


Correlation Studies in Bread Wheat (Triticum aestivum L.) varieties for yield and other traits


Abstract

[bookmark: _GoBack]Correlation studies are a key tool for identifying these relationships, enabling indirect selection for yield improvement and helping breeders prioritize traits for heat resilience. The study aims to explore trait variability, their interrelationships, and contributions to yield under heat stress to support the development of high-yielding, heat-tolerant wheat genotypes. This study evaluated 50 wheat genotypes during the 2019–2020 and 2020–2021 Rabi seasons at the Zonal Agricultural Research Station, Pawarkheda, Madhya Pradesh, under three sowing environments designed to impose variable temperature regimes: early (cool conditions), normal (optimal conditions), and late (terminal heat stress). The experiment followed a randomized complete block design with three replications. The study assessed phenotypic correlations among morpho-physiological and yield traits in 50 bread wheat (Triticum aestivum L.) genotypes evaluated under Environment 1. Grain yield per plant showed strong and significant positive correlations with grains per spike (r = 0.721**), number of grains per plant (r = 0.682**), spike length (r = 0.627**), biological yield (r = 0.461**), harvest index (r = 0.745**), and spike weight (r = 0.356**), indicating that yield components and biomass partitioning are major determinants of productivity. Grains per spike also displayed significant positive associations with number of grains per plant (r = 0.697**), spike length (r = 0.572**), and flag leaf area (r = 0.489**). Tillers per plant was strongly correlated with spikes per plant (r = 0.775**), highlighting its importance in determining sink size. Physiological traits showed relevant correlations, with canopy temperature at flowering negatively associated with grain yield (r = –0.246*) and harvest index (r = –0.211*), while chlorophyll content at the vegetative stage was positively correlated with harvest index (r = 0.211*). Flag leaf area showed a significant negative correlation with chlorophyll at the vegetative stage (r = –0.291**). Overall, the correlation structure emphasizes the key role of yield components, biological yield, harvest index, and certain physiological traits in influencing grain yield, providing valuable indicators for selecting high-performing wheat genotypes.
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INTRODUCTION
Wheat (Triticum aestivum L.) is a major cereal crop worldwide, providing a significant portion of human calories and protein (Yassin et al., 2025). Its production, however, is increasingly challenged by climatic stresses, particularly heat stress, which is critical in tropical and subtropical wheat-growing regions (Salam et al., 2025). Elevated temperatures during reproductive and grain-filling stages can accelerate senescence, reduce chlorophyll content, increase canopy temperature, and ultimately lower grain yield.
Breeding for heat-tolerant wheat genotypes is therefore a priority. Success in this effort depends on the presence of genetic variability and a clear understanding of the interrelationships among morpho-physiological and yield traits. Traits such as grains per spike, spike length, thousand-grain weight, tiller number, canopy temperature depression, and chlorophyll retention are known to influence yield under high-temperature conditions (Balmuket al., 2025).
Correlation studies are a key tool for identifying these relationships, enabling indirect selection for yield improvement and helping breeders prioritize traits for heat resilience. The present study evaluated fifty wheat genotypes under early, normal, and late sowing environments at the Zonal Agricultural Research Station, Pawarkheda, Madhya Pradesh. The aim was to explore trait variability, their interrelationships, and contributions to yield under heat stress to support the development of high-yielding, heat-tolerant wheat genotypes.
MATERIALS AND METHODS
Experimental Site and Duration
The present investigation was conducted during Rabi season at the Zonal Agricultural Research Station, Pawarkheda, Narmadapuram, Madhya Pradesh, which functions under Jawaharlal Nehru Krishi Vishwavidyalaya (J.N.K.V.V.), Jabalpur, India. The experimental site is situated at 22°40′ N latitude, 77°43′ E longitude, and an altitude of approximately 302 meters above mean sea level, representing the typical agro-climatic conditions of the central Narmada valley region. The soil of the experimental field was clay loam in texture, slightly alkaline in reaction, medium in organic carbon, and moderately fertile with respect to available nitrogen, phosphorus, and potassium.
Experimental Material and Design
A total of fifty bread wheat (Triticum aestivum L.) genotypes of diverse origin were evaluated for their morpho-physiological responses to varying thermal environments. The experiment was laid out in a randomized complete block design (RCBD) with three replications. Each genotype was sown in a plot consisting of six rows of 2.5 m length with a row-to-row spacing of 20 cm.
All standard agronomic practices were followed to ensure optimal crop growth, including recommended doses of fertilizers (120:60:40 kg N:P₂O₅:K₂O per hectare), timely irrigation, and effective weed and pest control.
1. Pearson Correlation Coefficient (r)
The Pearson correlation measures the linear relationship between two continuous variables. 
Formula: rXY​= Cov(X,Y)​ 
                           σX​σY​ 
Where:
· Cov(X,Y)=∑(Xi−Xˉ)(Yi−Yˉ)
                                n
· is the covariance of X and Y
· σX\sigma_XσX​ and σY\sigma_YσY​ are the standard deviations of X and Y
· nnn is the number of paired observations
2. Genotypic Correlation Coefficient
The genotypic correlation measures the relationship between traits at the genetic level, i.e., how much the genotypes of individuals affect two traits simultaneously.
rg​= Covg​(X,Y)​ 
          Varg​(X)⋅Varg​(Y)​
Where:
· Covg(X,Y) = genotypic covariance between traits X and Y
· Varg(X) = genotypic variance of trait X
· Varg(Y) genotypic variance of trait Y
Observations recorded
A field experiment was conducted to assess the variability and performance of wheat (Triticum aestivum L.) genotypes under four distinct environments. Data were recorded was observed among the 50 wheat (Triticum aestivum L.) varieties for most of the evaluated morpho-physiological and yield-related traits, on germination percentage, date to heading, days to maturity, plant height, tillers per plant, spikelet’s per spike, spikes per plant, grains per spike, number of grains per plant, spike length, spike weight and peduncle length. Analysis of variance (ANOVA) was performed to estimate the significance of differences among genotypes and environments for each trait. The results will help identify stable genotypes in terms of correlation with desirable agronomic and yield characteristics suitable for multi-environment cultivation.
