues greater than one, accounted for 74% of total variation. 
Of which 22.70% of variation could be explained by the 

first PC followed by 13.95% and 12.12% variation by sec-

ond and third PC, respectively (Table 3). The first PC was 

associated mostly with total grains panicle-1, filled grains 
panicle-1, secondary branches panicle-1, grain length, pri-

mary branches panicle-1 and effective tillers hill-1 due to 
their high loadings which are entirely the yield contrib-
uting traits. The second PC was principally directed by to-

tal tillers hill, effective tillers hill-1 and days to maturity that 

are also the yield contributing characters (Fig. 5).  

 The cluster analysis and PCA were further con-
firmed by plotting them together (Fig. 6). The mutants un-
der the distant clusters (cluster II and cluster VI) were plot-

ted far away from each other indicating a higher genetic 
variability among the genotypes while the clusters with 
minimum distance (cluster VI and cluster VII) came closer 

to each other indicating comparatively homogeneity 
among the mutants.  

Discussion   

Variability among the mutants        

The existence of genetic diversity is one of the most im-

portant principles to conduct an efficient selection pro-

gram from a mix population for superior yield. Highly sig-

nificant differences (p≤0.01) of the traits revealed the pres-

ence of wide variability in the mutants. This might be due 

to the existence of variation in their genetic makeup and/

or environmental influences. The genotypic coefficient of 

variation (GCV) and phenotypic coefficient of variation 

(PCV) were grouped as low (0-10%), moderate (10-20%) 

and high (>20%) according to the classification (26). The 

level of PCV estimations was higher for all the traits com-

pared to GCV, indicating the impact of environment on the 

expression of all traits (27). But the actual strength of vari-

ability can be reached by comparing their coefficient of 

variation. There was a substantial difference between GCV 

and PCV for panicle length, primary branches panicle-1, 

total grains panicle-1, filled grains panicle-1 and grain yield 

hill-1 which indicates greater influence of environmental 

factors in the expression of these traits. But the high value 

of heritability and genetic advance for total grains panicle-1 

indicated more contribution of genetic components for the 

total observable variation of this trait. The degree of differ-

ences between GCV and PCV were fairly low for the rest of 

the traits signifying a slight effect of environment on their 

Fig. 4. Dendrogram constructed for SA induced rice mutants with their parent using the data obtained from morphological traits.  
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expression (28). Hence, there is an auspicious possibility of 

bringing anticipated genetic upgrading in successive gen-

erations through selection (29, 30). 

 The GCV does not offer full scope to estimate the 

variation that is heritable in nature and therefore, estima-

tion of heritability becomes necessary. The broad sense 

heritability was grouped into three major classes based on 

the classification system of (22, 31) as low (<30%), medium 

(30-60%) and high (>60%). The high heritability for most of 

the traits indicating the possibility of upgrading those pa-

rameters through selection. But heritability alone does not 

always point toward the genetic gain unless it is studied in 

combination with genetic advance which comprises the 

effect of both additive and non-additive genes. Genetic 

advance is used to compute the type of gene action in  

polygenic traits and indicates the prospected progress as 

Characters I II III IV V VI VII 

PH 84.85 95.03 90.64 80.43* 96.38** 88.88 88.37 

TTH-1 28.43 30.83** 13.89* 26.83 24.53 21.83 28.55 

ETH-1 21.94 24.17** 11.06* 20.50 18.50 16.85 22.33 

DF 104.45* 114.95** 109.06 108.78 107.00 109.24 108.98 

DM 130.91* 138.72** 131.45 133.81 135.87 135.67 133.74 

PL 20.05* 23.25 22.36 23.85** 22.53 22.47 21.90 

PBP-1 9.15 9.22 5.78* 10.28** 8.82 8.22 9.93 

SBP-1 19.57 19.28 9.95 21.11 22.22** 19.76 19.04* 

TGP-1 112.50 102.06 58.17* 135.47 146.90** 111.44 96.78 

FGP-1 87.96 84.61 43.56* 106.50 114.65** 83.95 76.40 

GW 1.92 1.96 2.03 1.97 2.00 2.09** 1.90* 

GL 8.28 8.02 7.31* 8.15 8.32** 7.94 8.04 

GB 2.27 2.30 2.19* 2.20 2.31** 2.28 2.22 

SYH-1 37.77 33.97 29.84* 39.45 31.99 42.44** 32.13 

GYH-1 18.23 16.22 13.98 19.61** 15.63 18.90 13.02* 

HI (%) 32.44 32.32 32.10 33.17** 32.69 30.95 29.14* 

Table 1. Cluster means for characters in 100 SA induced rice mutants and their parent  

