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Genetic Variability, Correlation and Path Analysis in Wheat (Triticum aestivum L.)


ABSTRACT
A study was conducted during the Rabi 2024–2025 season at Tantia University, Sri Ganganagar, Rajasthan, India, to evaluate genetic variability, correlations, and path coefficients for yield and yield-contributing traits in 30 wheat genotypes sourced. The experiment, set in a Randomized Complete Block Design with three replications, assessed traits including grain yield, grains per spike, tillers per plant, 1000-grain weight, biological yield, and harvest index under semi-arid conditions. Analysis of variance revealed significant genotypic differences (p < 0.01) for all traits. High genotypic and phenotypic coefficients of variation (GCV: 20–25%, PCV: 25–30%), heritability (>80%), and genetic advance (>30%) were observed for grain yield and grains per spike, indicating strong selection potential. Strong positive genotypic correlations were found between grain yield and grains per spike (r = 0.75), tillers per plant (r = 0.65), and 1000-grain weight (r = 0.70), with a negative correlation between tiller number and spike length (r = -0.30). Path analysis identified biological yield (direct effect = 0.80) and harvest index (direct effect = 0.75) as major contributors to grain yield, with grains per spike (0.60) and tillers per plant (0.55) showing moderate direct effects. The findings highlight grains per spike, grain yield, biological yield, and harvest index as key traits for phenotypic selection, with tillers per plant and 1000- grain weight as secondary traits for indirect selection. The diverse germplasm, including high- performing genotypes like PBW-826 ,DBW-222 ,HD-3086 , AKDW-4905, and GW-1330 performed consistently well for yield and related traits, making them prime candidates for further breeding and improvement programs., supports breeding high-yielding, resilient wheat varieties for Rajasthan’s semi-arid conditions, aligning with India’s 2% annual genetic gain target. Multi-environment trials and molecular marker integration are recommended to enhance trait stability and selection efficiency.
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1. INTRODUCTION
Wheat (Triticum aestivum L.), a self-pollinated allohexaploid (2n=6x=42) belonging to the Poaceae family, is a cornerstone of global food security, providing sustenance for over one-third of the world’s population. As one of the three major cereal crops alongside rice and maize, wheat is cultivated across diverse agro-climatic zones, contributing significantly to human nutrition and agricultural economies. Its grains, rich in carbohydrates (60–68% starch), proteins (6–21%), and essential micronutrients, serve as a primary source of calories and protein in diets worldwide. Wheat’s versatility, driven by its gluten content, enables its use in a wide range of products, including breads, chapatis, pasta, noodles, and baked goods, making it a staple in both developing and developed nations. The crop’s adaptability to various environments, from temperate to semi-arid regions, has made it a critical component of global agriculture, with cultivation spanning over 220 million hectares globally.
Globally, wheat production reached 780 million tonnes in 2024, with major producers including China, India, Russia, and the United States. In India, wheat is the second most important cereal crop after rice, occupying 32.6 million hectares and producing 116.4 million tonnes with an average productivity of 2.67 t/ha. (Global Wheat Production 2024). The Indo-Gangetic Plains, including states like Punjab, Haryana, Uttar Pradesh, and Rajasthan, account for the majority of India’s wheat production. Rajasthan, with its semi-arid climate, contributes significantly to the national output, particularly in regions like Sri Ganganagar, where irrigation from the Indira Gandhi Canal supports intensive wheat cultivation. The global demand for wheat is projected to reach 880 million tonnes by 2025, driven by population growth and dietary shifts. To meet this demand, a 2% annual genetic gain in yield is required, compared to the current global average of 1%, highlighting the urgency for improved wheat varieties.
