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Abstract
Globally, rice is a staple food, with a daily caloric intake of approximately 20%. The purpose of the present study was to 
identify the important morphological and quality parameters through genotypic and phenotypic association and path 
analysis in Oryza sativa L. The breeding material used in this experiment comprised 60 diverse genotypes obtained 
from the Department of Plant Breeding and Genetics, The Islamia University of Bahawalpur, Pakistan. The experiment 
was conducted using a Randomized Complete Block Design, with three replicates. Phenotypic data for the different 
morphological and quality traits were measured at maturity. The results of the analysis of variance showed that all 
parameters except a few showed significant differences among genotypes, indicating substantial genetic diversity. 
Correlation analysis revealed that most of the morphological and quality traits exhibited positive associations with 
each other, indicating that improvements in morphology and quality could be based on these positively associated 
traits. Path analysis showed that the amylose contents (AC), flag leaf length (FLL), grain length (GL), plant height (PH), 
number of grains per panicle (GP), grain width (GW), and panicle length (PL) exerted the most prominent positive 
direct effects yield, highlighting their importance as key selectin traits. In contrast traits traits such as thousand grain 
weight (TGW), flag leaf area (FLA), grain length into width ratio (L/W ratio), and number of total tillers per plant 
(TP) showed negative direct effect,Suggesting a complex relationship with yield. The results suggest that improving 
primarily morphological traits, particularly flag leaf length and width, and grain length, along with the key quality 
trait amylose contents, which are directly and indirectly linked with yield, could be effective and their selection will 
facilitate the development of high yield and high quality rice cultivars to meet future food demands.
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Resumo
Globalmente, o arroz é um alimento básico, com uma ingestão calórica diária de aproximadamente 20%. O objetivo 
do presente estudo foi identificar os parâmetros morfológicos e de qualidade importantes por meio de associação 
genotípica e fenotípica e análise de trilha em Oryza sativa L. O material de melhoramento utilizado neste experimento 
compreendeu 60 genótipos diversos obtidos do Departamento de Melhoramento de Plantas e Genética da Universidade 
Islâmica de Bahawalpur, Paquistão. O experimento foi conduzido utilizando um delineamento em blocos casualizados 
completos, com três repetições. Os dados fenotípicos para as diferentes características morfológicas e de qualidade 
foram medidos na maturidade. Os resultados da análise de variância mostraram que todos os parâmetros, exceto 
alguns, apresentaram diferenças significativas entre os genótipos, indicando diversidade genética substancial. 
A análise de correlação revelou que a maioria das características morfológicas e de qualidade exibiram associações 
positivas entre si, indicando que melhorias na morfologia e na qualidade poderiam ser baseadas nessas características 
positivamente associadas. A análise de caminhos mostrou que o teor de amilose (TA), o comprimento da folha bandeira 
(CF), o comprimento do grão (CG), a altura da planta (AP), o número de grãos por panícula (PG), a largura do grão 
(LG) e o comprimento da panícula (CP) exerceram os efeitos diretos positivos mais proeminentes sobre o rendimento, 
destacando sua importância como características-chave de seleção. Em contraste, características como peso de mil 
grãos (PMG), área da folha bandeira (AF), relação comprimento/largura do grão (relação C/L) e número total de perfilhos 
por planta (TP) mostraram efeito direto negativo, sugerindo uma relação complexa com o rendimento. Os resultados 
sugerem que a melhoria primária de características morfológicas, particularmente o comprimento e a largura da folha 
bandeira e o comprimento do grão, juntamente com a característica-chave de qualidade, o teor de amilose, que estão 
direta e indiretamente ligadas ao rendimento, pode ser eficaz e sua seleção facilitará o desenvolvimento de cultivares 
de arroz de alto rendimento e alta qualidade para atender às futuras demandas alimentares.
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had higher domestic values and obtainability of inputs 
at funded rates, production increased by 10.7% to 9.323 
million metric tons, up from 8.420 million metric tons in 
the previous year (Government of Pakistan 2022). The rice 
output is expected to reach 7.4 MMT in MY 2020/21 owing 
to high-yield forecasts. Rice exports are expected to remain 
stable at 4.4 MMT between May 2019/20 and 2020/2021.

Rice production is challenged by climate variability, and 
limited natural resources, all of which pose significant risks to 
diminishing rice yields. However, improving genetic potential 
remains a key strategy to enhance the productivity under 
existing field condtion. Rice yield is strongly influenced by 
various morphological, quality traits and both environmental 
and socioeconomic factors. Traditionally, rice is produced 
by raising nursery plants and transplanting them into 
flooded fields (Zulfiqar et al., 2021). Giving the declining 
of availability of arable land, increasing yield per unit area 
through the selection of superior genotypes is essential 
for sustainable production (Balmford et al., 2018). Only 
0.6 percent of the world’s rice is grown in Europe. China, 
India, and Indonesia are leading rice cultivators. Between 
2022 and 2024, Asian countries consumed approximately 
71.9 kg of rice per capita per year, whereas European nations 
consumed about 6.4 kilogram of rice per capita per year 
(OECD, 2025). Over half of Earth’s total area is composed 
of dry or semiarid regions. In the majority of emerging 
nations, these are the primary land resources.

As countries that include these types of land become 
more capable of meeting demands beyond conventional 
management methods, there is a growing demand for 
products and services from these arid and semi-arid regions. 
Notwithstanding these obstacles, there are some state-of-
the-art, novel rice-based systems that have the potential 
to boost food security; boost rice production; and lower 
hunger, poverty, and malnutrition. For example, improved 
agronomic techniques, irrigation management, and 
cultivars could increase rice productivity. Direct seeding, 
weed control, and other methods can be used to reduce 
labor inputs and mechanization. Furthermore, cutting-edge 
and automated technologies and processes for milling, 
drying, and storage can improve product quality, reduce 
losses, and boost farmers’ profits (Sandhu et al., 2021). Early 
growth of high-yielding cultivars will boost rice production, 
resource and input use efficiency, and profitability per unit 
area and per unit time. Water scarcity and restricted land 
access have made it difficult to increase rice production. 
Planting early maturing cultivars is, therefore, a tactic to 
address this problem (Ali et al., 2018).

