Studies of genetic correlation and path coefficient analysis between yield and yield attributing traits in biofortified lines of wheat (Triticum Aestivum L.)


Abstract
The present investigation was conducted at Student Instructional Farm (SIF) of Acharya Narendra Deva University of Agriculture and Technology, Kumarganj, Ayodhya during Rabi 2023-24 and 2024-25 in Augmented Design with the objective to study correlation and path coefficient analysis for yield contributing traits and grain zinc and iron concentration in 50 biofortified lines of of wheat along with three checks.  All the recommended packages of practices were followed to raise a good crop. The study on wheat revealed significant correlations among traits influencing yield. Days to 50% flowering correlated positively with spike length but negatively with yield, while days to maturity showed similar negative effects. Plant height was positively linked with peduncle length and grain weight per spike but negatively with tillers per plant. Grains per spike, harvest index, and biological yield showed strong positive associations with grain yield, confirming their importance as yield determinants. Path analysis indicated harvest index and biological yield had the strongest direct effects, while spikelets per spike and other traits acted indirectly. Longer maturity reduced yield. Prioritizing harvest index, biological yield, and spikelets per spike can enhance wheat productivity. Hence, these traits can be considered as important attributes for suitable selection criteria for both direct and indirect selection.
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Introduction: 
Wheat is the one of the most important staple crop at global level that contribute nearly 20% to fulfill the daily food requirement of world (Reynold et al.,2012). In India, wheat is cultivated on around 31.23 million hectares, yielding a production of 112.92 million tonnes with a productivity of 36.15 q/ha. In India Uttar Pradesh holds first rank in wheat production 33.61 million tonnes from an area of 9.5 million hectares, with a productivity of 38.40 q/ha (DES, MoA&FW, India 2023-24). It provides essential nutrients to about 40% of the global population. Wheat has played a crucial role in human diets since ancient times. Its protein content is approximately 12.1%, along with 1.8% lipids, 1.8% ash, 2.0% reducing sugars, 6.7% pentosans, 59.2% starch, 70% total carbohydrates, and 314 kilocalories per 100 grams, making it a significant source of energy (Lavkush et al., 2022). However, from the starting of the 21st century a number of cases of hidden hunger and micronutrient deficiency due to zinc and iron has been reported (WHO, 2017). To combat this by ensuring food and nutrition security for poorer section of the world biofortification is a sustainable approach (Bouis et al., 2011). Biofortification refers to the process of breeding crops with the goal of improving their nutritional content in a cost-effective and sustainable way (Valenca et al., 2017).  This process can involve either conventional plant breeding (White and Broadley, 2008) and recombinant DNA technology (Zimmermann and Hurrell, 2002). Being the 2nd most important crop in India bio-fortification of wheat plays a crucial role in reducing hidden hunger by developing improved cultivars with enhanced nutritional status achieved through increased uptake, mobilization and translocation of zinc and iron to the edible parts.  Yield being a complex trait is governed by a large number of genes and it depends on plant genotype and its interaction with environment (Khatab et al., 2016). The influence of each trait on yield could be known through correlation studies with a view to determine the extent and nature of relationships prevailing among yield and yield attributing traits. Path analysis is a multivariate analysis, which deals with a closed system of variables, which are linearly related. Dewey and Lu (1959) firstly employed this method to disentangle the direct and indirect influences of components of seed yield. The path coefficient quantifies the inter relationship among different components and their direct and indirect effect on grain yield. For effective selection of lines for higher yield along with high zinc and iron content, association information of zinc and iron content with yield and other attributing trait is an added advantage.  In this manuscript, character association between micronutrients & yield components in wheat is comprehensively presented to identify traits that are significantly affecting the grain yield and nutrient contents.
Material and Method
	In this present study the experimental material is comprised of 50 biofortified lines of wheat alongwith with three checks namely NW 1014, DBW 187 & DBW 222 which were used to assess correlation and path coefficient analysis for yield contributing traits and grain zinc and iron concentration. The field experiments were conducted in Augmented Design   at Student Instructional Farm (SIF) of Acharya Narendra Deva University of Agriculture and Technology, Kumarganj, Ayodhya during Rabi 2023-24 and 2024-25. The crop was raised following recommended packages of agronomic practices. 
	Observations were recorded on five randomly selected plants from each plot for plant height (cm), spike Length(cm), peduncle length (cm), no. of productive tillers per plant, no. of spikelet per spike, no. of grains per spike, grain weight per spike(gm), 1000 grain weight(gm), biological yield (gm), harvest index, Zn content (ppm) and Fe content (ppm). For days to 50% flowering and days to maturity data were recorded on a plot basis. Grain Zinc and Iron concentration was estimated following non –distructive ED- XRF method.
Results
Correlation coefficient analysis
[bookmark: _yay2aygigh1m]Genotypic and phenotypic correlation among the sixteen quantitative traits of studied wheat genotypes was computed and presented in table 1. Days to 50% flowering showed significant positive association with spike length (0.271) while it showed significant negative correlation with biological yield (-0.293) and grain yield (-0.266). Days to maturity showed significant positive association with plant height (0.266) while it showed significant negative correlation with harvest index (-0.308) and grain yield (-0.346). Plant height showed significant positive association with peduncle length (0.584), grain weight per spike (0.346) and with test weight (0.46) while it showed significant negative correlation with tillers per plant (-0.324) and productive tiller per plant (-0.416). Spike length showed significant positive association with productive tillers per plant (0.287). Peduncle length showed significant positive association with grain weight per spike (0.317), plant height (0.584) and Zn content (0.398). Tillers per plant showed significant positive association with productive tillers per plant (0.729) while it showed significant negative correlation with spikelets per spike (-0.284), plant height, plant height (-0.324) and test weight (-0.358). Productive tillers per plant show significant positive association with tillers per plant (0.729) and spike length (0.287) while it showed negative correlation with plant height (-0.416) and test weight (-0.479). Spikelets per spike showed significant positive association with grains per spike (0.837), harvest index (0.266) and grain yield (0.355) while it showed significant negative correlation with tillers per plant (-0.284). Grains per spike showed significant positive association with harvest index (0.44), grain yield (0.451), spikelets per spike (0.837) and Fe content (0.376). Grain weight per spike showed significant positive association with plant height (0.346), peduncle length (0.317) and test weight (0.33). Test weight showed significant positive association with grain weight per spike (0.33) and with plant height (0.46) while it showed significant negative correlation with tillers per plant (-0.358) and productive tillers per plant (-0.479). Biological yield showed significant positive association with grain yield (0.499) while it showed significant negative correlation with days to 50% flowering (-0.293). Harvest index showed significant positive association with spikelets per spike (0.266), grains per spike (0.44) and grain yield (0.789) while it showed significant negative correlation with days to maturity (-0.307). Grain yield showed significant positive association with spikelets per spike (0.355), grains per spike (0.451), biological yield (0.499) and harvest index (0.789) and it showed significant negative correlation with days to 50% flowering (-0.266) and days of maturity (-0.345).  Fe content showed significant positive association with grains per spike (0.376). Zn content showed significant positive association with peduncle length (0.398).  

