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Trait Association and Path Analysis for Yield Attributes in Wheat (Triticum aestivum L.) under Central Indian Conditions
Abstract
Development of wheat varieties suitable for late planting permitted rice-wheat rotation, thus breeding for early maturity varieties suitable for different dates of planting may be an important objective in many cases. Modifications of agronomical characteristics such as grain yield, plant height, tillering ect.  is often desirable, for example dwarf-ness in cereals is generally associated with logging resistance and fertilizer responsiveness. The present study aimed to investigate the genetic improvement of yield and its contributing characters in wheat (Triticum aestivum L.) through correlation and path coefficient analyses. A total of 65 genotypes, including 5 male parents, 10 female parents, and 50 hybrids developed via Line × Tester mating design, were evaluated during the rabi seasons of 2019–20 and 2020–21 at Zonal Agricultural Research Station, Powarkheda (Narmadapuram), Madhya Pradesh. The experiment was laid out in a Randomised Block Design (RBD) with three replications across 195 plots. Data were recorded on yield and yield-associated traits. Genotypic and phenotypic correlation coefficients were computed and path coefficient analysis was performed, considering grain yield per plant as the dependent variable. Correlation analysis revealed significant positive associations of grain yield per plant with traits such as number of grains per plant, spikelets per spike, grain weight per spike, spike weight, and 1000-grain weight, suggesting their importance in yield enhancement. Conversely, traits like days to 50% heading and peduncle length showed negative correlations with grain yield. Path coefficient analysis identified the number of spikelets per spike, number of grains per spike, grain weight per spike, spike weight, and biological yield per plant as the most influential traits with high positive direct effects on grain yield. While certain traits like days to maturity, peduncle length, and harvest index per spike exhibited negative direct effects, their indirect contributions through key yield components were variable. The findings emphasise that prioritising spikelets per spike, grains per spike, grain weight per spike, and biological yield per plant in selection strategies can effectively enhance yield potential in wheat. These insights provide a robust genetic framework for breeders aiming to develop high-yielding, resource-efficient wheat genotypes suited to diverse agro-climatic zones.
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1. Introduction
[bookmark: _GoBack]“Knowledge of the existing variation and the extent of association  among  yield  contributing characters  are  essential  for  the  development  of high yielding cultivars. Correlation studies merely quantify  the  relationship  between  yield  and  its related  attributes  without  providing  the  extent  of yield dependence on the correlated factors. Path coefficient  analysis  measures  the  direct  effect  of a  predictor  variable  upon  its  response  variable and  the  second  component  being  the  indirect effect(s) of a predictor variable” (Regar et al., 2023; Singh et al., 2023). “Wheat (Triticum aestivum L.) is a self-pollinated crop that belongs to family Gramineae. It is widely grown all over the world as a food crop. Wheat is third most produced cereal in the world after rice and maize. China is the world’s largest producer of wheat which has produced more than 2.4 billion tonnes of wheat in the last 20 years, around 17% of the total wheat production. Russia is the largest exporter of wheat in the world, which exported more than 7.3 billion tonnes of wheat in 2021 Anonymous (a) 2022-23. The top 10 wheat-producing countries in the world are China, India, Russia, United States, France, Canada, Germany, Pakistan, Australia and Ukraine Anonymous (b) 2022-23. Every month of the year wheat is harvested somewhere in the world as food crop. In India, wheat is extensively cultivated in North West India, Eastern part, Central plain to some extent Southern peninsular zone. The top wheat-producing states in the India are Uttar Pradesh, Punjab, Madhya Pradesh, Haryana, Rajasthan, Bihar, Gujarat, Maharashtra, West Bengal and Uttarakhand. Genus Triticum includes many wild species namely T. monococcum, T. speltoides, T. comosum, T. umbellulatum, T. tauschii, T. dichasian, T. dicoccoides, T. araraticum, T. ovatum, T. kotschyi, T. cylindricum, T. juvenile etc. some of these species may be found in cultivation today at Lebanan, Syria, northern Israel, Iraq and eastern Turkey. In early agriculture, several species of wheat were in cultivation, but in modern agriculture, only T. aestivum L. (common wheat) and T. turgidum L. (durum wheat) are important” (Gupta 2010). “In India, only three species of wheat viz., Tritium aestivum (Bread wheat), Triticum turgidum var. Durum (Durum wheat) and Triticum dicocum (emmer wheat) are of economic importance. Triticum aestivum and T. durum cover 90% and 9% of the total area of wheat, respectively. T. Dicoccum and T. monococcum are collectively cover only less   than 1% of the total   area of wheat. All the known species of wheat are grouped under three major polyploidies viz., diploid (2n=2x=14), tetraploid (2n=4x=28) and hexaploid (2n=6x=42). It involves three genomes, A, B and D, out of which genome ‘A’ is derived from einkorn wheat (T. urartu), ’B’ is form Aegilops speltoides & genome ‘D’ belong to a weedy grass Aegilops tauschii. Understanding the relationship between yield and its contributing traits is critical for breeders. It enables them to assess and improve multiple traits simultaneously. While correlation reveals associations between traits, it doesn't explain cause and effect. Path analysis, on the other hand, investigates how traits influence each other. This approach provides more insights into trait interactions, allowing breeders to make better judgements when selecting traits for wheat improvement for terminal heat tolerance” (Uttej et al., 2024). “Genetics of morphological traits facilate the breeder to use the efficient breeding bearing inner potential to stabilized the yield productivity in varying environment. The genetic research done for yield improvement in wheat revealed that the grain yield in this crop is mainly determined by component traits, which are highly complex and variable. Change in maturity duration permits new crop rotations and often extends the crop area. Development of wheat varieties suitable for late planting permitted rice-wheat rotation; thus, breeding for early maturity varieties suitable for different dates of planting may be an important objective in many cases. Modifications of agronomical characteristics such as grain yield, plant height, tillering etc. is often desirable, for example dwarf-ness in cereals is generally associated with logging resistance and fertilizer responsiveness. Development of higher-yield varieties has permitted its cultivation in new areas. Genetic improvement for quantitative traits depends on the nature and amount of variability present in the genetic material and the extent to which the desirable traits are heritable” (Namrata et al., 2016). “The knowledge about genetic variability of yield contributing characters, inter relationship among them and their relation with yield are necessary for an effective crop improvement programme” (Nayak et al., 2016). “The genetic variability could be determined with the help of genetical parameters such as Genetic Coefficient of Variation (GCV), heritability estimates and genetic advance (GA). GCV indicates the relative degree of genetic variability existing for different characters in a population of genotypes. Knowledge about heritability helps the breeders to predict the nature of the succeeding generation, to make an appropriate selection and to assess the magnitude of genetic improvement through selection” (Tuhina Khatun et al., 2015). “In addition, high genetic advance coupled with high heritability offers the most effective condition for selection for a particular trait” (Larik and Rajput, 2000). Heritability estimates provide the information on the proportion of variation that is transmissible to the progenies in subsequent generations. Genetic advance provides information on expected genetic gain resulting from selection of superior individuals. The present study aimed to investigate the genetic improvement of yield and its contributing characters in wheat (Triticum aestivum L.) through correlation and path coefficient analyses.
Material and Methods
The present investigation was conducted at the Zonal Agricultural Research Station, Powarkheda, Hoshangabad (M.P.) during the rabi seasons of 2019–20 and 2020–21. The study involved 65 genotypes comprising 5 male parents, 10 female parents, and 50 hybrids developed through a Line × Tester mating design. The experimental design followed was a Randomized Block Design (RBD) with three replications, totalling 195 plots. Each plot measured 1.5 m² with a spacing of 5 cm between plants and 20 cm between rows, and sowing was done at a depth of 3–5 cm. Hoshangabad, now known as Narmadapuram, is located in Madhya Pradesh at 22.75°N and 77.72°E, with an elevation of 278 m. The district experiences a typical central Indian climate hot and dry summers with temperatures reaching 40-42°C, followed by a monsoon season and mild winters. The average annual rainfall is around 134 cm. The simple correlation between different characters at genotypic and phenotypic levels was worked out between characters as suggested by Al-Jibouri et al. (1958). Path coefficient analysis was carried out following Dewey and Lu (1959). Seed yield was assumed to be a dependent variable (effect), which is influenced by all nine characters, the independent variable (causes), directly as well as indirectly through other characters.
Results and Discussions
The Correlation coefficient analysis is a statistical method used to determine the degree and direction of association between two or more traits, represented by the correlation coefficient ‘r’. A positive value of ‘r’ indicates that the traits change in the same direction i.e., an increase in one trait is associated with an increase in the other, and vice versa. The association between traits that can be directly observed is termed phenotypic correlation and encompasses both genotypic and environmental effects. Consequently, it may vary under different environmental conditions. On the other hand, genotypic correlation represents the heritable association between traits, resulting either from the pleiotropic effects of genes or due to linkage, or both. When the correlation remains unchanged in both parental and segregating populations, pleiotropy is considered responsible. Conversely, if the correlation values change in segregating generations, it indicates linkage. Positive correlations among desirable traits assist breeders in selection, while negative correlations may hinder the simultaneous improvement of traits. In this study, phenotypic and genotypic correlation coefficients were estimated among all possible combinations of characters using the data from all genotypes.