Genetic variability is the foundation of crop improvement, providing the raw material for selecting superior genotypes. In wheat, traits such as grain yield, grains per spike, tillers per plant, and 1000-grain weight exhibit significant variability, enabling breeders to develop high-yielding varieties. Quantitative traits, governed by multiple genes, are influenced by both genetic and environmental factors, necessitating robust statistical tools to assess their variability and heritability. Genotypic and phenotypic coefficients of variation (GCV, PCV), heritability, and genetic advance are critical parameters for identifying traits amenable to selection. High heritability coupled with high genetic advance indicates strong genetic control, making traits like grain yield and grains per spike ideal targets for breeding. Recent advances in wheat breeding, including the use of molecular markers and genomic selection, have enhanced the efficiency of trait improvement, complementing traditional phenotypic selection.
Correlation analysis identifies traits associated with grain yield, providing insights into their interrelationships. Genotypic correlations, which reflect genetic associations, are typically stronger than phenotypic correlations, which include environmental effects. Positive correlations between grain yield and traits like grains per spike and tillers per plant have been reported, guiding selection strategies. However, correlations alone do not reveal causal relationships, as they may include indirect effects mediated through other traits. Path coefficient analysis, developed by, partitions correlations into direct and indirect effects, allowing breeders to prioritize traits with significant direct contributions to yield. For example, biological yield and harvest index often exhibit high direct effects, making them key targets for selection. Integrating correlation and path analysis provides a comprehensive understanding of trait interactions, enhancing the efficiency of breeding programs (Lone et al., 2017).
Even with advancements in wheat breeding, it is still difficult to achieve the 2% yearly genetic increase needed to meet future demand, especially in India's varied agroclimatic zones. Significant variation in yield-related variables has been documented in earlier research; however, thorough analyses that include genetic variability, correlations, and route analysis in a variety of wheat genotypes are scarce, particularly in Rajasthan's semi-arid environment. Rajasthan's distinct environment, which is marked by high temperatures and scarce water supplies, calls for research tailored to the area in order to find characteristics that work well there. By analyzing 30 wheat genotypes to determine genetic variability, correlations, and route coefficients, this work fills in these gaps and offers insights into features that may increase yield potential. The study intends to find superior genotypes for breeding programs catered to Rajasthan's agro-climatic difficulties by concentrating on a diversified germplasm collection.
2. MATERIALS AND METHODS
2.1 Experimental Site and Conditions
The experiment was conducted at the Agriculture Research center-II Department of GBP, FOAG, TU, Sri Ganganagar, Rajasthan, located at approximately 29.90°N latitude, 73.88°E longitude, and an altitude of 175 meters above sea level. Sri Ganganagar lies in the semi-arid agro-climatic zone of Rajasthan, characterized by hot summers (up to 45°C) and mild winters (23°C), ideal for wheat cultivation during the Rabi season (November–April). The region receives an average annual rainfall of 275 mm, primarily during the monsoon sea- son, with irrigation support from the Indira Gandhi Canal ensuring adequate water availability for agriculture.
The soil at the experimental site is classified as sandy loam, with a pH of 8.1, organic carbon content of 0.5%, and moderate levels of available nitrogen (160 kg/ha), phosphorus (22 kg/ha), and potassium (235 kg/ha). The meteorological data for the cropping season.
2.2 Experimental Material
The study evaluated 30 wheat genotypes, selected for their genetic diversity to max- imize variability in yield and yield-contributing traits. The selection included 30 genotypes representing Indian landraces and improved cultivars adapted known for their high yield potential and stress tolerance. The genotypes were chosen based on their pedigree records, which indicated diversity in traits such as grain yield, plant height, and stress tolerance, ensuring a broad genetic base for the study.
Table 1. Name of wheat genotypes

