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Abstract:  

Knowledge of combining ability and genetic diversity is essential for creating 

high-yielding hybrids suitable for commercial agriculture. This research 

evaluated general combining ability (GCA) and specific combining ability 

(SCA), selected promising hybrids, quantified genetic diversity among 24 

distinct inbred lines (18 lines and 6 testers), and associated genetic distance with 

hybrid performance. Assessments was done on 108 F1 hybrids with a 

randomised complete block design at a single location with three replications 

throughout the 2023 Kharif season. Both additive and non-additive gene actions 

contributed to the inheritance of all assessed traits; nevertheless, additive gene 

action was prevalent for the majority of traits. Inbred PMB 125 demonstrated 

significant general combining ability (GCA) effects for head weight, grain yield, 

single panicle weight, single panicle grain weight, and fodder yield. PMB 133 

and PMB 142 also displayed positive GCA effects across multiple traits, with 

PMB 142 exhibiting early maturity attributed to its negative impact on days to 

flowering. PMB 106 considerably enhanced productive tillers and yield 

characteristics. PMR 247 exhibited robust performance as a general combiner 

for head weight per plot, grain yield, leaf breadth, single panicle grain weight, 
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panicle length, and fodder yield per plot among testers. The SCA analysis 

identified superior hybrids such as PMB115 x PMR203, PMB113 x PMR247, 

PMB106 x PMR230, and PMB122 x PMR203/PMB122 x PMR249, 

demonstrating enhanced performance in yield components and their associated 

attributes. High-yielding hybrids, including PMB137 x PMR248, PMB105 x 

PMR230, PMB123 x PMR247, and PMB142 x PMR249, are appropriate for 

commercial production. Genetic distance study indicated modest variation 

among the paternal inbred lines, with markers exhibiting varying polymorphism 

(average PIC 0.561). Although GD did not directly forecast hybrid performance, 

there were substantial associations with specific features like as plant height, 

single panicle grain weight, and grain yield. This study offers significant 

insights into the inheritance of pearl millet grain production and key features, as 

well as the relevance of general combining ability (GCA), specific combining 

ability (SCA), and genetic variation among inbred lines. 

Keywords: Combining ability, genetic diversity, pearl millet, grain yield, hybrid 

performance 

 

 

Introduction 

Pearl millet (Pennisetum glaucum (L.) R. Br.) is an important forage and food crop 

in arid and semiarid regions of India and Africa. Globally, India is the top producer 

of millets accounting 13.21 MT production covering 9.76 MHa, followed by China 

mainland (2.7MT), Niger (2.1MT), and Nigeria (1.9MT) (FAOSTAT, 2021). Pearl 

millet constitutes approximately two-thirds of millet production in India, 

accounting for 9.62 MMT in the financial year 2021-2022. (Statista, 2022). Based 

on climatic conditions, production constraints, and the differential requirements of 

various crop-growing regions, India's agricultural zones cover approximately 8.06 

million hectares and include Zone A1 (3.78 m.ha), Zone A (2.85 m.ha), Zone B 

(1.02 m.ha), and the Summer zone (0.41 m.ha). It is widely cultivated in many 

Indian states, including Rajasthan, Maharashtra, Gujarat, Uttar Pradesh, Haryana, 

Karnataka, Madhya Pradesh, Tamil Nadu, and Andhra Pradesh. Based on data from 
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2012-13 to 2021-22, the average grain yield in various Indian states ranges from a 

minimum of 581 kg/ha in Jharkhand to a maximum of 2664 kg/ha in Gujarat 

(Summer), with an overall average yield of approximately 1495 kg/ha 

*(https://des.agri.gov.in) .Pearl millet grain contains 5.03 to 6.0 percent fat, 1.05 to 

1.7 percent crude fiber, and 65 to 70 percent carbohydrates, making it highly caloric 

per 100 grams due to its carbohydrate, fat, and protein content (Burton, 1972; Flech, 

1981). It is rich in iron (18 to 135 ppm) and zinc (22 to 92 ppm), essential nutrients 

often deficient in global populations, including India Rai et al., (2012). Cultivated 

predominantly (>92%) in rainfed conditions, pearl millet thrives in India's arid and 

semi-arid regions, receiving most of its annual rainfall (150 to 750 mm) from June 

to September 

Pearl millet, primarily grown in rain fed areas, crop faces significant challenges due 

to abiotic stresses, particularly drought caused by inconsistent rainfall. Developing 

cultivars that can suitable in these unpredictable conditions is crucial for sustainable 

yield production. Identifying superior parents and hybrids is key to developing new 

hybrids that perform well across diverse agro climates. Combining ability analysis 

is crucial for assessing the genetic merit of inbreds, facilitating the identification of 

parents that can effectively transmit favorable alleles to their progeny. The Line × 