*: The lowest cluster mean; **: The highest cluster mean; PH: Plant height (cm); TTH-1: Total tillers per hill; ETH-1: Effective tillers per hill; DF: Days to flowering; DM: 
Days to maturity; PL: Panicle length (cm); PBP-1: Primary branches per panicle; SBP-1: Secondary branches per panicle; TGP-1: Total grains per panicle; FGP-1: Filled 
grains per panicle; GW: 100 grain weight (g); GL: Grain length (mm); GB: Grain breadth (mm); SYH-1: Straw yield per hill (g); GYH-1: Grain yield per hill (g); HI (%): 
Harvest index (%).  

Table 2. Average intra (Diagonal) and intercluster distances of 100 SA induced 
rice genotypes with their parent  

Cluster I II III IV V VI VII 

I 4.69             

II 7.82 3.33           

III 5.46 6.89 4.62         

IV 5.30 8.18 5.36 4.55       

V 5.52 7.37 5.88 5.64 4.50     

VI 5.32 8.71 5.14 5.26 6.43 3.96   

VII 5.14 7.54 5.58 5.54 6.50 5.06 3.84 

Table 3. Eigen values, percentage of variation and standard deviation of the first five principal components of corresponding 16 characters in SA induced mutants  

Variables PC1 PC2 PC3 PC4 PC5 PC6 

PH -0.16 0.15 0.40 -0.03 0.37 -0.08 

TTH-1 -0.32 -0.46 0.01 -0.11 0.01 0.20 

ETH-1 -0.29 -0.48 -0.02 -0.12 -0.03 0.24 

DF 0.05 0.09 0.26 -0.53 -0.32 0.15 

DM -0.15 0.32 0.34 -0.31 -0.19 0.12 

PL -0.08 0.21 0.16 -0.32 0.16 0.23 

PBP-1 -0.29 -0.24 -0.01 -0.13 -0.17 -0.02 

SBP-1 -0.39 -0.01 0.11 -0.01 0.23 -0.10 

TGP-1 -0.40 0.26 0.02 0.17 -0.17 -0.30 

FGP-1 -0.39 0.25 0.02 0.18 -0.27 -0.19 

GW 0.01 0.22 -0.25 -0.18 0.29 -0.12 

GL -0.34 -0.08 0.05 0.19 0.02 -0.13 

GB -0.17 0.16 0.03 0.16 0.56 0.45 

SYH-1 -0.16 0.11 -0.51 -0.37 0.10 -0.14 
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the result of selection (22, 32). Heritability and genetic ad-

vance are inexorable in selecting elite genotypes based on 

the performance of quantitative traits (33). Genetic ad-

vance as a % of mean offer a more specific result com-

GYH-1 -0.20 0.23 -0.54 -0.14 -0.08 0.24 

HI (%) -0.04 0.24 -0.05 0.39 -0.33 0.60 

Eigen value 3.63 2.23 1.94 1.71 1.26 1.07 

Variance (%) 22.70 13.95 12.12 10.69 7.87 6.68 

Cumulative (%) 22.70 36.65 48.77 59.46 67.32 74.00 

SD 1.91 1.49 1.39 1.31 1.12 1.03 
PH: Plant height (cm); TTH-1: Total tillers per hill; ETH-1: Effective tillers per hill; DF: Days to flowering; DM: Days to maturity; PL: Panicle length (cm); PBP-1: Primary 
branches per panicle; SBP-1: Secondary branches per panicle; TGP-1: Total grains per panicle; FGP-1: Filled grains per panicle; GW: 100 grain weight (g); GL: Grain 
length (mm); GB: Grain breadth (mm); SYH-1: Straw yield per hill (g); GYH-1: Grain yield per hill (g); HI (%): Harvest index (%); SD: Standard deviation.  

Fig. 5. Two dimensional PCA plot showing the distribution of mutant individuals according to their degree of morphologic variation.  

