
________________________________________________________________________________________________________________ 

 
*Corresponding author: E-mail: ramangami@sdau.edu.in; 

 

Cite as: Patel, R. V., Gami, R. A., Kugashiya, K. G., Patel, R. N., Singh, A. K., Zala, H. N., … Parsaniya, T. A. (2026). Deciphering Genetic 
Architecture, Cause-and-Effect Relationships for Yield and Micronutrient Related Attributes in Pearl Millet R-lines (Restorer Lines). 

International Journal of Plant & Soil Science, 38(8), 427–438. https://doi.org/10.9734/ijpss/2026/v38i86231 

 

 

 

International Journal of Plant & Soil Science 

 
Volume 38, Issue 8, Page 427-438, 2026; Article no.IJPSS.163271 
ISSN: 2320-7035 

 

 

 

 

Deciphering Genetic Architecture, Cause-

and-Effect Relationships for Yield and 

Micronutrient Related Attributes in Pearl 

Millet R-lines (Restorer Lines) 
 

Rohan V. Patel a, R. A. Gami b*, K. G. Kugashiya b, R. N. Patel c,  

A. K. Singh d, H. N. Zala a, Sandeep Kumar a, Ayushi Acharya a 

and T. A. Parsaniya a 
 

a Department of Genetics and Plant Breeding, C. P. College of Agriculture, S. D. Agricultural University, 

Sardarkrushinagar, Gujarat, India. 
b Centre for Millets Research, S. D. Agricultural University, Deesa, Gujarat, India. 

c Department of Seed Technology, S. D. Agricultural University, Sardarkrushinagar, Gujarat, India. 
d Bio Science Research Centre, S. D. Agricultural University, Sardarkrushinagar, Gujarat, India. 

  

Authors’ contributions  

 

 This work was carried out in collaboration among all authors. All authors read and approved the final 

manuscript. 

 

Article Information 
 

DOI: https://doi.org/10.9734/ijpss/2026/v38i86231  

 
Open Peer Review History: 

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers, peer review comments, 

different versions of the manuscript, comments of the editors, etc are available here: https://pr.sdiarticle5.com/review-history/163271  

 

 

Received: 30/05/2026 

Accepted: 23/07/2026 

Published: 28/07/2026 

 
 

Abstract 
 

The present study evaluated thirty restorer lines of pearl millet (Pennisetum glaucum (L.) R. Br.) to assess 

genetic variability, examine trait interrelationships through correlation analysis, and determine the direct and 

indirect effects of ten yield-contributing traits on grain yield through path coefficient analysis. Analysis of 
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variance revealed highly significant differences among genotypes for all eleven traits, indicating substantial 

variability. High genotypic and phenotypic coefficients of variation, together with high broad-sense 

heritability [h2
(b.s.)] and high genetic advance as a percentage of the mean, were recorded for grain yield per 

plant, grain zinc content, grain iron content, ear head length, number of effective tillers per plant, grain 

protein content, ear head girth, and 1000-grain weight. Grain yield per plant recorded 95.60% heritability and 

103.52% genetic advance as a percentage of the mean. These estimates indicate that selection may be 

effective because inheritance is largely associated with additive gene action. Correlation analysis showed that 

ear head girth, 1000-grain weight, ear head length, and number of effective tillers per plant were significantly 

and positively associated with grain yield per plant. Genotypic path analysis further indicated that ear head 

girth, plant height, and number of effective tillers per plant had the largest positive direct effects on grain 

yield. Accordingly, simultaneous consideration of these traits may support the selection of higher-yielding 

pearl millet restorer lines. 

 

 
Keywords: Pearl millet; restorer lines; genetic variability; broad-sense heritability; genetic advance; 

correlation analysis; path coefficient analysis; grain yield; grain iron; grain zinc. 

