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ABSTRACT 

Rice is the major food crop directly related to the livelihood of majority of rural people in Nepal. Aromatic 

rice is one of the fundamental groups that has great significance from the nutritional and market point of view 

all over the world. The main objective of this study was to emphasize on the determination of major genetic 

parameters, genotypic and phenotypic correlations, stability analysis for yield and major quantitative traits 

of aromatic rice landraces. Altogether 30 aromatic rice landraces were considered in this study and that were 

evaluated in three locations namely Hardinath, Tarahara and Khajura with three replications. Two years of 

multilocation data on nine morphological traits were collected and evaluated. The genetic parameters like 

genetic variance, phenotypic variance, genotypic coefficient of variation, phenotypic coefficient of variation, 

heritability and genetic advance were estimated using the statistical methods. The highest GCV and PCV was 

exhibited by grain yield (23.67 and 25.7) whereas lowest GCV and PCV was found in panicle length (4.9 and 

5.6) respectively. Heritability of various traits was measured from 0.76 to 0.98 where the lowest heritability was 

observed in panicle length and the highest was observed in both heading and maturity days. The genetic advance 

as percentage of means value ranging from 8.8 to 45 representing panicle length and grain yield respectively. 

The genetic correlation of the measured traits showed highly significant positive correlation of heading days 

with maturity (r=1.0004**) and straw yield (r=0.787**) as well as correlation of maturity days with straw yield 

(r=0.79**). In case of phenotypic correlation, highly significant positive correlation of heading days with 

maturity (r=0.99**) and straw yield (r=0.7611**) was obtained however there is negative but significant 

correlation with tillers per meter square (r=-0.296*), filled grain weight (r=-0.305*), 1000 grain weight 

(r=0.3115*) and grain yield (r=-0.4*). According to the stability analysis, Gouriya and Karia Kamod (bi=1.1) 

were found more stable. Based on the value of coefficient of determination (R2), most of accessions; Lalka 

Basmati, Sugandhit Dha-1, Suhpat, Gouriya, Bayerni Masino, Kalo Nunia, Balamsari Dhan, Tilki, Tulsiful 

and Sunaulo Sugandha were obtained stable in all the three locations in both years. Based on the Superiority 

Measure (Pi), Samba Masuli Sub-1 and Sugandhit Dhan-1 showed lower Pi values of 132556.16 to 

377994.35 hence identified as most stable varieties. This study identified the genetic parameters that provides 

the useful information for breeding of rice varieties, correlation among the major traits and stability of some 

aromatic landraces Gouriya and Karia Kamod obtained in all the environments. Thus, findings of this study 

are highly helpful for future studies to identify desirable traits and genotypes in the further varietal 

development works in coming days. 
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;f/f+z  

wfg g]kfnsf] ax';+Vos u|fdL0f hgtfsf] hLljsf]kfh{g;Fu k|ToIf ¿kdf ;DalGwt k|d'v vfBfGg afnL xf]. wfgsf df}lns ;d"xx¿ 

dWo] af:dtL wfg Ps xf], o;sf] kf]if0f / ahf/sf] b[li6sf]0fn] ljZjel/ 7"nf] dxQ\j 5 . o; cWoogsf] d'Vo p2]Zo cWoogdf 

k|d'v cfg'j+lzs dfkb08x¿, hLgf]6fOlks / km]gf]6fOlks ;x;DaGwx¿, pkhsf] nflu l:y/tf ljZn]if0f / ;'ulGwt rfdnsf] 

e'ldhftx¿sf] k|d'v dfqfTds ljz]iftfx¿sf] lgwf{/0fdf hf]8 lbg' xf] . o; cWoogdf s'n #) j6f ;'ulGwt wfgsf NofG8/];x¿ 

;dfa]z ul/of] / ltgnfO{ xlb{gfy, t/x/f / vh'/f gfds tLg :yfgdf tLg k|lts[lt ;lxt d"NofÍg ul/of] . gf} aflx/L :j¿k 

df}lns ljz]iftfx¿df b'O{ jif{sf] ax':ynLo cf+s8f ;Íng / d"NofÍg ul/Psf] lyof] . cfg'j+lzs dfkb08x¿ h:t}M cfg'j+lzs 

leGgtf, km]gf]6fOlks leGgtf, leGgtfsf] hLgf]6fOlks u'0ff+s, leGgtfsf] km]gf]6fOlks u'0ff+s, cfg'j+lzstf / cfg'j+lzs clu|d 

dfgs ljlwx¿ k|of]u u/L cg'dfg ul/Psf] lyof] . pRrtd GCV / PCV cgfh pTkfbg -@#=^& / @%=&_ åf/f k|bz{g ul/Psf] lyof] 

hals ;a}eGbf sd GCV / PCV qmdzM afnfsf] nDafO -$=( / %=^_ df kfOof] . ljleGg ljz]iftfx¿sf] cfg'j+lzstf )=&^ b]lv 

)=(* ;Dd dfkg ul/Psf] lyof] hxfF ;a} eGbf sd cfg'j+lzstf afnfsf] nDafO{df / pRrtd x]l8ª / kl/kSjtf lbg b'j}df 

cjnf]sg ul/Psf] lyof] . cfg'j+lzs clu|d cf};tsf] ¿kdf *=* k|ltzt b]lv $% k|ltzt;Ddsf] bfo/fdf qmdzM afnfsf] nDafO{ 

/ cGg pTkfbgsf] kfOPsf] lyof] . dfkg ul/Psf nIf0fx¿sf] cfg'j+lzs ;DaGwn] afnf lg:sg] lbgsf] kl/kSjtf -!=))$**_ / 

k/fnsf] pkh -)=&*&**_ ;Fu;Fu} kl/kSjtf lbgx¿sf] k/fnsf] pkh -)=&(**_ ;Fu ;sf/fTds ;x;DaGw b]vfPsf] 5 . 

km]gf]6fOlks ;x;DaGwsf] dfdnfdf, x]l8ª lbgx¿sf] kl/kSjtf -)=((**_ / k/fnsf] pkh -)=&^!!**_ ;Fu cTolws dxQ\jk"0f{ 

;sf/fTds ;DaGw b]lvof] . t/ afnf lg:sg] lbgsf] k|lt ju{ ld6/ l6n/ ;+Vof;Fu -–)=@(^*_, el/Psf] bfgf jhg;+u -–)=#)%*_, 

!))) cgfh jhg;Fu -–)=#!!%*_ / cGg pkh -–)=$*_ ;+u gsf/fTds t/ dxQ\jk"0f{ ;DaGw 5. . :yfloTj ljZn]if0fsf cg';f/, 

uf}l/of / sfl/of sdf]8 -lacfO{Ö!=!_ sf] u'0ff+ssf] lgwf{/0fdfg -R2
_ sf] cfwf/df h}ljs ¿kdf l:y/ kfOof] . nNsf af;dtL, 

;'ulGwt wf–!, ;'xkf6, uf}l/of, afogL{ dfl;gf], sfnf] g'lgof, afnd;/L wfg, ltNsL, t'n;Lkm'n / ;'gf}nf] ;'uGwf jftfj/0fdf l:y/ 

/x]sf] kfOPsf] lyof] . o; cWoogn] cfg'j+lzs dfkb08x¿ klxrfg u¥of] h;n] wfgsf k|hfltx¿sf] k|hgg, k|d'v ljz]iftfx¿ 

aLrsf] ;DaGw / ;a} jftfj/0fdf s]xL ;'ulGwt e'ldhftx¿sf] l:y/tfsf] nflu pkof]uL hfgsf/L xfl;n uof]{ . t;y{, o; 

cWoogsf lgisif{x¿ eljiosf cGj]ifsx¿sf nflu cfufdL lbgx¿df yk ljljwtf ljsf; sfo{x¿df jf+5gLo ljz]iftfx¿ / 

hLgf]6fOkx¿sf] klxrfgdf oL e'ldhftx¿ w]/} pkof]uL 5g\ . 