Tester mating design, as introduced by Sprague and Tatum, (1942). Efficiently 

assesses large germplasm collections, providing valuable insights into genetic 

variance and effects. This study focuses on the genetics and heterosis of yield and 

its related traits, aim to select hybrids with enhanced resilience and productivity for 

varied climatic conditions 

The successful identification of desirable hybrid combinations depends on the 

combining ability of the parents and the gene effects involved in the expression of 

target trait Karvar et al., (2017), Mageto, E.K et.al., (2017) Furthermore, knowledge 

of gene action is important to devise an appropriate breeding strategy Kamara, M.M 

et.al.(2014).General combining ability (GCA) and specific combining ability 

(SCA) are widely used in selection of good parents and hybrids, respectively 

Carena, M.J.al (2010). Among different biometrical approaches, the line X tester 
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mating design is commonly used by pearl millet breeders to estimate GCA and SCA 

effects Gaoh et.al (2024), Zhang, Y .et.al   (2016) GCA is associated with additive 

gene effects, whereas SCA is typically associated with non-additive gene effects. 

Sprague et.al. (1942). both additive and non-additive gene actions were reported to 

be important in the inheritance of pearl millet grain Al-Naggar et.al. (2014).  

 The assessment of the diversity and genetic distance in the available pearl millet 

inbreds is important for a hybrid breeding program, in order to identify inbreds that 

would produce crosses with good levels of heterosis without testing all hybrids 

combinations Badu-Apraku, B (2013), Akinwale, R(2014) . Different types of DNA 

markers are available to estimate genetic distance. Singh et al. (2018), Ramya et al. 

(2018) The simple sequence repeat (SSR) markers or microsatellites have been 

considered as the markers of choice owing to their co-dominant, high polymorphic, 

multi-allelic nature and high reproducibility Sserumaga, J.P(2014). 

 However, contradictory results have been reported with respect to the relationship 

between genetic distance and hybrid performance in pearl millet. Significant 

correlations were reported between molecular marker-based GD and F1 hybrid 

grain yield in maize . Whereas, other studies reported no significant correlation 

Dhliwayo, T (2009), Menkir, A (2004) . Marker-based GD and hybrid yield/SCA 

for grain yield had no correlation, as was also reported in other studies in different 

crops Riday et al. (2003); Geleta et al. (2004); Teklewold and Becker (2006); Zeid 

et al. (2003); Gupta et al. (2018)The objectives of this study were (i) to estimate 

GCA of the inbred lines and SCA of the hybrids (ii) to determine the mode of gene 

action controlling grain yield and other important agronomic traits; (iii) to identify 

promising hybrids that yield well and (iv) to assess genetic diversity among twenty-

four inbred lines and correlate genetic distance to hybrid performance and SCA. 

The genetic diversity between crossing parents is crucial for generating variation 

for selection or maximising hybrid vigour. Therefore, the establishment of heterotic 

groupings within breeding populations is a crucial breeding objective to improve 

hybrid vigour. Nevertheless, there is a paucity of studies regarding the evaluation 

of germplasm and breeding materials for heterotic groups in pearl millet.  
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Morphological characteristics and pedigree data have been utilised to define the 

germplasm employed in the creation of parental lines and open-pollinated varieties 

(Gupta et al., 2011). Nonetheless, physical characteristics are affected by 

environmental factors and do not adequately assess diversity. Evaluating genetic 

diversity, population structure, and linkage disequilibrium is essential for 

identifying heterotic groupings, implementing genomics-assisted breeding, and 

conserving resources. Understanding the population structure and genetic diversity 

of breeding populations, germplasm, and parental lines utilised in the breeding 

program is critically important for association mapping research, genomic 

selection, and genomics-assisted breeding.  

Materials and Methods 

   Plant Materials 

The experimental plant material comprised a diversified collection of 

twenty-four pearl millet inbreds, including eighteen Maintainer lines (females) 

and six Restorer lines (Testers), obtained from ICRISAT, Hyderabad (Table 1). 

This elite material was chosen during the Scientist's field-day selection. The 

selections were predicated on diversity to discover combiners exhibiting strong 

general and specific combining ability. 
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 Production and Evaluation of F1 Hybrids 

               The experiment was conducted during summer 2023 season, all 

possible line × tester crosses were made among the twenty four lines in order to 

obtain seeds of 108 F1 hybrids. During the 2023 Kharif season, 108 F1 hybrids 

were cultivated in the crossing block at the Rallis India Limited Research and 

Development Centre in Hyderabad, Telangana, India. All 108 F1 hybrids, in 

conjunction with the commercial check hybrid MP7878 and their corresponding 

progenitors, were assessed utilising a Randomised Complete Block Design 

(RCBD). The experimental material consisted of four-row plots, each 4.8 m long, 

with a row spacing of 0.70 m and a plant-to-plant distance of 15 cm.  Following 

the germination of the planting material, thinning was done at 12-15 days, 

followed by weeding at 20-25 days, and earthing up between 30-35 days to 

optimise growth and production. Nitrogen (N) was applied at 50 to 60 kg/ha, 

phosphorus (P) at 50 kg/ha, and potassium (K) at 20 to 30 kg/ha; futher 

modifications can be done according to soil nutrient concentrations. These 

nutrients facilitate the growth of vigorous plants and augment overall yield. All 

agronomic practices were followed to raise a good crop. 