The phenotypic correlation analysis revealed the following relationships: Days to 50% heading had a significant negative correlation with peduncle length (-0.3445*), suggesting that early-heading genotypes tend to have shorter peduncles. It showed weak positive correlations with seed weight (0.0955) and grain weight per spike (0.1015). Days to maturity had highly significant positive correlations with peduncle length (0.5617**) and spike length (0.4824**), highlighting its contribution to reproductive development, but a moderate negative correlation with grain yield per plant (-0.1589). Plant height was positively correlated with biological yield per plant (0.3362*) and number of effective tillers per plant (0.5617**), but negatively with spike length (-0.0594) and grains per spike (-0.1375). Number of leaves per plant exhibited highly significant negative correlations with number of effective tillers per plant (-0.7346**), spike length (-0.6757**), and spikelets per spike (-0.299*), but a moderately positive correlation with grain yield per plant (0.2998*). Number of effective tillers per plant had strong positive correlations with spike length (0.9378**), spikelets per spike (0.3695**), and grain yield per plant (0.2998*), but was negatively correlated with number of leaves per plant (-0.7346**). Peduncle length correlated highly positively with spike length (0.5298**) and days to maturity (0.5617**), but weakly negatively with grain yield per plant (-0.1959). Spike length showed a negative correlation with grain yield per plant (-0.284*), though it had strong positive associations with peduncle length (0.5298**) and spikelets per spike (0.3129*). Number of spikes per length was positively correlated with number of effective tillers (0.9378**) and spikelets per spike (0.3675**), but weakly negatively associated with grain yield per plant (-0.2095). Spikelets per spike showed a strong positive correlation with grain yield per plant (0.554**), grain weight per spike (0.9339**), and spike weight (0.9349**). Spike weight was significantly correlated with grain yield per plant (0.7253**), grain weight per spike (1.0002**), and spikelets per spike (0.9349**). Number of grains per spike had strong positive associations with grain yield per plant (0.5223**), spikelets per spike (0.9987**), and grain weight per spike (0.9228**). Number of grains per plant showed highly significant positive correlations with grain yield per plant (0.892**) and spike weight (0.7468**), but weak negative correlations with spike length (-0.3141*) and grain weight per spike (-0.1208). The 1000-grain weight had significant positive correlations with grain yield per plant (0.5934**), grain weight per spike (0.2576), and spike weight (0.2554), but a negative correlation with number of grains per spike (-0.1208), suggesting a compensatory relationship between grain size and grain number. Grain weight per spike exhibited highly significant positive correlations with grain yield per plant (0.7271**), spikelets per spike (0.9339**), spike weight (0.9999**), and harvest index per spike (0.9895**), confirming its critical role in yield. Biological yield per plant showed a strong positive correlation with grain yield per plant (0.8084**), but a moderate negative correlation with harvest index (-0.5839**), indicating a biomass-yield trade-off. Harvest index per spike had a strong correlation with grain yield per plant (0.7293**) and grain weight per spike (0.9895**), reinforcing its role in yield efficiency. However, harvest index (%) showed a weak negative correlation with grain yield per plant (-0.0638), suggesting a limited direct influence on yield improvement (table 01).
Present findings are in support of Patil and Jain (2002) reported that grain yield was highly significantly and positively correlated with number of tillers per plant and number of kernel per spike. Jat and Dhakar (2003) found that grain yield in wheat was positively correlated with effective tillers/m row length, grains/spikes, t weight and grains/spikelets. Singh et al., (2003) observed that grain yield had a significant positive correlation with plant height and 1000-grain weight. Akram et al., (2008) revealed a positive correlation in case of the number of spikelet per spike, the number of grains per spike and 1000-grain weight with grain yield at both genotypic and phenotypic levels. Rangare et al., (2010) reported positive and significant correlation of grain yield with effective tillers per plant, grains per spike, spike length and 1000 grain weight both at genotypic and phenotypic levels. Tripathi et al., (2011) observed grain yield is positively and significantly associated with plant height, spike length, number of grains per spike, 1000 grain weight and biological yield. Baloch et al. (2013) indicated that tillers per plant, spike length, spikelets per spike, number of grains per spike and harvest index were significantly and positively correlated with grain yield per plant. Gelalcha and Hanchinal (2013) showed the genotypic as well as phenotypic correlation between grain yield. 
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Table 1	Estimation of phenotypic correlation coefficient between grain yield and its components in wheat
	Traits
	DTH
	DTM
	PH
	NLPP
	NETPP
	PL
	SL
	NSPP
	NSPS
	NGPS
	NGPP
	TSW
	GWPS
	SW
	HIPS
	BYPP
	HI
	GYPP