The grain quality also has complex properties, including 
starch, protein, and lipid storage structures (Kakar et al., 
2019). Several factors determine grain appearance, such as 
the grain length and width ratio, endosperm flawlessness, 
and cooking and eating superiority traits (measured as the 
alkali spreading value) (Mahender et al., 2016). In addition 
to the physical appearance of grain size, grain quality traits 
are known to affect cooking and nutritional and sensory 
characteristics (Cuevas  et  al., 2016; Wang  et  al., 2017). 
There are many components in the inheritance of rice grain 
quality traits. QTLs with significant and negligible effects 
control amylose content, gelatinization temperature, gel 
constancy, and protein content (Mahender et al., 2016). 

1. Introduction

Rice (Oryza sativa L.) is the major cultivated rice species 
worldwide and represents the primary genetic resource for 
breeding program. The present study focuses exclusively 
on diverse Oryza sativa genotypes adapted to local agro-
ecological conditions to evaluate variability in yield and grain 
quality traits. It globally considered as the most important 
staple food and a daily caloric source for approximately 20% of 
the world’s population (Cordero-Lara, 2020). Approximately 
2 billion people in Asia depend on rice alone, which gives 
them a range of nutrients to meet their energy needs, such 
as 80% carbohydrates, 7-8% protein, 3% fat, and 3% fiber. 
Several types of rice are subjected to extensive research 
worldwide. Numerous studies in different countries have 
shown that different types of rice can effectively lower 
inflammation, diabetes, cancer, hyperlipidemia, and other 
diseases. Rice has fewer antioxidant molecules and lower 
antioxidant efficacy than other cereals. Therefore, rice 
can be used to prepare functional foods, medicines, food 
preservatives, and cosmetics. Rice has several health benefits 
and is a natural source of antioxidants (Chaudhari et al., 
2018). The genus Oryza, belonging to the family Poaceae, 
comprises approximately 22 species and is predominantly a 
self-pollinating crop cultivated for its grain. Rice is a diploid 
cereal with a chromosome number of 2n = 24. Among the 
Oryza sativa complex, two cultivated species exist: Oryza 
sativa (Asian rice), which is cultivated worldwide, and Oryza 
glaberrima Steud. (African rice), which is primarily grown 
in West Africa (Vaughan et al., 2008).

Additionally, Oryza glaberrima exhibits tolerance to 
iron toxicity, soil acidity, and drought, and demonstrates 
strong competitiveness against weeds, suggesting that 
crosses between O. glaberrima and O. sativa could provide 
complementary traits for crop improvement (Brar and 
Singh, 2011). Breeding initiatives in the Philippines and 
West Africa have produced exceptional lines, including 
“NERICA” (Diagne et al., 2010). Research on creating resilient 
and productive rice cultivars has increased (Atwell et al., 
2014), and traditional plant breeding techniques have led to 
improvements in O. sativa subspecies indica and japonica 
varieties. However, introgression of genes from other 
interspecific materials has also attracted attention. Response: 
This region contains remove these words and make sentence 
like this “Oryza glaberrima, an African rice species that was 
domesticated in Africa between 2000 and 3000 years ago, 
separate from O. sativa and Asian rice. Oryza glaberrima still 
has many characteristics that are unique to the harsh soil 
and climate of Africa, such as scarce water supplies, abiotic 
stress, pests, and diseases (Cubry et al., 2020).

Oryza sativa contains long, medium, short and round 
grains, which are preferred worldwide because they 
can be used as both a major food source and a cash crop 
and are an important crop in Pakistani agriculture. The 
second most important staple crop after wheat and is 
the second most important exportable crop, after cotton. 
Rice generates 2.4% of agricultural commodities and 0.5% 
of the GDP for duration of the years 2021-22. The rice-
cultivated area grew by 6.1 percent to 3,537 thousand 
hectares from 3,335 thousand hectares in the previous 
year. Due to an increase in the area under the crop, which 
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Plant height influences crop style, apical supremacy, 
biomass, mechanical reaping, and resilience to lodging 
and crowding. Internode elongation, which is controlled 
by genes involved in gibberellin and brassinosteroid 
production, or associated gesturing networks, determines 
plant height (Chen et al., 2021).

A certain amount of capital is allocated each year to 
research targeted at improving rice output and quality 
to meet the growing demand. Recent research on 
increasing rice production indicates that the increase in 
yield is currently declining and will soon stagnate. Plant 
breeders must examine and evaluate a significant number 
of germplasms to understand the connection between 
yield and its component traits before using it in planned 
future hybridization. In previewing the issues of climate 
change and the following factors and problems, the major 
objectives of this study were to study the genotypic and 
phenotypic associations among the different morphological 
characteristics in Oryza sativa L, to study the traits related 
to rice grain quality, and to identify path analysis for 
morphological and quality traits.

2. Materials and Methods

2.1. Experiment details and treatments

The breeding material used in this experiment 
consisted of 60 diverse rice genotypes collected from the 
germplasm resources of the Department of Plant Breeding 
and Genetics, Faculty of Agriculture and Environment,the 
Islamia University of Bahawalpur, Pakistan (Table 1). The 
panel comprised a mixture of advanced breeding lines, 
cultivated cultivars and pre released elite lines, representing 
a broad genetic base. The genotypes were deliberately 
selected to capture variation in yield potential and grain 
quality traits, including grain size, amylose contents and 
protein contents.