 

  Data Collection 

  Data was collected on five randomly selected plants over three replications of 

both parents and hybrids for 13 distinct quantitative attributes, namely: days to 

50% Flowering (DTF) which is noted when fifty percent of the panicles on a plant 

have emerged, recorded in days. Plant Height (PH) is measured in centimeter from 

the base to the apex of the tallest leaf or panicle. Panicle Length (PL) is observed 

in centimeter from the base to the apex, whereas Panicle Girth (PG) is measured 

in centimeter around the broadest section of the panicle. The count of Productive 

Tillers per Plant (PTPP) includes only those with mature panicles, whereas Leaf 

Length (LL) and Leaf Width (LW) were recorded in centimeter at their maximum 

length and width, respectively. Head Weight per Plot (HW) denotes the weight in 
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kgs of harvested grain heads, whereas Grain Yield per Plot (GY) signifies the total 

mass of grains collected post-threshing, also measured in kgs. Single Panicle 

Weight (SPW) quantifies the weight in grams of a singular panicle, whereas 

Single Panicle Grain Yield (SPGY) assesses the grain yield in grams derived from 

a single panicle post-threshing. The 1000-grain Weight (TGW) denotes the weight 

in grammes of grains, whereas Fodder Yield per Plot (FYLD) refers to the biomass 

collected for fodder, quantified in kgs following a 3-day sun-drying phase. 

Molecular Analysis 

DNA Isolation 

Leaves were sampled from 10 to 15 seedlings of each inbred line after twenty 

days from planting. Genomic DNA was isolated using CTAB method. Doyle, J. 

et.el .(1991) DNA quantity as well as quality was assessed using NanoDrop 

spectrophotometer (ND-1000, USA). 

SSR Primers and PCR Amplification 

Of the twenty-two SSR primer pairs examined, fourteen exhibited 

polymorphism among the twenty-four inbred lines investigated (Table 5). SSR 

markers encompassing the pearl millet genome were chosen from the literature 

to examine the diversity among the genotypes (Patil et al., 2021; Verma et al., 

2021). The markers examined and their polymorphism information are shown in 

Table 2. The polymerase chain reaction (PCR) was conducted in a volume of 10 

µl. The reaction mixture comprised 1µl of 10X Taq buffer A, 1µl of 2.5mM 

dNTPs, 1µl of oligonucleotide primers (both forward and reverse), 1µl of 1.2% 

BSA, 0.5µl of 1.5mM MgCl2, 2µl of 50ng genomic DNA, 0.1µl of 5U/µl Taq 

DNA polymerase (Bangalore Genei Merck), and 3.4µl of autoclaved double-

distilled water. The PCR was performed with the Eppendorf Master X50 PCR 

Thermal Cycler, USA. The PCR profile comprised an initial denaturation at 94 

°C for 4 minutes, followed by denaturation at 94 °C for 30 seconds, annealing at 

58 °C for 45 seconds (with annealing temperatures standardised for each SSR 

primer between 54 and 58 °C), an extension step at 72 °C for 1 minute, and 
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concluded with a final termination at 72 °C for 5 minutes, followed by a hold at 

10 °C for 10 minutes. The amplified PCR product was separated on a 3% agarose 

gel (superfine resolution agarose, LonzaSeaKem). The gels were stained with 

ethidium bromide, subsequently destained with tap water, and photographed 

utilising a gel documentation system (BIO-RAD California, U.S.). 
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Statistical Analysis 

 

  Analysis of variance (ANOVA) was conducted using all data utilising R software 

(version 4.4.1). The general combining ability (GCA) effects of the parents and 

the specialised combining ability (SCA) effects of the hybrids, along with their 

mean squares, were calculated using Griffing’s method 4 model I (Griffing, B. et 

al., 1956) via the DiallelAnalysisR –R program. The significance assessment of 

GCA and SCA effects was conducted at 5% and 1% probability levels. Pearson's 

correlation coefficients (r) were computed and visualised utilising the corrplot 

program by Wei, T. et al. (2019). 

 

  SSR Data Analysis 

The amplified bands were evaluated for each SSR marker according to the 

presence or lack of bands, resulting in a binary data matrix of (1) and (0) for each 

marker. The scoring of the SSR alleles was conducted manually by assessing the 

position of the bands in relation to the 100bp ladder, progressing sequentially 

from the smallest to the largest bands. The null allele was reconfirmed. Bands 

identified as artefacts, diffused, exceedingly faint, or exhibiting null alleles, even 
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after reconfirmation, were excluded from the study. SSR bands were recorded as 

present (1) or absent (0) for each cultivar. The polymorphic information content 

(PIC) of each SSR marker was assessed according to the methodology outlined 

by Botstein et al. (1980).Genetic distances between pairs of inbred lines were 

computed based on Jaccard, P. et al. (1908), utilising the PAST software. The 

dendrogram was constructed using the unweighted pair group technique with 

arithmetic averages (UPGMA) in DARwin version 6.0.021.  