 

INTRODUCTION  

Rice (Oryza sativa L., 2n=24) is the principal food crop and has contributed largely to food and nutrition 

security for majority of people in Nepal and also in many Asian countries. Rice sector supports 5.7% to 

total GDP and 13.5 % to AGDP as well as accounted 53% to the cereal grain production in the country 

(MoALD, 2023). It also generates income, employment, and livelihood to more than 70% of households 

as well as provides 40% of calories requirement to rural people (Gauchan and Pandey, 2011).  It is 

cultivated on a total area of 1,447,789 hectares, with a production of 5,486,472 metric tons and a 

productivity of 3.78 metric tons per hectare (AITC 2024). 

 

The rice statistics indicated nearly 90% of both rice production and consumption is accounted from Asian 

countries and shared 80% rice production and consumption worldwide (Ahmad et al 2015, Ahmed 2024). 

Currently, rice is cultivated in more than 100 countries and estimated rice cultivated area is approximately 

164 million hectares with a production of 510 million metric tons. Rice consumption statistics implies that 

it is gradually increasing in the all countries during the current few years as global supply of rice was around 

502 million metric tons during 2020–21. Per capita annual consumption of rice is 45 kg in the world 

(Ahmed et al 2024).  
 

Nepal is endowed with enormous genetic diversities in rice comprising 2500 native landraces and 153 

modern varieties are cultivated throughout the country starting from altitude range of 60 to 3050 m in 

Nepal. The national production statistics of Aromatic rice revealed that it is grown in approximately 10% 

of rice grown area with about 0.15 million ha with total production of 0.375 million ton in Nepal (Joshi et 

al 2021). The aromatic rice landraces possess low production potential with an average productivity of 2.5 

t/ha.  
 

The aromatic rice constitutes of range of varieties that produce aroma when cooked and consists of pleasant 

eating (softness) qualities, getting lucrative price in both national and international markets (Raymajhi and 

Malla Thakuri 2023). It is assumed that the Basmati rice of Nepal has characteristics and unique flavored 



Genetic parameters, correlation and stability analysis by DN Tiwari et al 
 

82 
 

aromatic fine rice cultivated in lower belts of Churiya hills and Mahabharat range and some plains 

extending from east to central region and more particularly nearby Koshi river (Joshi et al 2017). 

 

The indigenous rice varieties that have been cultivated by farmers after domestication. Those local rice 

landraces contain distinguishing characteristics like good aroma, good taste and better cooking and eating 

quality. Use of rice is directly connected with religious functions and it conserves rich cultural heritage as 

well as promotes socio-economic values (Islam et al 2016). Aromatic rice makes up special form of rice 

that are well renowned globally for pleasant aroma and extra fine grain quality.  

 

The morphological and physiological traits is conventional tool to provide the fundamental information 

and serves as morphological markers. As compared to molecular markers, morphological markers are less 

expensive and not convincing because they are highly affected by environmental factors. The 

morphological markers along with molecular markers stands as robust method for investigating genetic 

variability and yield components which is essential for selection of genotypes for development of new crop 

varieties (Ahmad et al 2015).  

 

The genetic variability present in germplasm are very essential and are pre-requisite for improvement of 

any breeding program (Tiwari et al 2019). The quantitative traits are governed by many minor genes and 

mostly influenced by the environmental factors leading to difficulty in decision making whether the 

variability is heritable or not (Islam et al 2016). Heritability of a quantitative trait has great significance in 

genetics and plant breeding that governs affects the effectiveness of selection. It indicates that degree extent 

of heritable character to the subsequent generation through natural selection or hybridization process 

(Zhang et al 2010, Sttrek and Beser 2003). Heritability can be utilized to elucidate the population structures 

to determine the most heritable trait (Ali et al 2000). The yield related traits are responsible for increasing 

yield only when they are heritable  (Sttrek and Beser 2003). Genetic advance is also major concern of plant 

breeders in selection of yield component factors hence genetic advance play indispensable role for varietal 

improvement program in crop breeding (Sedeek et al 2009). 

 

The studies reflected that the heading and maturity days, L/B ratio and plant height are found more heritable 

with heritability more than 90% whereas other traits showed low heritability (Jaiswal et al 2007). All the 

phenotypic traits that exhibits high heritability coupled with high genetic advance suggesting the presence 

of additive gene action and selection for such traits would be more reliable (Jaiswal et al 2007).  

 

Breeding programs today have enormous opportunity to move forward that comprises creation of genetic 

variation, selection and utilization of those variability to develop new breeding materials. Among the 

various genetic components, genotypic variance, phenotypic variance, heritability, genotypic and 

phenotypic coefficient of variation, genetic advance for yield attributes is of paramount importance for 

plant breeders involved in varietal development process (Tiwari et al 2019). The traits showing higher 

genotypic coefficient of variability (GCV) and heritability accompanied by high genetic advance implies 

that the character is heritable that can be to subsequent generation hence for such a trait phenotypic selection 

based on character is more instrumental (Prasad et al 2001).  

 

Very few information is available on the phenotypic diversity and genetic background, stability and 

correlation coefficient between the different traits among the aromatic rice germplasm present in Nepal. 

This is because of limited research works undertaken in the various aspects of genotypic and phenotypic 

diversity, genetic parameters and relationship between the various traits of indigenous aromatic rice 

landraces. Present study was started with a broad objective to explore the genetic background and 

inheritance of major agro-morphological traits, correlation between different studied traits of aromatic rice 

landraces collected from different parts of the country. This study attempts to determine the genetic 

variance, phenotypic variance, genotypic coefficient of variability (GCV), phenotypic coefficient of 

variability (PCV), broad sense heritability, genetic advance and genetic advance as percentage of mean, 
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phenotypic and genotypic correlation and stability parameters of major quantitative traits. The knowledge 

and information obtained from this study will be useful for the future researchers and plant breeders to 

know extent of variability exist in the population and assists to select the outstanding genotypes.  

