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Genetic Variability and Association Studies for Morpho-Physiological and Quality Traits in Wheat Genotypes



ABSTRACT
[bookmark: _GoBack]Genetic variability is the foundation for adaptation of populations in context to environmental changes. This study evaluated the morpho-physiological and quality traits of 194 wheat genotypes under timely sown irrigated conditions during crop season 2023-24 at Chaudhary Charan Singh Haryana Agricultural University, Hisar (Haryana). The genotypes were assessed by using Augmented Design with plot size of 2.5 m x 0.4 m. The results revealed significant mean sum of squares due to genotypes for all the traits under study except flag leaf length and CTD 2. The estimates of PCV were observed slightly higher than their corresponding GCV for all the studied traits, indicating the little effect of environment on the expression of these traits. Heritability in broad sense was found high along with higher genetic advance as per cent mean for biological yield per plot, number of tillers per meter, grain yield per plot, spike length, 1000-grain weight, number of grains per spike, awn length, gluten content, sedimentation value and crude protein. Association study reflected significant and positive correlation of grain yield with traits viz., days to physiological maturity, flag leaf length, flag leaf breadth, number of tillers per meter, spike length, peduncle length, number of spikelets per spike, number of grains per spike, biological yield per plot, grain filling duration, harvest index, 1000-grain weight, chlorophyll content, relative water content and hectolitre weight. Path coefficient analysis demonstrated highest positive direct effect of biological yield per plot on grain yield followed by gluten content and harvest index. These findings hence may be explored in future breeding strategies intended to improve the target trait and to develop high yielding varieties. 	Comment by الكاتب: in the context of	Comment by الكاتب: assessed using an Augmented Design with a plot	Comment by الكاتب: Please add the full term for the abbreviation.	Comment by الكاتب: Please add the full term for the abbreviation.	Comment by الكاتب: Please add the full term for the abbreviation.	Comment by الكاتب: indicating a small effect of the environment	Comment by الكاتب: found to be high along with higher genetic advance as a percentage of the mean
Keywords: Wheat; genetic variability; correlation; path analysis.	Comment by الكاتب: Please arrange the keywords alphabetically.




1. INTRODUCTION
Wheat is the most important cereal crop grown globally and feeds a major portion of the world’s population. It is a member of the grass family “Poaceae” of the tribe “Triticeae” and known to originate from South West Asia. Due to its widespread cultivation, substantial global production, essential nutritional value and significant contribution to international food security and trade, wheat is known as the “King of Cereals”. Globally, wheat crop has been under cultivation in 270.38 million hectares with annual production of 931.24 million tonnes. In India, wheat has been cultivated on 31.23 mha with harvest of 112.92 mt and national average productivity of 36.15 q/ha during 2023-24 crop season (ICAR-IIWBR, 2024). Wheat production faces several challenges, particularly under changing climate, raising serious concerns for global food security. Hence, conservation of genetic diversity became essential for sustaining wheat production in the face of climate change and the increasing global food demand. This highlights the need to accelerate further improvement in wheat grain yield.	Comment by الكاتب: and a significant	Comment by الكاتب: Please add a reference if available.	Comment by الكاتب: diversity has become
Genetic variation offers the raw material for selection and upon its exploitation, allows the populations to adapt to changing climates. It can be threatened as consequences of habitat loss, deforestation, fragmentation, and pollution leading to vulnerability of populations to environmental changes. Hence, it became fundamental to maintain and exploit the genetic variability to ensure resilience and adaptability in changing environments. Understanding and estimating the genetic variability through various statistical parameters are vital to tackle the challenges related to environmental change and food security.  Assessment of genetic parameters viz., variance, coefficient of variation, heritability and genetic advance, helps in identify key traits that contribute to stress resilience, adaptability and yield improvement, thereby facilitating the development of superior cultivars. High heritability and genetic advance for quantitative characters in wheat offers better chances to select the genotypes in early segregating generations (Sahoo et al., 2022). High magnitude of genetic diversity increases the chances of selecting and evolving better varieties (Sethi and Phougat, 2020). The effective utilization of existing genetic variability in experimental material and understanding the interrelationships between yield and its attributes is essential for genetic enhancement through selection and framing the adequate breeding strategies. For better understand the relationship between traits and grain yield, path coefficient analysis is employed that partitioned the correlation coefficients into its respective direct and indirect impacts, offering a more precise and comprehensive interpretation of their associations. The precision through aforesaid parameters will facilitate in segregating the genotypes to be used in wheat improvement.	Comment by الكاتب: Please add a reference if available.	Comment by الكاتب: Please add a reference if available.
	Comment by الكاتب: It doesn't appear in the reference list.	Comment by الكاتب: For better understanding	Comment by الكاتب: that partitions	Comment by الكاتب: Please add a reference if available.