During 2023-2024 growing season, the field experiment 
was conducted in Randomized Complete Block Design 
(RCBD) with three replications at the experimental area 
of the Department of Plant Breeding and Genetics, Faculty 
of Agriculture and Environment, The Islamia university of 
Bahawalpur, Pakistan located at latitude 27.77 °N, Longitude 
70.09 °E and at an elevation of 180 meters above sea level. 

Table 1. List of genotypes used in present study.

Sr. No. Genotypes Sr. No. Genotypes Sr. No. Genotypes

1 Bas-385G3 21 KS-282G2 41 Bas-1Pak G2R2P10

2 KSK-133 G1R3P2 22 Bas-2000G1 42 NIAb-IRRI-9G2

3 Bas-2000G3R2P7 23 Basmati-515 43 Bas-2000G2R3P1

4 Bas-385 G3R2P6 24 Bas-315 G3 44 KS-282G3R3P2

5 Super Bas G3R2P5 25 KSK-133 45 Basmati-2000

6 IRII-6G1 26 IR-6G3R3P8 46 KSK-133G2

7 KSK-133 G3 27 IR6 G1R3P2 47 Super Bas G2R1P5

8 KS-282 28 Bas-2000G3R3P3 48 Shaheen Basmati

9 NIAB-IRRI-9 G2 29 Super Bas G2R1P5 49 Bas-2000gG3

10 Bas-370 G3R1P1 30 KSK-282 G1R2P4 50 Bas-370 G3R2P7

11 IR-6G3R2P1 31 Bas-515 G2R1P10 51 Super-Basmati

12 Punjab-Basmati 32 IR-6 52 KSK-282 G1R3P2

13 KSK-385 G2R2P9 33 Kissan-Basmati 53 Shaheen BasG2

14 Super Bas G3R3P1 34 Bas-PAKG3 54 IR-6G3R1P2

15 Bas-Pak G3R2P2 35 Bas-198G3 55 IRRI-6G2

16 Bas-198 G3R2P1 36 Shaheen BasG3 56 Chenab-Basmati

17 Bas-370 G3R3P1 37 Bas-2000G2R2P4 57 IRII-6G1

18 KS-282G3R1P7 38 Bas-198 G2R1P1 58 BAS-178 X K-604

19 Bas-2000G2R1P8 39 Bas-370G2 59 Bas-515G3R2P9

20 Basmati-385 40 Basmati-370 60 Basmati-PAK
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The region has a semi arid climate and 2023-24 growing 
season was characterized by high temperature (32-35 °C, 
range 1.6 44.0 °C) and variable rainfall (annual: ~150-200 mm; 
range: 5-70 mm) during the growing season, particularly 
at the reproductive stage (Pakistan, 2023). These climatic 
data were obtained from the nearest meteorological station 
of Pakistan meteorological Department and no on site 
environmental measurements were recorded during the 
experimental period.

2.2. Research procedure

One-month-old nursery seedlings were transplanted 
to the puddle field according to the recommendations of 
Thakur et al. (2010). To maintain crop health, standard 
agronomic procedures and irrigation were modified and 
performed until the crop reached maturity. To prevent 
errors, the plants were tagged correctly before gathering 
the phenotypic data. Phenotypic data are important for 
studying the grain quality of different genotypes. The 
middle five plants of each genotype from each row and 
genotype were selected for morphological analyses. During 
the fourth week, seedlings were transplanted into properly 
constructed nursery beds. The plots were covered with 
a 2-3 cm layer of farmyard manure and a 5-7 cm layer of 
soil. The soil and farmyard manure were mixed to produce 
a homogeneous bed. A wetland preparation approach 
was used to prepare land. Cultivation was performed, 
and two planks were laid to obtain the necessary soil. An 
appropriate amount of decomposed farmyard manure (5 t 
ha-1) was spread once excess water was drained, levelled, 
and puddling was completed.

2.3. Observation and statistical analysis

During the study, the data of the morphological and 
quality traits were recorded at maturity. Plant height (PH) 
(cm) was measured with the help of meter road from the 
base to the tip of the flag leaf. Panicle length (PL) (cm) was 
measured as the distance from the panicle neck to the tip 
of the panicle, number of total tillers per plant (TP) were 
recorded following the method of (Huang et al., 2010), 
number of grains per panicle (GP) measured on main 
panicle of selected plants and then means was calculated, 
1000 grains weight (TGW) (g) was recorded according to 
Huang et al. (2010). Fag leaf length (FLL) (cm), flag leaf 
width (FLW) (cm), flag leaf area (FLA) (cm2) were recorded 
following (Amin and Haque, 2009).

Grain quality traits included grain length (GL) (mm) 
and grain width (GW) (mm) and grain length into width 
ratio (L/W ratio), were measured on individual grains 
collected from five randomly selected plants and mean 
values were calculated (Won  et  al., 2002). In contrast 
amylose contents (AC) (Won  et  al., 2002) and Protein 
contents (PC) (Ghouri et al., 2022) were determined using 
bulked grain samples obtained from the same plants to 
ensure representative estimate and minimize plant to 
plant variation.

2.4. Statistical analysis

The mean of the traits was determined using the 
arithmetic mean, which has been used in various analyses. 

Analysis of variance was performed using Statistix 8.1. 
The significance level was set at P < 0.05. Phenotypic and 
genotypic correlations were calculated by the method 
described by Miller et al. (1958). Path analysis was used to 
examine the direct and indirect effects of the components 
of the traits under study, as illustrated by Dewey and Lu 
(1959) (Figure 1).