 

MATERIALS AND METHODS 

Plant Materials and Experiment Details 

Initially 150 fine and aromatic rice landraces were collected from National Agricultural Genetic Resource 

Center (Gene Bank), Khumaltar and National Rice Research Program, Hardinath and its territory. From the 

preliminary evaluation of major morphological traits and aroma detection from rice kernels using 1.7 % 

KOH solution (Tragoonrung et al 1996), twenty-eight aromatic rice landraces were identified and selected 

for the multi-environment trial.  Thirty aromatic rice landraces including two check varieties Samba Masuli 

Sub-1 as non-aromatic and Kalanamak as aromatic were evaluated in this study. The research trial was 

conducted during rainy season in two years (2020-2021). This study was conducted basically Terai region 

of Nepal representing sub-tropical climate zone. Three research stations as experimental sites were selected 

for multi-environment trial to understand the G x E interaction and stability of rice. The experimental sites 

were selected representing eastern terai, central terai and western terai region. Directorate of Agricultural 

Research, Tarahara from eastern terai, National Rice Research Program, Hardinath, Dhanusha represents 

central terai and Directorate of Agricultural Research, Khajura, Banke falls in western terai. The 

experimental materials used in this study are presented in Table 1. 
 

Table 1. List of aromatic rice landraces used in multi-environment trial and quality test in 2020/21 

Entry Genotypes Local name Description 

1 NGRC 05866 Karia Kamod Gene-bank accession (landrace) 

2 Sunaulo Sugandha Sunaulo Sugandha Variety 

3 NGRC 03096 Kalo Masino Dhan Gene-bank accession (landrace) 

4 NGRC 01849 Balamsari Dhan Gene-bank accession (landrace) 

5 Karia Kamod 1 Karia Kamod Local collection (Landrace) 

6 NGRC 05813 Tilki Gene-bank accession (landrace) 

7 NGRC 05914 Kalo Nunia Gene-bank accession (landrace) 

8 NGRC 08137 Bayani Masino Gene-bank accession (landrace) 

9 NGRC 05869 Brahmamusi Dhan Gene-bank accession (landrace) 

10 NGRC 05915 Basmati Jhapa Gene-bank accession (landrace) 

11 NGRC 05873 Malbhog Gene-bank accession (landrace) 

12 NGRC 05816 Jhuse Basmati Gene-bank accession (landrace) 

13 NGRC 05827 Gouriya  Gene-bank accession (landrace) 

14 NGRC 05018 Hansaraj Dhan Gene-bank accession (landrace) 

15 NGRC 03284 Suhpat Dhan Gene-bank accession (landrace) 

16 NGRC 02113 Damari Dhan Gene-bank accession (landrace) 

17 NGRC 05870 Ujarka Basmati Gene-bank accession (landrace) 

18 Karia Kamod 2 Karia Kamod Local collection (Landrace) 

19 NGRC 03110 Jhinuwa Dhan Gene-bank accession (landrace) 

20 NGRC 05829 Hiupuri Gene-bank accession (landrace) 

21 Sugandhit dhan-1 Sugandhit dhan-1 Variety 

22 NGRC 05919 Chananchur Gene-bank accession (landrace) 

23 Lalka Basmati Lalka Basmati Variety; landrace selection 

24 NGRC 05801 Kalo Jira Gene-bank accession (landrace) 

25 NGRC 05878 Tulsiful Gene-bank accession (landrace) 

26 NGRC 05832 Kalo Basmati Gene-bank accession (landrace) 

27 NGRC 05865 Lalka Basmati Agahani Gene-bank accession (landrace) 

28 NGRC 02137 Gaure Dhan Gene-bank accession (landrace) 

29 Kalanamak  Kalanamak Variety; used as aromatic check 

30 Samba Masuli Sub-1 Samba Masuli Sub-1 Variety; used as non-aromatic check 
Remarks: NGRC is an abbreviated form of National Agriculture Genetic Resources Center used in each accession of its collection.  
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Description of Experimental Sites 

Directorate of Agricultural Research, Khajura is situated in Banke district of Lumbini province and it falls 

between 81037’E longitude and 28006’N latitude and an altitude of this research station is 181 m asl.  An 

average rainfall of station is 1000-1500mm in a year. The highest and the lowest temperature regime 

remains at 460C and 5.40C respectively, relative humidity was 27-94% in a year. The distinguishing 

characteristics of soil in the station is sandy to silty loam with poor organic carbon content and available 

nitrogen. However, phosphorus and potassium contents were moderatel. The pH of soil in the station varies 

from 7.2-7.5 (RARS Khajura 2012). Similarly, National Rice Research Program, Hardinath is situated at 

Dhanusha district in Madhesh Province. Geographically the station falls in the latitude of 260 49' E and 860, 

01' N with an altitude of 93 meters above sea level. The dominant soil type is silty clay to sandy loam and 

slightly neutral pH value around 6.3. An annual rainfall of the station is approximately 1281 mm. The 

relative humidity is found in between 55 to 90% throughout the year (NRRP 2016). DoAR Tarahara is 

located at 26°42'16.85" N latitude and 87°16'38.43" E longitude, at an elevation of 136 meters above sea 

level. The soil pH ranges from 6.5 to 7.0, indicating   slightly acidic to neutral status (DoAR Tarahara 

2020). The detailed monthly record of weather parameters during the crop season is presented in Table 2. 

 
Table 2. Monthly weather data of different locations during crop growing period of 2020 and 2021. 

Location Months 
Max. Temp. (0C) Min. Temp. (0C) RH (%) Rainfall (mm) 

2020 2021 2020 2021 2020 2021 2020 2021 

Hardinath June 33 32.5 26.2 26 83.6 82.2 383.6 160.4 

 July 32.2 32.4 26.6 26.4 87.1 82.9 591.9 517.9 

 August 33.3 31.8 27.3 25.7 86.3 86.6 183.5 387.1 

 September 32.2 32.5 25.9 25.5 85.5 82.9 206.5 100 

 October 33.9 31.1 23.3 23.4 81.7 86.4 0 241.9 

  November 30.2 28.6 14.4 15.5 80.8 82.6 0 0 

Tarahara June 32 32.8 24.9 23.2 80.9 83 466.5 354 

 July 31.5 32 25.3 25.4 86.8 83.2 437.7 643 

 August 32.7 32.7 25.9 25.3 82.7 87.4 209 442.1 

 September 31.7 31.7 24.5 24.8 88.8 82.9 621.1 229.2 

 October 32.2 33.1 22.1 21.8 81 84.8 29 495.2 

  November 31.1 30.1 13.5 14.3 80.3 80.3 0 0 

Khajura June 34.4 35 22.8 23 78 70 165.6 0 

 July 33.8 34.1 26.4 29.9 86 79 366.9 220.5 

 August 34.2 33.4 26.7 27.2 84 79 258.7 507.6 

 September 33.9 33.9 25.7 26.5 85 86 118.8 175.5 

 October 34.2 32.4 19.5 23.6 78 85 0 41.6 

  November 28.5 27.5 11.9 16.1 82 83 0 0 

Note: Max. Temp. indicates to maximum temperature; Min. Temp. indicates minimum temperature, RH; relative 

humidity 

 

Field experiment 

Thirty aromatic rice landraces, including checks; Samba Masuli Sub-1 (non-aromatic) and Kalanamak were 

tested in a Randomized Complete Block Design (RCBD) with three replications across all the three 

locations (Hardinath, Tarahara, and Khajura). The experimental design and works were carried out 

following the uniform standards in all the locations. The plot size of experimental unit was 6 m² (2m x 3m) 

which accommodates ten rows of 3m long was designed with plant-to-plant spacing of 20 cm × 20 cm. 