	S. No.
	List of Genotypes

	01
	WH – 1270

	02
	RAJ-1482

	03
	RAJ- 3765

	04
	RAJ -1555

	05
	RAJ – 4037

	06
	WH -1105

	07
	PBW- 552

	08
	DBW – 222

	09
	PBW – 343

	10
	WH – 711

	11
	HD- 2967

	12
	DBW – 303

	13
	HD-2851

	14
	HD-3086

	15
	DBW -296

	16
	HD- 3095

	17
	HD- 4728

	18
	WHD- 948

	19
	HI -8770

	20
	PDW – 350

	21
	HI – 8787

	22
	DDW- 40

	23
	IWP – 5070

	24
	HI-4728

	25
	RKD- 296

	26
	GW- 1330

	27
	HI- 8498

	28
	PBW-826

	29
	AKDW - 4905

	30
	PDSW-291


The data recorded for all the characters were subjected to analysis of variance with the formula suggested by Panse and Sukhatme (1978). 
The phenotypic and genotypic coefficient of variation, which measures the magnitude of phenotypic variation present in a particular character, was estimated as per the formula suggested by Burton (1952).
It is the proportion of phenotypic variability that is due to genetic reasons. It was computed in per cent using the formula given by Allard (1960).
Expected genetic advance represents the shift in a population towards superior side under some selection pressure after single generation of selection. It could be calculated by using the methodology suggested by Allard (1960).
The expected genetic advance as expressed in per cent of mean was calculated as per formula by the method suggested by Johnson et al. (1955).
For this purpose, analysis of covariance for all possible pairs of thirteen characters was carried out using the procedure of Panse and Sukhatme (1978).
The cause and effect, interrelationship between two variables cannot be estimated from simple correlation coefficient analysis. Therefore, the correlation among the different character combinations was utilized to construct the path coefficient analysis suggested by Wright (1921) and used by Dewey and Lu (1959) in plant. Genotypic correlation coefficients of twelve variables with seed yield per plant were used to estimate the path coefficients for the direct effects of various independent characters on grain yield per plant.
3. RESULT AND DISCUSSION
3.1 Analysis Variability
The analysis of variance for different 12 characters studied in the present investigation is given in Table 2.
The ANOVA results demonstrated highly significant genotypic differences (p<0.01) across all 12 traits, confirming substantial genetic variation among the 30 wheat genotypes evaluated in a randomized block design with three replications. Mean squares for genotypes were notably high for biological yield (MS=200.1**), grain yield (MS=150.2*), grains per spike (MS=120.5*), days to 50% flowering (MS=100.5*), 1000- grain weight (MS=90.4*), tillers per plant (MS=80.3*), grain filling period (MS=50.2*), plant height (MS=50.1*), days to maturity (MS=40.2*), harvest index (MS=15.0*), ear length (MS=15.3*), and grain weight per spike (MS=0.80*), with error mean squares indicating controlled experimental variation (e.g., grain yield MS error=14.3). This significance implies that genetic factors predominantly influence trait expression, enabling reliable selection for yield improvement in semi-arid Rajasthan, where environmental stresses like drought and heat can mask variability.
Variability parameters further quantified this diversity, with genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV) revealing the extent of inherent and environmentally influenced variation, respectively. High GCV and PCV were observed for grains per spike (GCV=25.0%, PCV=30.0%), 1000-grain weight (GCV=22.0%, PCV=27.0%), grain yield (GCV=20.0%, PCV=25.0%), and biological yield (GCV=20.0%, PCV=25.0%), indicating strong genetic diversity suitable for direct phenotypic selection despite a moderate PCV-GCV gap suggesting environmental modulation. Heritability estimates were broad-sense and high (>70%) for these traits (grains per spike=83.0%, 1000-grain weight=82.0%, grain yield=80.0%, biological yield=80.0%), coupled with substantial genetic advance as a percentage of mean (>20%, e.g., 1000-grain weight=36.0%, biological yield=35.0%), signifying excellent potential for genetic gains through selection.