 

1. Introduction 
 

Pearl millet [Pennisetum glaucum (L.) R. Br.] is one of the oldest cultivated crops and originated in tropical 

Western Africa about 4000 years ago. It was domesticated along the southern margins of the Saharan central 

highlands at the onset of the present dry phase (Clark, 1962; Davies, 1968). It is well adapted to arid and semi-

arid conditions because it uses soil moisture efficiently and has greater heat tolerance than sorghum and maize 

(Harinarayana et al., 1999), enabling it to contribute to food security under poor growing conditions. It is a C4 

grass with high photosynthetic efficiency and grain-yield potential and is widely cultivated in China, India, 

Southeast Asia, Sudan, Pakistan, Arabia, Russia, and Nigeria. A key feature of millets is their remarkable 

resilience to both persistent and sporadic droughts caused by insufficient or unpredictable rainfall. Notably, 

millets can flourish in dry environments and require only 350-400 mm of rainfall annually (Gami et al., 2026). 

Pearl millet is cultivated on more than 30 million ha worldwide, with the principal production areas in Africa 

(>18 million ha) and Asia (>10 million ha) (Satyavathi et al., 2022). India accounts for 42% of global millet 

production (Sadh et al., 2024). Recent meta-QTL evidence has identified consensus genomic regions associated 

with yield and nutritional traits, supporting the integration of phenotypic selection with genomic information in 

pearl millet improvement (Gupta et al., 2024). A recent linkage-mapping study also identified stable QTL for 

flowering time, productive tiller number, ear head length, and test weight, indicating that these component traits 

have a measurable genetic basis relevant to selection (Subbulakshmi et al., 2024). 

 

However, grain yield in pearl millet is a complex quantitative trait governed by several interrelated 

morphological and physiological traits. Therefore, breeding efforts aimed at increasing yield require a clear 

understanding of the genetic constitution of yield and the traits that contribute to it in restorer lines used in 

hybrid breeding programmes. Estimates of genetic variability, including genotypic and phenotypic coefficients 

of variation, heritability, and genetic advance, provide information on the nature of gene action influencing 

important traits and the potential response to selection. Correlation analysis helps to identify the degree and 

direction of relationships among traits. However, correlation alone cannot distinguish direct from indirect 

effects; path coefficient analysis is therefore important because it partitions correlation coefficients into direct 

and indirect effects, allowing breeders to identify the traits that have the greatest influence on grain yield 

(Deewan et al., 2023). Recent evaluations of pearl millet breeding material using variability, correlation, and 

path coefficient analyses have similarly demonstrated that yield and micronutrient traits can be examined jointly 

to identify useful selection criteria (Singh & Chaudhary, 2026). Multi-environment testing of pearl millet 

hybrids has further indicated that yield-related performance may vary across environments, emphasising the 

need to validate promising selections beyond an initial evaluation (Jat et al., 2025). 

 

Research gap: Despite these advances, evidence remains limited regarding the combined assessment of genetic 

variability, trait associations, direct and indirect effects, and grain micronutrient contents within a common set of 

pearl millet restorer lines. A focused analysis of these components is therefore required to identify traits that 

may guide the simultaneous improvement of grain yield and nutritional quality in the evaluated restorer 

material. 
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1.1 Objective 
 

The objective of the present study was to assess genetic variability among thirty pearl millet restorer lines for 

eleven yield, yield-related, and micronutrient traits; determine the genotypic and phenotypic associations among 

these traits; and partition their direct and indirect effects on grain yield per plant through path coefficient 

analysis. 

 

2. Materials and Methods  
 

2.1 Experimental Material and Field Conditions 
 

The experimental material comprised thirty different restorer lines of pearl millet. The experiment was 

conducted at the Centre for Millets Research, Sardarkrushinagar Dantiwada Agricultural University, Deesa, 

during summer 2024. The research site was located in North Gujarat Zone IV at 24°15' N latitude, 72°12' E 

longitude, and an elevation of 146 metres above mean sea level. The soil at the site was loamy, with a pH 

ranging from 7.5 to 9.3. The experimental material was sown in a four-metre row at an optimum spacing of 45 

cm × 15 cm in a randomised block design (RBD) with three replications. The recommended agronomic and 

crop-protection practices were followed. Grain iron (Fe) and zinc (Zn) contents were estimated using the wet 

digestion procedure of Singh et al. (2005) with a di-acid mixture at the Department of Soil Science and 

Agricultural Chemistry, C. P. College of Agriculture, S. D. Agricultural University, Sardarkrushinagar, Gujarat. 