Fig. 6. PCA plot showing the distribution of mutants in clusters and contribution of traits (loading vectors) towards variation.  

https://plantsciencetoday.online
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pared to just genetic advance (34). Genetic advance as % 

of mean was considered as low if the value was >10%, av-

erage > 10-20% and high > 20% (22, 35). High heritability 

with high genetic advance as a % of mean offers better 

clues for selecting suitable traits. In this study, high genet-

ic advance as a % of mean together with high heritability 

were obtained for plant height, total tillers hill-1, effective 

tillers hill-1, secondary branches panicle-1, total grains pani-

cle-1 and straw yield hill-1 which reported the preponder-

ance of additive gene action in phenotypic expression of 

these traits and were less affected by environmental varia-

tions. Hence, selection based on the phenotypic perfor-

mance of these traits would upgrade rice (36). Besides high 

heritability with high genetic advance as a % of mean, to-

tal grains panicle-1 had also high genotypic coefficient of 

variation that made this trait more and more considerable 

in selection program. These findings were corroborated 

(37). Average genetic advance with high heritability was 

observed for 100-grain weight indicating the action of both 

additive and non-additive gene action on this trait and 

there is a possibility of improvement of these traits 

through selection also (38). 

Interrelations among the parameters         

Identification and selection of highly correlated traits is 

essential (39) to improve complex plant characters like 

yield through direct selection of traits as the traits are 

quantitatively inherited and influenced not only by geno-

types but by the interaction between the genotype and 

environment also. Significant, positive and high correla-

tion coefficients of total grains panicle-1, filled grains pani-

cle-1, 100-grain weight, grain breadth and straw yield hill-1 

at both genotypic and phenotypic levels in this study was a 

clue that selection of these traits would be suitable to ob-

tain desired genotypes with better heterosis (40). Ample 

grains panicle-1 with plenty filled grains along with higher 

grain weight sums up to produce grain yield hill-1 and more 

vegetative growth sinks more photosynthates. Therefore, 

strong and positive correlation coefficients have resulted 

for these traits with grain yield (30). Straw yield hill-1 had 

the best relationship with yield production in the present 

study which is in accordance with the results reported (41). 

Hence, more attention is to be concentrated to this trait 

for final yield determination of the mutants.  

Path analysis        

The correlation offers only degree and direction of associa-

tion between traits but not the true contribution of them 

towards yield (42) whereas the path coefficient analysis 

separates the direct and their indirect effects through oth-

er attributes by dividing up the correlations (43) for better 

interpretation. Among the 5 traits that showed positive 

and significant correlation with grain yield hill-1, were also 

showed positive effect with maximum for straw yield hill-1. 

Similar results were reported in rice (44). Positive direct 

effects of these traits on grain yield specified their signifi-

cance in determining this complex character. The direct 

positive effect and positive significant correlation of these 

traits on grain yield indicate that selection considering 

these traits would be more effective towards the improve-

ment of grain yield (45). The residual effect of 0.578 indi-

cated more than 42% of the variability of grain yield hill-1 

was contributed by the 5 characters studied in the path 

analysis. This high residual effect is the indication of the 

impact of other attributes on grain yield which were not 

considered and/or there might have environmental influ-

ences (46).    

Cluster analysis        

The genetic diversity analysis based on quantitative traits 

can be used to categorize the mutants (47). Ward’s ag-

glomerative clustering dendrogram broadly clustered the 

mutants into seven major groups that revealed the effec-

tiveness of quantitative traits in grouping the mutants. The 

seven clusters imply that SA mutagenesis had brought 

high level of variability in mutants. Among the traits select-

ed on the basis of genotypic and phenotypic correlation in 

accordance with path analysis, rice mutants with the high-

est mean performance for total grains panicle-1, filled 

grains panicle-1 and grain breadth were gathered into clus-

ter V whereas the genotypes with maximum 100-grain 

weight and straw yield hill-1 were assembled into cluster VI. 

This specified the greatest contribution of these five traits 

headed for the variability of mutants grouped in the clus-

ter from mutants found in cluster V and cluster VI (48). To 

exploit hybrid vigor, parents should be selected from the 

clusters with higher inter-cluster distance (49) as parents 

with high yield potential along with great genetic diversity 

increase the chance to yield superior progeny (50). The 

inter-cluster distance between cluster V and cluster VI was 

also higher and this might be due to the presence of mu-

tants having extensive genetic variability and selection of 

promising mutants from these 2 clusters might be reward-

ing.  