Seed sowing was performed during the second week of June, and 22-day-old seedlings were transplanted 
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into the main field. The recommended cultural practices were followed for all intercultural operations 

throughout the cropping period as guided by experimental protocol designed by NRRP, Hardinath (Tiwari 

et al 2019).  

 

Data Collection 

Eleven quantitative traits measured in each location were heading and maturity days, plant height, panicle 

length, filled grains per panicle, tillers per square meter, 1000 grain weight, filled grain weight, straw as 

well as grain yield. The days to heading and maturity was taken from date of seeding and 50% heading was 

recorded when half plots showing fully emerged panicles. Similarly, days to maturity was taken when more 

than 85% of panicles achieved maturity stage. The plant height was mainly measured from base of plant 

near soil surface to top of the panicle. Similarly, panicle length was measured from the base of the first 

spikelet branch to top of panicle. The filled grains and unfilled grains were counted from the five selected 

panicles. Tillers was counted from one square meter of area in the middle of the plot. Grain and straw yield 

were taken from the entire plot and later converted into ton per hectare.  

 

Statistical data analysis 

Analysis of variance (ANOVA) was carried out to derive the effects of genotype, environment and their 

interaction and means were compared among different treatments according to the least significant 

difference (LSD) test at 5% levels of significance. The ANOVA was performed applying incomplete 

randomized complete block design following the treatment structure Rep + Trt +Loc +Yr +Trt *Loc*Yr to 

derive variance components. The experimental results statistically analyzed using the software packages 

GenStat 15th Edition for multivariate analysis. The mean sum of square and error variance is used to 

calculate the different genetic parameters. Genetic parameters; genetic and phenotypic variance, genotypic 

and phenotypic coefficient of variation, (GCV, PCV), heritability (H2), genetic advance (GA) and genetic 

advance as % of mean were estimated as per the methods as described for genetic analysis later. The 

Phenotypic and genotypic correlation coefficient values were calculated and computed as suggested by 

Pearson’s Correlation Coefficient method (Hossain et al 2015).  

 

Genetic parameters 

G x E variance component was estimated according to DeLacy et al (1996). We used the standard procedure 

of Johnson et al. (1955), Miller et al. (1958), Hanson et al. (1956) and Singh and Chaudhary (1985) for 

phenotypic and genotypic correlation analysis. Similarly, genotypic variance, phenotypic variance, 

Phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) were calculated 

according to Burton (1951,1952), Burton and Devane (1953), Miller et al (1958) and Johnson et al (1955). It 

was categorized according to Sivasubramanian and Madhava Menon (1973) as low when value was below 10, 

medium for value between 10 to below 20 and high for 20 or more. Similarly, broad sense heritability (H2) was 

calculated following DeLacy et al (1996), Allard (1999), Miller et al (1958), Lush (1940) and categorized by 

Robinson (1966) as low (H2= <30), medium (30 or more to less than 60), and high (≥ 60). Genetic advance 

(GA) and genetic advance as a percentage of mean were calculated and categorized according to Johnson et al. 

(1955), Allard (1999. Low GAM for less than 10 value, medium for values between 10 and below 20, and high 

for 20 or above. 

 

Stability analysis  

The stability analysis was performed following the method developed by Eberhart and Russell (1966) 

introducing the concept of regression model that helps in selecting genotype based on their relative 

performance in various environments. Two stability parameters were computed basically regression 

coefficient (bi) and deviation from linear regression (S2di) were used for characterizing the genotype and 

environment as proposed by Eberhart and Russell (1966) by using GEA-R software.  
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RESULTS 

Analysis of Variance 

The analysis of variance (ANOVA) revealed significant differences among the genotypes (G), 

environments (E), and their interactions (G x E) for several key agronomic traits of aromatic rice landraces. 

Genotypes showed highly significant variation for heading days (HD) with a mean square value of 3895.6 

(p < 0.01). The environment also had a highly significant effect in heading days (2830.97**, p < 0.01), and 

significant G x E interaction (54.4**, p < 0.01) was obtained (Table 3). Likewise, highly significant 

difference was obtained between the landraces (3599.36**, p < 0.01) and environments (2481.67**, p < 

0.01) for maturity days (MD). Genotypes and environments had a highly significant effect on panicle length 

(43.89** and 75.02** respectively, p < 0.01). Significant differences were found among genotypes 

(4299.4**, p < 0.01) and environments (12513.1**, p < 0.01) for plant height. However, non-significant 

difference observed for G x E interaction. Both genotypes and environments significantly influenced the 

number of filled grains (79403** and 281786** respectively, p < 0.01). Genotypes (141.16**, p < 0.01) 

and environments (18.8*, p < 0.05) significantly affected thousand-grain weight, whereas the G x E 

interaction was not significant (Table 3). Similarly, Genotypes (9514**, p < 0.01) and environments 

(269572**, p < 0.01) significantly influenced the number of panicles per square meter. Grain yield 

exhibited significant differences among genotypes (3995897**, p < 0.01), environments (18663020**, p < 

0.01), and their interactions (573039**, p < 0.01). 

 
Table 3. Mean sum of square of Genotype (G), Environment (E) and G x E interaction for quantitative traits 

of 30 aromatic landraces 

Source of 

variation 
DF HD MD PL PH FG TGW TPSM GY 

Replication 2 12.95 15.54 27.46 186.8 30440 1.86 6100 819532 

Genotype (G) 29 3895.6** 3599.36** 43.89** 4299.4** 79403** 141.16** 9514** 3995897** 

Environment (E) 2 2830.97** 2481.67** 75.02** 12513.1** 281786** 18.8* 269572** 18663020** 

G x E 58 54.4** 74.64** 8.96* 190.1 13723 1.1 1327 573039** 

Error 352 26.7 31.26 5.52 160.8 13646 4.1 2654 262551 

Note: GY-grain yield, HD-heading days, MD-maturity days, PL-panicle length, PH-plant height, FG-filled grains, FGW-

filled grains weight, TGW-thousand grain weight, GY-grain yield, SY-straw yield, TPMS-tillers per square meter 

 

Agro-Morphological Variation 

The analysis of variance (ANOVA) for the 2-year means revealed significant effects of genotype, location, 

year, and their interactions on various agronomic traits (Table 4). Highly significant differences (p<0.001) 

were found among genotypes, locations and years for heading and maturity days. The interaction between 

genotype and environment (G × E) was also highly significant (p < 0.001). The mean heading across 

genotypes was 109 days, with 'Hansaraj Dhan' showing the earliest heading (78 days) and 'Karia Kamod' 

the most delayed in heading (128 days). The mean maturity days was 138 days, ranging from 108 days for 

