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INTRODUCTION 

Amidst the dynamic agricultural landscape of modern 

times, the spotlight on millet intensifies, driven by the 

urgent need to fortify food systems against evolving 

challenges. Millets, often referred to as "miracle grains" 

or "crops of the future," offer numerous benefits that 

make them stand out in the realm of nutrition and agri-

culture (Laryea et al., 2024). Nutritionally rich, millets 

surpass wheat and rice in protein content, boasting a 

more balanced amino acid profile (Nagaraja et al., 

2024). Among millets, Barnyard millet (Echinochloa 

spp.) is a resilient and nutritionally dense minor cereal 

that holds a crucial position in the agricultural land-

scapes of India (Renganathan et al., 2020). It predomi-

nantly thrives in regions marked by limited rainfall and 

poor soil fertility. Known locally as 'Sanwa,' 'Oodalu,' or 

'Kavadapullu,' it has been cultivated across various 

parts of India. India holds the top position in barnyard 

millet production, with a land area of 0.146 million hec-

tares and a production of 0.147 million metric tons. 

Over the past three years, the average yield in India 

has been 1034 kilograms per hectare (Sahoo et al., 

2024). Barnyard millet offers exceptional nutritional 

value with high protein, fiber and micronutrient content, 

including iron and calcium (Bezbaruah and Singh, 

2024). It is a crucial alternative in diets lacking suffi-

cient nutrition or regions with challenging agricultural 
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conditions for water-intensive crops (Mohanapriya et 

al., 2024). 

The crop's remarkable adaptability to adverse growing 

conditions—ranging from drought proneness to poor 

soil profiles—renders it a promising candidate in the 

arsenal against climate change (Krishnababu et al., 

2024). Furthermore, the escalating prevalence of life-

style diseases necessitates a shift towards healthier 

dietary options, for which barnyard millet stands out due 

to its low glycemic index and substantial fiber content 

(Bangar et al., 2024). Henceforth, research on barnyard 

millet assumes paramount importance in contemporary 

contexts, where the pursuit of sustainable and resilient 

crops is imperative. 

Correlation coefficient analysis emerges as a potent 

tool in plant breeding, orchestrating the symphony of 

traits crucial for crop improvement (Kashyap et al., 

2024). Its role in unravelling the intricacies of barnyard 

millet physiology holds promise for tailored interven-

tions to enhance its agronomic performance (Arya et 

al., 2017; Joshi et al., 2015). By discerning these rela-

tionships, breeders can more effectively select and im-

prove desirable traits, thereby accelerating the develop-

ment of superior cultivars. Path analysis offers a nu-

anced perspective in the landscape of plant breeding 

(Jyothsna et al., 2016). By delineating the direct and 

indirect influences of traits on yield and quality parame-

ters, path analysis provides a roadmap for prioritizing 

breeding objectives (Prabu et al., 2020). In the context 

of barnyard millet, this analytical framework offers in-

sights into the underlying physiological mechanisms 

governing its performance, thereby guiding breeders 

towards informed decision-making. This research paper 

embarks on a journey to explore the intricate dynamics 

of correlation and path coefficient analyses in the realm 

of barnyard millet breeding. It endeavors to illuminate 

novel pathways for enhancing crop resilience, produc-

tivity and nutritional quality. 

MATERIALS AND METHODS 

The present study used an augmented design for two 

consecutive years during Kharif 2019-2020 under rain-

fed conditions. The field study was performed at Re-

search Farm Area, Department of plant breeding and 

genetics, CCS Haryana Agricultural University, Hisar, 

Haryana (latitude 290 10' North and longitude 750 46' 

East with an altitude of 215.2 m above the mean sea 

level) The experiment includes a large sample of 172 

genotypes (Table 1) including 4 check Varieties (PRJ, 

DHBM-93, VL-172, CO-2) procured from Indian Institute 

of Millets Research (IIMR), Hyderabad, Telangana. The 

material was collected from diverse regions from all 

over the country and maintained by IIMR. The computa-

tional analysis and correlogram were done using R stu-

dio Software (R Core Team, 2021). 