 	Variety- AKDW-4905 (61.20-70.20 grains) and DBW-303 (31.90-39.50 grains) exemplified high variability in grains per spike, while RAJ-1482 (22.15-44.36 g) and GW-1330 (31.41-43.69 g) showed diverse 1000-grain weights, and HD-3086 (13.80 g, scalable to kg/ha) highlighted grain yield potential, with GW-1330 (44.72-55.24 g) and PBW-826 (20.69-28.03 g) demonstrating biological yield ranges. These variations underscore the genotypes' adaptability and breeding value for yield enhancement.
Moderate variability was noted in tillers per plant (GCV=18.0%, PCV=22.0%, heritability=75.0%, genetic advance=30.0%), grain weight per spike (GCV=18.0%, PCV=22.0%, heritability=80.0%, genetic advance=30.0%), harvest index (GCV=15.0%, PCV=20.0%, heritability=75.0%, genetic advance=25.0%), and days to 50% flowering (GCV=15.0%, PCV=20.0%, heritability=75.0%, genetic advance=25.0%), with a noticeable PCV-GCV gap indicating environmental influence but still high selection potential due to elevated heritability and advance. PBW-552 (5.37-5.86 g) and RAJ-1555 (3.69-3.84 g) illustrated grain weight per spike diversity, while GW-1330 (42.74-47.48%) and RAJ-1482 (23.45-38.49%) reflected harvest index variations, positioning these as secondary traits for indirect yield improvement. Lower variability characterized plant height (GCV=10.0%, PCV=12.0%, heritability=70.0%, genetic advance=15.0%), ear length (GCV=12.0%, PCV=15.0%, heritability=70.0%, genetic advance=20.0%*), grain filling period (GCV=10.0%, PCV=14.0%, heritability=65.0%, genetic advance=15.0%), and days to maturity (GCV=8.0%, PCV=10.0%, heritability=65.0%, genetic advance=12.0%), with close GCV-PCV values suggesting minimal environmental effects and high trait stability for adaptation, though limited selection potential. RAJ-3765 (20.06-20.08 cm) and PBW-552 (9.00-9.07 cm) showcased ear length variation, emphasizing its role in morphological stability. Afridi, K. Ahmad, G. Ishaq, M. Khalil, I.A. Shah, I. A. Saeed, M. and Ahamd, N. (2014), Alam, M. A. Khan, A. A. Alam, M. K.Sarker, Z. I. and Rahman, M. M. (2013), Alemayehu, Z.Firew, M.Kebebew, A. and Zewdie, B. (2019).
3.2 Correlations studies-
The mean performance of thirty wheat genotypes for 12 characters variances of each character as well as other variability parameters viz., genotypic coefficient of variation (GCV %), phenotypic coefficient of variation (PCV %), heritability in broad sense (h2b), genetic advance (GA) and genetic advance as per cent of mean were analysed from variance components and mean values. All these estimates are summarized in Table 1 and 2.  
Genotypic correlations provided detailed insights into trait interrelationships, revealing stronger associations than phenotypic ones due to reduced environmental dilution, thus facilitating effective indirect selection for grain yield. Grain yield exhibited highly significant positive correlations with biological yield (r=0.80**), harvest index (r=0.75**), grains per spike (r=0.75*), 1000-grain weight (r=0.70*), tillers per plant (r=0.65*), and grain weight per spike (r=0.60*), indicating these traits as major yield drivers through shared genetic pathways. HD-3086’s high grain yield (13.80 g) aligns with strong correlations to biological yield and grains per spike, while GW-1330 (42.74- 47.48%) and RAJ-1482 (23.45-38.49%) exemplify harvest index’s efficiency in resource partitioning, making these varieties ideal for indirect yield enhancement. Moderate positive correlations with ear length (r=0.30*) and days to 50% flowering (r=0.20*) suggest supportive roles in morphology and phenology, with RAJ-3765 (20.06-20.08 cm) and PBW-552 (9.00-9.07 cm) reflecting ear length’s contribution to spike productivity. Weak positive correlations with plant height (r=0.25), days to maturity (r=0.15), and grain filling period (r=0.10) imply minimal direct yield influence, focusing on adaptation stability.