'Hiupuri' to 156 days for 'Kalo Nunia. For panicle length, significant differences were found among 

genotypes (p < 0.001) but not among locations (p = 0.9) or years (p = 0.36). The G × E interaction was 

significant at the 5% level (p = 0.005). The average panicle length was 26.26 cm, with 'Kalo Masino Dhan' 

having the longest panicles (30.1 cm) and 'Damari Dhan' the shortest (23.7 cm) (Table 4). Genotype, 

location, and year all significantly influenced plant height (p < 0.001), but the G × E interaction was not 

significant (p = 0.18). The average plant height was 145 cm, with 'Tilki' being the tallest (169 cm) and 

'Samba Masuli Sub-1' the shortest (100 cm). In case of thousand grain weight, significant differences were 

found among genotypes (p < 0.001) and years (p < 0.001), but not among locations (p = 0.1) or for the G × 

E interaction (p = 1). The mean TGW was 17.04 g, ranging from 13.1 g for 'Hiupuri' to 23.1 g for Sugandhit 

dhan-1 (Table 4). Tillers per square meter (TPSM) was significant (p<0.001) among genotypes, locations 

and years, however study revealed non-significant G × E interaction (p = 0.9). The mean TPSM was 243.5, 
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with 'Hiupuri' having the highest number of panicles (288) and 'Karia Kamod' the lowest (209). Genotype, 

location, and year all significantly influenced the number of filled grains (p < 0.001), but the G × E 

interaction was not significant (p = 0.4). The average number of filled grains was 510, with 'Chananchur' 

showing the highest count (656) and 'Kalo Jira' the lowest (390). The economically important trait, grain 

yield was highly significant (p<0.001) in case of all genotypes, locations and years, as well as for the G × 

E interaction (p = 0.002). The mean yield performance was 1.76 t/ha, where Samba Masuli Sub-1 producing 

the highest yield (3.35 t/ha) and Kalanamak the lowest (1.26 t/ha) (Table 4). 

 
Table 4. Mean performance of 30 aromatic rice landraces across three locations in year 2020 and 2021 

Genotype HD MD PL (cm) PH (cm) TGW (g) TPSM FG 
GY 

(t/ha) 

Karia Kamod 125 152 26.2 155 16.5 209 566 1.36 

Sunaulo Sugandha 111 141 27.5 115 20.5 256 511 2.47 

Kalo Masino Dhan 102 131 30.1 158 17.8 213 445 1.44 

Balamsari Dhan 81 109 24.6 131 19.1 267 579 2.42 

Karia Kamod 123 150 26.9 140 14.2 242 580 1.32 

Tilki 105 135 24.8 169 14.9 213 628 2.15 

Kalo Nunia 128 156 25.7 144 15.1 265 537 1.40 

Bayani Masino 112 143 25.9 167 16.6 224 439 1.49 

Brahmamusi Dhan 113 142 25.4 155 13.5 216 618 1.73 

Basmati Jhapa 126 154 25.9 146 17.3 267 413 1.29 

Malbhog 122 151 26.3 149 16.7 269 499 1.56 

Jhuse Basmati 95 124 29.7 155 19.5 222 456 1.82 

Gouriya 103 132 25.9 145 19.3 233 495 1.80 

Hansaraj Dhan 89 119 28.5 152 22.5 273 514 1.69 

Suhpat Dhan 111 140 26.1 147 20.9 205 501 1.91 

Damari Dhan 82 112 23.7 126 15.9 257 549 2.21 

Ujarka Basmati 122 152 27.7 158 19.9 236 444 1.67 

Karia Kamod 122 152 26.6 141 14.0 247 575 1.33 

Jhinuwa Dhan 90 121 25.7 152 17.5 229 464 1.31 

Hiupuri 78 108 25.4 114 13.1 288 487 1.98 

Sugandhit dhan-1 105 135 25.5 122 23.1 287 490 3.10 

Chananchur 123 153 25.7 148 13.1 239 656 1.35 

Lalka Basmati 123 152 25.2 143 18.6 248 452 1.78 

Kalo Jira 105 135 28.5 162 16.3 223 390 1.33 

Tulsiful 126 155 26.4 147 13.1 243 586 1.34 

Kalo Basmati 103 132 26.5 148 18.6 228 462 2.11 

Lalka Basmati Agahani 121 150 26.9 147 19.5 263 420 1.60 

Gaure Dhan 108 138 25.7 164 15.7 228 538 1.53 

Kalanamak 125 151 26.1 141 14.9 228 436 1.26 

Samba Masuli Sub-1 109 138 21.9 100 13.3 277 562 3.35 

Mean 109 138 26.26 145 17.04 243.5 510 1.76 

Genotype (G) <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 

Location (L) <.001 <.001 0.9 <.001 0.1 <.001 <.001 0.002 

Year (Y) <.001 <.001 0.36 <.001 <.001 <.001 0.2 <.001 

Environment (E) <0.001 <0.001 <0.001 <0.001 0.01 <0.001 <0.001 <0.001 

G × E  <.001 <.001 0.005 0.18 1 0.9 0.4 0.002 

LSD 8.37 9.05 3.81 20.55 3.28 83.5 195.7 0.93 

CV% 4.7 4.04 8.95 8.7 11.9 21.16 22.8 28.3 
Note: GY-grain yield, HD-heading days, MD-maturity days, PL-panicle length, PH-plant height, FG-filled grains, FGW-filled grains 

weight, TGW-thousand grain weight, GY-grain yield, SY-straw yield, TPMS-tillers per square meter, LSD- least significant difference, 

CV- coefficient of variation 
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Genetic analysis of phenotypic traits  

The genetic parameters of major morphological traits were performed combined over the years across the 

three locations. The different genetic parameters considered for measuring variability has been presented in 

Table 5. The result indicated that the traits exhibited wide range of variability in this population. The result 

demonstrated high variability in GCV (4.9 to 23.67) and PCV (5.6 to 25.7) in the studied traits. The highest 

GCV and PCV was exhibited by grain yield (23.67 and 25.7) whereas the lowest GCV and PCV was found 

in panicle length (4.9 and 5.6) respectively.   Heritability of various traits was measured from 0.76 to 0.98 

where the lowest heritability was obtained in panicle length and the highest was obtained in both heading and 

maturity days. Similarly, genetic advance ranged from 2.3 to 797.4 in which panicle length showed the least 

GA and grain yield showed the highest GA. The GAM also varied from 8.8 to 45 in case of the panicle length 

and grain yield respectively (Table 5).  

 
Table 5. Genetic parameters of different traits evaluated across the three locations over the years 2020-2021. 