Data recording 

The data on phenotypic traits were collected from five 

randomly chosen vigorous plants for each genotype 

except for DTFF and DTM on a plot basis. A total of 23 

yield contributing traits abbreviated as FLBL-Flag leaf 

blade length, FLBW-Flag leaf blade width, FLSL-Flag 

leaf sheath length, PL-Peduncle length, PE-Panicle 

exertion, IL-Inflorescence length, IW-Inflorescence 

width, LRL-Lower raceme length, RPI-Number of ra-

cemes per inflorescence, NBT-Number of basal tillers, 

IPP-Number of inflorescences per plant, SPW-Single 

panicle weight, PWPP-Total Panicles weight per plant, 

DSYPP-Dry stem yield per plant, GYPP-Total grain 

yield per plant, BYPP-Biological yield per plant, HI-

Harvest index, TW-Test weight (1000 grains weight), 

PH-Plant height, NPT-Number of nodes on primary 

tiller, DPT-Diameter of primary tiller, DTFF-Days to 

50% flowering in total population, DTM-Days to 80% 

maturity in total population were studied. 

 

Statistical analysis 

The correlation coefficients among characters were 

estimated using the method suggested by Al-Jibouri et 

al. (1958). Path coefficient analysis was originally pro-

posed by Wright (1921). However, it was later utilized 

in plant breeding by Dewey and Lu (1959). A standard-

ized partial regression coefficient splits genotypic and 

phenotypic correlation coefficients into a series of direct 

and indirect effects. 

RESULTS AND DISCUSSION 

Correlation coefficient  

The results showed that the highest positive significant 

correlation was observed between GYPP and PWPP 

(0.98), followed by PE and PL (0.90), BYPP and 

DSYPP (0.88), LRL and IW (0.87), PWPP and SPW 

(0.82), BYPP and PWPP (0.82), GYPP and SPW (0.81) 

as shown in Fig. 1. The figure depicts a correlogram, a 

graphical tool used to examine the correlation between 

every possible pair of variables within a dataset. In ad-

dition to these high correlations, the economic trait 

Grain yield per plant was seen to be positively correlat-

ed with BYPP (0.79), HI (0.71), FLBW (0.54), IL (0.52), 

RPI (0.52), TW (0.44), DSYPP (0.43), PL (0.37), DPT 

(0.37), PH (0.36), FLBL (0.35), and lastly with FLSL 

and PE each with 0.27 correlation coefficient. While a 

high negative significant correlation was seen between 

DTM and PE (-0.73), followed by DTM and PL (-0.72), 

DTFF and PE (-0.69) and DTFF and PL (-0.66). A neg-

ative significant correlation was also observed between 

DTM and GYPP (-0.28). Further low but significant cor-

relation are depicted in Table 2 

The present study highlighted the highest significant 

positive correlation between GYPP and PWPP. This 

could be because larger panicle weights often signify 
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increased availability of assimilates from photosynthe-

sis, which can support the development and filling of a 

greater number of grains. This cause is supported by 

the study of Zhang et al., 2022 in rice. Additionally, a 

high positive correlation between GYPP and SPW sug-

gests that larger individual panicles produce more 

grains, contributing to higher overall yield. Similar find-

ings were observed by Arya et al. (2017) in 33 tradition-

al genotypes and 5 improved varieties of barnyard mil-

let. This aligns with previous research highlighting the 

crucial role of panicle architecture and grain size in de-

termining yield potential in millet crops conducted by 

Panda et al. (2023); Singh et al. (2023) in finger millet 

and Zhi et al. (2021) in foxtail millet. Furthermore, the 

positive correlations between grain yield and traits re-

lated to plant vigor and biomass production, such as 

biological yield per plant and dry stem yield per plant 

observed in our study, emphasize the importance of 

robust vegetative growth in supporting reproductive 

success. The role of vegetative growth in supporting 

the reproductive growth of rice and wheat crops is also 

observed by Makino (2011). This suggests that optimiz-

ing plant growth and biomass accumulation during the 

vegetative phase can indirectly enhance grain yield 

potential in barnyard millet. 

Interestingly, the present results also revealed positive 

correlations between grain yield and traits related to 

photosynthetic efficiency and nutrient utilization, such 

as flag leaf blade width and peduncle length. This sug-

gests that maximizing photosynthetic capacity and nu-

trient uptake during the vegetative and reproductive 

stages may contribute to higher grain yields in barn-

yard millet. Joshi et al. (2015) and Prabu et al. (2020) 

found similar results of a positive correlation of flag leaf 

width and flag leaf length with grain yield in Barnyard 

millet. Similarly, Arya et al. (2017) found a positive cor-

relation of peduncle length with grain yield in their 

study on barnyard millet genotypes. 