Path Coefficient Analysis
Path-coefficient analysis was studied at phenotypic and genotypic level considering grain yield as dependent character and it attributes as independent character. The independent characters were days to 50 % flowering, days to maturity, plant height, spike length, peduncle length, tillers per plant, number of productive tillers per plant, grain weight per spike, spikelets per spike, no. grains per spike, test weight, biological yield, grain yield per plant, harvest index, Fe content & Zn content. The estimates of phenotypic path coefficient for the different traits on the grain yield per plant are presented in table.2. In phenotypic path matrix high direct positive effect on grain yield was shown by biological yield (0.6185) & harvest index (0.8979) and moderate direct positive effect was shown by spikelets per spike (0.2317) while the high direct negative effect was shown by days to maturity (-0.3332). Days to 50 % flowering showed high indirect positive effect on grain yield via biological yield (0.3762) and harvest index (0.3954) while high indirect negative effect on yield via days to maturity (-0.3084).  Days to maturity showed high indirect positive effect on grain yield via biological yield (0.4188) and harvest index (0.3916). Plant height showed highly indirect positive effect with grain yield via biological yield (0.3386) and harvest index (0.3171) while moderate indirect negative effect on yield via days to maturity (-0.2963). Spike length showed high indirect positive effect with grain yield via biological yield (0.4222) and harvest index (0.4822). Peduncle length showed moderate indirect negative effect on yield via biological (0.2806). Tillers per plant showed high indirect positive effect on grain yield via biological yield (0.4027) and showed moderate indirect positive harvest index (0.2147) while moderate indirect negative effect on yield via days to maturity (-0.2248). Productive tillers showed high indirect positive effect on grain yield via biological yield (0.366) and showed moderate indirect positive harvest index (0.2864) while moderate indirect negative effect on yield via days to maturity (-0.2412). Spikelets per spike showed high indirect positive effect on grain yield via biological yield (0.3317) and   harvest index (0.5039) while moderate indirect negative effect on yield via days to maturity (-0.2412). Grains per spike showed high indirect positive effect on grain yield via biological yield (0.3585) and   harvest index (0.5918) and moderate indirect positive effect on grain yield via spikelets per spike (0.2209) while moderate indirect negative effect on yield via days to maturity (-0.2609). Test weight showed high indirect positive effect on grain yield via biological yield (0.3359) and harvest index (0.329) while moderate indirect negative effect on yield via days to maturity (-0.2858). Biological yield showed moderate indirect positive effect on grain yield via harvest index (0.2593) while moderate indirect negative effect on yield via days to maturity (-0.2256). Fe content showed high indirect positive effect on grain yield via biological yield (0.3626) and harvest index (0.4666) while moderate indirect negative effect on yield via days to maturity -0.2649). The indirect effect through other traits were low to negligible. Zn Content showed highly indirect positive effect on grain yield via biological yield (0.3294) and moderate indirect positive via harvest index (0.2295) while moderate indirect negative effect on yield via days to maturity (-0.226).  