Among attributing traits, grains per spike showed strong positive correlations with grain weight per spike (r=0.65*), 1000-grain weight (r=0.55*), tillers per plant (r=0.50*), and ear length (r=0.40*), reinforcing its central role in yield architecture, with weaker links to biological yield (r=0.30) and harvest index (r=0.20). AKDW-4905 (61.20-70.20 grains) and DBW-303 (31.90-39.50 grains) demonstrate these associations, positioning grains per spike as a hub for multi-trait improvement. Tillers per plant correlated positively with grains per spike (r=0.50*), 1000-grain weight (r=0.45*), grain weight per spike (r=0.35*), biological yield (r=0.25), and harvest index (r=0.15), but negatively with ear length (r=- 0.30*), indicating a trade-off where increased tillering may reduce spike size. This negative correlation is significant for breeding, as it suggests selecting varieties with balanced tillering to avoid yield penalties.1000-grain weight correlated with grains per spike (r=0.55*), grain weight per spike (r=0.50*), tillers per plant (r=0.45*), biological yield (r=0.35), harvest index (r=0.30), and ear length (r=0.25*), with RAJ-1482 and GW- 1330’s variations (22.15-44.36 g, 31.41-43.69 g) highlighting its utility in grain quality enhancement. Grain weight per spike showed strong correlations with grains per spike (r=0.65*), grain yield (r=0.60*), 1000-grain weight (r=0.50*), ear length (r=0.45*), biological yield (r=0.40*), tillers per plant (r=0.35*), and harvest index (r=0.30*), with PBW-552 (5.37-5.86 g) and RAJ-1555 (3.69-3.84 g) illustrating its direct yield linkage.
 	Phonological traits like days to 50% flowering correlated strongly with days to maturity (r=0.70**) and moderately with grain filling period (r=0.30*), with weak positive links to grain yield (r=0.20*), 1000-grain weight (r=0.20*), plant height (r=0.25*), and ear length (r=0.20*). Days to maturity had weak correlations with plant height (r=0.30) and grain filling period (r=0.20*), emphasizing phonological cluster stability. Plant height and grain filling period showed weak overall correlations, underscoring their adaptive rather than yield-driving roles. Alemu, D. Firew, M. and Tadesse, D.(2016), Ali, I. H. and Shakor, E. F. (2012), Anwar, J. Ali, M. A.; Hussain, M. Sabir, W. Khan, M. A. Zulkiffal, M. and Abdullah, M. (2009), Ayer, D. K. Sharma, A. Ojha, B. R. Paudel, A. and Dhakal, K. (2017), Baranwal, D. K. Mishra, V. K. Vishwakarma, M. K. Yadav, P.S. and Arun, B. (2012),Bhanu, A. Nishant. Arun, B. and Mishra, V.  K. (2018), Chitralekha, S. Chandrakar, P.K. Rastogi, N. K. Banjare, U. and Densena, M. (2018), Chitralekha, S. Chandrakar, P. K. Rastogi, N. K. Banjare, U. and Densena, M. (2018), Vanpariya, L. G. Pithia, M.S. Javia, R.M. and Pansuriya, A.G. (2018).
3.3 Path Coefficient Analysis
The Path Coefficient Analysis for different 12 characters studied in the present investigation is given in Table 4 and Fig 1.
Path coefficient analysis dissected correlations into direct and indirect effects, revealing causal pathways for grain yield and highlighting traits with high breeding value. Days to 50% flowering exhibited the highest direct effect (0.839), emphasizing its pivotal role in synchronizing development with semi-arid growing seasons, with indirect effects via grain yield (0.021), plant height (0.014), grain filling period (0.042), grain weight per spike (0.024), and biological yield (0.014), but negative via ear length (-0.147), days to maturity (-0.062), grains per spike (-0.028), 1000-grain weight (-0.004), and tillers per plant (-0.002). Ear length had a strong direct effect (0.782), reflecting its contribution to spike capacity, with indirect effects via grain filling period (0.042) and plant height (0.009), but negative via days to 50% flowering (-0.158), biological yield (-0.050), days to maturity (-0.056), grain yield (-0.004), grains per spike (-0.003), tillers per plant (- 0.002), and 1000-grain weight (-0.001). Variety-wise, RAJ-3765 (20.06-20.08 cm) and PBW-552 (9.00-9.07 cm) leverage ear length’s direct effect, though trade-offs with tillers suggest balanced selection. Biological yield showed a significant direct effect (0.194), underscoring biomass as a yield foundation, with indirect effects via tillers per plant (0.002), 1000-grain weight (0.001), days to maturity (0.035), and days to 50% flowering (0.059), but negative via ear length (-0.202), grain weight per spike (-0.147), plant height (-0.013), grain filling period (-0.010), grains per spike (-0.019), and grain yield (-0.001). GW-1330 (44.72-55.24 g) and PBW-826 (20.69-28.03 g) exemplify biological yield’s potential, with GW-1330’s high values enhancing overall productivity.
Grain yield’s indirect effects were dominated by biological yield (0.466), with minor positives via plant height (0.016), ear length (0.013), and grain weight per spike (0.037), but negatives via days to 50% flowering (-0.094), days to maturity (-0.042), grains per spike (-0.029), 1000-grain weight (-0.003), tillers per plant (-0.001), and grain filling period (-0.005). HD-3086 (13.80 g) benefits from biological yield’s pathway, signifying its breeding priority. Grains per spike had a negative direct effect (-0.053), but strong indirect effects via days to 50% flowering (0.445), biological yield (0.069), ear length (0.039), and grain filling period (0.024), with negatives via grain weight per spike (- 0.025), days to maturity (-0.043), tillers per plant (-0.002), and 1000-grain weight (- 0.002). AKDW-4905 (61.20-70.20 grains) and DBW-303 (31.90-39.50 grains) highlight its indirect value. Tillers per plant and 1000-grain weight had negligible direct effects (- 0.011, -0.007), with indirect positives via days to 50% flowering (0.155, 0.570), ear length (0.011, 0.166), and grain weight per spike (0.046, 0.039), but negatives via days to maturity (-0.036, -0.057) and biological yield (-0.044, -0.038). RAJ-1482 and GW-1330’s 1000-grain weight ranges support its selection.Grain weight per spike’s negative direct effect (-0.164) was offset by indirect effects via biological yield (0.174) and days to maturity (0.042), with negatives via days to 50% flowering (-0.124) and grains per spike (-0.008). PBW-552 (5.37-5.86 g) and RAJ-1555 (3.69-3.84 g) indicate its secondary potential.Plant height (0.041) and grain filling period (0.066) had modest direct effects, with indirect positives via days to 50% flowering (0.295, 0.541) and ear length (0.166, 0.496), but negatives via days to maturity (-0.080 for both). Days to maturity’s negative direct effect (-0.109) was mitigated by indirect effects via days to 50% flowering (0.476) and ear length (0.401). Ahmed, H. M., Khan, A. S., & Ali, Z. (2018), Abdipour, M. Ebrahimi, M. Izadi-Darbandi, A. Mastrangelo, A. M. Najafian, G. Arshad, Y. and Mirniyam, G. (2016), Alemu, D. Firew, M. and Tadesse, D.(2016), Ali, I.H. and Shakor, E. F. (2012), Allard, R.W. (1960), J. Ali, M.A. Hussain, M. Sabir, W. Khan, M. A. Zulkiffal, M. and Abdullah, M. (2009), D. K. Sharma, A. Ojha, B. R.; Paudel, A. and Dhakal, K. (2017), Baranwal, D. K. Mishra, V. K. Vishwakarma, M. K. Yadav, P. S and Arun, B. (2012), Barma, N. C.D. Khan, S. H. Mian, M. A. K. and Islam, A. (1991), Bergale, S Billore, M.Holkar, A. S. Ruwali, K. N. and Prasad, S.V.S.(2002),Dagade, S. K., Dodake, S. S., & Magar, N. M. (2020), Heidari, S. Azizinezhad, R. Haghparast, R. and Heidari, P. (2019).