	DTH
	1
	-0.1218
	-0.1653
	-0.0634
	-0.095
	-0.1328
	-0.3445*
	-0.11
	0.0815
	0.0747
	0.0314
	0.0427
	0.0955
	0.1015
	0.07
	0.0296
	-0.0897
	0.0373

	DTM
	
	1
	0.1295
	-0.1752
	0.1658
	0.2642
	0.182
	0.212
	0.0574
	0.0615
	-0.0321
	-0.2519
	-0.0334
	-0.0342
	-0.0179
	-0.1063
	-0.0179
	-0.1589

	PH
	
	
	1
	0.2674
	-0.1253
	0.5617**
	0.4824**
	0.0212
	-0.0458
	-0.0594
	-0.1375
	0.2016
	0.0238
	0.0286
	0.0116
	-0.1114
	0.3362*
	0.0052

	NLPP
	
	
	
	1
	-0.7346**
	0.0577
	0.0118
	-0.6757**
	-0.299*
	-0.3321*
	0.0776
	0.534**
	-0.1046
	-0.1075
	-0.1223
	0.1753
	0.0796
	0.2998*

	NETPP
	
	
	
	
	1
	0.1024
	0.2372
	0.9378**
	0.3423*
	0.3695**
	0.0496
	-0.4913**
	0.1375
	0.1387
	0.1674
	-0.0438
	-0.1106
	-0.1859

	PL
	
	
	
	
	
	1
	0.5298**
	0.1949
	-0.0471
	-0.0447
	-0.2531
	0.0144
	-0.051
	-0.0453
	-0.0459
	-0.1927
	0.1018
	-0.1959

	SL
	
	
	
	
	
	
	1
	0.3129*
	-0.0745
	-0.0657
	-0.3141*
	-0.1216
	-0.104
	-0.1017
	-0.084
	-0.2456
	0.1623
	-0.284*

	NSPP
	
	
	
	
	
	
	
	1
	0.3675**
	0.3989**
	0.017
	-0.478**
	0.1653
	0.1681
	0.1935
	-0.1032
	-0.0783
	-0.2095

	NSPS
	
	
	
	
	
	
	
	
	1
	0.9987**
	0.7166**
	-0.095
	0.9339**
	0.9349**
	0.9359**
	0.418**
	0.0056
	0.554**

	NGPS
	
	
	
	
	
	
	
	
	
	1
	0.6941**
	-0.1208
	0.9228**
	0.9241**
	0.9275**
	0.3874**
	0.0102
	0.5223**

	NGPP
	
	
	
	
	
	
	
	
	
	
	1
	0.1755
	0.7285**
	0.7272**
	0.7468**
	0.7925**
	-0.1879
	0.892**

	TSW
	
	
	
	
	