3. Results

The analysis of variance revealed significant differences 
among the genotypes for all traits, with the exception 
of grain length, grain length to width ratio, and protein 
content (Table 2). The relationship of morphological traits 
with grain quality traits revealed significant association 
(Table  3). Plant height revealed significant correlation 
with protein content (PC) (0.38**), and grain length to 
width ratio (L/W ratio) (0.62**) at the genotypic level and 
(0.57**) and (0.34**) at phenotypic level. Panicle length 
exhibited a significant positive association GL (0.36**) and 
PC (0.46**) at genotypic level and at phenotypic level, it 
showed significant positive link with Protein contents. 

Figure 1. Schematic diagram of the experimental design and 
workflow of the rice genotypes evaluated under field condition.
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Table 2. Analysis of variance for various traits.

SV D.F PH PL TP GP TGW FLL FLW FLA GL GW L/W ratio AC PC

Gen 59 606.56** 1.76** 4.57** 361.53** 9.17** 86.92** 0.85** 360.79** 0.5474NS 0.19* 0.19 NS 0.14** 2886.72 NS

Rep 2 1384.07 281.75 158.43 16.80 239.60 380.46 8.47 2876.37 0.02 4.58 2.74 0.01 2886.93

Error 118 18.53 0.73 2.64 67.20 3.30 18.53 0.24 101.34 0.59 0.12 0.15 0.07 2884.94

Note: *, ** indicate significance at p < 0.05 and p < 0.01, respectively; NSnon-significant. Note: SV = source of variation, D.F = Degree of freedom, 
PH (cm) = Plant height (cm), PL (cm) = Panicle length (cm), TP = Number of total tillers per plant, GP = Number of grains per panicle, TGW (g) = 
Thousand grain weight (g), FLL (cm) = Flag leaf length (cm), FLW (cm) = flag leaf width(cm), FLA (cm2) = Flag leaf area (cm2), GL (mm) = Grain 
Length (mm), GW (mm) = Grain width(mm), L/W ratio = Grain length into width ratio, AC (%) = Amylose content, PC (%) = Protein content.

Table 3. Genotypic and phenotypic correlation coeffecient of studies traits in present experiment.

PH PL TP GP TGW FLL FLW FLA GL GW L/W ratio AC PC

PH G 1 ** 0.19 -0.43 ** 0.05 0.45* 0.33* 0.57** -0.04 0.13 0.19 0.62** 0.21 0.38**

P 1 ** 0.10 NS -0.01 NS -0.04 NS 0.29* 0.31* 0.48** -0.05 0.12 0.17 0.57** 0.19 0.34**

PL G 1 ** -0.62** 0.038 0.28 0.57** 0.35** 0.07 0.36** -0.05 0.21 -0.15 0.46 **

P 1 ** -0.59** 0.88** 0.27* 0.52** 0.28* 0.06 0.15 -0.08 0.16 -0.12 0.37**

TP G 1 ** 0.46** 0.07 -0.38** -0.49** 0.20 -0.06 -0.08 0.35 ** 0.33* 0.36**

P 1 ** -0.42** 0.04 -0.31* 0.41** 0.17 -0.08 0.07 0.27* 0.26* 0.28*

GP G 1 ** 0.21 0.27* 0.06 0.43** 0.27 -0.06 0.44** -0.38** 0.09

P 1 ** 0.14 0.26* -0.05 0.41** 0.24 -0.04 0.38** -0.27* 0.08

TGW G 1 ** 0.48** 0.22 -0.11 0.58** 0.56** -0.24 0.33* -0.18

P 1 ** 0.43** 0.20 -0.09 0.47** 0.41** -0.21 0.30* -0.17

FLL G 1 ** 0.34** 0.56** -0.29* 0.13 0.34** -0.08 NS 0.94 **

P 1 ** 0.29 0.53 ** -0.22 0.12 0.29* -0.05 NS 0.12 NS

FLW G 1 ** -0.57 ** -0.56 ** 0.62 ** -0.44 ** 0.09 NS -0.18

P 1 ** -0.48 ** -0.35 ** 0.53 ** -0.38 ** -0.04 NS -0.06 NS

FLA G 1 ** 0.53 ** 0.38 ** 0.34 ** 0.08 NS -0.63 **

P 1 ** 0.45 ** 0.29 * 0.26 -0.06 NS 0.03 NS

G L G 1 ** -0.36** 0.53** 0.04 0.26

P 1 ** -0.33** 0.49** 0.03 0.22

G W G 1 ** -0.36** -0.06 -0.09

P 1 ** -0.34** 0.04 -0.07

L/W 
ratio

G 1 ** -0.15 0.26

P 1 ** -0.11 0.17

AC G 1 ** -0.12

P 1 ** -0.10

PC G 1 **

P 1 **

*, ** indicate significe at p < 0.05% and p < 0.01% respectivel. Note: PH (cm) = Plant height (cm), PL (cm) = Panicle length (cm), TP = Number of 
total tillers per plant, GP = Number of grains per panicle, TGW (g) = Thousand grain weight (g), FLL (cm) = Flag leaf length (cm), FLW (cm) = flag 
leaf width (cm), FLA (cm2) = Flag leaf area (cm2), GL (mm) = Grain Length(mm), GW (mm) = Grain width(mm), L/W ratio = Grain length into 
width ratio, AC (%) = Amylose content, PC (%) = Protein content.
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The number of total tillers per palnt was positively 
associated with L/W ratio (0.35**), (0.27*) and PC (0.36**), 
(0.28*) respectively. Number of grains per panicle at 
genotypic and phenotypic had significant positive relation 
with L/W ratio (0.44**) and (0.38*) respectively while 
significant negative with AC (0.38**) and (0.27*). Thousand 
grain weight exposed significant positive at both levels 
with GL (0.58**), (0.47**), GW (0.56**), (0.41**) and AC 
(0.33*) (0.30*) correspondently. FLL revealed significant 
positive relation at both level with L/W ratio (0.34**) 
and (0.29*) while negative phenotypic link with (GL) 
(0.29*) and FLW had positive genotypic and phenotypic 
link with GW (0.62**) and (0.53**) and at both levels 
it had negative association with grain length (-0.56**), 
(-0.35**) and L/W ratio (-0.44**), (-0.38**) Flag leaf area 
at genotypic and phenotypic levels showed significant 
positive association with GL (0.53**), (0.45**) and GW 
(0.38**), (0.29*) respectively while at only genotypic level, 
FLA exposed significant positive and negative link with 
L/W ratio (0.34**) and PC (-0.63**) respectively.