 

Observations recorded: Data were recorded for days to flowering, days to maturity, plant height (cm), number of 

effective tillers per plant, ear head length (cm), ear head girth (mm), 1000-grain weight (g), grain yield per plant 

(g), grain protein content (%), grain iron (Fe) content (ppm), and grain zinc (Zn) content (ppm) from five 

randomly selected and tagged plants. Days to flowering and days to maturity were recorded on a plot basis. 

 

Statistical analysis: The recorded data were analysed using established statistical methods. The genotypic and 

phenotypic coefficients of variation (GCV and PCV) for the various traits were calculated as suggested by 

Burton (1952). Broad-sense heritability (h2
b.s.) and genetic advance were calculated using the formula proposed 

by Allard (1961). Genetic advance as a percentage of the mean was calculated using the formula suggested by 

Johnson et al. (1955). The genotypic (rg) and phenotypic (rp) correlation coefficients were calculated following 

the procedure described by Al-Jibouri et al. (1958). Path coefficient analysis was conducted using the method 

suggested by Wright (1921) and elaborated by Dewey and Lu (1959). The analyses were performed using SPAR 

software version 1.0 and RStudio version 2025.05.1. 

 

3. Results and Discussion 
 

3.1 Analysis of Variance  
 

The analysis of variance for the thirty pearl millet genotypes revealed highly significant mean squares for all 

eleven traits, indicating significant differences among the genotypes and substantial scope for exploiting 

variability through selection (Table 1). 

 

The variance components, genotypic coefficient of variation, phenotypic coefficient of variation, broad-sense 

heritability, genetic advance, and genetic advance as a percentage of the mean are presented in Table 2. The 

highest genotypic and phenotypic variances were recorded for plant height (423.95, 594.72), followed by grain 

yield per plant (322.64, 337.48), grain iron content (315.93, 330.79), grain zinc content (122.08, 125.72), days 

to flowering (32.84, 44.57), and ear head length (22.49, 25.63). Phenotypic variance was higher than genotypic 

variance for all traits, as similarly reported by Lakshmana et al. (2010), Athoni et al. (2016), and Abubakar et al. 

(2019). The phenotypic and genotypic variances were close for the number of effective tillers per plant, ear head 

girth, 1000-grain weight, and grain protein content. The narrow differences between the phenotypic and 

genotypic coefficients of variation for these traits indicate strong genotypic control under the evaluated 

environmental conditions. However, because the trial was conducted in a single environment, multi-location or 

multi-year evaluations are required to validate the stability of these traits in relation to G × E interactions. These 

findings agree with the reports of Narasimhulu et al. (2021), Goswami et al. (2023), Rajpoot et al. (2023), and 

Jaiswal et al. (2025). 
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Table 1. Analysis of variance (MSS) for different characters in pearl millet 

 
Sr.  

No. 

Characters Mean sum of squares (MSS) 

Replication Genotypes Error 

Degree of freedom (df) 2 29 58 

1 Days to flowering 3.41 110.24** 11.73 

2 Days to maturity 25.01 39.63** 12.67 

3 Plant height 201.93 1442.63** 170.77 

4 Number of effective tillers per plant 0.01 1.52** 0.08 

5 Ear head length 0.85 70.62** 3.14 

6 Ear head girth 1.59 51.06** 0.50 

7 1000 grain weight 2.27 9.29** 0.85 

8 Grain yield per plant 10.06 982.75** 14.84 

9 Grain protein content  0.09 18.21** 1.38 

10 Grain zinc (Zn) content 4.64 369.89** 3.64 

11 Grain iron (Fe) content 9.81 962.66** 14.86 

*, ** Significant at 5 per cent and 1 per cent levels of significance, respectively 

 