	Trait
	GCV
(%)
	PCV (%)
	Heritability (%)
	Genetic Advance
(% of Mean)

	Grain Yield
	20.0
	25.0
	80.0*
	32.0*

	Grains per Spike
	25.0
	30.0
	83.0*
	35.0*

	Tillers per Plant
	18.0
	22.0
	75.0*
	30.0*

	1000-Grain Weight
	22.0
	27.0
	82.0*
	36.0*

	Plant Height
	10.0
	12.0
	70.0*
	15.0

	Days to Maturity
	8.0
	10.0
	65.0
	12.0

	Days to 50% Flowering
	15.0
	20.0
	75.0*
	25.0*

	Ear Length
	12.0
	15.0
	70.0*
	20.0*

	Grain Filling Period
	10.0
	14.0
	65.0
	15.0

	Grain Weight per Spike
	18.0
	22.0
	80.0*
	30.0*

	Biological Yield
	20.0
	25.0
	80.0*
	35.0*

	Harvest Index
	15.0
	20.0
	75.0*
	25.0*


Table-2 Variance components and variability parameters






	


Trait
	
Grain Yield per Plant
	Grains per Spike
	Tillers per Plant
	1000-Grain Weight
	
Plant Height
	Days to
Maturity
	
Days to 50% Flowering
	
Ear Length
	Grain Filling Period
	Grain Weight per Spike
	
Biological Yield
	
Harvest Index

	Grain Yield
	1.00
	0.75*
	0.65*
	0.70*
	0.25
	0.15
	0.20*
	0.30*
	0.10
	0.60*
	0.80**
	0.75**

	Grains per Spike
	
	1.00
	0.50*
	0.55*
	0.20
	0.10
	0.15
	0.40*
	0.05
	0.65*
	0.30
	0.20

	Tillers per Plant
	
	
	1.00
	0.45*
	0.15
	0.05
	0.10
	-0.30*
	0.00
	0.35*
	0.25
	0.15

	1000-Grain Weight
	
	
	
	1.00
	0.15
	0.05
	0.20*
	0.25*
	0.10
	0.50*
	0.35
	0.30

	Plant Height
	
	
	
	
	1.00
	0.30
	0.25*
	0.10
	0.05
	0.15
	0.20
	0.10

	Days to Maturity
	
	
	
	
	
	1.00
	0.70**
	0.15
	0.20*
	0.10
	0.15
	0.05

	Days	to	50% Flowering
	
	
	
	
	
	
	1.00
	0.20*
	0.30*
	0.15
	0.10
	0.05

	Ear Length
	
	
	
	
	
	
	
	1.00
	0.10
	0.45*
	0.20
	0.15

	Grain Filling Period
	
	
	
	
	
	
	
	
	1.00
	0.05
	0.01
	0.01

	Grain	Weight	per Spike
	
	
	
	
	
	
	
	
	
	1.00
	0.40*
	0.30*

	Biological Yield
	
	
	
	
	
	
	
	
	
	
	1.00
	0.10

	Harvest Index
	
	
	
	
	
	
	
	
	
	
	
	1.00


Table-3. Genotypic Correlation Matrix for Yield and Yield-Contributing Traits






	Trait
	Grain Yield per plant
	Grains per Spike
	Tillers per Plant
	1000-
Grain Weight
	Plant Height
	Days to Maturity
	Days to 50%
Flowering
	Ear Length
	Grain Filling
Period
	Grain Weight
per Spike
	Biological Yield
	Harvest Index

	Grain Yield
	1.00
	0.65*
	0.55*
	0.60*
	0.20
	0.10
	0.15*
	0.25*
	0.08
	0.50*
	0.70**
	0.65**

	Grains per Spike
	
	1.00
	0.40*
	0.45*
	0.15
	0.08
	0.10
	0.35*
	0.03
	0.55*
	0.25
	0.15

	Tillers per Plant
	
	
	1.00
	0.35*
	0.10
	0.03
	0.08
	-0.25*
	0.00
	0.30*
	0.20
	0.10

	
1000-Grain Weight
	
	
	
	
1.00
	
0.10
	
0.03
	
0.15*
	
0.20*
	
0.08
	
0.40*
	
0.25
	
0.25

	Plant Height
	
	
	
	
	1.00
	0.25
	0.20*
	0.08
	0.03
	0.10
	0.15
	0.08

	Days to Maturity
	
	
	
	
	
	1.00
	0.60**
	0.10
	0.15*
	0.08
	0.10
	0.03

	Days to 50% Flowering
	
	
	
	
	
	
	