The present study was, therefore, designed to assess the genetic variability and traits association for targeted refinement of traits exploiting 25 morpho-physiological and quality traits of 194 wheat genotypes.
2. MATERIALS AND METHODS
The field experiment was executed with a set of 194 wheat genotypes at the Research Area of Wheat & Barley Section, Department of Genetics & Plant Breeding, CCS Haryana Agricultural University, Hisar (Haryana) during crop season 2023-24. The experimental material encompassed advance breeding lines including four checks varieties namely HD 2967, DBW 187, Sonalika and DDW 47(d). The experiment was laid in Augmented Design and each genotype occupied a plot size of 2.5 m x 0.4 m, conducted under timely sown irrigated conditions. There were 10 blocks and each block contained nineteen genotypes followed by 4 checks, repeated in every block.  To ensure the optimal crop growth, recommended agronomic package of practices were followed. The genotypes were evaluated for 25 traits comprised of morphological, physiological and quality traits viz., days to 50% heading, days to anthesis, days to physiological maturity, plant height (cm), number of effective tillers/meter, spike length (cm), peduncle length (cm), flag leaf length (cm), flag leaf breadth (cm), awn length (cm), number of spikelets per spike, number of grains per spike, biological yield per plot (g), grain yield per plot (g), grain filling duration, harvest index (%), 1000-grain weight (g), canopy temperature depression at anthesis and 15 days after anthesis, relative water content (%), chlorophyll content, crude protein (%), gluten content (%), sedimentation value (ml) and hectolitre weight (kg/hl). 	Comment by الكاتب: Please add the characteristics of the experimental soil and its nutrient content.	Comment by الكاتب: check varieties	Comment by الكاتب: was laid in an Augmented	Comment by الكاتب: was	Comment by الكاتب: comprising
Canopy temperature (°c) was recorded using a portable infrared thermometer (IRT) ‘Model AG-42, Teletemp crop Fullerton’. The difference between canopy temperature and ambient temperature was calculated to determine canopy temperature depression. Observations were taken at anthesis and subsequently at 15 days after anthesis. Relative Water Content (%) was calculated using the method outlined by Barrs and Weatherley (1962). Chlorophyll content (SPAD value) was recorded using a portable optical chlorophyll meter (Model No. Minolta SPAD 502 Plus) at anthesis. The quality traits viz., crude protein (%), gluten content (%) and sedimentation value (ml) were estimated by Infratec 1241 grain analyzer. Hectolitre weight (Kg/hl) was measured with the help of test weight instrument developed at Indian Institute of Wheat & Barley Research, Karnal (Haryana). It represents the weight of 100 litres of wheat and provides a general estimate of grain soundness, density and flour yield. The recorded data was subjected to statistical analysis using R Studio (2025.05.01+513) and OPSTAT software available at http:\\opstat.pythonanywhere.com (Sheoran et al., 1998).  	Comment by الكاتب: were
3. RESULTS AND DISCUSSION
The analysis of variance for various morpho-physiological and quality traits is presented in Table 1a and 1b. The results of analysis of variance revealed significant mean sum of squares due to treatments (genotypes) for all traits, except for flag leaf length and CTD 2. This reflected the presence of substantial genetic variation among the genotypes for the studied morpho-physiological and quality traits. Praveenkumar et al. (2025) also observed wide range of variation for yield and related traits in an experiment with 40 genotypes of wheat. Various researchers also reported considerable genetic variation in their experiments across the traits studied in wheat (Gerema, 2020; Sethi and Phougat, 2020; Ullah et al., 2021; and Ajayi and Ruth, 2022). Further analysis of genotypes is meaningful when they differed significantly for the concerned traits. Consequently, the genotypes were further analyzed for genetic parameters, including genotypic and phenotypic coefficients of variation, heritability and genetic advance (% mean) and estimates are presented in Table 2. 	Comment by الكاتب: observed a wide	Comment by الكاتب: It doesn't appear in the reference list.