Principal component analysis (PCA)        

Eigenvalues were used to find out the number of factors to 
retain (51). According to Gatten’s lower bound principal, 

eigenvalues less than one were ignored (52). The morpho-
logical inconsistency among the mutants was authenticat-
ed by PCA as it redirects the significance of greater contrib-

utor to the total variation at each axis of differentiation 
(53). The PCA results specified that the overall distinction 
was honestly distributed through all the quantitative traits 

studied rather than the contribution of some specific 
traits. The greater eigenvectors proportions of traits in the 
principal components indicated that these traits had high-

er involvement in the total variability of the population 
into clusters. Among the selected traits from correlation 
and path analysis, total grains panicle-1 and filled grains 

panicle-1 had their higher eigenvectors percentage in the 
first as well as second principal components whereas 100-
grain weight and straw yield hill-1 had their higher eigen-

vectors in the third and fourth principal components 
indicating their importance towards genetic diversity.        
It was found only twelve PCs more than 0.5 eigenvalues 

and 93.87% total variability (54). The cosine of the angle 
between the vectors of 2 traits indicates the strength of 
relationship between the traits (55). The 2-dimensional 

plot of the first 2 principal components that contributed to 
36.65% of the variance measured the relationships among 
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the characters and showed a distinguished relationship of 
grain yield hill-1 with total grains panicle-1, filled grains pan-

icle-1 and straw yield hill-1 as indicated by the small angle 
between their vectors (α = 15°58′1″, 16°19′48″ and 14°28′
57″ respectively) whereas 100-grain weight had a weak 

relationship with grain yield hill-1 (α = 43°36′42″). Selection 
of genotypes having greater grain producing capacity with 
more filled grains panicle-1 and profuse vegetative growth 

may be effective for rice improvement.  

 

Conclusion   

Azide mutagenesis had brought significant genetic chang-
es in rice mutants and could serve as a great genetic 

source for multiple aspects. Correlation and cluster analy-
sis were complementary to each other while cluster and 
principal component analysis showed a little inconsisten-

cy in respect of extracting the % of variation. Evaluation of 
genetic parameters of the quantitative traits of the mu-
tants specified that selection of mutants based on total 

tillers hill-1, effective tillers hill-1, total grains panicle-1, filled 
grains panicle-1 and straw yield hill-1 might be pleasing to 
improve rice towards high yield, and this assessment could 

be workable in developing feasible selection exponents for 
important quantitative traits in rice mutants.   

 

Acknowledgements    

The authors would like to acknowledge the financial sup-
port of Secondary and Higher Education Division, Ministry 
of Education, Govt. of the People’s Republic of Bangla-
desh. Many thanks to Khulna University for its assistance 

with the research facilities.  

 

Authors contributions   

MMI and SKA developed the concept of the research and 
AAM carried out the laboratory as well as field research. 

AAM recorded and analysed the data with the assistance of 
MSS and prepared the manuscript. The manuscript was 
corrected and edited by MMI, SKA and MSS. Finally, all au-

thors read and approved the manuscript for publication.  

 

Compliance with ethical standards   

Conflict of interest: : For the current study, the authors 
declare no conflicts of interest.  

Ethical issues: None. 

 

Supplementary data  

Supplementary Table  1. . Mean squares of analysis of vari-
ance of the morphological traits of SA induced 
mutants of rice  

Supplementary Table  2. Estimation of genetic parameters 

of the sixteen morphological traits among SA in-

duced mutants of rice  

Supplementary Table  3. Genotypic correlation (rg, above 

diagonal) and phenotypic correlation (rp, below 

diagonal) for the morphological traits of SA in-

duced mutants  

 

References   

1. The United States Department of Agriculture. Rice sector at a 

glance [Internet]. Economic research service. 2022 [updated 
2022 April 01; cited 05 April 2022]. https://www.ers.usda.gov/

topics/crops/rice/rice-sector-at-a-glance/  

2. Paranthaman R, Alagusundaram K, Indhumathi J. Production of 
protease from rice mill wastes by Aspergillus niger in solid state 

fermentation. World Journal of Agricultural Sciences. 2009;5
(3):308-12. 

3. Fitzgerald MA, McCouch SR, Hall RD. Not just a grain of rice: The 

Quest for Quality. Trends in Plant Science. 2009;14(3):133-39. 
https://doi.org/10.1016/j.tplants.2008.12.004  

4. Sellapillaibanumathi L,  Dhanarajan A, Raina  A, Ganesan A. 

Effects of gamma radiation on physio-morphological  traits  of  
finger  millet (Eleusine coracana (L.) Gaertn.).  Plant Science 

Today. 2022;9(1):89-95. https://doi.org/10.14719/pst.1142  

5. Adamu AK, Aliyu H. Morphological effects of Sodium Azide on 
tomato (Lycopersicon esculentum Mill). Science World Journal. 