 

 

Results 

Combining ability analysis 

Analysis of variance 

For each studied trait, the analysis of variance (ANOVA) showed significant mean 

squares for parents, crosses, parents v/s crosses, lines, testers, and line × testers 

(Supplementary Table S1).  
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With the exception of productive tillers and fodder output per plot, the mean square 

of the "parents v/s crosses" was significant for every characteristic under study. 

Tester effects were found to be significant for all traits except panicle length, 

productive tillers, leaf length, head weight per plot, grain yield, and thousand seed 

weight, indicating the prevalence of additive genetic effects (mean squares).The 

concurrent importance of mean squares attributable to lines, testers, and their 

interaction for days to flowering, plant height, panicle girth, leaf width, single 

panicle weight , single panicle grain weight and fodder yield per plot suggests that 

both additive and non-additive gene actions are implicated in the genetic regulation 

of these traits. These results corroborate previous studies by Dangariya et al. (2009), 

Shinde (2011), Rai et al. (2012), Govindraj et al. (2013), Khandagale et al. (2014), 

and Gavali et al. (2018). 

Performance of F1 Hybrids 

In assessing the performance of 108 F1 hybrids and the commercial check hybrid 

MP7878, several critical features were examined, demonstrating considerable 

diversity. The days to 50% flowering (DTF) indicated an early flowering period of 

51.00 days for the hybrid PMB103×PMR228 and a maximum of 61.67 days for 

PMB105×PMR228, resulting in a mean of 55.51 days. A total of 83 hybrids 

surpassed the check for this feature. Plant height (PH) ranges from 107.67 cm 

(PMB103×PMR228) to 182.67 cm (PMB110×PMR203), with an average height of 

149.29 cm, with 18 hybrids exceeding the control. Panicle length (PL) exhibited a 

minimum of 20.67 cm (PMB110×PMR230) and a maximum of 28.00 cm 

(PMB104×PMR228), yielding a mean of 24.17 cm, with 17 hybrids surpassing the 

control. 

Panicle Girth (PG) varied between small 11.00 cm (PMB142×PMR228) and big 

14.67 cm (PMB123×PMR249), with a mean of 12.93 cm, and 63 hybrids exceeded 

the check. Productive Tillers (PT) were found in the range between 1.67 tillers 

/plant (PMB109×PMR249) to 6.33 tillers /plant (PMB103×PMR247), with a mean 

of 3.08 tillers per plant and 18 hybrids did better than the check. Leaf Length (LL) 

ranged from short 50.67 cm (PMB108×PMR203) to long 74.00 cm 
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(PMB142×PMR247), averaging 62.18 cm, with 79 hybrids outperforming the 

check. Leaf Width (LW) ranged between 3.13 cm (PMB106×PMR228) to 6.00 cm 

(PMB133×PMR248), with a mean of 4.36 cm, and 81 hybrids performed better than 

the check. Head Weight /Plot (HW) ranged from 0.31 kg (PMB103×PMR230) to 

1.60 kg (PMB105×PMR230), averaging 0.84 kg, with 5 hybrids surpassing the 

check. Grain Yield /plot (GY) showed a minimum of 0.20 kg (PMB124×PMR247) 

and a maximum of 1.19 kg (PMB123×PMR247), with a mean of 0.64 kg. The 

maximum, minimum and mean values for all the studied traits are presented in 

Table 2. 

The Single Panicle Weight (SPW) ranged from a minimum of 28.85 g 

(PMB137×PMR230) to a maximum of 109.33 g (PMB125×PMR249), with an 

average of 71.32 g, and 56 hybrids surpassed the control. Single Panicle Grain Yield 

(SPGY) varied from a minimum of 26.00 g (PMB103×PMR228) to a maximum of 

78.73 g (PMB125×PMR249), with an average of 46.61 g, with 37 hybrids above 

the control. The 1000 Seed Weight (TSW) ranged from a minimum of 8.23 g 

(PMB133×PMR249) to a maximum of 15.97 g (PMB123×PMR203), with an 

average of 13.03 g, and 23 hybrids were selected in comparison to the control. 

The results on Fodder Yield /plot (FYPP) ranged between 0.62 kg 

(PMB133×PMR203) to  2.25 kg (PMB106×PMR230), with a mean of 1.56 kg, and 

2 hybrids outperformed the check MP7878. These results indicate that a substantial 

number of hybrids demonstrated superior performance compared to the check for 

various traits, highlighting the potential for selecting improved hybrids in breeding 

programs. 