Assessment of variability is crucial for effective selection in breeding programmes, as successful hybridization depends on sufficient genetic diversity among parents to produce promising segregating progeny. The narrow gap between estimates of PCV and GCV indicated that the observed variation is primarily genetic, with limited environmental impact. The studies by Vaghela et al. (2021), Aashu et al. (2022), and Tolwani and Shukla (2022) also cited higher estimates of PCV compared to corresponding GCV for the traits evaluated in wheat. The estimates of PCV and GCV were found moderate for grain yield per plot, number of grains per spike, 1000-grain weight, awn length, biological yield per plot, spike length, number of tillers per meter, canopy temperature depression at anthesis, gluten content, sedimentation value and crude protein while, low estimates of PCV and GCV were exhibited by days to 50% heading, days to anthesis, days to physiological maturity, grain filling duration, plant height, number of spikelets per spike, chlorophyll content and hectolitre weight. These findings align with the previous research of Dashora et al. (2022) in wheat, reported moderate GCV for grains per spike, 1000-grain weight and spike length, while moderate values of PCV were observed for grains per spike and 1000-grain weight. In addition, the study also reported low values of GCV and PCV for days to 50% heading and days to maturity. Likewise, Sharma et al. (2023) also reported low GCV and PCV for grain filling period.	Comment by الكاتب: also reported
It is always suggested to estimate broad sense heritability along with genetic advance, as the sole estimate of broad sense heritability would not be very useful because it includes both additive and non-additive gene effects. In the current investigation, high heritability coupled with high genetic advance observed for the traits viz., number of tillers per meter, spike length, number of grains per spike, biological yield per plot, 1000-grain weight, grain yield per plot, crude protein, gluten content and sedimentation value, indicated that these traits expressed additive gene action in their expression and direct selection for these traits would be rewarding. Similar observations were quoted by Thapa et al. (2019) for grain yield and number of grains per spike; Singh et al. (2021) for 1000-grain weight and grain yield per plant; Zewdu et al. (2024) for 1000-kernel weight, biomass yield and grain yield; and Prasad et al. (2021) for number of grains per spike and biological yield per plant. 
Grain yield is a quantitative character, being polygenically controlled and influenced by yield contributing traits. Therefore, direct selection for grain yield is not an ideal approach and the component traits need to be selected for the indirect improvement of grain yield, hence it is a prerequisite to know the traits that have high correlation with grain yield. In the current study, phenotypic correlation coefficients of morphological traits were computed with grain yield per plot and presented in Table 3. Among morphological characters studied, grain yield per plot showed  significant positive correlation with days to physiological maturity, flag leaf length, flag leaf breadth, number of tillers per meter, spike length, peduncle length, number of spikelets per spike, number of grains per spike, biological yield per plot, grain filling duration, harvest index and 1000-grain weight. The estimates of phenotypic correlation coefficients for physiological and quality traits with grain yield as given in Table 4 illustrated significant and positive association of grain yield per plot with chlorophyll content, relative water content and hectolitre weight. The positive association existing between these traits signifies the possibility of simultaneous improvement of these traits. The results are in good agreement with previous findings i.e. significant and positive association of grain yield with biological yield per plot, grains per ear and harvest index (Ozukum et al., 2019); spike length, harvest index, biological yield, 1000-grain weight and number of grains per spike (Nageshwar et al., 2021); grain filling period, spike length, number of effective tillers per meter, 1000-grain weight, number of grains per spike and biological yield (Gebremariam et al., 2022), days to maturity and spike length (Abro et al., 2022), flag leaf area and biological yield (Fellahi et al., 2024), spike length, number of spikelets per spike and number of grains per spike (Manhou et al., 2025). The association among morpho-physiological and quality traits can be viewed simultaneously in Fig. 1. The strong and weak association among the various traits as presented in Table 3 & 4 can be considered while framing the trait specific breeding programs for simultaneously improvement of two or more variables.