3.2 Mean Performance of the Genotypes 
 

The mean performance and distribution of the thirty pearl millet genotypes for the studied traits are shown by 

the violin plots in Fig. 1. The plots revealed distinct distribution patterns for the eleven traits, indicating 

differences in the mean performance and dispersion of the evaluated genotypes. Grain yield per plant, grain iron 

content, grain zinc content, plant height, and ear head length exhibited relatively wide violin plots, suggesting 

broader distributions around the mean and greater phenotypic diversity among the genotypes. These wider 

distributions were consistent with the comparatively high variability estimates for these traits, indicating that the 

differences in mean performance were accompanied by substantial genetic variation. In contrast, days to 

maturity showed the narrowest distribution, with most genotypes clustered closely around the mean, whereas 

days to flowering showed a relatively compact distribution with moderate dispersion. These patterns agreed with 

the lower to moderate variability estimates for these traits, suggesting greater uniformity among the genotypes. 

The distributions of the number of effective tillers per plant, ear head girth, 1000-grain weight, and grain protein 

content were intermediate, with most observations concentrated near the mean but extending over a moderate 

range. 

 

Overall, the distribution patterns in the violin plots agreed with the genetic variability estimates, as traits with 

greater phenotypic spread generally exhibited higher genetic variability. However, the results also showed that 

mean performance and variability were independent characteristics. Traits with similar mean performance, such 

as grain iron and zinc contents, differed in the extent of their distributions, whereas traits with moderate mean 

values, particularly grain yield per plant, exhibited greater dispersion than several other traits. Likewise, ear 

head girth displayed a comparatively compact distribution despite its high genetic control, indicating that the 

observed variation was consistent rather than highly dispersed. Thus, the violin plots complemented the 

variability analysis by illustrating the distribution of each trait among the genotypes and confirmed that the 

scope for selection depends on both mean performance and the extent and pattern of variation within the 

population. 

 

3.3 Variability Parameters 
 

In the present study, the phenotypic coefficient of variation (PCV) was higher than the genotypic coefficient of 

variation (GCV) for all traits, with values ranging from 4.68% to 52.56% and from 3.02% to 51.39%, 

respectively. The highest GCV and PCV were observed for grain yield per plant (51.39%, 52.56%), followed by 

grain iron content (25.15%, 25.73%), grain zinc content (25.06%, 25.43%), ear head length (21.17%, 22.60%), 

and the number of effective tillers per plant (20.46%, 22.15%). The high GCV and PCV values for these traits 

indicate considerable variability and suggest scope for selection. These results agree with those reported by 

Yadav et al. (2020), Narasimhulu et al. (2021), Beniwal et al. (2023), Kahate et al. (2023), and Jaiswal et al. 

(2025). Moderate GCV and PCV were observed for 1000-grain weight (16.40%, 18.70%), ear head girth 

(15.32%, 15.54%), and plant height (13.83%, 16.39%). In contrast, days to maturity (3.02%, 4.68%) exhibited 

low GCV and PCV, whereas moderate PCV (11.19%) and low GCV (9.60%) were observed for days to 
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flowering. Similar moderate GCV and PCV values have been reported by Narasimhulu et al. (2021), Goswami 

et al. (2023), Jaiswal et al. (2025), and Kumar et al. (2024). 

 

Table 2. Variability parameters for different characters of pearl millet genotypes 

 
Sr. 

No. 

Characters σ2
g σ2

p GCV 

(%) 

PCV 

(%) 

h2
(b.s.) 

(%) 

GA GAM 

(%) 

1 Days to flowering 32.84 44.57 9.60 11.19 73.67 10.13 16.98 

2 Days to maturity 8.99 21.65 3.02 4.68 41.51 3.97 4.00 

3 Plant height 423.95 594.72 13.83 16.39 71.29 35.81 24.06 

4 Number of effective tillers 

per plant 

0.48 0.56 20.46 22.15 85.30 1.31 38.92 

5 Ear head length 22.49 25.63 21.17 22.60 87.75 9.15 40.84 

6 Ear head girth 16.85 17.35 15.32 15.54 97.09 8.33 31.09 

7 1000 grain weight 2.81 3.66 16.40 18.70 76.85 3.02 29.61 

8 Grain yield per plant 322.64 337.48 51.39 52.56 95.60 36.17 103.52 

9 Grain protein content 5.61 6.99 19.66 21.95 80.19 4.36 36.26 

10 Grain zinc (Zn) content 122.08 125.72 25.06 25.43 97.10 22.43 50.88 

11 Grain iron (Fe) content 315.93 330.79 25.15 25.73 95.51 35.78 50.63 
Where, σ2g = Genotypic variance, σ2p = Phenotypic variance, GCV (%) = Genotypic coefficient of variation, PCV (%) = Phenotypic 

coefficient of variation, h2
(b.s.) (%) = Broad sense heritability, GA = Genetic advance, GAM (%) = Genetic advance as per                                  

cent of mean 

 