RESULT AND DISCUSSION
Correlation Coefficient Analysis 
The corresponding phenotypic correlation coefficient analyses for 23 yield-contributing traits were computed and presented in the (Table 1).
Germination %
Germination observed a significant and positive association with biological yield (0.476), canopy temperature (0.472) and spike length (0.278), while it showed a negative significant correlation with chlorophyll content (-0.340) and canopy temperature (-0.174). Positively correlated with biological yield, canopy temperature, and spike length because better germination enhances early vigor and growth, but negatively correlated with chlorophyll content and canopy temperature possibly due to resource use for early growth. These results are consistent with the observations of (Kandel,  et al.,2018 and Tiwari  et al.,2019).
Days to 50 % heading
Days to flowering 50 % showed a significant positive correlation with canopy temperature at the flowering stage (0.514), spikelet's / spike (0.336) and canopy temperature at the vegetative stage (0.279). In contrast, it showed a significant negative correlation with peduncle length (-0.407), plant height (-0.362), and spikelets per spike (-0.336). Positively correlated with canopy temperature and spikelets per spike as delayed flowering allows more reproductive development, but negatively correlated with peduncle length, plant height, and spikelets per spike due to competition for nutrition. Similar results were observed by (Arya et al.,2017 and Adhikari et al.,2018).
Days to maturity
Days to maturity showed a significant negative correlation with the number of grains per spike (-0.409), the number of grains per plant (-0.317), biological yield per plant (-0.233) and grain yield per plant gm (-0.222). It showed no positive or significant correlation with any traits. Negatively correlated with grains per spike, grains per plant, biological yield, and grain yield, as extended maturity may lead to sink limitation or stress exposure reducing yield. Similar findings were reported by (Desheva and Cholakov, 2014 and Dangi et al.,2015).
Plant height
Plant height showed a non-significant positive correlation with germination % (0.17), while its negative correlation was observed with days to heading (-0.11). Weak positive correlation with germination % reflects early growth advantage, while negative correlation with days to heading indicates taller plants may flower earlier to avoid stress. These results are in agreement with Meseleet al.,(2015) and Rajput, (2018).
Tillers per plant
Productive tillers per plant showed a negative significant correlation (-0.73) with germination % (0.38) that showed positive, while its negative correlation was observed with days to maturity (-0.20) and days to heading (-0.19). Negative correlation with germination %, days to heading, and days to maturity suggests excessive tillering may reduce individual tiller performance or delay development. Consistent results were observed bySingh and Upadhyay, (2013) and Kandelet al.,(2018).
Spikelet's per spike
Spikelets per spike showed a significant positive correlation with canopy temperature flowering (0.240) and chlorophyll content at the flowering stage 0.227). At the same time, a significant negative correlation was observed between spike per plant (-321), harvest index, and grain yield per plant gm. Positive correlation with canopy temperature and chlorophyll content reflects enhanced reproductive capacity, while negative correlation with spike per plant, harvest index, and grain yield may result from trade-offs between spike size and number.These observations agree with the findings of Joshi et al.,(2004) and Kumar, et al.,(2016).
Spike per plant 
Spike per plant showed a significant positive correlation with canopy temperature flowering (0.237) while showed a significant correlation negative with leaf per plant (-0.340), spike Lenth (-0.224) and number of grains per spike (-0.209). Positive correlation with canopy temperature at flowering may reflect heat-driven reproductive activity, while negative correlation with leaves, spike length, and grains per spike indicates resource competition among traits. Comparable results were documented bySalemet al.,(2008), Pireivatlou et al.,(2011) and Poudel et al.,(2017).
Number of grains per spike
The number of grains per spike had a highly significant negative correlation with days to maturity (-0.409**), tillers per plant (-0.241*), and plant height (-0.039). Negative correlation with days to maturity, tillers, and plant height suggests that prolonged vegetative growth or excessive vegetative biomass can limit grain set. These results support the findings of Desheva and Cholakov (2014) and Dangi et al.,(2015).
Number of grains per plant
Several grains per plant showed a significant and positive correlation with grains/spike (0.711), while showed a highly significant and negative correlation with days to maturity (-0.317) while showing a highly significant and negative correlation with spike per plant (-0.021), germination%(-0.016) and days to heading (-0.046). Positive correlation with grains per spike shows additive yield effect, but negative correlation with maturity, spike per plant, germination %, and days to heading reflects spike number, and early growth vigor. The observations are consistent with those of (Jamil  et al.,2017 and Kandel,  et al.,2018).
Spike length
Spike length showed a highly significant positive correlation (0.62) with germination %. Several grain/plant (0.61) but showed non-significant-significant positive days to 50 % flowering(0.12) and spike/plant (0.05), while days to maturity (-0.113),(0.116) and (0.117) showed a non-significant negative correlation. Positive correlation with germination % and grains per plant indicates that longer spikes support more grains, while weak correlations with other traits reflect minor direct influence. These results corroborate the study byArshad et al.,(2006) and Ajmal et al.,(2009). 
Spike weight 
Spike weight showed a significant positive correlation with the number of grain/plant (0.254*) and the number of grain/spike (0.212*) while showing a non-significant negative correlation with tillers per plant (-0.154) and spike per plant (-0.131). Positive correlation with grains per plant and spike reflects contribution of grain mass to spike weight, while weak negative correlations with tillers and spike per plant indicate distribution of assimilates. These trends are in line with the results of Arya et al.,(2017) and Adhikari et al.,(2018).