Path coefficient analysis gives a general idea about the interrelationships among yield components and also helps in measuring the quantitative effect of yield components on grain yield either directly or by following some another pathway. The effect of one variable over another variable and splitting up of the correlation coefficients into direct and indirect effects can be estimated by path coefficient analysis. In this study, grain yield per plot was considered as dependent and all other traits as independent variables. The results of path coefficient analysis revealed that diagonal values of independent variables showed direct effect on the dependent variable and off-diagonal values indicated indirect effects on the dependent variable. Biological yield per plot exhibited maximum positive direct effect on grain yield per plot, followed by harvest index, days to heading and 1000-grain weight among the morphological traits (Table 5). On the other hand, negative direct effects on grain yield per plot were also reported by plant height, days to anthesis, number of tillers per meter, spike length and grain filling duration. Further, among the physiological and quality traits (Table 6), positive direct effects on grain yield per plot were exerted by the traits i.e. gluten content, chlorophyll content, canopy temperature depression at anthesis, hectolitre weight, relative water content and canopy temperature depression at 15 days after anthesis, while negative direct effects was recorded for crude protein and sedimentation value. Characters which showed direct positive effect on grain yield may be selected directly for the enhancement in grain yield. Similar results were also observed by Baye et al. (2020) for biomass yield and harvest index; Alnajjar and Dawod (2020) for number of grains per spike, harvest index and biological yield; Devesh et al. (2021) for biological yield per plant and harvest index. Kumar et al. (2020) in wheat also quoted higher positive direct effects of biological yield, harvest index, number of effective tillers per meter, flag leaf breadth and 1000-grain weight on grain yield. Similarly, our results are also in congruence with the findings of Patel et al. (2025).	Comment by الكاتب: were	Comment by الكاتب: It doesn't appear in the reference list.
4. CONCLUSION
The study highlighted substantial genetic variability among the genotypes for the morpho-physiological and quality traits, which can further be exploited in breeding programs for effective selection and genetic advancement. High heritability coupled with high genetic advance were exhibited by biological yield per plot, number of tillers per meter, grain yield per plot, spike length, 1000-grain weight, number of grains per spike, awn length, gluten content, sedimentation value and crude protein. The association study illustrated significant and positive correlation of grain yield per plot with days to physiological maturity, flag leaf length, flag leaf breadth, number of tillers per meter, spike length, peduncle length, number of spikelets per spike, number of grains per spike, biological yield per plot, grain filling duration, harvest index, 1000-grain weight, chlorophyll content, relative water content and hectolitre weight. Path coefficient analysis exhibited positive direct effect of biological yield per plot, harvest index, days to heading, 1000-grain weight, gluten content, chlorophyll content, canopy temperature depression at anthesis, hectolitre weight, relative water content and canopy temperature depression at 15 days after anthesis on grain yield per plot. Hence, reflected the potential of these traits for improvement of grain yield through direct selection. Consequently, the findings indicated the existence of considerable genetic variation among the evaluated genotypes and identified the key traits that could be further exploited in wheat improvement programs.	Comment by الكاتب: was
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Table 1a. Analysis of variance (treatment adjusted) for morphological traits in wheat genotypes	Comment by الكاتب: It is preferable to combine the page contents into a single table.
	Source of variation
	d.f.
	Mean sum of squares