The relationship of quality traits with morphological 
traits at genotypic and phenotypic levels revealed significant 
association (Table 3). Grain length at genotypic level had 
significant positive relation with PL (0.36**), TGW (0.58**), 
FLA (0.53**) while at phenotypic level this traits had 
significant positive link with TGW (0.47**) and FLA (0.45**). 
While significant genotypic negative link with FLL (-0.29*), 
FLW (-0.56**) and at phenotypic level it had negative link 
with FLW (-0.35**). GW at genotypic and phenotypic level 
exposed positive relation with TGW (0.56**), (0.41**), FLW 
(0.62**), (0.53**) and FLA (0.38**), (0.29*) respectively. At 
genotypic level, L/W ratio showed significant positive relation 
with PH (0.62**), TP (0.35**), GP (0.44**), FLL (0.34**) and 
FFA (0.34**) while at phenotypic level it exhibited positive 
relation with PH (0.57**), TP (0.27*), GP (0.38**) and FLL 
(0.29*) and at both level this traits had significant negative 

link with FLW (0.44**) and (0.38**). AC at genotypic and 
phenotypic level had significant positive correlation with 
TP (0.33*), (0.26*) and TGW (0.33*), (0.30*) while at both 
levels it had significant negative relation with GP (-0.38**) 
and (-0.27*) respectively. Protein contents had significant 
genotypic positive association with PH (0.38**), PL (0.46**), 
TP (0.36**) and FLL (0.94**) and significant phenotypic 
positive relation with PH (0.34**), PL (0.37**), TP (0.28*) 
while it had significant negative genotypic correlation 
with FLA (-0.63**).

Path analysis showed that the highest positive direct 
effect was exhibited by flag leaf width (0.80159), followed 
by AC (0.60509), FLL (0.55643), GL (0.45752), PH (0.37699), 
GP (0.14701), GW (0.10587), and PL (0.07392), whereas a 
negative direct effect was exhibited by various traits such as 
TGW (-0.97369), FLA (-0.85663), L/W ratio (-0.43364), and 
TP (-0.10422). Plant height had an indirect positive effect 
on panicle length (0.49294), TP (0.37321), thousand-grain 
weight (0.42260), flag leaf width (0.76028), GL (0.28054), and 
GW (0.18993), and negative indirect effects on GP (-0.10524), 
flag leaf length (-0.97466), area (-0.68228), grain length to 
width ratio (-0.96331), and amylose content (-0.78942). Path 
analysis (Table 4) revealed that panicle length had a positive 
indirect effect on plant height (0.45325), grains per panicle 
(0.00302), thousand-grain weight (0.56130), and flag leaf area 
(0.47471). Panicle length had an indirect negative effect on 
tillers per plant (-0.40117), flag leaf length (-0.38361), FLW 
(-0.21433), GL (-0.20225), GW (-0.82777), grain length-to-
width ratio (-0.56603), and amylose content (-0.00191).

Tillers per plant had positive indirect effects on 
panicle length (0.16424), flag leaf width (0.31813), FLA 
(0.90972), grain length (0.45624), and amylose content 
(0.21513) and had a negative indirect effect on plant 
height (-0.02879), GP (-0.38320), thousand grain weight 
(-0.36272), flag leaf length (-0.39589), grain width 
(-0.04779), and the ratio of grain length to width (-0.25135). 

Table 4. Direct (Bold) and indirect effect for various traits that studies in present experiment.

PH PL TP GP TGW FLL FLW FLA G L G W L/W ratio AC

PH 0.37699** 0.49294 0.37321 -0.10524 0.42260 -0.97466 0.76028 -0.68228 0.28054 0.18993 -0.96331 -0.78942

PL 0.45325 0.07392** -0.40117 0.00302 0.56130 -0.38361 -0.21433 0.47471 -0.20225 -0.82777 -0.56603 -0.00191

TP -0.02879 0.16424 -0.10422** -0.38320 -0.36272 -0.39589 0.31813 0.90972 0.45624 -0.04779 -0.25135 0.21513

GP -0.21809 0.03438 0.37572 0.14701 0.98818 0.72235 -0.29350 0.16947 -0.66119 -0.44773 0.09523 0.29365

TGW -0.37682 -0.18852 -0.40841 -0.12631 -0.97369 0.10233 0.12694 -0.92864 0.88296 0.86501 -0.02772 0.69811

FLL -0.10271 -0.80195 0.24050 0.59609 -0.43854 0.55643** -0.40423 -0.00025 -0.66931 -0.42963 -0.09956 -0.49751

FLW 0.47538 -0.73711 -0.16135 -0.69199 -0.29963 -0.33189 0.80159** -0.20009 0.29725 0.63298 -0.53086 0.55771

FLA 0.25650 -0.82760 0.18280 -0.14625 -0.33526 0.70468 0.17177 -0.85663** 0.61452 0.57799 -0.09965 0.10280

G L 0.23858 -0.03584 -0.87585 -0.57574 -0.52721 -0.21453 0.83520 -0.33006 0.45752 0.63211 0.50012 0.57246

G W 0.02493 -0.04189 0.58473 -0.15506 -.89808 -0.02685 0.07241 -0.52199 0.31547 0.10587 -0.11603 -0.94861

L/W ratio 0.28042 0.21490 -0.15774 -0.25189 -0.26755 0.21190 0.65395 -0.35406 -0.83591 0.84459 -0.43364 0.41759