Peduncle length (cm)
Peduncle length significantly correlated with canopy temperature vegetative stage (0.314) and thousand seed weight0.265). At the same time, a significant negative correlation between canopy temperature flowering (0.348) and chlorophyll content at the vegetative stage(0.237) was observed.Positive correlation with canopy temperature at vegetative stage and 1000-seed weight suggests that longer peduncles aid nutrient transport, while negative correlation with flowering canopy temperature and chlorophyll reflects stress sensitivity. Comparable observations were made by Salem et al.,(2008), Pireivatlou et al.,(2011) and Poudel et al.,(2017).
Number of leaves per plant 
Several leaves per plant exhibited a notable positive correlation with biological yield per plant (0.602) and grain yield per plant in grams (0.210) while also demonstrating a significant negative correlation with chlorophyll content at flowering (-0.223). Positive correlation with biological and grain yield highlights photosynthetic advantage, while negative correlation with chlorophyll at flowering may indicate leaf aging or senescence. These findings reflect similar trends reported by Kandel et al.,(2018) and Bayisa, et al.,(2020).
1000 grain weight
1000 grain weight showed a significant positive correlation with canopy temperature at the vegetative stage (0.296) while showing a significant negative correlation with canopy temperature at flowering (-0.262) and chlorophyll content at the vegetative stage (-0.211).Positive correlation with canopy temperature at vegetative stage suggests early growth advantage, while negative correlation with flowering temperature and chlorophyll content may reflect heat stress or limited assimilates. Similar patterns were noted by(Iqbal et al.,2017 and Jamil  et al.,2017).
Grain yield per plant (gm)
Grain yield exhibited a notable positive correlation with the harvest index (0.787), the number of grains per plant (0.736), and the number of grains per spike (0.753) are positively correlated with each other, as well as with the number of leaves per plant (0.210). However, there is a significant negative correlation between the canopy temperature at flowering (-0.371) and the chlorophyll content during the flowering stage (-0.305). Positive correlation with harvest index, grains per spike, and per plant indicates main contributors to yield, while negative correlation with canopy temperature and chlorophyll suggests stress reduces yield efficiency. These results align with the observations of Ali,et al.,(2008) and Bartaula, et al.,(2019).
Biological yield
Biological yield showed a significant positive correlation with grain yield per plant in gm(0.513) and canopy temperature vegetative stage (0.284) while showing a significant negative correlation with chlorophyll content at the vegetative stage (-0.209). Positive correlation with grain yield and vegetative canopy temperature indicates vigorous biomass supports grain formation, while negative correlation with chlorophyll may reflect senescence or lower photosynthetic efficiency. These findings are comparable to those reported by Bhuri et al.,(2013)  and Bayisa et al.,(2020). 
Harvest index
The Harvest index showed a significant positive correlation with grain yield per plant in gm (0.787) while showing a significant negative correlation with chlorophyll content at the flowering stage (-0.328) and canopy temperature flowering stage (-0.303). Positive correlation with grain yield shows efficiency of biomass partitioning to grain, while negative correlation with chlorophyll and flowering canopy temperature suggests stress reduces partitioning efficiency as per Arshadet al.,(2006) and Ajmal et al.,(2009).
Flag leaf area 
Flag leaf areashowed a significant positive correlation with Hectoliter weight (0.230) and a significant negative correlation with chlorophyll content at the vegetative stage (-0.362). Positive correlation with hectoliter weight reflects improved photosynthetic source, while negative correlation with vegetative chlorophyll may indicate leaf aging.Bhanu et al.,(2018) found results in line with these observations.
Canopy temperature at the vegetative stage
Canopy temperature at the vegetative stageshowed a significant negative correlation with chlorophyll content in the vegetative stage (-0.260). It showed no positive or significant correlation with any traits. Negative correlation with chlorophyll reflects stress-induced heat effects, as hotter canopies often have reduced photosynthetic pigments as per Arya et al.,(2017) and Adhikari et al.,(2018).
Canopy temperature at the flowering stage
Canopy temperature at the flowering stageshowed a significant positive correlation with chlorophyll content at the flowering stage (0.290). At the same time, a significant negative correlation with grain yield per plant GM was observed (-0.371). Positive correlation with chlorophyll content may indicate retained photosynthesis under mild heat, while negative correlation with grain yield suggests high temperature reduces grain formation. Hamja et al.,(2017) and Bartaula et al.,(2019) documented trends similar to these findings.
Chlorophyll content at the vegetative stage
Chlorophyll content at vegetative stages showed a significant negative correlation with grain yield per plant gm (-0.305). It showed no positive or significant correlation with any traits. Negative correlation with grain yield may reflect trade-offs between vegetative greenness and reproductive allocation. These results are consistent with the observations of Salem et al.,(2008), Pireivatlou et al.,(2011) andPoudel et al.,(2017).
Chlorophyll content at the flowering stage
Chlorophyll content at flowering stages showed a significant negative correlation with grain yield per plant gm (-0.305). It showed no positive or significant correlation with any traits. Negative correlation with grain yield suggests that high chlorophyll retention may not always translate to better sink development under certain conditions. The study by Srivastavaet al.,(2017) and Regmi et al.,(2021) confirmed similar trends.
Hectoliter weight
It showed no significant positive or negative correlation with any traits. Lack of significant correlations indicates that grain density is relatively independent of vegetative or reproductive traits in this population. These observations are in accordance with Vianna et al.,(2013) and Tiwari  et al.,(2019).