	
	
	DH
	DA
	DM
	PH
	AL
	FLL
	FLB
	NT/M
	SL
	PL

	Block (ignoring Treatments)
	9
	40.79**
	42.94**
	20.88**
	26.29
	8.29**
	50.30**
	0.21**
	1514.03**
	6.12**
	8.58

	Treatment (eliminating Blocks)
	193
	18.26**
	18.14**
	12.98**
	48.68**
	2.28**
	11.16
	0.06**
	278.62**
	3.61**
	16.90*

	Treatment: Check
	3
	293.76**
	214.76**
	415.16**
	134.18**
	10.95**
	28.20*
	0.10*
	1313.13**
	58.64**
	25.86

	Treatment: Test and Test vs. Check
	190
	13.91**
	15.03**
	6.63**
	47.33**
	2.14*
	10.89
	0.06**
	262.29**
	2.74**
	16.76*

	Residuals
	27
	1.27
	1.26
	1.18
	17.60
	1.03
	8.50
	0.02
	25.59
	0.58
	9.60




	Source of variation

	d.f.
	Mean sum of squares

	
	
	NS/S
	NG/S
	BY
	GFD
	HI
	TGW
	GY

	Block (ignoring Treatments)
	9
	5.33**
	102.53**
	132008.31**
	35.21**
	30.95**
	136.64**
	22748.67**

	Treatment (eliminating Blocks)
	193
	2.11*
	76.96**
	132720.77**
	12.54**
	12.61*
	31.29**
	16551.31**

	Treatment: Check
	3
	10.62**
	809.38**
	1188187.80**
	33.36**
	1.57
	141.55**
	125538.17**

	Treatment: Test and Test vs. Check
	190
	1.98
	65.39**
	116055.50**
	12.21**
	12.79*
	29.55**
	14830.47**

	Residuals
	27
	1.48
	16.28
	18555.30
	1.99
	6.19
	5.54
	4519.93


**, *: Significant at 1% & 5% level of probability, respectively
DH: Days to 50 % heading; DA: Days to anthesis; DM: Days to physiological maturity; PH: Plant height; AL: Awn length; FLL: Flag leaf length; FLB: Flag leaf breadth; NT/M:  Number of effective tillers/meter; SL: Spike length; PL: Peduncle length; NS/S: Number of spikelets/spike; NG/S: Number of grains/spike; BY: Biological yield/plot; GFD: Grain filling duration (in days); HI: Harvest index , TGW: 1000-Grain weight; GY: Grain yield /plot	


Table 1b. Analysis of variance (treatment adjusted) for physiological and quality traits in wheat genotypes
	Source of variation
	d.f.
	Mean sum of squares

	
	
	CTD 1
	CTD 2
	CC
	RWC
	CP
	GC
	SV
	HW

	Block (ignoring Treatments)
	9
	7.17**
	3.47**
	32.68**
	622.34**
	26.65**
	213.51**
	665.06**
	12.93**

	Treatment (eliminating Blocks)
	193
	0.97*
	0.85
	8.53**
	47.52**
	1.51**
	15.29**
	64.66**
	11.56**

	Treatment: Check
	3
	1.71*
	2.22*
	22.38**
	65.82*
	4.30**
	37.61**
	226.28**
	37.18**

	Treatment: Test and Test vs. Check
	190
	0.96*
	0.83
	8.31**
	47.23**
	1.46**
	14.94**
	62.11**
	11.16**

	Residuals
	27
	0.48
	0.53
	2.25
	15.60
	0.21
	4.32
	14.36
	2.71


**, *: Significant at 1% & 5% level of probability, respectively
CTD 1: Canopy temperature depression at anthesis (℃); CTD 2: Canopy temperature depression at 15 days after anthesis (℃); CC: Chlorophyll content (SPAD value); RWC: Relative water content (%); CP: Crude protein (%); GC: Gluten content (%); SV: Sedimentation value (ml); HW: Hectolitre weight (kg/hl)









Table 2. Descriptive statistics of morpho-physiological and quality traits in wheat
	Sr. No.
	Traits
	Mean ± S.E.
	Range
	PCV (%)
	GCV (%)
	Heritability (%) 
(broad sense) 
	Genetic advance (% mean)

	
	
	
	Minimum
	Maximum
	
	
	
	