The strong negative correlations observed in the pre-

sent study between DTM and DTFF, PL and PE sug-

gest that plants with longer maturity and flowering peri-

ods tend to exhibit reduced peduncle lengths and pani-

cle exertion levels. This may be attributed to delayed 

reproductive development in plants with longer maturity 

and flowering times, leading to slower peduncle elon-

gation and reduced panicle emergence. The present 

results are supported by the study conducted on barn-

yard millet by Kuraloviya et al. (2022), who emphasized 

Fig. 1. Correlogram, graphical representation of correlation matrix (R software using GGplot package); Color intensity is 

directly proportional to the correlation coefficient (Blue color depicts a negative correlation while red color shows a posi-

tive correlation) 
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selecting early maturing genotypes. Furthermore, days 

to maturity significantly negatively correlated with grain 

yield (-0.28). Similar results of negative correlation of 

days to maturity with dry root yield were observed in a 

recent study conducted by Nehru et al. (2024). These 

findings can guide breeders in selecting early-maturing 

and early-flowering varieties with desirable reproductive 

structures, ultimately leading to improved barnyard mil-

let cultivars with enhanced yield and productivity, as 

suggested by Vanniarajan et al. (2018) while studying 

the stability of high-yielding early-maturity variety in 

barnyard millet. The findings of Eric et al. (2016) con-

cluded, based on their study in finger millet that late 

maturing accessions have lower 1000 grain weight and 

yield due to limited moisture at the grain filling stage 

and excessive shading due to high leafiness. 

With a larger pool of germplasm lines, there's a greater 

chance of capturing the full spectrum of genetic varia-

tion within the population. This diversity allows for more 

comprehensive assessments of trait relationships and 

interactions. With more diverse genotypes, it becomes 

possible to identify subtle associations that may not be 

apparent in smaller sample sizes. Similarly, Mackay 

and Anholt (2024); Mohammadi and Prasanna (2003) 

emphasized a large population size for better results for 

diversity and association studies. This makes our cur-

rent research more efficient. Furthermore, yield, a poly-

genic trait, necessitates an indirect approach to en-

hance its productivity by selecting traits that exhibit high 

correlations with yield. Nandini et al. (2020); Vikram et 

al. (2020) also used correlation analysis as a statistical 

tool to improve grain yield in barnyard millet. This strat-

egy leverages the interplay between these correlated 

traits and yield, allowing for targeted selection and 

breeding efforts to enhance overall productivity. Corre-

lation analysis lays the foundation for targeted breeding 

strategies by deciphering the interplay between various 

traits, optimizing yield, resilience and nutritional quality. 

Additionally, these findings provide valuable insights 

into the physiological mechanisms underlying grain 

production as the work conducted by Kulundžić et al.

(2022) in soyabean in which they studied the metabolic 

pathways responsible for yield production. 

 

Path coefficient analysis 

Direct effects 

The path coefficient analysis revealed high direct and 

positive effects of PWPP (0.82), PL (0.36), DSYPP 

(0.31), and HI (0.30), highlighting the significance of 

their association with grain yield per plant. Furthermore, 

PE (-0.30) and FLSL (-0.18) negatively affected GYPP. 

The present PWPP research findings indicate that high-

er panicle weight per plant favours grain production per 

plant, as evidenced by the strong direct impacts found. 

Vishnuprabha and Vanniarajan (2018) observed similar 

results. Prakash and Vanniarajan (2015) and Ga-

nesamoorthi (2012)  continuously emphasized the cru-

cial importance of panicle size and weight in influencing 

the prospective grain production in millet crops. Larger 

panicle weights frequently result in enhanced flower 

output and grain set, which raises the overall grain yield 

per plant. Sood et al. (2015) confirm this reasoning. 

Furthermore, in the present study, the positive direct 

effects observed for PL and DSYPP suggest that long-

er peduncle lengths and higher dry stem yields per 

plant positively influence grain yield per plant. Longer 

peduncles provide better support for developing pani-

cles, facilitating optimal grain development and filling, 

while higher dry stem yields may indicate greater plant 

vigor and biomass production, supporting enhanced 

grain yield. The positive direct effect observed in the 

current research for HI indicates that a higher harvest 

index, reflecting efficient resource utilization and parti-

tioning towards grain formation, positively impacts grain 

yield per plant. These findings collectively emphasize 

the importance of PWPP, PL, DSYPP and HI in en-

hancing grain yield and productivity in barnyard millet. 