AC -0.33478 -0.00445 -0.19049 0.06009 0.11767 -0.00211 0.37826 -0.45587 0.56632 -0.29451 -0.26440 0.60509

**Significant at 1% probability level; *Significant at 5% probability level. Note: PH (cm) = Plant height (cm), PL (cm) = Panicle length (cm), TP = 
Number of total tillers per plant, GP = Number of grains per panicle, TGW (g) = Thousand grain weight (g), FLL (cm) = Flag leaf length (cm), FLW 
(cm) = Flag leaf width (cm), FLA (cm2) = Flag leaf area (cm2), GL (mm) = Grain Length (mm), GW (mm) = Grain width(mm), L/W ratio =Grain 
length into width ratio, AC (%) = Amylose content (%).
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Path analysis showed that grains per panicle had a positive 
indirect effect on PL (0.03438), tillers per plant (0.37572), 
1000GW (0.98818), flag leaf length (0.72235), FLA (0.16947), 
grain length to width ratio (0.09523), and amylose content 
(0.29365) and a negative indirect effect on plant height 
(-0.21809), grain length (-0.66119), and grain breadth 
(-0.44773). The thousand grain weight had a positive 
indirect effect on FLL (0.10233), flag leaf width (0.12694), 
GL (0.88296), grain width (0.86501), and protein content 
(0.69811), whereas it had a negative indirect effect on PH 
(-0.37682), panicle length (-0.18852), number of total tillers 
per plant (-0.40841), grain per panicle (-0.12631), flag leaf 
area (-0.92864), and L/W ratio (-0.02772).

Flag leaf area exhibited positive indirect effects on 
plant height (0.25650), tillers per plant (0.18280), flag 
leaf length (0.70468), FLW (0.17177), GL (0.61452), GW 
(0.57799), and amylose content (0.10280). Leaf area had 
negative indirect effects on PL (-0.82760), GP (-0.14625), 
TGW (-0.33526) and L/W ratio (0.09965). An indirect 
positive effect of grain length was found for plant height 
(0.23858), flag leaf width (0.83520), GW (0.63211), grain 
length to width ratio (0.50012), and amylose content 
(0.57246), and negative indirect effects were found for 
panicle length (-0.03584), tillers per plant (-0.87585), GP 
(-0.57574), thousand GW (-0.52721), FLL (-0.21453), and 
flag leaf area (-0.33006).

Grain width had indirect positive effects on PH 
(0.02493), TP (0.58473), FLW (0.07241), and GL (0.31547) 
but negative indirect effects on PL (-0.04189), GP (-0.15506), 
TGW (-0.89808), FLL (-0.02685), FLA (-0.52199), L/W ratio 
(-0.11603), and amylose content (-0.94861). Amylose 
content showed a positive indirect effect on grains per 
panicle (0.06009), thousand grain weight (00.11767), flag 
leaf width (0.37826), and grain length (0.56632), whereas 
it had a negative indirect effect on plant height (-0.33478), 
panicle length (-0.00445), TP (-0.19049), FLL (-0.00211), 
FLA (-0.45587), grain width (-0.29451), and grain length 
to width ratio (-0.26440) (Table 4).

To address the objective of identyfing traits rice 
grain quality, protein contents was considered as a key 
quality parameter. Correlation analysis exposed that PC 
exhibited significant positive genotypic and phenotypic 
correlation with PH, PL and NT, indicating their potential 
contributing toward grain quality improvement. Path 
coefficient analysis further demonstrated that grain 
per panicle, FLW and GL exerted strong positive direct 
effect on protein contents where as TGW, and GW 
showed negative direct effect. Additionally, several traits 
contributed indirectly to protein contents through their 
influence on key components perticulalry via number of 
grains per panicle and grain length. These results suggest 
that the selection based on traits with strong direct and 
indirect effect can be effectively utilized to enhance rice 
grain quality.

4. Discussion

The present study provides a comprehensive evaluation 
of 60 diverse rice genotypes, integrating both morphological 
and quality traits within a single experimental framework. 

This combined assessment of phenotypic correlation and 
path coefficient analysis in a large and diverse Basmati 
oriented panel provides new insights into traits inter-
correlation. Plant growth and development are governed 
by both intricate physiological and biochemical processes. 
Different metabolic changes occur during each embryonic 
period, and diurnal elements such as temperature, light, and 
day length have an impact. Having genetic resources rich in 
elements can help increase rice yield and serve as a natural 
source of nutritious food, especially for emerging nations 
and impoverished people (Xu et al., 2015). Crop production 
is negatively affected by a number of other obstacles to 
expanding the rice area, including climate change, high 
temperatures, and water scarcity (Al-Zahrani et al., 2018).

Genetic variability in crop gene pool resources can 
be easily illustrated using morphological markers 
(Bibi et al., 2019). The evaluation of genetic variability and 
genetic correlations among primary morphological and 
yield-related variables is the first stage of any breeding 
program (Wang et al., 2020). Agronomic characteristics 
and yield traits are essentially quantitative and controlled 
by both genetic and environmental factors. However, 
advantageous genetic resources are useful tools for 
increasing the yield and quality of crops, such as rice 
(Anis  et  al., 2016). Sixty rice genotypes were chosen 
for this study to examine the association and direct 
and indirect effects on quality and nutritional content. 
Based on these findings, every rice genotype chosen was 
predicted to exhibit a wide range of genetic variants that 
may be applied to the breeding program, as suggested 
by Olufowote et al. (1997).