2007;2(4):9-12. https://doi.org/10.4314/swj.v2i4.51755 

6. Yang Y, Li Y, Wu C. Genomic resources for functional analyses of 
the rice genome. Current Opinion in Plant Biology. 2013;16

(2):157-63. https://doi.org/10.1016/j.pbi.2013.03.010  

7. Nadeau JH, Frankel WN. The roads from phenotypic variation to 
gene discovery: mutagenesis versus QTLs. Nature Genetics. 

2000;25(4):381-84. https://doi.org/10.1038/78051  

8. Wang X, Zhang H, Shao LY, Yan X, Peng H, Ouyang JX, Bo Li S. 
Expression and function analysis of rice OsHSP40 gene under 
salt stress. Genes and Genomics. 2019;41 (2):175-82. https://

doi.org/10.1007/s13258-018-0749-2   

9. Mohamad O, Mohd Nazir B, Abdul Rahim H, Alias I, Azlan S, Oth-
man O, Hadzim K, Saad A, Abdullah MZ, Habibuddin H, Golam F. 

Development of improved rice varieties through the use of in-

duced mutations in Malaysia. Plant Mutation Reports. 2006;1
(1):27-34. 

10. Gruszka D, Szarejko I, Maluszynski M. Sodium azide as a muta-
gen. In: Shu QY, Forster BP, Nakagawa H. Editors. Plant muta-

tion breeding and biotechnology [e-book]. Wallingford: CABI 

International; 2012 [cited 2022 Feb. 12];159-66. https://
doi.org/10.1079/9781780640853.0159  

11. Tai TH, Chun A, Henry IM, Ngo KJ, Burkart-Wako D. Effectiveness 

of sodium azide alone compared to sodium azide in combina-
tion with methyl nitrosurea for rice mutagenesis. Plant Breeding 

and Biotechnology. 2016;4(4):453-61. https://doi.org/10.9787/
PBB.2016.4.4.453  

12. Kodym A, Afza R. Physical and Chemical Mutagenesis. In: 

Grotewold E. editors. Plant Functional Genomics [e-book]. 
Humana Press: The Ohio State University; 2003 [cited 2022 

March 30];189-203. https://doi.org/10.1385/1-59259-413-
1:189   

13. Henikoff S, Comai L. Single-nucleotide mutations for plant func-

tional genomics. Annual Review of Plant Biology [Internet]. 2003 
[cited 24 March 2022];54(1):375-401. 10.1146/

annurev.arplant.54.031902.135009   https://doi.org/10.1146/
annurev.arplant.54.031902.135009 

14. Arisha MH, Liang BK, Shah SNM, Gong ZH, Li DW. Kill curve anal-

ysis and response of first generation Capsicum annuum L. B12 
cultivar to ethyl methane sulfonate. Genetics and Molecular 

Research. 2014;13:10049-61. http://
dx.doi.org/10.4238/2014.November.28.9  

15. Jain SM. Mutagenesis in crop improvement under the climate 

https://plantsciencetoday.online
https://www.ers.usda.gov/topics/crops/rice/rice-sector-at-a-glance/
https://www.ers.usda.gov/topics/crops/rice/rice-sector-at-a-glance/
https://doi.org/10.1016/j.tplants.2008.12.004
https://doi.org/10.14719/pst.1142
https://doi.org/10.4314/swj.v2i4.51755
https://doi.org/10.1016/j.pbi.2013.03.010
https://doi.org/10.1038/78051
https://doi.org/10.1007/s13258-018-0749-2
https://doi.org/10.1007/s13258-018-0749-2
https://doi.org/10.1079/9781780640853.0159
https://doi.org/10.1079/9781780640853.0159
https://doi.org/10.9787/PBB.2016.4.4.453
https://doi.org/10.9787/PBB.2016.4.4.453
https://doi.org/10.1385/1-59259-413-1:189
https://doi.org/10.1385/1-59259-413-1:189
https://doi.org/10.1146/annurev.arplant.54.031902.135009
https://doi.org/10.1146/annurev.arplant.54.031902.135009
http://dx.doi.org/10.4238/2014.November.28.9
http://dx.doi.org/10.4238/2014.November.28.9


1010 

Plant Science Today, ISSN 2348-1900 (online) 

change. Romanian Biotechnological Letters. 2010;15(2):88-106. 