CONCLUSION
The phenotypic correlation study of the 23 yield-related traits demonstrates that wheat productivity is shaped by a network of interdependent growth, physiological, and reproductive attributes. Grain yield and its components-viz., grains per spike, grains per plant, biological yield, and harvest index-emerged as the most influential traits, showing strong positive associations that underline their contribution to overall yield performance. In contrast, elevated canopy temperature and higher chlorophyll content at critical growth stages were consistently linked with reduced yield, indicating the negative effects of heat stress and imbalances in assimilate use. Developmental traits like days to heading and days to maturity generally displayed adverse relationships with grain-forming traits, suggesting that prolonged vegetative growth may restrict effective reproductive development. Meanwhile, traits contributing to early vigor and structural efficiency-such as germination percentage, spike length, and peduncle length-showed favorable connections with yield-enhancing characteristics. Altogether, these correlations highlight the key traits that can be strategically targeted in breeding programs to improve wheat resilience and maximize productivity under variable environmental conditions.
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Table 1: Phenotypic Correlation in bread wheat (Triticum aestivum L.)
	Traits
	Germination %
	Date to heading
	Days to maturity
	Plant height (cm)
	Tiller/plant
	Spikelet/spike
	spike/plant
	grain/spike
	no grain/pl
	spike length
	spike wt.11
	Peduncle length (cm)
	No leaf per plant
	1000 weight (g)
	Biological yield (q/ha)
	HI %
	FLA
	CT Veg
	CT flo
	Chl veg
	Chlflo
	HW
	Grain yield /plant (g)