There was considerable genetic variability among 
genotypes for nearly all characteristics, as indicated by 
the analysis of variance results for all traits, which were 
highly significant. In the present study, we identified 
significant variance among the genotypes for various 
rice traits, and Yadav et al. (2024) identified the variance 
among the genotypes. Selecting only on the basis of 
yield can often lead to less than ideal success in isolating 
superior genotypes, because yield is a complex variable 
that is connected to numerous other traits and is greatly 
affected by the environment (Madhubabu et al., 2017). 
Therefore, plant breeders must employ indirect selection 
through component attributes to increase their yield. 
Character association studies can help plant breeders 
create an efficient selection strategy to strike a reliable and 
reasonably priced balance between a variety of attributes 
by providing insights into the nature and intent of selection. 
In this study, significant differences were found among 
the genotypes for the study traits, indicating that there 
was significant genetic variability that could be used for 
crop improvement, and this provides a genetic basis for 
selecting superior traits.

In the present study, plant height was significantly and 
positively associated with panicle length and thousand 
grains, indicating that taller plant tends to produce longer 
panicle and heavier grains. This suggest that plant height 
may indirectly contribute to yield improvement through 
effect on panicle architecture and grain development. 
Similar kind of association between these parameters were 
also revealed by Fentie et al. (2021) and Kumar et al. (2018). 
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Moreover, plant height was positively associated with FLL, 
FLW, L/W ratio, and PC, imply coordinated regulation of 
vegetation vigour and grain quality characteristics within 
the evaluated germplasm, these kind of correlation was 
also identified by Devi et al. (2019), for plant height and 
flag leaf length and width, Ghouri et al. (2020) for plant 
height and protein content. Panicle length showed a highly 
significant positive genotypic association with FLL, FLW, GL, 
L/W ratio, and PC; a significant negative association with 
TP; and a positive phenotypic association with GP, TGW, 
FLL, FLW, and PC; however, it had a substantial negative 
phenotypic link with TP. These results are comparable 
to those of Preeti et al. (2019) for the number of grains, 
grain length to breadth ratio, thousand grain weights, 
Ghouri et al. (2020) for protein content, and Devi et al. 
(2019) for flag leaf length and width. The panicle length 
showed a significant negative phenotypic association with 
tillers per plant, which is in agreement with the results 
of (Fentie et al., 2021).

Tillers per plant were positively associated at the 
genotypic and phenotypic levels with GP, FLA, L/W ratio, 
AC, and PC; however, they exhibited negative genotypic 
relationships with FLL, FLW, and GP, these kind of finding 
are correlated with Devi et al. (2019) for flag leaf length 
and width and Dhurai et al. (2014) for the grain length to 
breath ratio (L/W ratio). The number of grains per panicle 
exhibited a significant positive genotypic relationship 
with FLL, FLA, and L/W ratioand a significant negative 
association with AC. These outcomes were found according 
to Preeti et al. (2019) for flag leaf area and Dhurai et al. 
(2014) for grain-length-to-breath ratio. A significant 
positive association of thousand-grain weight with 
FLL, GL, GW, and AC were also reported by Dhurai et al. 
(2014) and Radha et al. (2019). Flag leaf length exhibited a 
significant positive genotypic relationship with FLW, FLA, 
L/W ratio, and PC and a significant negative association 
with GL, which was in accordance with Devi et al. (2019) 
and Fentie et al. (2021). Flag leaf area exhibited significant 
positive genotypic relationships with GL, GW, and L/W 
ratio) and a significant negative relationship with PC. 
Ali  et  al. (2024) in their study in rice also found same 
correlation of FLA with grain length and protein content, 
but their correlation results of grain L/B ratio was apposite. 
This discrepancy may be attributed to differences in 
environmental such as temperature, water availability 
and soil fertility during crop growth, which are known to 
influence grain morphology and assimilate partitioning as 
well as deviation in genetic background and experimental 
condition between studies. Grain length had a significant 
positive relationship with L/W ratio and negative GW. 
Radha et al. (2019) obtained similar results for the grain 
L/B ratio. The grain width had a negative relationship with 
the grain length-to-width ratio, which was inconsistent 
with the results of Radha et al. (2019).

Path analysis divides the correlation coefficient into 
direct and indirect effects to better understand cause effect 
relationship among the traits. In this study, we found a leaf 
width, AC, FLL, GL, PH, GP, GW, and PL exhibited positive 
direct effect on protein contents, whereas TGW, L/W ratio, 
and TP showed negative direct effect on protein contents. 
These results are in agreement with those of Radha et al. 

(2019), Krishna  et  al. (2022), Fentie  et  al. (2021) and 
Karthika et al. In 2017, Dhurai et al. (2014), and Vennela et al. 
(2021), Kranthi et al. (2023) and Manivelan et al. (2022).

In this study, path analysis of morphological and quality 
parameters showed that plant height had an indirect 
positive effect on the panicles length,. thousand grain 
weight, leaf width, grain length, and grain width, whereas 
negative indirect effects were observed for number of 
grain per panicle, flag leaf length and area, grain length 
to width ratio, and amylose content. Similar results were 
reported by Krishna  et  al. (2022) for PL, 1000GW, GL, 
and GW; Bhutta et al. (2019) for flag leaf area; NTP; and 
Nikhil et al. (2014) for FLL. The same indirect effect on 
panicle length was observed by Bagudam et al. (2018), 
Bhutta et al. (2019), Chavan et al. (2022), Devi et al. (2019), 
Krishna et al. (2022) and Manohara and Singh (2015).