	
	
	
	
	
	
	1
	0.2576
	0.2554
	0.245
	0.3622**
	0.1365
	0.5934**

	GWPS
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.9999**
	0.9895**
	0.4968**
	0.0842
	0.7271**

	SW
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.9895**
	0.495**
	0.0843
	0.7253**

	HIPS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.5107**
	0.0735
	0.7293**

	BYPP
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	-0.5839**
	0.8084**

	HI
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	-0.0638

	GYPP
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1


DTH - Days to 50% Heading, DTM - Days to Maturity, PH - Plant height, NLPP - Number of leaves per plant, NETPP - Number of effective tillers per plant, PL - Peduncle length, SL - Spike length, NSPL - Number of spike per length, NSPS - Number of spikelets per spike, NGPS - Number of grain per spike, NGPP - Number of grain per plant, TSW - 1000 Seed weight, GWPS - Grain weight per spike, SW - Spike weight, HIPS - Harvest index per spike, BYPP - Biological yield per plant, HI - Harvest index (%), GYPP - Grain yield per plant
and other yield components such as number of tillers per plant, number of spikes per square meter, number of grains per spike, total biomass per plant, harvest index and 1000 kernel weight were highly significant. Singh et al., (2015) showed that plant height exhibited a positive correlation with hectoliter weight and tiller per plant showed a positive correlation with yield per plant.
Path coefficient analysis is a useful statistical tool to partition the correlation coefficients into direct and indirect effects, thus providing a clearer understanding of how various traits influence grain yield per plant. The genotypic path coefficient analysis revealed that days to 50% heading showed a negligible negative direct effect (-0.0091) on grain yield, though it positively influenced yield via number of grains per spike (0.1498) and negatively through grains per plant (-0.1234) and harvest index per spike (-0.1165). Similarly, days to maturity also had a negative direct effect (-0.0344), with a positive indirect contribution through spikelets per spike (0.1053), but was countered by negative effects from grain weight per spike (-0.0405) and seed weight (-0.1196). Plant height exerted a small negative direct effect (-0.0234), though it influenced yield positively via grains per spike (0.0981) and spike length (0.0243). The number of leaves per plant had a moderate negative direct effect (-0.0827), but contributed substantially to yield through grains per spike (0.5484) and seed weight (0.2535), indicating the importance of maintaining an optimal leaf canopy. The number of effective tillers per plant exhibited a strong negative direct effect (-0.1028) yet was important due to its positive contributions through spikelets per spike (0.6288), despite negative indirect effects through grains per spike (-0.6102). Peduncle length had a minimal positive direct effect (0.0014), but mostly negative indirect effects, especially through grains per spike (-0.0865) and grain weight per spike (-0.0619). Spike length had a moderate positive direct effect (0.0503) and a positive influence via grains per spike (0.1085), though counteracted by a negative impact through grain weight per spike (-0.1263). The number of spikes per length showed a strong positive direct effect (0.0701), contributing significantly via spikelets per spike (0.6750) despite some negative indirect influence through grains per spike (-0.6586). Among all traits, number of spikelets per spike exhibited the highest direct effect (1.8369), contributing through grains per spike (-1.6491) and grain weight per spike (1.1339), followed closely by number of grains per spike (1.8345), which also contributed via grains per plant (0.5268) and grain weight per spike (1.1204). The number of grains per plant had a significant direct effect (0.7590) and notable indirect effects via grains per spike (-1.1461) and grain weight per spike (0.8846). 1000 grain weight had a moderate positive direct effect (0.4746), supported by positive effects through grain weight per spike (0.3128). Grain weight per spike and spike weight both showed high direct effects (1.2142 and 1.2145, respectively), underlining their importance in yield formation. Harvest index per spike had a moderate negative direct effect (-0.2437) but contributed positively through grain weight per spike (1.2015). Biological yield per plant showed a moderately positive direct effect (0.8084), with indirect support from grain weight per spike (0.6032), indicating its central role in yield improvement. Harvest index (%) showed a minimal direct effect (0.0663) but slight positive contributions through seed weight (0.0648) and grain weight per spike (0.1023). Overall, number of spikelets per spike, number of grains per spike, grain weight per spike, and biological yield per plant emerged as the most influential traits for improving grain yield and should be prioritised in selection and breeding programs. In contrast, traits like days to maturity and peduncle length, which had minimal or negative effects, should be cautiously approached in yield improvement strategies. This comprehensive understanding provides a sound basis for developing high-yielding genotypes tailored for diverse agro-ecological environments, thus strengthening the genetic foundation for sustainable crop improvement. Singh and Dwivedi (2002) observed that biological yield per plant had the maximum direct effect on grain yield per plant followed by harvest index. Patel and Jain (2002) observed a negative direct effect on yield for number of spikelet per spike. Singh et al., (2003) reported that biological yield per plant, grains per spikes, 1000 grain weight and effective tillers per plant had a positive and higher direct effect on grain yield per plant. Aycicek and Yildirim (2006) found a positive direct effect of plant height and grain weight per spike and a negative direct effect of time to heading on grain yield. Chander and Singh (2008) revealed that biological yield and harvest index exhibited high positive direct effects on grain yield. Anwar et al., (2009) reported that days to maturity and tillers plant-1 had a positive direct effect on grain yield per plant. Mollasadeghi et al., (2011) showed that number of grain per spike, 1000 grain weight and biological yield had the most direct and positive effect on grain yield. Bhushan et al., (2013) Path analysis showed that harvest index had the highest direct positive effect on grain yield followed by biological yield, productive tillers per plant and test weight thereby indicating that these were main contributors to the grain yield. Fellahi et al., (2013) revealed that the highest positive direct effects on grain yield per plant were exhibited by plant height, followed by harvest index and number of grains per spike. Kumar et al., (2014) observed that harvest index and biological yield exhibited the highest positive direct effect on grain yield. These results are in agreement with the findings of the present investigation.
Table 2: Estimation of path coefficients of the characters affecting grain yield per plant in wheat
	Traits 
	DTH
	DTM
	PH
	NLPP
	NETPP
	PL
	SL
	NSPP
	NSPS
	NGPS
	NGPP
	TSW
	GWPS
	SW
	HIPS
	BYPP
	HI 
	GYPP