Traits Range Mean Sem σ2G σ2P GCV PCV h2B GA GAM 

HD 77-135 109 2.1 211.91 214.93 13.35 13.45 0.98 29.6 27.15 

DM 107-163 138 2.2 194.1 198.25 10.1 10.2 0.98 28.42 20.6 

PH 98.8-177.3 145 4.3 219.36 229.92 10.2 10.5 0.95 29.67 20.46 

PL 21.3-30 26 0.4 1.63 2.13 4.91 5.61 0.76 2.3 8.8 

TPSM 198.7-312.2 244 9.2 307.4 381.17 7.2 8 0.8 32.2 13.2 

FG 356.6-721.3 512 39.4 2890.78 3653.2 10.5 11.8 0.79 98.3 19.2 

TGW 11.9-23.2 17 0.8 7.4 8.7 15.9 17.3 0.8 5.57 32.77 

GY 1135.2-3786.6 1769.9 273.4 175572.6 207408.1 23.67 25.73 0.85 797.4 45 

note: GY-genotype, HD-heading days, MD-maturity days, PL-panicle length, PH-plant height, FG-filled grains, FGW-

filled grains weight, TGW-thousand grain weight, GY-grain yield, SY-straw yield, TPMS-tillers per square meter, SEm- 

standard error of mean, σ2
G - genotypic variation, σ2

P - phenotypic variation, GCV and PCV refers to genotypic and 

phenotypic coefficients of variation, h2
B- implies broad sense heritability, GA- genetic advance, GAM- genetic 

advance as a percentage of mean. 

 

Genetic and Phenotypic Correlation 

The genotypic and phenotypic correlation of associated traits of aromatic rice accessions was derived to unveil 

the association between the traits. In case of genetic correlation coefficient, there exists significant (p<0.001) 

and positive correlation between some traits as well as significant (p<0.001) and negative correlation (Table 

6). The genetic correlation of the measured traits showed highly significant positive correlation of heading 

days with maturity (r=1.0**) and straw yield (r=0.787**) as well as correlation of maturity days with straw 

yield (r=0.79**). The result revealed highly significant and positive correlation between plant height with 

panicle length (r=0.5087**), however, highly significant and negative correlation among tillers per meter 

square (r=-0.74**) and grain yield (r=-0.78**). The result also revealed that there is highly significant and 

negative correlation between panicle length and filled grain (r=-0.62**), 1000 grain weight (r=-0.475**) and 

grain yield (r=-0.58**). In a similar way, tillers per meter square have also exhibited negative and highly 

significant correlation with heading and maturity days (r=-0.3625**, -0.3635**), plant height (r=-0.7401**) 

but positive and significant correlation with grain yield (r=0.62**). The filled grain trait has negative 

correlation (r=-0.054**) with 1000 grain weight, however, highly significant and positive correlation between 

filled grain weight and 1000 grain weight (r=0.80**) and grain yield (r=0.57**). The result also reflected that 

1000 grain weight and grain yield are highly correlated (r=0.38**).  

 

In case of the phenotypic correlation, result showed highly significant positive correlation of heading days 

with maturity (r=0.99**) and straw yield (r=0.7611**), however,  there is negative but significant correlation 

with tillers per meter square (-0.296*), filled grain weight (r=-0.305*), 1000 grain weight (r=-0.3115*) and 

grain yield (r=-0.4*). In the similar manner, authors observed significant and positive correlation of maturity 
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days with straw yield (r=0.7632**) and relationship with other traits such as tillers (r=-0.29*), filled grain 

weight (r=-0.3*), 1000 grain weight (r=-0.2935*) and grain yield (r=-0.427**) was found strongly significant 

but negative (Table 6). The correlation of plant height was found positive and highly significant with panicle 

length (r=0.4337**), however, two other negative and highly significant correlation was found with tillers per 

meter square (r=-0.62**) and grain yield (r=-0.664**). The result further revealed that there was negative and 

highly significant correlation of panicle length with filled grain (r=-0.3447**) and grain yield (r=-0.664**) 

but positive and significant correlation with thousand grain weight (r=0.344**). Additionally, significant and 

positively correlation (r=0.4577**) between tillers and grain yield. Furthermore, relationship between filled 

grain and filled grain weight (r=0.367**) was highly significant and positive, however, its correlation with 

1000 grain weight was negatively correlated (r=-0.452**). Furthermore, filled grain weight was positively 

and significantly correlated with 1000 grain weight (r=0.65**) and grain yield (r=0.45**). The result also 

reflected that grain yield and straw yield were negatively correlated (r=-429**) with each other.  

 

Yield Stability 

Stability parameters such as regression coefficient (bi), and deviation from regression (S2di) of the tested 

genotypes were derived following simple linear regression method (Finlay & Wilkinson, 1963; Eberhart & 

Russell, 1966) (Table 7). According to the Model, the accessions showing bi-value close to unity are 

assumed to be adapted to all environments, while those showing bi-value greater than or less than unity 

would show specific adaptation to rich or poor environment reflecting high yield in rich environment and 

low yield in poor environment, respectively. Likewise, the accessions depicting low and non-significant 

S2di values are representing stability of performance over the range of environments. According to Eberhart 

and Russell (1966), a stable genotype is one with a high mean, a regression coefficient of unity (bi=1), and 

a minimum deviation from the regression coefficient (S²di) = 0 or close to these values of non-significant 

deviation. It allows the identification of stable accession that are explained as most responsive to favorable 

or unfavorable environment. The result demonstrated that aromatic rice landraces; Gouriya and Karia 

Kamod (bi=1.1) were found more stable and well adapted to the all environments (Table 7). Eberhart and 

Russel mentioned that mean square deviation (S2di) of stability coefficient (-189717 to -8880.5) indicated 

that majority of aromatic rice accessions except Jhuse Basmati, Jhinuwa Dhan, Gaure Dhan and Samba 

Masuli Sub-1 were found stable. Based on coefficient of determination (R2), most of accessions; Lalka 

Basmati, Sugandhit Dha-1, Suhpat, Gouriya, Bayerni Masino, Kalo Nunia, Balamsari Dhan, Tilki, Tulsiful 

and Sunaulo Sugandha identified as stable in all environments in both years. According to the Superiority 

Measure (Pi),  Samba Masuli Sub-1 and Sugandhit Dhan-1 possessed small values as 132556.16 to 

377994.35 reflecting that both varieties found stable and well adapted.
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Table 6. Genotypic and phenotypic correlation coefficients of 10 quantitative traits of aromatic rice landraces determined from mean data of two years across 

four locations. 