Path analysis studies showed that tillers per plant had 
positive indirect effects on panicle length, leaf width, leaf 
area, grain length, and amylose content and had a negative 
indirect effect on plant height, grains per panicle, thousand 
grain weight, leaf length, GW, and the ratio of grain length 
to width. Similar results were reported by Bhutta et al. 
(2019) for PL, Alshugeairy et al. (2023) for FLA, Zeleke and 
Worede (2021) for NG, and Kumar et al. (2020) for flag leaf 
length, FLW, GL, and GW. Grains per panicle had positive 
indirect effects on PL, TP, 1000GW, leaf length, leaf area, 
grain length-to-width ratio, and amylose content, and 
negative indirect effects on plant height, grain length, and 
grain breadth. The results of Kumar et al. (2020) were the 
same for tillers per plant, 1000GW, GW, and PH, whereas 
Krishna et al. (2022) for GL and AC, respectively. In this study, 
thousand-grain weight had a positive indirect effect on leaf 
length, leaf width, grain length, grain width, and amylose 
content, whereas it had a negative indirect effect on PH, 
panicle length, number of total tiller per plant, grain per 
panicle, leaf area, and L/W ratio, which was inconsistent 
with the results of Allam et al. (2014), Kohnaki et al. (2013), 
Krishna et al. (2022), Kumar et al. (2020) and Zeleke and 
Worede (2021). Leaf length exhibited a positive indirect 
effect on TP and GP and a negative indirect effect on PH, 
panicle length, thousand grain weight, LW, LA, GL, width, L/W 
ratio, and AC. Similar results were reported by Kumar et al. 
(2020) for plant height, thousand kernel weight, length, and 
width and Devi et al. (2019) for tillers, panicle length, and 
leaf width. Similar results have been reported by Devi et al. 
(2019), Kumar et al. (2020) and Yadav and Suresh (2018) 
for leaf width.

The leaf area had a positive indirect effect on plant 
height, TP, FLL, flag leaf width, grain length, grain 
width, and amylose content. In contrast, leaf area had a 
negative indirect effect on the PL, GP, TGW, and L/W ratio. 
These results were inconsistent with those reported by 
Bhutta et al. (2019), Nareshkumar et al. (2024), Osman et al. 
(2019) and Parte et al. (2022). In our study, indirect positive 
effects of grain length were found for plant height, leaf 
width, grain width, grain length to width ratio, and 
amylose content, whereas a negative indirect effect was 
observed for PL, tillers/plant, GP, thousand grain weight, 
leaf length, and leaf area. Similar results were reported 
by Nareshkumar et al. (2024) for PH, TP, PL, GP, TGW, GW, 
and L/W ratio, and Kumar et al. (2020) for flag leaf width. 
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Relevant findings on grain width were reported by Islam 
et al. (2019) for FLA, PL, and GL; Nareshkumar et al. (2024) 
for PH, TP, 1000GW, Thuy et al. (2023) for NT, LL, PL, and 
GL. The grain length-to-width ratio had an indirect positive 
effect on PH, PL, FLL, FLW, GW, and AC, and indirect negative 
effect on TP, GP, TGW, FLA, and GL. In addition, Karthika et al. 
(2017), Kumar et al. (2020), Nareshkumar et al. (2024), 
Parte et al. (2022) and Thuy et al. (2023). Amylose content 
had a positive indirect effect on grains/panicle, 1000GW, 
leaf width, and grain length, whereas it had a negative 
indirect effect on plant height, panicle length, tillers per 
plant, leaf length, leaf area, grain width, and grain-length-
to-width ratio. The results of Meena et al. (2020) were 
the same for PH, PL, GP, 1000GW, Ghouri et al. (2020) for 
amylose and L/W ratio.

Together with correlation partitioning, the application 
of path coefficient analysis produces an integrated 
platform for studying yield-related attributes. Direct 
and indirect effects quantification with such approaches 
enhances insight into interdependence among traits and 
permits more efficient choice of genotype. This technique 
ensures that breeding invests in focused areas with the 
maximum possible potential to improve rice yields. 
Hence, through the information we obtained related to 
direct and indirect effects and the association of various 
quality and yield-related parameters, we suggest that 
rice production can be improved by improving these 
positive and direct related traits and, in a similar manner, 
decreasing negative ones. In the future, information 
should be collected in the same manner as the results 
of the present study.

The limitation of this study is that the present study was 
conducted during a single growing season under natural 
field conditions; therefore, genotypes x environment 
interaction could not be evaluated. Multi-location and 
multi-year trials would provide a more comprehensive 
assessment of the stability and adaptability of the identified 
superior genotypes. Furthermore, although strong 
phenotypic associations were found among the yield and 
quality traits, molecular validation and genomics analysis 
would strengthen the understanding of the underlying 
genetic architecture.

5. Conclusions

The present study demonstrated significant variability 
among 60 Oryza sativa genotypes for both morphological 
and grain quality traits. Correlation analysis revealed that 
traits such as PH, PL and TP were positively associated with 
protein contents at both genotypic and phenotypic level, 
indicating their importance in improving grain nutritional 
quality. Path coefficient analysis (Table 4) indicated that flag 
leaf width, amylose contents and flag leaf length exhibited 
a strong positive direct effect on protein contents, while 
TWG and FLA showed strong negative direct effect. Other 
traits such as PH and GL exhibited moderate positive direct 
effect. Notably, number of grains per panicle showed a 
substantial negative indirectly effect on protein contents 
via TGW, due to strong positive correlation between 
GP and TGW coupled with large negative direct effect. 

Overall, these integration of correlation and path analysis 
provide a reliable approach for identifying key traits 
influencing protein content. Therefore selection based 
on these characters could be effectively utilized in rice 
breeding programs to develop high quality protein enriched 
rice cultivars under field condition.
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