Discussion
In the present study on wheat correlation analysis revealed several significant associations among the traits which can guide effective selection in breeding programs. Days to 50% flowering showed a significant positive correlation with spike length suggesting that longer flowering duration may be linked to longer spikes but it negatively correlated with both biological and grain yield, indicating that delayed flowering could reduce yield. Days to maturity was positively associated with plant height but negatively with harvest index and grain yield, aligning with earlier studies that late maturity may reduce harvest efficiency (Ali et al., 2008). Plant height had a strong positive correlation with peduncle length, grain weight per spike and test weight but a negative association with tillers per plant, suggesting competition for resources. Spike length was positively linked with productive tillers while peduncle length showed positive correlation with grain weight per spike and zinc content. Notably, tillers per plant had a very strong positive correlation with productive tillers but a negative one with test weight and spikelets per spike. Grains per spike was positively correlated with harvest index, grain yield and iron content, emphasizing its role in yield improvement. Biological yield and harvest index both had a positive and strong relationship with grain yield which is consistent with findings of (Singh et al., 2013) and (Khan et al., 2015), who reported that these parameters are reliable indicators for high-yielding genotypes. The study confirms that traits like productive tillers, spikelets per spike, grains per spike and harvest index are important for improving yield and nutrient content in wheat. Similar findings were reported by Chandrawat et al., (2017) who observed that grain yield exhibited strong positive correlations with harvest index, biological yield and grains per spike reinforcing the role of these traits as yield determinants. Dholakia et al., (2003) identified strong positive associations of peduncle length with plant height and grain weight per spike similar to the association observe in present study. Similarly, Kumar et al., (2018) also observed that early flowering and maturity had negative correlations with grain yield consistent with the idea that prolonged vegetative phases may not always contribute to yield in certain environments. Bibi et al., (2012) also found a significant positive relationship between grain yield and harvest index, grains per spike and spikelets per spike supporting the idea that these components are key targets in yield improvement. 