	1
	DH
	95.68±0.28
	82.60
	110.85
	4.08
	3.90
	91.68
	7.71

	2
	DA
	100.85±0.28
	87.70
	117.30
	3.93
	3.76
	91.97
	7.45

	3
	DM
	140.68±0.18
	128.10
	155.58
	1.71
	1.52
	79.60
	2.80

	4
	PH
	98.74±0.53
	78.64
	135.34
	7.00
	5.56
	63.13
	9.11

	5
	AL
	7.55±0.12
	1.34
	13.92
	17.80
	13.50
	57.54
	21.12

	6
	FLL
	28.11±0.27
	17.84
	36.15
	12.79
	7.12
	30.99
	8.17

	7
	FLB
	2.09±0.02
	1.56
	2.85
	12.10
	9.59
	62.88
	15.70

	8
	NT/M
	121.14±1.29
	63.15
	142.90
	15.07
	14.47
	92.20
	28.67

	9
	SL
	11.20±0.13
	6.18
	15.60
	15.24
	13.68
	80.62
	25.35

	10
	PL
	36.56±0.30
	24.42
	50.97
	11.04
	7.25
	43.14
	9.83

	11
	NS/S
	19.45±0.11
	15.12
	23.37
	7.52
	4.14
	30.33
	4.70

	12
	NG/S
	62.01±0.60
	46.87
	80.37
	13.59
	11.91
	76.84
	21.54

	13
	BY
	1898.10±23.97
	922.95
	2603.70
	17.34
	15.79
	82.88
	29.65

	14
	GFD
	39.82±0.26
	27.37
	46.12
	9.28
	8.58
	85.44
	16.35

	15
	HI
	33.96±0.27
	27.21
	47.39
	10.74
	7.86
	53.53
	11.86

	16
	TGW
	44.12±0.43
	29.42
	53.80
	13.53
	12.43
	84.46
	23.57

	17
	GY
	632.62±8.91
	343.95
	821.95
	19.51
	16.34
	70.14
	28.23

	18
	CTD 1
	7.38±0.08
	3.78
	10.09
	15.18
	11.85
	60.97
	19.10

	19
	CTD 2
	6.96±0.09
	3.64
	9.53
	13.84
	8.97
	41.93
	11.98

	20
	CC
	43.89±0.22
	33.24
	56.10
	7.16
	6.28
	76.95
	11.36

	21
	RWC
	80.46±0.55
	62.23
	95.19
	10.91
	9.69
	78.91
	17.76

	22
	CP
	13.55±0.10
	10.26
	17.21
	11.95
	11.45
	91.89
	22.65

	23
	GC
	32.92±0.32
	22.84
	50.97
	14.58
	13.12
	81.09
	24.38

	24
	SV
	51.41±0.66
	25.32
	76.47
	18.97
	17.43
	84.40
	33.03

	25
	HW
	74.89±0.24
	65.96
	82.96
	4.56
	4.00
	76.80
	7.23




Table 3. Phenotypic correlation coefficients among morphological traits in wheat genotypes
	Traits
	DH
	DA
	DM
	PH
	AL
	FLL
	FLB
	NT/M
	SL
	PL
	NS/S
	NG/S
	BY
	GFD
	HI
	TGW

	DH
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DA
	0.954**
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DM
	0.609**
	0.571**
	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	PH
	-0.142*
	-0.132*
	-0.147*
	1
	
	
	
	
	
	
	
	
	
	
	
	

	AL
	0.16*
	0.131*
	0.12
	-0.257**
	1
	
	
	
	
	
	
	
	
	
	
	

	FLL
	-0.004
	0.045
	-0.026
	0.16*
	0.036
	1
	
	
	
	
	
	
	
	
	
	

	FLB
	0.211**
	0.213**
	0.19**
	0.026
	-0.001
	0.332**
	1
	
	
	
	
	
	
	
	
	

	NT/M
	-0.067
	-0.062
	-0.024
	-0.091
	-0.014
	0.159*
	0.167*
	1
	
	
	
	
	
	
	
	

	SL
	-0.188**
	-0.185**
	-0.272**
	0.188**
	-0.241**
	0.207**
	0.179**
	-0.02
	1
	
	
	
	
	
	
	

	PL
	-0.008
	0.024
	0.063
	0.161*
	0.04
	0.298**
	0.067
	0.16*
	0.009
	1
	
	
	
	
	
	

	NS/S
	0.17**
	0.145*
	0.113
	0.173**
	-0.077
	0.14*
	0.37**
	-0.081
	0.517**
	0.06
	1
	
	
	