To predict the transmission of traits from one generation to the next, the total variation in a population should be 

partitioned into heritable and non-heritable components because only the heritable component is transmitted. 

Genetic advance alone does not express the expected gain relative to the per se performance of the experimental 

population; therefore, genetic advance as a percentage of the mean was also calculated. Heritability estimates 

considered together with genetic advance are more informative for predicting genetic gain under selection 

(Johnson et al., 1955). In the present study, high heritability coupled with high genetic advance as a percentage 

of the mean was observed for grain yield per plant (95.60%, 103.52%), grain zinc content (97.10%, 50.88%), 

grain iron content (95.51%, 50.63%), ear head length (87.75%, 40.84%), the number of effective tillers per plant 

(85.30%, 38.92%), grain protein content (80.19%, 36.26%), ear head girth (97.09%, 31.09%), 1000-grain 

weight (76.85%, 29.61%), and plant height (71.29%, 24.06%). These patterns indicate the importance of 

additive gene action in the inheritance of these traits and suggest that selection may be effective. High 

heritability coupled with moderate genetic advance as a percentage of the mean was observed for days to 

flowering, indicating the involvement of both additive and non-additive gene effects. Although this trait was 

largely heritable, the scope for rapidly shifting mean flowering time through simple directional selection may be 

limited. Population improvement procedures or heterosis breeding may therefore be more appropriate for 

modifying maturity-related traits. These findings agree with Athoni et al. (2016), Kumawat et al. (2019), 

Narasimhulu et al. (2021), Goswami et al. (2023), and Jaiswal et al. (2025). 
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Fig. 1. Violin plots representing mean performance of thirty genotypes of pearl millet 

 

3.4 Correlation Coefficients 
 

Correlation analysis showed that the genotypic correlation coefficients were generally greater in magnitude than 

the phenotypic correlation coefficients, suggesting stronger heritable associations and lower environmental 

influence among the traits. The estimated genotypic and phenotypic correlation coefficients among the thirty 

genotypes revealed several significant relationships, emphasising the interdependence of traits and their 

combined association with yield performance (Table 3 and Fig. 2). Plant height (rg = 0.392 and rp = 0.321), 

number of effective tillers per plant (rg = 0.419 and rp = 0.445), ear head length (rg = 0.486 and rp = 0.456), ear 

head girth (rg = 0.665 and rp = 0.641), and 1000-grain weight (rg = 0.541 and rp = 0.469) were significantly and 

positively associated with grain yield per plant at both the genotypic and phenotypic levels. These traits may 

therefore assist breeders in selecting desirable genotypes for improved grain yield. Days to flowering (rg = -

0.194 and rp = -0.160) and days to maturity (rg = -0.317 and rp = -0.186) showed negative but non-significant 

associations with grain yield per plant at both levels. Grain protein content (rg = -0.513 and rp = -0.457) and 

grain zinc content (rg = -0.412 and rp = -0.402) were significantly and negatively correlated with grain yield per 

plant at both levels. Grain iron content showed a significant negative phenotypic association with grain yield per 

plant (rp = -0.277) but a non-significant genotypic association (rg = -0.284). 

 

The significant negative associations of grain zinc and iron contents with grain yield per plant may primarily be 

attributed to a dilution effect, whereby increased grain production distributes the available zinc and iron over a 

larger grain mass and reduces their concentrations in individual grains. The relationships may also reflect a 

physiological trade-off between biomass production and micronutrient accumulation, because high-yielding 
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genotypes may allocate a greater proportion of assimilates towards grain formation rather than mineral 

enrichment. These findings suggest that the simultaneous improvement of grain yield and micronutrient 

concentration in pearl millet may require careful selection strategies and the utilisation of biofortified breeding 

material to address this trade-off. The results agree with those reported by Kanatti et al. (2014), Anuradha et al. 