  HD MD PH PL TPSM FG FGW TGW GY SY 

HD - 1.00** 0.27 0.15 -0.36* 0.12 -0.37* -0.34 -0.56** 0.79** 

MD 0.99** - 0.29 0.16 -0.36* 0.14 -0.36* -0.34 -0.56** 0.79** 

PH 0.22 0.24 - 0.51** -0.74** -0.24 -0.26 -0.02 -0.78** 0.27 

PL 0.1 0.12 0.43** - -0.3 -0.61** 0.09 0.47** -0.58** 0.29 

TPSM -0.29* -0.29* -0.62** -0.18 - 0.05 0.27 0.19 0.62** -0.1 

FG 0.06 0.05 -0.11 -0.34** -0.05 - 0.07 -0.54** 0.11 -0.23 

FGW -0.30* -0.30* -0.1 0.06 0.14 0.37** - 0.80** 0.57** -0.32 

TGW -0.31* -0.29* 0.02 0.34** 0.16 -0.45** 0.65** - 0.38* -0.08 

GY -0.42** -0.43** -0.66** -0.44** 0.46** 0.2 0.45** 0.24 - -0.61** 

SY 0.76** 0.76** 0.19 0.24 0 -0.17 -0.27* -0.1 -0.43** - 

Note: *, ** indicates significant at 5% (<0.05) and 1% (<0.05) respectively, the upper and lower diagonal of table represents genotypic and phenotypic correlation 

coefficients respectively. GY-genotype, HD-heading days, MD-maturity days, PL-panicle length, PH-plant height, FG-filled grains, FGW-filled grains weight, TGW-

thousand grain weight, GY-grain yield, SY-straw yield, TPMS- tillers per square meter 
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Table 7. Stability analyses on grain yield (kg/ha) of 30 aromatic landraces evaluated at three environments. 

  Francis Eberhart & Russell 
Superiority 

Measure 

Genotype Mean Sd CV (%) Bi S2di R2 Pi 
Karia Kamod 1394.8 245.9 17.6 1.4 -114899 0.4 3191762.3 

Sunaulo Sugandha 2527.1 958.5 37.9 9 -179493 1 1223861.2 

Kalo Masino Dhan 1415.9 231.4 16.3 -0.8 -96331.9 0.1 3163038.7 

Balamsari Dhan 2453 854.7 34.8 -7.5 -16588.4 0.9 1233453.1 

Karia Kamod 1305.8 363.1 27.8 2.7 -94826.9 0.6 3438461.5 

Tilki 2088.7 114.5 5.5 -1 -185892 0.8 1641836.6 

Kalo Nunia 1305.6 347.3 26.6 3.1 -161227 0.9 3382221.3 

Bayani Masino 1311.5 236.1 18 -2.2 -187399 1 3331696.6 

Brahmamusi Dhan 1724.3 58.6 3.4 0.4 -187391 0.6 2322689.2 

Basmati Jhapa 1310.4 454.4 34.7 3.2 -8880.51 0.6 3492303.8 

Malbhog 1470.9 246 16.7 1.6 -128252 0.5 3001880.4 

Jhuse Basmati 1879.5 581.1 30.9 4 129079.3 0.5 2332436.5 

Gouriya 1946.8 120.4 6.2 1.1 -189717 1 1913296.9 

Hansaraj Dhan 1638 348.6 21.3 2.3 -63063.2 0.5 2684097.8 

Suhpat Dhan 1885.5 469.6 24.9 4.4 -186023 1 2048465.6 

Damari Dhan 2245.1 333.6 14.9 -2.4 -100458 0.6 1341973.9 

Ujarka Basmati 1617.9 198.2 12.2 -0.4 -115188 0 2483384.4 

Karia Kamod 1269.2 154.7 12.2 1.1 -169778 0.6 3442072.7 

Jhinuwa Dhan 1302.6 390.8 30 -0.3 112999.7 0 3558995.5 

Hiupuri 1975.8 286.8 14.5 -2.1 -127642 0.6 1801844.9 

Sugandhit dhan-1 3222.3 166 5.2 1.5 -189284 1 377994.35 

Chananchur 1330.2 239.1 18 -1.9 -154395 0.7 3334440.8 

Lalka Basmati 1849.3 423.7 22.9 3.9 -179427 1 2092581.8 

Kalo Jira 1358.7 193.6 14.2 -1.5 -166403 0.7 3130288.4 

Tulsiful 1334.8 187.9 14.1 -1.6 -176069 0.8 3201427.8 

Kalo Basmati 2047 251.2 12.3 1.9 -145313 0.6 1660524.9 

Lalka Basmati Agahani 1505.2 324.2 21.5 2.5 -124000 0.7 2935677.8 

Gaure Dhan 1591.7 364.7 22.9 0.7 64318.1 0 2481053.7 

Kalanamak 1294 368.3 28.5 2.7 -80908.5 0.6 3477455.6 

Samba Masuli Sub-1 3495.1 1222.5 35 4.2 2398534 0.1 132556.16 

Note: Sd- standard deviation, CV- coefficient of variation, Bi- regression coefficient, S2Di- mean square deviation, R2- determination coefficient, Pi- superiority 

measure



Genetic parameters, correlation and stability analysis by DN Tiwari et al 
 

92 
 

 

DISCUSSIONS 

Analysis of variance (ANOVA) indicated the significant variation among genotypes for most traits, which 

indicates the presence of substantial genetic diversity in the studied fine and aromatic rice landraces. The 

highly significant effects of environments on all traits suggested experimental site and soil conditions as 

major environmental variables play a crucial role in the expression of these traits. The significant G x E 

interactions for traits like heading date, maturity date, panicle length, and grain yield indicated that the 

performance of genotypes is not consistent across different environments. This suggests the need for 

location-specific selection to identify the best-performing genotypes under specific environmental 

conditions. In particular, the significant G x E interaction for grain yield highlighted the complexity of yield 

performance, which is influenced by both genetic and environmental factors. The identification of stable 

genotypes with consistent performance across environments would be critical for breeding programs 

targeting wide adaptability. The non-significant G x E interactions for plant height, filled grains, thousand-

grain weight, and total panicles per square meter suggested that these traits are relatively stable across 

different environments, making them reliable selection criteria in breeding programs. In conclusion, the 

results underscore the importance of considering both genetic and environmental factors in rice breeding 

programs.  

 

The significant variation obtained among genotypes for all agro-morphological traits suggested the 

presence of substantial genetic diversity in the rice germplasm under study. The significant effects of 

location and year indicated the influence of environmental factors on the performance of these traits. This 

aligns with previous studies that emphasize the importance of G X E effects in determining the stability in 

performance and adaptability among crop varieties (Kang 2002; Yan and Tinker 2006). The highly 

significant genotype and environment interactions for heading and maturity days suggested that these traits 

are sensitive to environmental conditions. This finding is consistent with reports by Dingkuhn et al (1995), 

who noted that temperature and photoperiod significantly affect the phenological development of rice. The 

wide range of heading and maturity dates among genotypes indicated the potential for selecting early- or 

late-maturing varieties based on specific agro-ecological needs. The non-significant G × E interaction for 

plant height suggested that this trait is relatively stable across environments, making it a reliable criterion 

for selection. In contrast, the significant interaction for panicle length indicates that this trait is more 

sensitive to environmental variation, which may necessitate environment-specific breeding strategies 

(Annicchiarico 2002). The non-significant G × E interaction for Thousand Grain Weight-TGW suggested 

that this trait is less influenced by environmental factors, supporting its use as a stable selection criterion. 