	
	

	NG/S
	0.225**
	0.198**
	0.304**
	0.133*
	0.034
	0.053
	0.188**
	0.028
	0.2**
	0.068
	0.373**
	1
	
	
	
	

	BY
	-0.052
	-0.054
	0.074
	0.017
	-0.065
	0.162*
	0.163*
	0.214**
	0.258**
	0.154*
	0.142*
	0.131*
	1
	
	
	

	GFD
	-0.648**
	-0.727**
	0.118
	0.021
	-0.051
	-0.073
	-0.1
	0.076
	0.005
	0.049
	-0.087
	-0.016
	0.125
	1
	
	

	HI
	-0.135*
	-0.151*
	0.066
	-0.083
	0.045
	-0.006
	-0.033
	0.062
	0.072
	0.098
	0.082
	0.098
	0.047
	0.206**
	1
	

	TGW
	-0.069
	-0.07
	0.093
	-0.006
	0.212**
	-0.011
	0.077
	-0.094
	-0.126
	0.004
	-0.018
	0.098
	0.16*
	0.146*
	0.137*
	1

	GY
	-0.028
	-0.061
	0.138*
	-0.082
	0.054
	0.172**
	0.176**
	0.158*
	0.214**
	0.174**
	0.192**
	0.174**
	0.802**
	0.168*
	0.442**
	0.272**


**, *: Significant at 1% & 5% level of probability, respectively

Table 4. Phenotypic correlation coefficients among physiological and quality traits in wheat genotypes
	Traits
	CTD 1
	CTD 2
	CC
	RWC
	CP
	GC
	SV
	HW

	CTD 1
	1
	
	
	
	
	
	
	

	CTD 2
	0.122
	1
	
	
	
	
	
	

	CC
	-0.145*
	-0.071
	1
	
	
	
	
	

	RWC
	-0.093
	-0.135*
	0.286**
	1
	
	
	
	

	CP
	-0.021
	-0.069
	0.186**
	0.059
	1
	
	
	

	GC
	-0.043
	-0.015
	0.239**
	0.101
	0.806**
	1
	
	

	SV
	-0.011
	-0.037
	0.10
	0.028
	0.865**
	0.711**
	1
	

	HW
	-0.033
	0.048
	-0.14*
	0.134*
	-0.099
	-0.052
	0.00
	1

	GY
	0.099
	0.082
	0.13*
	0.133*
	-0.394**
	-0.093
	-0.423**
	0.139*


**, *: Significant at 1% & 5% level of probability, respectively
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Fig. 1. Correlogram showing correlation among morpho-physiological and quality traits 



Table 5. Path coefficient analysis indicating direct (diagonal and bold) and indirect effects (off diagonal) of various morphological traits on grain yield in wheat genotypes
	Traits
	DH
	DA
	DM
	PH
	AL
	FLL
	FLB
	NT/M
	SL
	PL
	NS/S
	NG/S
	BY
	GFD
	HI
	TGW

	DH
	0.279
	0.266
	0.170
	-0.040
	0.045
	-0.001
	0.059
	-0.019
	-0.052
	-0.002
	0.047
	0.063
	-0.014
	-0.181
	-0.038
	-0.019

	DA
	-0.353
	-0.370
	-0.211
	0.049
	-0.048
	-0.017
	-0.079
	0.023
	0.068
	-0.009
	-0.054
	-0.073
	0.020
	0.269
	0.056
	0.026

	DM
	0.044
	0.041
	0.072
	-0.011
	0.009
	-0.002
	0.014
	-0.002
	-0.020
	0.005
	0.008
	0.022
	0.005
	0.009
	0.005
	0.007

	PH
	0.010
	0.010
	0.011
	-0.072
	0.019
	-0.012
	-0.002
	0.007
	-0.014
	-0.012
	-0.013
	-0.010
	-0.001
	-0.001
	0.006
	0.000