General Combining Ability (GCA) Effects 

In the assessment of lines and testers for General Combining Ability (GCA), 

various lines and testers exhibited significant values. Multiple lines (PMB 109, 

PMB 103, PMB 142) and the tester PMR 203 exhibited considerable negative GCA 

effects, demonstrating their potential for early blooming. Lines PMB 125, PMB 

133, and PMB 142 demonstrated significant GCA effects on yield and its associated 
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characters, including plant height, panicle length, productive tillers, head weight, 

grain yield, single panicle weight, single panicle grain yield, 1000-grain weight, 

and fodder yield. Among testers, PMR 247 and PMR 249 had substantial positive 

GCA effects for the majority of yield-related variables. These findings underscore 

their potential in breeding efforts aimed at enhancing early blooming and 

production. Various estimates of GCA are presented in Supplementary Table S2 

ans S3. 
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The research revealed that the variance attributed to general combining ability 

(σ²gca) exceeded that of specific combining ability (σ²sca) across all examined 

traits, suggesting that additive gene activity primarily governs these characteristics. 

Additive genetic variation exceeded dominant genetic variance for all variables, as 

seen by the ratio of general to specific combining ability variance (σ²gca/σ²sca), 

which was greater than one. 

Specific Combining Ability (SCA) Effects 

Numerous crosses demonstrated negative and significant Specific Combining 

Ability (SCA) effects for days to 50% flowering at the 1% level of significance. 

The estimates of SCA values are presented in Supplementary Table S4. 

 

 

 The crosses comprise PMB114 x PMR230, PMB113 x PMR247, PMB105 x 

PMR248, PMB114 x PMR228, PMB133 x PMR249, and PMB115 x PMR230. 

These findings suggest that these particular crosses are potential prospects for the 

development of early-flowering hybrids. Among the top 5% of crosses exhibiting 

substantial and positive Specific Combining Ability (SCA) impacts for yield-

related traits, several noteworthy combinations were identified. Regarding plant 

height, PMB110 x PMR203, PMB137 x PMR228, and PMB108 x PMR247 shown 

the most efficacy. Panicle length was positively affected by PMB104 x PMR228 

and PMB109 x PMR249, whereas PMB124 x PMR228 had the greatest importance 

for panicle girth. The highest crosses for productive tillers per plant were PMB113 
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x PMR249 and PMB106 x PMR248. The most effective crosses for leaf length were 

PMB137 x PMR203, PMB104 x PMR228, and PMB142 x PMR247.These superior 

crosses are significantly valuable for breeding programs focused on improving 

specific yield-related features. The results demonstrate that these particular crosses 

are exceptionally effective in strengthening many features, rendering them 

beneficial for breeding programs aimed at improving yield and its associated 

qualities.  

Cluster Analysis, Genetic Distance (GD) and SSR Polymorphisms 

Of the twenty-two SSR primer pairs examined, fourteen exhibited polymorphism 

among the twenty-four inbred lines investigated (Table 3). The primer pairings 

produced a total of 42 polymorphic fragments (Figure 1).  
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The allele count per locus varied from 2 to 4, with a mean of 3 alleles per locus 

(Table 2). The polymorphic information content (PIC) was 0.561, with a range of 

0.279 to 0.761. The Xpsmp2079.2 locus exhibited the highest PIC of 0.761 (Table 

3). Estimates of genetic distance derived from SSR markers varied from 0.164 to 

0.569, with a mean of 0.366 (Supplementary Tabe S5). 
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 Utilising the genetic distance matrix, pairs were classified into low, medium, and 

high genetic distances, and the top 1% of pairs in each category were determined. 

For pairs with low genetic distance (≤ 0.3), the most proximate genetic links were 

identified between B113 and B114 (0.164), B124 and B133 (0.164), and B124 and 

B125 (0.212), with genetic distances spanning from 0.164 to 0.212. Medium 

genetic distance couples (0.31 - 0.45) demonstrated considerable genetic 

divergence, with the highest pairs being B106 and B113 (0.291), B108 and B113 

(0.282), and B106 and B108 (0.293), with distances ranging from 0.282 to 0.293. 

Significant genetic divergence was observed among high genetic distance couples 

(> 0.45), namely between B142 and R203 (0.569), R203 and R248 (0.567), and 

B134 and R203 (0.548), with genetic distances spanning from 0.548 to 0.569. 