However, the significant G × E interaction for grain yield underscores the complexity of yield performance, 

which is influenced by both genetic and environmental factors (Blum 2011). The significant effects of 

genotype and environment on TPSM and FG reflect the importance of both genetic potential and 

environmental conditions in determining yield components. The stability of TPSM across environments 

suggests that this trait could be a reliable indicator of yield potential, while the variability in FG emphasizes 

the need for careful selection to enhance grain filling under different environmental conditions. In 

conclusion, the significant G × E interactions for key traits such as grain yield, heading date, and maturity 

date emphasize the importance of environment-specific breeding programs. The identification of stable 

genotypes with consistent performance across diverse environments, or those with specific adaptation, will 

be crucial for improving rice productivity in varying agro-ecological zones.  

 

The genetic parameters analyzed indicate significant variability and potential for selection in the rice 

genotypes evaluated across three locations over the years 2020-2021. Traits such as heading days, maturity 

days, plant height, and grain yield showed high broad-sense heritability (h²B > 0.85), coupled with 

substantial genetic advance (GAM > 20%). This suggests that these traits are predominantly controlled by 

additive gene action, making them reliable targets for selection in breeding programs. It was evident that 

high heritability along with by high genetic advance suggested that selection based on such traits results in 
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significant improvement in the next generation (Islam et al 2016, Johnson et al 1955; Falconer and Mackay 

1996, Prasad et al 2001, Jaiswal et al 2007, Tiwari et al., 2019). Traits like panicle length and total panicles 

per square meter exhibited moderate GCV and PCV values, indicating that these traits are influenced by 

both genetic and environmental factors. The relatively lower GCV compared to PCV for these traits 

suggested the presence of environmental influence, as PCV includes both genetic and environmental 

variances. Selection for these traits might require more extensive testing across different environments to 

accurately assess their genetic potential (Burton and Devane 1953). Grain yield demonstrated the highest 

GCV (23.67%) and PCV (25.73%) among the traits, with a high heritability of 0.85 and a GAM of 45%. 

These values indicated considerable genetic variability for grain yield, offering substantial scope for 

selection. The high GCV suggested that the observed phenotypic variation is largely genetic, making grain 

yield a key trait for improvement in these genotypes. Similar findings were reported by Singh et al (2011), 

where grain yield was found to have high heritability and genetic advance, indicating its potential for 

improvement through selection. TGW had a high GCV (15.9%) and PCV (17.3%), with a heritability of 

0.8 and a GAM of 32.77%. The substantial genetic advance for TGW indicates that selection for this trait 

can lead to significant improvement. This trait is often considered critical for yield improvement, as it is 

less influenced by environmental factors compared to other yield components (Kumar et al 2017).  

 

The correlation analysis revealed significant relationships between key agronomic traits in aromatic rice 

landraces, providing valuable insights for rice breeding programs. The strong positive correlation between 

heading and maturity days and their negative correlation with grain yield suggested that selecting for early 

maturity might reduce grain yield. This trade-off is crucial for breeding programs targeting environments 

with shorter growing seasons, where early maturity is essential (Cai et al 2002). The highly significant and 

negative correlation between plant height and grain yield suggested that selecting for taller plants might not 

be advantageous for yield improvement. Similarly, the negative correlation between panicle length and 

grain yield indicated that longer panicles may not contribute positively to yield. These findings suggest that 

shorter plants with optimal panicle lengths may be more desirable in breeding for higher yields (Peng et al 

1999). The positive correlation between tillers per square meter and grain yield highlights the importance 

of tiller number in yield improvement. This suggests that increasing the number of tillers per plant could 

directly enhance grain yield, making it a valuable trait for selection (Yoshida 1981). The negative 

correlation between filled grains and thousand grain weight suggested a trade-off between the number of 

filled grains and their weight. Breeding programs must consider this trade-off to optimize grain yield and 

quality, as selecting for more filled grains could reduce grain size and vice versa (Yuan et al 1993). From 

the study, result revealed that straw yield and grain yield are negatively correlated suggesting a potential 

trade-off between straw and grain yield which means increase in one trait decreases the potential of another 

trait. This is particularly relevant in regions where straw is a valuable byproduct. Breeders may need to 

prioritize one over the other based on specific needs (Sharma and Das 2013). 

 

The stability analysis provides valuable insights into the adaptability and performance of different rice 

genotypes across multiple environments, which is crucial for identifying stable genotypes for breeding 

programs. According to the Eberhart and Russell model, genotypes like Brahmamusi Dhan, with bi values 

close to 1 and low S2di, demonstrated average responsiveness and high stability across environments. 

Conversely, Sunaulo Sugandha, with a high bi value and significant deviation from regression, shows 

specific adaptability, likely performing well in certain environments but poorly in others. Such genotypes 

might be better suited for specific regions rather than wide adaptation (Eberhart and Russell, 1966). The 

Superiority Measure (Pi) identifies genotypes like Samba Masuli Sub-1 and Sugandhit Dhan-1 as superior 

in terms of stability and adaptability across environments. Lower Pi values suggest that these genotypes 

consistently outperform others, making them ideal candidates for large-scale cultivation across diverse 

agro-climatic zones (Lin and Binns, 1988). The combination of these models provides a comprehensive 

understanding of genotype stability and adaptability. For instance, Samba Masuli Sub-1, with a low Pi value 

and moderate CV%, emerges as a top-performing genotype with broad adaptability. This genotype could 

be prioritized in breeding programs aimed at developing widely adapted rice varieties. On the other hand, 
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genotypes with high bi values and significant deviations from regression may require further evaluation 

under specific conditions to maximize their potential. 

 

CONCLUSION 

The agro-morphological study revealed that the yield performance of aromatic rice landraces Balamsari 

Dhan (2.24 t/ha), Damari Dhan (2.21 t/ha) and Tilki (2.15 t/ha) was at par with yield of released varieties 

Samba Masuli Sub-1 (Check), Sugandhit Dhan-1 and Sunaulo Sugandha considered in this study. The study 

reflected the significant variation among genotypes explaining the presence of enormous genetic diversity 

in aromatic rice landraces. The significant G x E interactions for major yield attributing traits including 

grain yield indicated that the performance of genotypes is not consistent across different environments. It 

highlights the need for location-specific selection to identify the best-performing genotypes. The major 

traits heading and maturity days, plant height and grain yield showed heritability above 85% accompanied 

by GAM>20%. It is stated that high heritability coupled with genetic advance indicates effective selection 

these traits are predominantly governed by additive gene action. There is positive correlation between 

heading and maturity days and both showed negative correlation with grain yield indicated that selection 

for early maturity could be detrimental to increased yield and vice versa. Authors observed positive 

correlation between tillers per square meter and grain yield suggesting significance of increased number of 

tiller number in yield enhancement. According to the Eberhart and Russell model, genotypes like 

Brahmamusi Dhan, Balamsari Dhan, Tilki, Gouriya, Damari Dhan, Hiupuri and Kalo Basmati with bi 

values close to 1 and low S2di, demonstrated average responsiveness and high stability across environments. 

The findings of present study will provide in-depth understanding and information on the genetic basis of 

aromatic rice landraces available in Nepal. It would offer great opportunity to the future researchers using 

the knowledge received from this study and help prepare research strategy and emphasize their efforts to 

molecular level studies to understand the population structure of aromatic rice germplasm and genetic 

architecture of aroma gene present.   
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