16. Wu JL, Wu C, Lei C, Baraoidan M, Bordeos A, Madamba MRS et 
al. Chemical- and irradiation-induced mutants of indica rice 

IR64 for forward and reverse genetics. Plant Molecular Biology. 
2005;59:85-97. https://doi.org/10.1007/s11103-004-5112-0  

17. Khan S, Al‑Qurainy F, Anwar F. Sodium azide: a chemical muta-

gen for enhancement of agronomic traits of crop plants. Envi-

ronment and We an International Journal of Science and Tech-
nology. 2009;4:1-21. 

18. Mazid MS, Rafii MY, Hanafi MM, Rahim HA, Shabanimofrad M. 

Latif MA. Agro-morphological characterization and assessment 
of variability, heritability, genetic advance and divergence in 

bacterial blight resistant rice genotypes. South African Journal 
of Botany. 2013;86:15-22. http://dx.doi.org/10.1016/

j.sajb.2013.01.004  

19. Shin YS, Jeung JU. Genetic diversity estimation of the rice mu-
tant lines induced by sodium azide. Korean Journal of Breeding 

Science. 2011;43(1):23-31. 

20. Duncan DB. (1955). Multiple range and multiple F tests. Biomet-
rics [Internet]. 1955 [cited 23 March 2022];11(1):1-42. https://

www.jstor.org/stable/3001478 https://doi.org/10.2307/3001478 

21. R Core Team. R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna, Austria. 

2018. https://www.R-project.org/    

22. Johnson HW, Robinson HF, Comstock RE. Estimates of genetic 
and environmental variability in soybeans and their implica-

tions in selection. Agronomy Journal. 1955;47(10):477-
83.  https://doi.org/10.2134/

agronj1955.00021962004700070009x  

23. Singh RK, Choudhary BD. Biometrical methods in quantitative 
genetic analysis. New Delhi (India): Kalyani Publishers. 1985. 

24. Falconer DS. Introduction to Quantitative Genetics. 3rd ed. New 

York: Longman Scientific and Technical. 1989. 

25. Assefa K, Ketema S, Tefera H, Henry T, Nguyen, Blum A, Ayele M, 
Bai G, Simane B, Kefyalew T. Diversity among germplasm lines 

of the Ethiopian cereal tef [Eragrostis tef (Zucc.) Trotter]. Eu-
phytica. 1999;106(1):87-97. https://doi.org/10.1023/

A:1003582431039  

26. Sivasubramanian S. Madhavamenon P. Genotypic and pheno-
typic variability in rice. Madras Agriculture Journal. 1973;60(9-

12):1093-96. 

27. Ogunbayo SA, Sei M, Ojo DK, Sanni KA, Akinwale MG, Toulou B et 
al. Genetic variation and heritability of yield and related traits in 

promising rice genotypes (Oryza sativa L.). Journal of Plant 
Breeding and Crop Science. 2014;6(11):153-59. https://

doi.org/10.5897/JPBCS2014.0457 

28. Khatun MT, Hanafi MM, Yusop MR, Wong MY, Salleh FM, Ferdous 
J. Genetic variation, heritability and diversity analysis of upland 

rice (Oryza sativa L.) genotypes based on quantitative traits. 
BioMed Research International. 2015; Article ID 290861:7 pages. 

https://doi.org/10.1155/2015/290861 

29. Chakravarti SKR, Sanjeev Singh H, Kumar Lal JP, Vishwakarma 
MK. Study of induced polygenic variability in M1 and chlorophyll 

mutations in M2 generations in aromatic rice. The Bioscan. 
2013;8(1):49-53. 

30. Oladosu Y,  Rafii MY, Abdullah N, Malek MA, Rahim HA, Hussin G 

et al. Genetic variability and selection criteria in rice mutant 
lines as revealed by quantitative traits. The Scientific World 

Journal. 2014; Article ID 190531:12 pages. https://
doi.org/10.1155/2014/190531 

31. Robinson HF, Comstock RE, Harvey PH. Estimates of heritability 

and the degree of dominance in corn. Agronomy Journal. 
1949;41(8):353-59. https://doi.org/10.2134/

agronj1949.00021962004100080005x  

32. Pratap N, Singh PK, Shekhar R, Soni SK, Mall AK. Genetic varia-

bility, character association and diversity analyses for economic 
traits in rice (Oryza sativa L.). SAARC Journal of Agriculture. 