	Germination %
	1
	0.094
	0.111
	0.057
	-0.037
	0.153
	0.054
	-0.083
	-0.046
	0.107
	0.003
	0.057
	0.236*
	0.097
	0.165
	-0.095
	0.086
	0.174
	-0.048
	-0.117
	0.032
	0.018
	0.032

	Date of heading
	 
	 
	0.152
	-0.319**
	-0.124
	0.241*
	-0.138
	-0.13
	-0.037
	0.081
	-0.006
	-0.255*
	0.014
	-0.13
	0.01
	-0.095
	0.143
	0.055
	0.184
	0.055
	0.15
	0.08
	-0.08

	Days to maturity
	 
	 
	 
	0.133
	-0.137
	0.044
	-0.118
	-0.399**
	-0.306**
	-0.13
	-0.075
	0.013
	-0.053
	-0.003
	-0.165
	-0.088
	0.147
	0.004
	0.004
	-0.065
	-0.001
	-0.008
	-0.196

	Plant height (cm)
	 
	 
	 
	 
	-0.011
	-0.111
	0.148
	-0.029
	-0.134
	-0.1
	-0.025
	0.123
	-0.107
	0.025
	-0.079
	-0.052
	-0.157
	0.045
	-0.162
	-0.032
	-0.023
	0.127
	-0.096

	Tiller/pl
	 
	 
	 
	 
	 
	-0.042
	0.775**
	-0.189
	-0.042
	-0.078
	-0.141
	-0.047
	-0.227*
	0.081
	-0.104
	-0.111
	-0.055
	-0.14
	0.096
	0.046
	0.147
	-0.064
	-0.172

	Spikelet/spike
	 
	 
	 
	 
	 
	 
	-0.177
	-0.001
	-0.151
	0.063
	-0.09
	0.081
	0.078
	0.039
	-0.081
	-0.144
	0.088
	0.035
	0.132
	0.086
	0.185
	-0.066
	-0.191

	spike/plant
	 
	 
	 
	 
	 
	 
	 
	-0.165
	-0.007
	-0.151
	-0.092
	0.042
	-0.187
	0.055
	-0.086
	-0.076
	-0.049
	-0.097
	0.055
	-0.007
	0.017
	0.055
	-0.127

	grain/spike
	 
	 
	 
	 
	 
	 
	 
	 
	0.697**
	0.572**
	0.203*
	0.071
	0.149
	-0.089
	0.400**
	0.489**
	-0.161
	0.116
	-0.158
	0.076
	-0.012
	0.131
	0.721**

	no grain/pl
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.554**
	0.246*
	0.136
	0.329**
	0.011
	0.431**
	0.427**
	-0.073
	0.082
	-0.073
	-0.187
	-0.113
	0.041
	0.682**

	spike length
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.124
	-0.001
	0.118
	-0.058
	0.331**
	0.433**
	-0.158
	0.076
	0.054
	0.084
	-0.021
	0.138
	0.627**

	spike wt.11
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.059
	0.142
	-0.04
	0.220*
	0.235*
	0.247*
	-0.152
	-0.18
	-0.267**
	-0.236*
	0.045
	0.356**

	Peduncle length (cm)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	-0.066
	0.169
	0.067
	0.035
	0.155
	0.098
	-0.219*
	-0.19
	0.002
	0.014
	0.08

	No leaf per plant
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	-0.105
	0.301**
	-0.047
	0.107
	0.095
	-0.173
	-0.14
	-0.15
	-0.011
	0.162

	1000 weight (g)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.016
	0.103
	0.156
	0.205*
	-0.177
	-0.191
	-0.066
	0.12
	0.117

	Biological yield (q/ha)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	-0.247*
	0.052
	0.06
	-0.098
	-0.138
	-0.026
	-0.049
	0.461**

	HI %
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	-0.013
	-0.006
	-0.191
	-0.008
	-0.240*
	0.082
	0.745**

	FLA
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	-0.029
	-0.05
	-0.291**
	-0.107
	-0.157
	0.031

	CT Veg
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.02
	-0.108
	0.097
	0.028
	0.04

	CT flo
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.12
	0.107
	-0.211*
	-0.246*

	Chl veg
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.082
	0.211*
	-0.103

	Chlflo
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	-0.019
	-0.230*

	HW
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.046