The phenotypic path coefficient analysis revealed that harvest index (0.8979) and biological yield (0.6185) had the strongest direct positive effects on grain yield per plant. It indicates their critical role in yield enhancement. Spikelets per spike (0.2317) also showed a considerable direct effect, while traits such as tillers per plant, productive tillers, grains per spike and test weight contributed significantly through indirect effects via harvest index and biological yield. This suggests that improving these traits can indirectly enhance yield by influencing biomass and its partitioning efficiency. In contrast, days to maturity (-0.3332) exerted the highest direct negative effect on yield implying that longer maturity periods may limit yield potential. Traits like days to 50% flowering, plant height and spike length had moderate to low indirect effects primarily through biological yield and harvest index. Additionally, micronutrients like Fe and Zn content showed negligible direct impact but contributed indirectly through their association with other traits. These findings are consistent with earlier studies by Kumar et al., (2019), Sharma et al., (2020) and Meena et al., (2021) who emphasised the importance of biomass production and its efficient partitioning in wheat yield improvement. Therefore, prioritising traits like harvest index, biological yield and spikelets per spike in selection strategies can significantly contribute to developing high-yielding wheat genotypes (Ali et al., 2017; Cakmak, 2008).  Similarly, Sohail et al., (2014) found that spike length, grains per spike and tillers per plant had low direct effects but substantial indirect effects via yield components confirming the importance of indirect contributors. Cakmak (2008) and Singh et al., (2020) emphasised the role of micronutrients like Fe and Zn not through direct yield enhancement but through their contribution to overall plant physiological performance, thus indirectly influencing grain yield.
Conclusion
The study identified important associations among grain yield, yield components, and micronutrient traits in the evaluated biofortified wheat lines. Grain yield showed significant positive correlations with spikelets per spike, grains per spike, biological yield, and harvest index, whereas days to flowering and maturity were negatively associated with yield. Grain iron concentration was positively associated with grains per spike, while zinc concentration showed a positive association with peduncle length. The reported path analysis further indicated strong direct positive effects of harvest index and biological yield on grain yield and a negative direct effect of days to maturity. These observations suggest that harvest index, biological yield, spikelets per spike, and grains per spike may be useful selection criteria for improving grain yield in the evaluated material. Selection involving micronutrient traits should additionally consider their associations with the respective yield components.
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Table 1 Phenotypic Correlation coefficients among the traits under study
	Variables
	DF
	DM
	PH
	SL
	PL
	TPP
	PTPP
	SPS
	GPS
	GWPS
	TW
	BY
	HI
	GY
	Fe C
	Zn C

	DF
	1.0 
	0.216
	0.101
	0.271 *
	0.079
	-0.035
	-0.098 
	0.036
	0.048
	-0.143
	0.104 
	-0.293 *
	-0.080
	-0.266 *
	0.170
	0.011

	DM
	
	1.0 
	  0.266 *
	0.230
	0.140 
	0.130 
	0.077 
	0.112
	-0.107
	-0.180
	0.184 
	-0.150
	-0.307 *
	-0.346 **
	-0.250
	0.237

	PH
	
	
	1.0 
	-0.094 
	0.584 **
	-0.324 *
	-0.416 **
	0.190
	0.137
	0.346 **
	0.460**
	-0.049
	-0.055
	-0.069
	-0.015
	0.254

	SL
	
	
	
	1.0 
	0.086 
	0.194 
	0.287 *
	0.125
	0.096
	-0.088
	-0.171
	-0.083
	0.216
	0.150
	0.010
	0.024

	PL
	
	
	
	
	1.0 
	-0.183 
	-0.157 
	-0.022
	-0.030
	0.317 *
	0.137
	0.095
	-0.127
	-0.040
	0.022
	0.398 **

	TPP
	
	
	
	
	
	1.0 
	0.729 **
	-0.284 *
	-0.088
	-0.229
	-0.358 **
	0.029
	-0.116
	-0.094
	0.142
	-0.010

	PTPP
	
	
	
	
	
	
	1.0 
	-0.231
	-0.146
	-0.232
	-0.479 **
	-0.106
	0.012
	-0.058
	0.061
	-0.066

	SPS
	
	
	
	
	
	
	
	1.0 
	0.837 **
	0.130
	0.191
	0.122
	0.266 *
	0.355 **
	0.253
	0.183

	GPS
	
	
	
	
	
	
	
	
	1.0 
	0.110
	0.130
	0.055
	0.440 **
	0.451 **
	0.376 **
	0.089

	GWPS
	
	
	
	
	
	
	
	
	
	1.0 
	0.330 *
	-0.042
	0.123
	0.100
	0.202
	0.148

	TW
	
	
	
	
	
	
	
	
	
	
	1.0 
	-0.016
	-0.036
	-0.051
	0.017
	0.003

	BY
	
	
	
	
	
	
	
	
	
	
	
	1.0 
	-0.129
	0.499 **
	-0.111
	0.191

	HI
	
	
	
	
	
	
	
	
	
	
	
	
	1.0 
	0.789 **
	0.229
	-0.177

	GY
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0 
	0.138
	-0.013

	Fe C
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0 
	-0.023

	Zn C
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0 



DF: days to 50% flowering, DM: Days to maturity, PH: plant height, SL: Spike length, PL: peduncle length, TPP: tillers per plant, PTPP: productive tillers per plant, SPS: spikelets per spike, GPS: grains per spike, GWPS: grain weight per spike, TW: test weight, BY: biological yield, HI: harvest index, GY: grain yield, Fe content and Zn content
*, **: Significant at ∞ = 0.05 and ∞ = 0.01 respectively.