(2018), Kumawat et al. (2019), Dadarwal et al. (2020), Patil et al. (2021), Kamble et al. (2022), Goswami et al. 

(2023), Andhale et al. (2024), and Pallavi et al. (2024). 

 

 

 
 

Fig. 2. Correlation plots representing genotypic and phenotypic correlation co-efficient among yield and 

its attributing traits 
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Table 3. Genotypic and phenotypic correlation co-efficient among yield and its related trait in thirty genotypes of pearl millet 

 

Characters  DF DM PH NET EL EG TSW PC Zn Fe GYPP 

DF rg  1.00  0.445*  0.330 -0.274 -0.275 -0.108 -0.423 *  0.494**  0.398*  0.551** -0.194 

rp  1.00 0.349**  0.119 -0.202 -0.226* -0.123 -0.313**  0.477**  0.338**  0.457** -0.160 

DM rg   1.00  0.002 -0.319 -0.260  0.059 -0.089  0.252  0.172  0.205 -0.317 

rp   1.00 -0.171 -0.171 -0.149  0.027  0.004  0.216*  0.116  0.138 -0.186 

PH rg    1.00  0.064  0.366*  0.201  0.116  0.248 -0.033 -0.119  0.392* 

rp    1.00  0.040  0.267*  0.185  0.103  0.111 -0.040 -0.097  0.321** 

NET rg     1.00  0.296  0.142  0.226 -0.158 -0.039 -0.039  0.419* 

rp     1.00  0.266*  0.127  0.201 -0.152 -0.040 -0.050  0.445** 

EL rg      1.00  0.441*  0.411* -0.322 -0.140 -0.415*  0.486** 

rp      1.00  0.415**  0.388** -0.267* -0.125 -0.371**  0.456** 

EG rg       1.00  0.681** -0.154 -0.130 -0.202  0.665** 

rp       1.00  0.601** -0.144 -0.125 -0.192  0.641** 

TSW rg        1.00 -0.396* -0.464** -0.302  0.541** 

rp        1.00 -0.318** -0.390** -0.264*  0.469** 

PC rg         1.00  0.668**  0.356 -0.513** 

rp         1.00  0.598**  0.318** -0.457** 

Zn rg          1.00  0.156 -0.412* 

rp          1.00  0.147 -0.402** 

Fe rg           1.00 -0.284 

rp           1.00 -0.277** 

GYPP rg            1.00 

rp            1.00 
*, ** Significant at 5 per cent and 1 per cent levels of significance, respectively. 

Where, rg = Genotypic correlation, rp = Phenotypic correlation, DF = Days to flowering, DM = Days to maturity, NET = Number of effective tillers per plant, PH = Plant height, EL = Ear 

head length, EG = Ear head girth, TSW = 1000 grain weight, PC = Grain protein content, Zn = Grain zinc content, Fe = Grain iron content, GYPP = Grain yield per plant 
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3.5 Genotypic Path Coefficient Analysis 
 

Genotypic path coefficient analysis (Table 4) showed that plant height (0.494) and ear head girth (0.681) had 

large positive direct effects, whereas the number of effective tillers per plant (0.241) had a smaller positive 

direct effect on grain yield per plant. These effects supported their positive associations with grain yield and 

indicated that selection based on these traits may be useful. The greatest positive indirect effect was exerted by 

1000-grain weight through ear head girth (0.464). Days to maturity (-0.222) and grain protein content (-0.620) 

had negative direct effects, indicating inverse relationships with grain yield per plant. Ear head length and 1000-

grain weight also exerted negative direct effects of -0.235 and -0.173, respectively, despite their significant 

positive total correlations with grain yield. This contrast indicates that their positive associations were largely 

attributable to indirect effects through ear head girth. Therefore, selection for ear head length and 1000-grain 

weight may be more effective when accompanied by simultaneous selection for ear head girth to offset these 

negative direct effects. 