The dendrogram created from genetic distance (GD) exhibited two primary clusters, 

distinctly separated into male and female groupings. The female group comprises 

three subclusters: Cluster 1 contains eleven inbreds, Cluster 2 contains five inbreds, 

and Cluster 3 contains two inbreds. The male group comprises two subclusters: 

Cluster 4, including four inbreds, and Cluster 5, consisting of two inbreds (Figure 

2). Information is provided in Table 4. 
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Association between Genetic Distance (GD), F1 Hybrid Performance and SCA 

The correlations between the genetic distances of pairs of inbred lines and the 

performance of F1 hybrids were strongly associated with the F1 hybrid performance 

throughout the analysed variables (Table 4, Figure 2A, B). The Plant height had a 

significant connection with Genetic Distance (r = 0.77), suggesting that genetic 

similarity among parental inbreds substantially affects the performance of F1 

hybrids. This strong correlation indicates that Genetic Distance is a dependable 

predictor of plant height, essential for enhancing plant architecture in breeding 

initiatives. Likewise, characteristics such as SPGY (r = 0.61) and GY (r = 0.47) 

exhibited moderate to strong relationships with GD, underscoring its effectiveness 

in forecasting essential agronomic effects. 
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      In contrast, very week correlations were noted for characters such as DTF (r = 

0.12) and PDLR (r = -0.241). The results demonstrate that although GD may 

accurately forecast some features, its predictive efficacy fluctuates across several 

dimensions of plant development and production. Significantly, (TSW) 

demonstrated a negative connection with GD (r = -0.057), highlighting the intricacy 

of genetic determinants affecting seed traits. 

DTF(Days to 50% Flowering), PH(Plant Height), PL(Panicle Length), PG(Panicle 

Girth), PT(Productive Tillers), LL(Leaf Length), LW( Leaf Width),HW(Head 

Weight), GY(Grain Yield),SPW(Single Panicle Weight), SPGY(Single panicle 

Grain Yield),TSW(1000 seed Weight), FY(Fodder Yield). 

           

The present findings indicated a substantial association between molecular Genetic 

Diversity and F1 hybrid performance (Singh, P et al., 2015; Betran, F et al., 2003). 

No significant association existed between genetic diversity (GD) and specific 

combining ability (SCA) across all traits, indicating that SSR-based GD may not 
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effectively predict SCA effects in the studied traits. A non-significant association 

between genetic distances and SCA was similarly reported by Makumbi, D et al. 

(2011) and Parentoni, S et al. (2001). However, in contrast to the current findings, 

Betran et al. showed a strong association between GD and SCA concerning maize 

grain yield. Moreover, our findings demonstrated that GD exhibits considerable 

promise in forecasting F1 hybrid performance for particular features, suggesting that 

GD could be utilised to anticipate the performance of F1 hybrids. This outcome 

aligns with the conclusions of Singh, P. et al. (2015) and Betran, F. et al. (2003).  

 

Discussions 

Analysis of Variance and Hybrid Performance 

The mean squares for parents, parents v/s crosses, testers and line × tester 

interactions were highly significant in the analysis of variance (ANOVA) for the 

studied characteristics in pearl millet. This suggests that the hybrids exhibited 

considerable genetic variability, with both parents and crosses exhibiting significant 

effects on all traits. The prevalence of additive genetic effects in the inheritance of 

these traits is indicated by the significance of mean squares attributable to lines and 

lines × testers for all traits. This is essential for breeding programs that are dedicated 

to the enhancement of traits through the utilisation of additive genetic variation. 

The testers were effective in discriminating among lines for the majority of traits, 

but they were less effective for the exceptions of panicle length, productive tillers, 

leaf length, head weight per plot, cereal yield, and thousand seed weight. 

The associated importance of mean squares attributed to lines, testers, and their 

interaction for traits including days to flowering, plant height, panicle girth, leaf 

width, single panicle weight, single panicle grain weight, and fodder yield per plot 

suggests the influence of both additive and non-additive genetic mechanisms in the 

regulation of these traits. The results align with earlier research conducted by 

Dangariya et al. (2009), Shinde et al. (2011), Rai et al. (2012), Govindraj et al. 

(2013), Khandagale et al. (2014), and Gavali et al. (2018), all of which emphasised 
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the significance of both categories of gene effects in the inheritance of agronomic 

characteristics. 

 

The assessment of 108 F1 hybrids compared to the commercial check hybrid 

MP7878 in pearl millet exhibited considerable heterogeneity across all examined 

parameters, indicating significant genetic diversity and the potential for choosing 

superior hybrids in breeding programs. Numerous hybrids surpassed the best check 

MP7878 across various traits, including days to 50% flowering (DTF), plant height 

(PH), panicle length (PL), panicle girth (PG), productive tillers (PT), leaf length 

and width (LL and LW), head weight per plot (HW), grain yield per plot (GY), 

single panicle weight (SPW), single panicle grain yield (SPGY), 1000 seed weight 

(TSW) and fodder yield per plot (FYPP). 

The predominance of general combining ability  (σ²gca) over specific combining 

ability variance (σ²sca) for these measures highlighted the significance of additive 

genetic factors in governing their inheritance. This tendency was uniform across 

characteristics such as plant height, panicle girth, leaf dimensions, and grain yield, 

wherein additive genetic variance surpassed dominant genetic variance. These 

findings substantiate the effectiveness of selective methods of breeding to improve 

these features in pearl millet. Furthermore, the contributions of parental lines and 

their combinations (line tester) differed among traits; for example, lines had a more 

substantial impact on traits such as panicle length and thousand seed weight, while 

line tester interactions were pivotal for traits like days to flowering and grain yield. 