	DTH
	-0.0091
	0.0042
	0.0039
	0.0052
	0.0098
	-0.0002
	-0.0173
	-0.0077
	0.1498
	-0.1234
	0.0238
	0.0202
	0.1159
	-0.1165
	-0.0171
	0.0017
	-0.0059
	0.0373

	DTM
	0.0011
	-0.0344
	-0.0030
	0.0145
	-0.0170
	0.0004
	0.0092
	0.0149
	0.1053
	-0.1015
	-0.0244
	-0.1196
	-0.0405
	0.0393
	0.0044
	-0.0063
	-0.0012
	-0.159

	PH
	0.0015
	-0.0044
	-0.0234
	-0.0221
	0.0129
	0.0008
	0.0243
	0.0015
	-0.0841
	0.0981
	-0.1043
	0.0957
	0.0289
	-0.0329
	-0.0028
	-0.0066
	0.0223
	0.0052

	NLPP
	0.0006
	0.0060
	-0.0063
	-0.0827
	0.0755
	0.0001
	0.0006
	-0.0474
	-0.5493
	0.5484
	0.0589
	0.2535
	-0.1270
	0.1235
	0.0298
	0.0103
	0.0053
	0.2998

	NETPP
	0.0009
	-0.0057
	0.0029
	0.0607
	-0.1028
	0.0001
	0.0119
	0.0658
	0.6288
	-0.6102
	0.0377
	-0.2332
	0.1669
	-0.1592
	-0.0408
	-0.0026
	-0.0073
	-0.186

	PL
	0.0012
	-0.0091
	-0.0131
	-0.0048
	-0.0105
	0.0014
	0.0267
	0.0137
	-0.0865
	0.0738
	-0.1921
	0.0068
	-0.0619
	0.0521
	0.0112
	-0.0114
	0.0067
	-0.196

	SL
	0.0031
	-0.0063
	-0.0113
	-0.0010
	-0.0244
	0.0007
	0.0503
	0.0220
	-0.1369
	0.1085
	-0.2384
	-0.0577
	-0.1263
	0.1168
	0.0205
	-0.0145
	0.0108
	-0.284

