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Abstract 

Understanding the stability of grain yield and yield-attributing traits is critical for sorghum 

improvement under variable agro-ecological conditions. Twenty-one coloured pericarp sorghum 

genotypes were evaluated across three rabi environments—Parbhani, Basmathnagar, and 

Nanded—during 2022–23 using a randomized block design with two replications. Stability 

parameters were analysed according to the Eberhart and Russell (1966) model. Significant 

genotypic and environmental differences were observed for all yield traits. GP 40053-1-2 

exhibited high grain yield and stable performance across environments, whereas IS 23891 and 

ISSVT 102 showed high yield potential. Genotypes GP 3138 and ISSVT 102 performed better 

under poor environments, while ICRISAT 409 and YPT 1007 performed better under favourable 

environments. The study identifies superior and stable genotypes suitable for rabi sorghum 

improvement. 

KEYWORD: Sorghum; Rabi sorghum; Coloured pericarp; Grain yield; Yield-attributing traits; 

Stability analysis; Eberhart and Russell model; Genotype × environment interaction; Stable genotypes; 

High-yielding genotypes; Randomized block design; multi-environment evaluation 

1. INTRODUCTION 

Sorghum was a drought-tolerant C4 cereal belonging to the grass family Poaceae. It 

ranked as the fifth most important cereal globally and the third most important in India after rice 

and wheat, with major cultivation in semi-arid regions such as Maharashtra and Marathwada. Its 

coloured pericarp types and diverse genotypes, combined with strong genotype × environment 

(G × E) interactions, made stability analysis essential for identifying high-yielding and stable 

types that could help arrest and reverse the decline in sorghum area in regions where it had been 

replaced by crops such as soybean. 
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Sorghum bicolor (L.) Moench was an annual, tall, monoecious C4 grass with a deep and 

spreading root system. It was adapted to tropical and subtropical drought-prone semi-arid regions, 

where it served as a key cereal for food, feed and fodder. It was nutritionally rich, containing 

about 74% starch, 11% protein, moderate fat, crude fibre and ash. It was naturally gluten-free, 

had a relatively low glycaemic index and possessed high levels of antioxidants, polyphenols, 

dietary fibre and minerals, making it suitable for people with chronic lifestyle disorders such as 

diabetes and gluten intolerance. 

In India, sorghum was mainly grown in the kharif (largely hybrids) and rabi (mostly 

improved varieties) seasons. It was the third major cereal after rice and wheat, with Maharashtra, 

Karnataka and Madhya Pradesh as the leading producing states. Within Maharashtra, districts in 

the Marathwada and adjoining regions, such as Solapur, Beed, Parbhani, Osmanabad and Latur, 

contributed a large share of the area and production, although the overall sorghum area had been 

under pressure from competing crops. 

 

1.1 Declining Sorghum Area in Maharashtra and Marathwada 

Over the past two to three decades, the sorghum area in Maharashtra, including the 

Marathwada region, had declined steadily as farmers shifted to more remunerative oilseeds and 

commercial crops, particularly soybean in kharif and, in some tracts, cotton and other cash crops. 

This shift had been driven by relatively higher market prices, assured demand, better support 

prices and strong processing industries for soybean, along with changing dietary habits that had 

reduced direct human consumption of sorghum in rural as well as urban populations. 

As a result, even in traditional sorghum belts of Marathwada, the crop had often been 

confined to marginal lands or relegated to a secondary role. This trend threatened on-farm 

sorghum diversity and the regional food–fodder security that had historically depended on this 

hardy cereal. The decline in area, combined with increasing climate variability, highlighted the 

need for sorghum cultivars that were not only high-yielding but also stable and tailored to specific 

environments and market uses, so that farmers perceived sorghum as economically competitive 

with soybean and other alternatives. 

 

1.2 Role of Coloured Pericarp Types and Grain Quality 

Sorghum exhibited wide variation in pericarp colour—red, white, yellow, brown and 

black— controlled genetically through pigments such as anthocyanins, flavonoids and tannins 

located primarily in the pericarp and testa. These colours were closely associated with phenolic 

content, antioxidant capacity and end-use quality. White grains were preferred for porridge and 

many food products; red grains were used in brewing; yellow grains were valued for higher 

phenolic and nutritional content; and brown (tannin) sorghums were utilized for specific health-

oriented or industrial purposes. 