 

This study highlights the genetic diversity among F1 hybrids and their potential for 

agronomic improvement in pearl millet breeding. The identification of hybrids that 

consistently surpass the commercial check across various traits presents appealing 

possibilities for additional evaluation and further introduction as new commercial 

cultivars. These findings aligns with the results published in earlier research by 

Dangariya et al. (2009), Rai et al. (2012), Govindraj et al. (2013), Khandagale et al. 

(2014), Gavali et al. (2018), and Ejigu et al. (2017). 



ISSN:0265-086X Vol. 43 (n. 5, 2025) 

56

SSR Polymorphisms, Genetic Diversity, and Cluster Analysis 

The average number of alleles (2.7) per locus identified in this investigation was 

comparable to the values reported by Badu-Apraku et al. (2013), Akinwale et al. 

(2014), and Menkir et al. (2004), who observed averages of 2.9, 2.57, and 3.0 alleles 

per locus, respectively. Nonetheless, it was inferior than the 6.21 alleles/locus 

documented by Oppong et al. (2014) and the 5.7 alleles/locus identified by 

Oyekunle et al. (2015) in maize inbred lines utilising SSR markers. The variations 

in allele values between research may be ascribed to discrepancies in sample size, 

repeat length, and the quantity of SSR markers utilised, as noted by Akinwale et al. 

(2014). The reduced values noted in this study may result from the limited number 

of lines utilised in genotyping. 

               The genomic analysis of twenty-four inbred pearl millet lines utilising 

SSR markers offers critical insights into the genetic diversity and interrelationships 

among these lines. Of the twenty-two SSR primer pairs evaluated, fourteen 

exhibited polymorphism, resulting in a total of 42 polymorphic fragments. This 

signifies a moderate degree of genetic variation among the examined inbred lines, 

with each SSR locus containing 2 to 4 alleles and an average of 3 alleles per locus. 

The polymorphic information content (PIC) of the markers varied from 0.279 to 

0.761, with a mean PIC of 0.561, signifying a considerable degree of 

informativeness of the SSR markers in differentiating genotypes. The Xpsmp2079.2 

marker on linkage group 7 displayed the highest PIC value of 0.761, indicating its 

significant efficacy in identifying genetic diversity. Additional markers with 

elevated PIC values comprised Xpsmp2070 (0.666), Xpsmp2081 (0.669), and 

Xpsmp2030 (0.631), which are crucial for the genetic mapping and marker assisted 

selection in pearl millet breeding. 

The SSR markers enabled the assessment of genetic distances among the inbred 

lines, which varied from 0.164 to 0.569, with a mean genetic distance of 0.366. 

These distances indicate the extent of genetic divergence or similarity between pairs 
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of lines, which is essential for comprehending the breeding potential and 

relatedness among genotypes. Pairs were classified into low (≤ 0.3), medium (0.31 

- 0.45), and large (> 0.45) genetic distances. The nearest genetic affiliations were 

noted between B113 and B114 (0.164), B124 and B133 (0.164), and B124 and 

B125 (0.212), with genetic distances varying from 0.164 to 0.212. These pairs have 

minimal genetic distance, signifying a high level of relatedness, which may be 

detrimental for hybrid breeding due to restricted heterotic potential. 

Pairs with medium genetic distance, including B106 and B113 (0.291), B108 and 

B113 (0.282), and B106 and B108 (0.293), demonstrated moderate genetic 

divergence, advantageous for breeding programs aiming to optimise genetic 

diversity and performance. Pairs exhibiting high genetic distance (> 0.45), 

including B142 and R203 (0.569), R203 and R248 (0.567), and B134 and R203 

(0.548), demonstrated considerable genetic divergence, rendering them viable 

candidates for hybrid breeding owing to their potential for substantial heterosis. 

The dendrogram generated by the UPGMA method using DARwin software 

version (6.0.021) based on genetic distance displayed two primary clusters, 

distinctly segregated into male and female groups. The female group comprised 

three subclusters: Cluster 1 containing eleven inbreds, Cluster 2 consisting of five 

inbreds, and Cluster 3 with two inbreds. The male cohort had two subclusters: 

Cluster 4, consisting of four inbreds, and Cluster 5, comprising two inbreds. This 

clustering pattern signifies both shared ancestry and genetic divergence among the 

inbred lines, which is crucial for enhancing breeding tactics to leverage heterosis 

and develop improved cultivars. 

The study emphasises the significance of utilising genetic variety, combining 

ability, and molecular markers to enhance breeding techniques and attain 

sustainable advancements in pearl millet output and adaptability. 