	NSPP
	0.0010
	-0.0073
	-0.0005
	0.0559
	-0.0964
	0.0003
	0.0158
	0.0701
	0.6750
	-0.6586
	0.0129
	-0.2269
	0.2007
	-0.1930
	-0.0472
	-0.0061
	-0.0052
	-0.21

	NSPS
	-0.0007
	-0.0020
	0.0011
	0.0247
	-0.0352
	-0.0001
	-0.0038
	0.0258
	1.8369
	-1.6491
	0.5439
	-0.0451
	1.1339
	-1.0733
	-0.2281
	0.0247
	0.0004
	0.554

	NGPS
	-0.0007
	-0.0021
	0.0014
	0.0275
	-0.0380
	-0.0001
	-0.0033
	0.0280
	1.8345
	-1.6512
	0.5268
	-0.0573
	1.1204
	-1.0610
	-0.2260
	0.0229
	0.0007
	0.5223

	NGPP
	-0.0003
	0.0011
	0.0032
	-0.0064
	-0.0051
	-0.0003
	-0.0158
	0.0012
	1.3163
	-1.1461
	0.7590
	0.0833
	0.8846
	-0.8349
	-0.1820
	0.0468
	-0.0125
	0.892

	TSW
	-0.0004
	0.0087
	-0.0047
	-0.0442
	0.0505
	0.0000
	-0.0061
	-0.0335
	-0.1744
	0.1995
	0.1332
	0.4746
	0.3128
	-0.2932
	-0.0597
	0.0214
	0.0090
	0.5934

	GWPS
	-0.0009
	0.0011
	-0.0006
	0.0086
	-0.0141
	-0.0001
	-0.0052
	0.0116
	1.7155
	-1.5237
	0.5529
	0.1223
	1.2142
	-1.1484
	-0.2411
	0.0293
	0.0056
	0.7271

	SW
	-0.0009
	0.0012
	-0.0007
	0.0089
	-0.0143
	-0.0001
	-0.0051
	0.0118
	1.7172
	-1.5260
	0.5519
	0.1212
	1.2145
	-1.1481
	-0.2411
	0.0292
	0.0056
	0.7253

	HIPS
	-0.0006
	0.0006
	-0.0003
	0.0101
	-0.0172
	-0.0001
	-0.0042
	0.0136
	1.7191
	-1.5315
	0.5668
	0.1163
	1.2015
	-1.1360
	-0.2437
	0.0301
	0.0049
	0.7293

	BYPP
	-0.0003
	0.0037
	0.0026
	-0.0145
	0.0045
	-0.0003
	-0.0124
	-0.0072
	0.7679
	-0.6396
	0.6014
	0.1719
	0.6032
	-0.5683
	-0.1245
	0.0590
	-0.0387
	0.8084

	HI 
	0.0008
	0.0006
	-0.0079
	-0.0066
	0.0114
	0.0001
	0.0082
	-0.0055
	0.0102
	-0.0169
	-0.1426
	0.0648
	0.1023
	-0.0967
	-0.0179
	-0.0344
	0.0663
	-0.064


DTH - Days to 50% Heading, DTM - Days to Maturity, PH - Plant height, NLPP - Number of leaves per plant, NETPP - Number of effective tillers per plant, PL - Peduncle length, SL - Spike length, NSPL - Number of spike per length, NSPS - Number of spikelets per spike, NGPS - Number of grain per spike, NGPP - Number of grain per plant, TSW - 1000 Seed weight, GWPS - Grain weight per spike, SW - Spike weight, HIPS - Harvest index per spike, BYPP - Biological yield per plant, HI - Harvest index (%), GYPP - Grain yield per plan
Conclusion
The study revealed that key traits such as the number of spikelets per spike, number of grains per spike, grain weight per spike, and the biological yield per plant had strong positive correlations and direct effects on grain yield in wheat, making them crucial for selection in breeding programs. Conversely, traits like days to maturity, peduncle length, and number of effective tillers per plant showed weak or negative effects on yield and should be considered cautiously. A trade-off between grain size and number was observed, indicating the need for balanced trait selection. Overall, correlation and path analysis proved valuable for identifying yield-contributing traits and guiding effective breeding strategies.
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