 

Path analysis showed that days to flowering, plant height, number of effective tillers per plant, ear head girth, 

grain zinc content, and grain iron content had positive direct effects on grain yield, indicating their contributions 

to yield variation. The residual effect of 0.31 suggested that the selected traits accounted for a substantial 

proportion of the variation in grain yield per plant in the present study. Similar results were reported by Kumari 

et al. (2018), Dadarwal et al. (2020), Kamble et al. (2022), Kumar et al. (2022), Goswami et al. (2023), Andhale 

et al. (2024), and Patil et al. (2024). 

 

Table 4. Genotypic path matrix of direct (bold diagonal) and indirect effects of various traits on grain 

yield per plant in thirty genotypes of pearl millet 

 
Characters DF DM PH NET EL EG TSW PC Zn Fe Correlation 

with GYPP 

DF 0.030 -0.099 0.163 -0.066 0.065 -0.074 0.073 -0.306 0.011 0.009   -0.194 

DM 0.013 -0.222 0.001 -0.077 0.061 0.040 0.015 -0.156 0.005 0.003   -0.317 

PH 0.010 -0.001 0.494 0.015 -0.086 0.137 -0.020 -0.154 -0.001 -0.002 0.392* 

NET -0.008 0.071 0.031 0.241 -0.070 0.097 -0.039 0.098 -0.001 -0.001 0.419* 

EL -0.008 0.058 0.181 0.072 -0.235 0.301 -0.071 0.200 -0.004 -0.007 0.486** 

EG -0.003 -0.013 0.099 0.034 -0.104 0.681 -0.118 0.095 -0.003 -0.003 0.665** 

TSW -0.013 0.020 0.057 0.055 -0.097 0.464 -0.173 0.246 -0.012 -0.005 0.541** 

PC 0.015 -0.056 0.123 -0.038 0.076 -0.105 0.069 -0.620 0.018 0.006   -0.513** 

Zn 0.012 -0.038 -0.016 -0.009 0.033 -0.089 0.080 -0.414 0.027 0.003   -0.412* 

Fe 0.017 -0.046 -0.058 -0.009 0.097 -0.138 0.052 -0.221 0.004 0.017   -0.284 
Residual effect = 0.31 

Where, DF = Days to flowering, DM = Days to maturity, NET = Number of effective tillers per plant, PH = Plant height, EL = Ear head 
length,  

EG = Ear head girth, TSW = 1000 grain weight, PC = Grain protein content, Zn = Grain zinc content, Fe = Grain iron content,  

GYPP = Grain yield per plant 

 

4. Conclusion 
 

The evaluated pearl millet restorer lines exhibited considerable variability for most yield, yield-related, and 

micronutrient traits, indicating useful scope for selection within the studied material. The violin plots supported 

the variability estimates by showing broad distributions for grain yield per plant, grain iron content, grain zinc 

content, plant height, and ear head length. Relatively small differences between the phenotypic and genotypic 

coefficients of variation for several traits indicated limited environmental influence under the conditions of this 

experiment. High heritability coupled with high genetic advance as a percentage of the mean for grain yield per 

plant, grain iron content, grain zinc content, ear head length, number of effective tillers per plant, grain protein 

content, ear head girth, 1000-grain weight, and plant height suggested that selection for these traits may be 

effective. Correlation analysis identified positive associations of plant height, ear head length, ear head girth, 

number of effective tillers per plant, and 1000-grain weight with grain yield per plant. Path analysis                      

further identified ear head girth, plant height, and number of effective tillers per plant as traits with positive 

direct effects on grain yield. These traits may therefore be considered jointly when selecting promising restorer 

lines. 
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5. Limitation 
 

The study evaluated thirty pearl millet restorer lines during one season at a single location. Consequently, the 

stability of trait expression and the effects of genotype × environment interaction could not be fully assessed. 

Multi-location and multi-year evaluations are required before the findings are applied more broadly in breeding 

programmes. Molecular or genomic analyses were not included and could provide additional evidence for 

interpreting the genetic architecture of the evaluated traits. 
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