Table 2 Estimates of direct and indirect effects of independent traits on grain yield 
 

	Traits
	DF
	DM
	PH
	SL
	PL
	TPP
	PTPP
	SPS
	GPS
	GWPS
	TW
	BY
	HI
	Fe C
	Zn C

	DF
	-0.1489
	-0.1378
	-0.1293
	-0.1319
	-0.0888
	-0.0871
	-0.0942
	-0.1125
	-0.1122
	-0.0697
	-0.1232
	-0.0905
	-0.0655
	-0.121
	-0.0889

	DM
	-0.3084
	-0.3332
	-0.2963
	-0.307
	-0.1991
	-0.2248
	-0.2412
	-0.2647
	-0.2609
	-0.1506
	-0.2858
	-0.2256
	-0.1453
	-0.2649
	-0.226

	PH
	0.0002
	0.0002
	0.0003
	0.0002
	0.0002
	0.0001
	0.0001
	0.0002
	0.0002
	0.0001
	0.0002
	0.0001
	0.0001
	0.0002
	0.0002

	SL
	0.01
	0.0103
	0.0091
	0.0112
	0.0066
	0.0072
	0.008
	0.0089
	0.0089
	0.0046
	0.0087
	0.0077
	0.006
	0.0086
	0.0071

	PL
	0.0235
	0.0235
	0.0289
	0.0231
	0.0394
	0.0129
	0.0149
	0.018
	0.0176
	0.0193
	0.0195
	0.0179
	0.0057
	0.0182
	0.0257

	TPP
	0.0086
	0.0099
	0.0073
	0.0095
	0.0048
	0.0147
	0.0127
	0.0061
	0.0072
	0.0023
	0.0066
	0.0096
	0.0035
	0.0089
	0.0066

	PTPP
	-0.0072
	-0.0082
	-0.0059
	-0.008
	-0.0043
	-0.0098
	-0.0113
	-0.0056
	-0.0062
	-0.0019
	-0.0053
	-0.0067
	-0.0036
	-0.0071
	-0.0057

	SPS
	0.1751
	0.184
	0.1711
	0.1828
	0.1057
	0.096
	0.1146
	0.2317
	0.2209
	0.1086
	0.1706
	0.1242
	0.13
	0.1813
	0.1362

	GPS
	-0.1079
	-0.1121
	-0.1028
	-0.114
	-0.0642
	-0.0703
	-0.0783
	-0.1366
	-0.1432
	-0.0601
	-0.1006
	-0.083
	-0.0944
	-0.1153
	-0.0782

	GWPS
	-0.0008
	-0.0008
	-0.0009
	-0.0007
	-0.0008
	-0.0003
	-0.0003
	-0.0008
	-0.0007
	-0.0017
	-0.0009
	-0.0005
	-0.0003
	-0.0007
	-0.0009

	TW
	-0.0219
	-0.0227
	-0.0219
	-0.0205
	-0.0131
	-0.0118
	-0.0125
	-0.0195
	-0.0186
	-0.0137
	-0.0265
	-0.0144
	-0.0097
	-0.0178
	-0.0144

	BY
	0.3762
	0.4188
	0.3386
	0.4222
	0.2806
	0.4027
	0.366
	0.3317
	0.3585
	0.1936
	0.3359
	0.6185
	0.1786
	0.3626
	0.3294

	HI
	0.3954
	0.3916
	0.3171
	0.4822
	0.1302
	0.2147
	0.2864
	0.5039
	0.5918
	0.1798
	0.329
	0.2593
	0.8979
	0.4666
	0.2295

	Fe C
	-0.0324
	-0.0316
	-0.0277
	-0.0306
	-0.0184
	-0.0241
	-0.0249
	-0.0311
	-0.032
	-0.0153
	-0.0268
	-0.0233
	-0.0207
	-0.0398
	-0.0216

	Zn C
	-0.0006
	-0.0006
	-0.0006
	-0.0006
	-0.0006
	-0.0004
	-0.0005
	-0.0006
	-0.0005
	-0.0005
	-0.0005
	-0.0005
	-0.0002
	-0.0005
	-0.0009

	GY
	0.3609
	0.3914
	0.2869
	0.5179
	0.178
	0.3196
	0.3396
	0.5289
	0.6309
	0.195
	0.3009
	0.5926
	0.882
	0.4793
	0.2982



R SQUARE = 0.9927   RESIDUAL EFFECT = 0.0856
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Fig. 1 Phenotypic path diagram showing direct and indirect effect of traits under study on grain yield
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