	AL
	0.006
	0.005
	0.004
	-0.009
	0.036
	0.001
	0.000
	0.000
	-0.009
	0.001
	-0.003
	0.001
	-0.002
	-0.002
	0.002
	0.008

	FLL
	0.000
	0.003
	-0.002
	0.010
	0.002
	0.061
	0.020
	0.010
	0.013
	0.018
	0.009
	0.003
	0.010
	-0.004
	0.000
	-0.001

	FLB
	0.006
	0.006
	0.005
	0.001
	0.000
	0.009
	0.027
	0.004
	0.005
	0.002
	0.010
	0.005
	0.004
	-0.003
	-0.001
	0.002

	NT/M
	0.002
	0.002
	0.001
	0.003
	0.001
	-0.006
	-0.006
	-0.037
	0.001
	-0.006
	0.003
	-0.001
	-0.008
	-0.003
	-0.002
	0.003

	SL
	0.003
	0.002
	0.004
	-0.003
	0.003
	-0.003
	-0.002
	0.000
	-0.013
	0.000
	-0.007
	-0.003
	-0.003
	0.000
	-0.001
	0.002

	PL
	0.000
	0.001
	0.001
	0.004
	0.001
	0.007
	0.002
	0.004
	0.000
	0.024
	0.001
	0.002
	0.004
	0.001
	0.002
	0.000

	NS/S
	0.007
	0.006
	0.005
	0.007
	-0.003
	0.006
	0.016
	-0.003
	0.022
	0.003
	0.043
	0.016
	0.006
	-0.004
	0.003
	-0.001

	NG/S
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.001
	0.002
	0.000
	0.000
	0.000
	0.000

	BY
	-0.040
	-0.041
	0.056
	0.013
	-0.049
	0.124
	0.124
	0.163
	0.197
	0.117
	0.108
	0.100
	0.763
	0.096
	0.036
	0.122

	GFD
	0.064
	0.072
	-0.012
	-0.002
	0.005
	0.007
	0.010
	-0.008
	-0.001
	-0.005
	0.009
	0.002
	-0.012
	-0.099
	-0.020
	-0.014

	HI
	-0.052
	-0.058
	0.025
	-0.032
	0.017
	-0.002
	-0.013
	0.024
	0.028
	0.037
	0.031
	0.037
	0.018
	0.079
	0.383
	0.052

	TGW
	-0.006
	-0.006
	0.008
	-0.001
	0.018
	-0.001
	0.007
	-0.008
	-0.011
	0.000
	-0.002
	0.008
	0.014
	0.012
	0.012
	0.085

	r with GY
	-0.028
	-0.061
	0.138*
	-0.082
	0.054
	0.172**
	0.176**
	0.158*
	0.214**
	0.174**
	0.192**
	0.174**
	0.802**
	0.168*
	0.442**
	0.272**


Residual effect = 0.0167

Table 6. Path coefficient analysis indicating direct (diagonal and bold) and indirect effects (off diagonal) of different physiological and quality traits on grain yield in wheat genotypes
	Traits
	CTD 1
	CTD 2
	RWC
	CC
	GC
	SV
	CP
	HW

	CTD 1
	0.138
	0.017
	-0.013
	-0.02
	-0.006
	-0.002
	-0.003
	-0.005

	CTD 2
	0.004
	0.035
	-0.005
	-0.003
	-0.001
	-0.001
	-0.002
	0.002

	RWC
	-0.007
	-0.01
	0.074
	0.021
	0.007
	0.002
	0.004
	0.01

	CC
	-0.022
	-0.011
	0.042
	0.149
	0.035
	0.015
	0.028
	-0.021

	GC
	-0.026
	-0.009
	0.061
	0.144
	0.603
	0.429
	0.486
	-0.032

	SV
	0.004
	0.014
	-0.01
	-0.037
	-0.263
	-0.37
	-0.32
	0.00

	CP
	0.012
	0.039
	-0.034
	-0.106
	-0.462
	-0.496
	-0.574
	0.057

	HW
	-0.004
	0.006
	0.017
	-0.018
	-0.007
	0.00
	-0.013
	0.127

	r with GY
	0.099
	0.082
	0.133*
	0.13*
	-0.093
	-0.423**
	-0.394**
	0.139*


Residual effect: 0.609
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