Association between Genetic Distance, F1 Hybrid Performance and SCA 
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The recent findings indicate a substantial association between molecular GD and F1 

hybrid performance (Singh, P et al., 2015; Betran, F et al., 2003). No substantial 

association existed between GD and SCA across all characteristics, indicating that 

SSR-based GD may not effectively predict SCA effects in the examined traits. A 

non-significant connection between genetic distances and SCA was similarly 

reported by Makumbi, D et al. (2011) and Parentoni, S et al. (2001). Contrary to the 

current findings, Betran et al. (2003) observed a strong association between GD and 

SCA for higher grain production. Moreover, our findings revealed that Genetic 

Distance (GD) possesses considerable potential in forecasting F1 hybrid 

performance for particular traits, suggesting that GD might be utilised to anticipate 

the performance of F1 hybrids. This outcome aligns with the conclusions of Singh, 

P. et al. (2015) and Betran, F. et al. (2003). 

 Our findings demonstrated a significant correlation between genetic diversity (GD) and 

F1 hybrid performance across the analysed traits, with plant height (PH) displaying a 

notably strong correlation with GD (r = 0.77), suggesting that genetic similarity among 

parental inbreds profoundly affects the stature of F1 hybrids. This strong correlation 

indicates that GD is a dependable predictor of plant height, essential for enhancing plant 

architecture in breeding initiatives. Likewise, characteristics such as Single Panicle 

Grain Weight (SPGY) (r = 0.61) and Grain Yield (GY) (r = 0.47) exhibited moderate to 

substantial relationships with GD. 

There were, however, weaker associations found for characteristics such as the 

number of days till flowering (DTF) (r = 0.12) and the number of productive tillers 

(PT) (r = -0.241). Based on these findings, it can be concluded that genetic diversity 

(GD) has the ability to accurately predict some characteristics; nevertheless, its 

predictive capacity differs across many elements of plant growth and production. It 

is important to note that the seed weight (SW) of 1000 seeds showed a negative 

correlation with the genetic diversity (r = -0.057), which highlights the complexity 

of the genetic processes that influence seed characteristics. Overall, while GD 

demonstrates significant potential in predicting F1 hybrid performance for specific 

traits, This indicated that GD could be used to predict the performance of F1 hybrids. 
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This result are in agreement  with the findings of  Singh, P. et.al.(2015), Betran, F. et. 

al (2003). These findings contribute valuable insights into the intricate relationship 

between genetic diversity and relation to hybrid performance in pearl millet 

 

 

 

Conclusion 

This study demonstrated significant diversity among F1 hybrids for all variables. 

Additive and non-additive gene effects contribute to the genetic regulation of all traits, 

with additive gene action predominating for the majority of traits. The selection of 

prospective hybrids ought to consider both general combining ability (GCA) and 

specific combining ability (SCA) effects. The inbred PMB 125 exhibited substantial and 

favourable GCA effects for head weight per plot, grain yield, single panicle weight, 

single panicle grain weight, and fodder yield per plot, signifying its potential to augment 

both grain and biomass productivity. PMB 133 and PMB 142 shown favourable general 

combining ability (GCA) effects for several traits, with PMB 142 presenting a large 

negative GCA effect for days to flowering, hence proving advantageous for the 

development of early-maturing cultivars. PMB 106 exhibited considerable GCA effects 

on productive tillers and yield-associated characteristics. Among the testers, PMR 247 

emerged as a strong general combiner for robust yield characters. 
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The SCA study revealed several cross combinations exhibiting substantial and 

pronounced SCA impacts across multiple traits. Significant combinations 

comprised PMB115 x PMR203, PMB113 x PMR247, PMB106 x PMR230, and 

PMB122 x PMR203/PMB122 x PMR249, demonstrating enhanced performance in 

yield and biomass-related characteristics. High-yielding hybrids, including 

PMB137 x PMR248, PMB105 x PMR230, PMB123 x PMR247, and PMB142 x 

PMR249, exhibited significant hybrid vigour and commercial viability. The 

predicted genetic diversity based on SSR markers in this study could not be utilised 

to forecast the specific combining ability effects. The present investigation revealed 

a substantial correlation between genetic distance (GD) of parental inbred lines and 

the performance of F1 hybrids across several important parameters. A robust 

association was discovered for plant height (r = 0.77), signifying that GD is a 

dependable predictor of plant stature in hybrids. Significant associations were 

identified for single panicle grain weight (r = 0.61) and grain yield (r = 0.47), 

indicating the efficacy of GD in forecasting critical agronomic characteristics. 

While SSR concluded that GD was ineffective in forecasting hybrid performance 

and SCA impacts, it proved proficient in categorising the inbred lines based on their 

origin, indicating the efficacy of SSR markers for diversification and clustering 

analysis.The top lines PMB 125, PMB 133, and PMB 142, in conjunction with 

tester PMR 247, exhibited significant GCA impacts, improving essential yield 

characteristics. High-yielding hybrids such as PMB115 x PMR203, PMB113 x 

PMR247, and PMB137 x PMR248 exhibited substantial SCA effects and strong 

vigour, underscoring their potential to improve grain and biomass production. 

Multi-location studies are crucial for validating performance across various 

environments for commercial utilization. 
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