Similarly, Vikram et al. (2020) observed the significant 

role of peduncle length and panicle weight in achieving 

high grain yield. Prakash and Vanniarajan (2015) con-

firmed the results of our study by depicting the highest 

direct effect of panicle weight, straw yield and peduncle 

length on grain yield in barnyard crop. Dhanalakshmi et 

al. (2019) observed high positive direct effect of pedun-

cle length on grain yield.  Furthermore, in present study 

as mentioned above, FLSL and PE traits had a positive 

correlation on GYPP, which is a seemingly contradicto-

ry relationship with their negative direct effect on 

GYPP. It may be explained by indirect effects or con-

founding factors that are not captured by the correlation 

analysis alone. For example, FLSL and PE may posi-

tively correlate with GYPP due to their association with 

other favorable traits, such as plant vigor or biomass 

production. However, their direct negative effects on 

GYPP may reflect specific physiological limitations or 

trade-offs that directly affect grain yield. Sood et al. 

(2015) found positive direct effect of flag leaf sheath 

length on grain yield in barnyard millet. 

 

Indirect effects 

BYPP (0.67), SPW (0.67), HI (0.54), FLBW (0.44), RPI 

(0.43), IL (0.42) and DSYPP (0.38) via PWPP had the 

highest indirect effect on Grain yield per plant. The ob-

served indirect effects through PWPP, as seen by 

Sreenivasulu and Schnurbusch (2012) implied that 

plants with higher BYPP and SPW allocate more re-

sources towards panicle development, bolstering pani-

cle weight and consequently enhancing grain yield. 

This suggests that greater resource allocation towards 

reproductive structures during the critical stages of pan-
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icle development increases grain production in proso 

millet (Gomashe et al., 2017). Prakash and Vannia-

rajan, 2015 showed a positive indirect effect of panicle 

weight and straw yield on grain yield in barnyard millet. 

Prabu et al. (2020) observed similar findings to the pre-

sent research for the positive indirect effect of number 

of racemes and inflorescence length on grain yield in 

barnyard millet.  Traits such as FLBW, RPI, IL and 

DSYP are associated with enhanced photosynthetic 

efficiency, reproductive output, and biomass produc-

tion. The observed indirect effects through PWPP sug-

gest that these traits contribute to increased panicle 

weight by facilitating optimal assimilate production, allo-

cation, and utilization during critical reproductive stag-

es, ultimately leading to higher grain yield. 

 

Residual effect 

The residual effect, calculated to be 0.20, suggests that 

a significant portion of variation remains unexplained in 

the association between seed yield and dependent 

traits. This indicated that approximately 80% of the vari-

ability in grain yield per plant can be attributed to the 

component traits studied, highlighting their substantial 

contribution to grain yield. A higher residue value of 

0.3943 was seen by Prabu et al. (2020) with 17 traits. 

Since the traits and germplasm were much higher in 

present study, less residual value was seen. 

Conclusion 

In conclusion, the highest positive correlation was ob-

served between GYPP and panicle weight per plant in 

barnyard millet, indicating that larger panicle weights 

are associated with increased grain yield. Peduncle 

length and dry stem yield per plant could be key strate-

gies for improving grain yield. Additionally, photosyn-

thetic efficiency and nutrient utilization traits, such as 

flag leaf blade width and peduncle length, were posi-

tively correlated with grain yield, highlighting the im-

portance of optimizing these traits for better productivi-

ty. Negative correlations between days to maturity and 

days to flowering with peduncle length and panicle ex-

ertion suggest that early-maturing and early-flowering 

varieties tend to have desirable reproductive structures, 

which can improve yield. The path coefficient analysis 

further supported the importance of PWPP, PL, dry 

stem yield per plant and harvest index in influencing 

grain yield, with these traits showing high direct effects 

on GYPP. The residual effect analysis indicated that 

approximately 80% of the variability in grain yield could 

be attributed to the studied traits, underscoring their 

substantial contribution. The findings suggest that tar-

geted breeding strategies focusing on these key traits 

could effectively enhance grain yield in barnyard millet, 

ultimately leading to improved cultivars with higher 

productivity. Further research is warranted to explore 

the genetic basis of these trait associations for grain 

yield enhancement in barnyard millet. 
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