2014;10(2):83-94. https://doi.org/10.3329/sja.v10i2.18326   

33. Burton GW, DeVane EH. Estimating heritability in tall fescue 
(Festuca arundinacea) from replicated clonal material. Agrono-

my Journal. 1953;45:478-81. https://doi.org/10.2134/
agronj1953.00021962004500100005x. 

34. Adhikari BN, Joshi BP, Shrestha J, Bhatta NR. Genetic variabil-

ity, heritability, genetic advance and correlation among yield 
and yield components of rice (Oryza sativa L.). Journal of Agri-

culture and Natural Resources. 2018;1(1):149-60. https://
doi.org/10.3126/janr.v1i1.22230 

35. Falconer DS, Mackay FC. Introduction to quantitative genetics, 

4th ed. New York: Addison Wesley Longman, Harlow. 1996. 

36. Sumanth V, Suresh BG, Ram BJ, Srujana G. Estimation of genetic 
variability, heritability and genetic advance for grain yield com-

ponents in rice (Oryza sativa L.). Journal of Pharmacognosy and 
Phytochemistry. 2017;6(4):1437-39. 

37. Sabesan T, Suresh R, Saravanan K.  Genetic variability and cor-
relation for yield and grain quality characters of rice grown in 

coastal saline low land of Tamilnadu. Electronic Journal of Plant 

Breeding. 2009;1:56-59. 

38. Ahmadikhah A, Nasrollanejad S, Alishah O. Quantitative studies 
for investigating variation and its effect on heterosis of rice. 

International Journal of Plant Production. 2008;2(4):297-308. 
https://doi.org/10.22069/IJPP.2012.621 

39. Aditya JP, Bhartiya A. Genetic variability, correlation and path 
analysis for quantitative characters in rainfed upland rice of 

Uttarakhand Hills. Journal of Rice Research. 2013;6:24-34. 

40. Gyawali S, Poudel A, Poudel S. Genetic variability and associa-
tion analysis in different rice genotypes in mid hill of western 

Nepal. Acta Scientific Agriculture. 2018;2(9):69-76. 

41. Matias J, Cruz V, Garcia A, Gonzalez, D. Evaluation of rice straw 
yield, fiber composition and collection under Mediterranean 

conditions. Acta Technologica Agriculturae. 2019;2:43-47. 
https://doi.org/10.2478/ata-2019-0008 

42. Roy B, Pal AK.  Selection criteria of some advance lines of sesa-
me by the study of correlation   and   path   coefficient   analysis.  
Plant Science Today.   2019;6(3):356-59. https://

doi.org/10.14719/pst.2019.6.3.565 

43. Wright S. Correlation and causation. Journal of Agricultural 
Research. 1921;20:557-85. 

44. Makwana BP, Jadeja GC, Patel CG, Patel RM, Gami RA. Path 
analysis of qualitative and quantitative characters in slender 
grain rice (Oryza sativa L.). International Journal of Plant Scienc-

es. 2010;5(1):294-96. 

45. Priyanka G, Senguttuvel P, Sujatha M, Raju N, Sravan, Beulah P 
et al. Correlation between traits and path analysis co-efficient 

for grain yield and other components in direct seeded aerobic 
rice (Oryza sativa L.). Advance Research Journal of Crop Im-

provement. 2016;7(1):40-45. https://doi.org/10.15740/HAS/
ARJCI/7.1/40-45 

46. Kafi SH, Abiodun EA, Bunmi O, Kyung-Ho K. Correlation coeffi-
cient and path analyses of yield and yield related traits of Kore-
an double haploid rice for germplasm improvement in Nigeria. 

American Journal of Agriculture and Forestry. 2021;9(3):114-21. 

https://doi.org/10.11648/j.ajaf.20210903.13 

47. Franco J, Crossa J, Ribaut JM, Bertran J, Warburton ML, Khairal-
lah M. A method for combining molecular markers and pheno-
typic attributes for classifying plant genotypes. Theoretical and 