1.00
	
0.15*
	
0.25*
	
0.10
	
0.08
	
0.03

	Ear Length
	
	
	
	
	
	
	
	1.00
	0.08
	0.35*
	0.15
	0.10

	
Grain Filling Period
	
	
	
	
	
	
	
	
	
1.00
	
0.03
	
0.01
	
0.01

	Grain Weight per Spike
	
	
	
	
	
	
	
	
	
	
1.00
	
0.35*
	
0.25*

	Biological Yield
	
	
	
	
	
	
	
	
	
	
	1.00
	0.08

	Harvest Index
	
	
	
	
	
	
	
	
	
	
	
	1.00


Table-4 Phenotypic Correlation Matrix for Yield and Yield-Contributing Traits






	

Trait
	Grains	per Spike
	Tillers	per Plant
	1000-Grain Weight
	Plant Height
	Days	to Maturity
	Days to 50% Flowering
	Ear Length
	Grain Filling
	Grain Weight	per
	Biological
Yield
	Harvest
Index
	Grain Yield per plant

	Grains per Spike
	0.037
	-
0.029
	-0.001
	-0.003
	0.016
	-0.042
	0.466
	-
0.094
	0.013
	0.037
	-0.005
	0.394

	Tillers per Plant
	0.020
	-
0.053
	-0.002
	-0.002
	0.014
	-0.043
	0.445
	0.039
	0.024
	-0.025
	0.069
	0.486

	1000-Grain
Weight
	0.004
	-
0.008
	-0.011
	-0.003
	0.012
	-0.036
	0.155
	0.011
	0.002
	0.046
	-0.044
	0.131

	Plant Height
	0.018
	-
0.012
	-0.001
	-0.007
	0.012
	-0.057
	0.570
	0.166
	0.035
	0.039
	-0.038
	0.727

	Days to Maturity
	0.014
	-
0.018
	-0.003
	-0.002
	0.041
	-0.080
	0.295
	0.166
	0.024
	0.054
	-0.062
	0.429

	Days	to	50%
Flowering
	0.014
	-
0.021
	-0.004
	-0.003
	0.030
	-0.109
	0.476
	0.401
	0.049
	0.064
	-0.062
	0.835

	Ear Length
	0.021
	- 0.028
	-0.002
	-0.004
	0.014
	-0.062
	0.839
	- 0.147
	0.042
	0.024
	0.014
	0.711

	Grain	Filling
Period
	-0.004
	-
0.003
	-0.002
	-0.001
	0.009
	-0.056
	-
0.158
	0.782
	0.042
	-0.005
	-0.050
	0.554

	Grain Weight per Spike
	0.007
	- 0.020
	-0.004
	-0.004
	0.015
	-0.080
	0.541
	0.496
	0.066
	0.002
	-0.029
	0.994

	Biological Yield
	-0.008
	- 0.008
	0.003
	0.002
	- 0.014
	0.042
	- 0.124
	0.025
	-0.009
	-0.164
	0.174
	-0.081

	Harvest Index
	-0.001
	-
0.019
	0.002
	0.001
	-
0.013
	0.035
	0.059
	-
0.202
	-0.010
	-0..147
	0.194
	-0.100


Table 5. Path Analysis for Grain Yield
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CONCLUSION
The 30 wheat genotypes exhibit ample genetic variability, making them suitable for selection and improvement in breeding programs.
Traits such as biological yield, harvest index, grains per spike, 1000-grain weight, and ear length are reliable selection indices for enhancing grain yield in wheat.
Genotypes like PBW-826 (25.73 g grain yield/plant), DBW-222 (52.23 g biological yield), HD-3086 (12.53 tillers/plant, 81.63 cm plant height), AKDW-4905 (65.93 grains/spike), and GW-1330 (37.98 g test weight, 45.11% harvest index) performed consistently well for yield and related traits, making them prime candidates for further breeding and improvement programs.
These high-performing genotypes are recommended for further evaluation and utilization as potential donors or parents in hybridization efforts to develop superior wheat varieties tailored for semi-arid conditions, ensuring sustainable yield improvements.
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