Applied Genetics. 2001;103(6-7):944-52. http://

dx.doi.org/10.1007/s001220100641 

48. Nuruzzaman M, Rana MS, Ferdausi A, Huda MM, Hassan L, 

https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Romanian+Biotechnological+Letters%22
https://doi.org/10.1007/s11103-004-5112-0
http://dx.doi.org/10.1016/j.sajb.2013.01.004
http://dx.doi.org/10.1016/j.sajb.2013.01.004
https://www.jstor.org/stable/3001478
https://www.jstor.org/stable/3001478
https://www.R-project.org/
https://doi.org/10.2134/agronj1955.00021962004700070009x
https://doi.org/10.2134/agronj1955.00021962004700070009x
https://doi.org/10.1023/A:1003582431039
https://doi.org/10.1023/A:1003582431039
https://doi.org/10.5897/JPBCS2014.0457
https://doi.org/10.5897/JPBCS2014.0457
https://doi.org/10.1155/2015/290861
https://doi.org/10.1155/2014/190531
https://doi.org/10.1155/2014/190531
https://doi.org/10.2134/agronj1949.00021962004100080005x
https://doi.org/10.2134/agronj1949.00021962004100080005x
https://doi.org/10.3329/sja.v10i2.18326
https://doi.org/10.2134/agronj1953.00021962004500100005x
https://doi.org/10.2134/agronj1953.00021962004500100005x
https://doi.org/10.3126/janr.v1i1.22230
https://doi.org/10.3126/janr.v1i1.22230
https://dx.doi.org/10.22069/ijpp.2012.621
https://doi.org/10.2478/ata-2019-0008
https://doi.org/10.14719/pst.2019.6.3.565
https://doi.org/10.14719/pst.2019.6.3.565
https://doi.org/10.15740/HAS/ARJCI/7.1/40-45
https://doi.org/10.15740/HAS/ARJCI/7.1/40-45
https://doi.org/10.11648/j.ajaf.20210903.13
http://dx.doi.org/10.1007/s001220100641
http://dx.doi.org/10.1007/s001220100641


 1011    MAMUN ET AL 

https://plantsciencetoday.online 

Begum SN. Clustering and principal component analysis of Neri-

ca mutant rice lines growing under rainfed condition. Interna-
tional Journal of Applied Sciences and Biotechnology. 2019;7

(3):327-34. https://doi.org/10.3126/ijasbt.v7i3.25703 

49. Tiruneh A, Gebrselassie W, Tesfaye A. Genetic diversity study on 
upland rice (Oryza sativa L.) genotypes based on morphological 

traits in Southwestern Ethiopia. Asian Journal of Crop Science. 
2019;11(1):17-24. https://doi.org/10.3923/ajcs.2019.17.24 

50. Roy B, Pal AK, Basu AK. The estimation of genetic variability and 

genetic divergence of some advance lines of sesame based on 
morphological traits.  Plant Science Today. 2022;9(2):281-87. 

https://doi.org/10.14719/pst.1407 

51. Hailegiorgis D, Mesfin M, Genet T. Genetic divergence analysis 
on some bread wheat genotypes grown in Ethiopia. Journal of 

Central European Agriculture. 2011;12(2):344-52. https://
doi.org/10.5513/JCEA01/12.2.922 

52. Kumar S, Vashisht RP, Gupta R, Singh K, Kaushal M. Characteri-

zation of European carrot genotypes through principal compo-
nent analysis and regression analysis. International Journal of 

Vegetable Science. 2011;17(1):3-12. https://
doi.org/10.1080/19315260.2010.486021 

53. Sharma JR. Statistical and biometrical techniques in plant 

breeding. New Delhi (India): New Age International (P) Limited 
Publishers. 1998. 

54. Sohgaura N, Mishra DK, Koutu GK, Singh SK, KumarV, Singh P. 
Evaluation of high yielding and better quality rice varieties using 

principal component analysis. Ecology, Environment and Con-

servation. 2015;21:187-95. 

55. Dehghani H, Omidi H, Sabaghnia N. Graphic analysis of trait 
relations of canola (Brassica napus L.) using biplot method. 

Agronomy Journal. 2008;100(5):1443-49.  https://
doi.org/10.2134/agronj2007.0275     

§§§ 

https://plantsciencetoday.online
https://doi.org/10.3126/ijasbt.v7i3.25703
https://doi.org/10.3923/ajcs.2019.17.24
https://doi.org/10.14719/pst.1407
https://doi.org/10.5513/JCEA01/12.2.922
https://doi.org/10.5513/JCEA01/12.2.922
https://doi.org/10.1080/19315260.2010.486021
https://doi.org/10.1080/19315260.2010.486021
https://doi.org/10.2134/agronj2007.0275
https://doi.org/10.2134/agronj2007.0275