Since grain colour and associated phenolic profiles directly affected both consumer 

acceptance and industrial suitability, breeding and selecting stable coloured pericarp sorghums 

suited to food, feed, brewing and health-food markets could create new demand segments. 

Aligning genotype selection with these differentiated value chains improved price realisation for 

farmers in Maharashtra and Marathwada, making sorghum a more attractive alternative to 
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competing crops. 

 

1.3 Importance of Stability Analysis for Reversing Area Decline 

Weather and environmental conditions strongly influenced sorghum phenology, yield and 

grain quality, resulting in significant genotype × environment interactions across seasons, 

locations and years. A genotype was considered stable when it maintained relatively consistent 

grain yield and desirable grain-quality traits across diverse environments, adjusting its phenotype 

without substantial performance penalties under stress or fluctuating conditions. 

Stability analysis using models such as the Eberhart and Russell (1966) approach enabled 

breeders to quantify G × E interactions, identify genotypes with high mean yield and low 

deviations from regression, and classify genotypes as either widely adapted or specifically 

adapted to particular environments. In the context of coloured pericarp sorghum, such analysis 

helped identify lines that consistently expressed desirable grain colour, phenolic profiles and 

physical quality along with stable yield under the variable conditions typical of Marathwada and 

other agro-ecological zones of Maharashtra. 

1.4 How This Study Could Help Increase Sorghum Area 

The proposed investigation, “Stability Analysis in Coloured Pericarp Sorghum 

(Sorghum bicolor (L.) Moench)”, aimed to estimate the stability for grain yield and its 

attributing traits. 

By identifying coloured pericarp sorghum genotypes that combined high, stable yields 

with stable grain quality across the diverse environments of Marathwada and wider Maharashtra, 

the study had the potential to generate varieties and hybrids that were more reliable for farmers 

and more attractive to markets and processing industries. When such stable, market-oriented 

cultivars were supported through appropriate extension strategies, value-addition initiatives and 

price incentives, they could improve the profitability and reduce the risk associated with sorghum 

cultivation. This, in turn, could help slow, halt or even reverse the ongoing shift of area from 

sorghum to soybean and other competing crops in the region. 

 

2.  Materials and Methods 

The field trial was carried out across three experimental sites representing distinct agro-

climatic conditions: Parbhani (E1), Basmathnagar (E2), and Nanded (E3). The experiment was 

laid out in a Randomized Block Design with two replications, using a spacing of 45 × 15 cm and 

a fertilizer dose of 80:40:40 NPK kg/ha. Data were recorded on several agronomic and yield 

related traits, including days to 50% flowering, days to physiological maturity, plant height, 

panicle length and breadth, test weight, grain yield per plant, and fodder yield per plant. Stability 

analysis was performed following the Eberhart and Russell (1966) model, which estimates the 

stability parameters—mean performance (µ), regression coefficient (bi), and deviation from 

regression (S²di)—to assess genotype behaviour across varying environments. 

 

2.1 Plant Materials 

Twenty-one genotypes—including 18 coloured pericarp germplasm lines and 3 checks—

were evaluated (Table 2.1). 
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Table 2.1: List of genotypes studied 

 

3. Results & Discussion 

3.1 Analysis of Variance 

Significant genotypic differences were recorded across all environments for all yield-

related traits. 

Table 3.1 Pooled ANOVA for Yield and Attributing Traits 

*Significant at 5% level  **Significant at 1% level 

 

3.2 Mean Performance of Grain Yield 
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Table 3.2. Grain Yield per Plant Across Environments 

The pooled analysis of variance revealed significant differences among genotypes, 

environments, and their interactions for all yield and yield-contributing traits, indicating the 

presence of substantial genetic variability and differential environmental influence (Eberhart & 

Russell, 1966). Significant G×E (linear) components indicated predictable genotype responses 

across environments, consistent with earlier findings in sorghum (Kenga et al., 2003; Prabhakar 

& Patil, 2002). 

Mean performance indicated wide variability across genotypes for days to 50% flowering, 

days to maturity, plant height, panicle length, test weight, and grain yield—similar to reports by 

Girish et al. (2016) and Chavan et al. (2010). Early flowering in GP 1539 and RIL 40818-3-1 

supports the presence of selection-ready early-duration material, a trend also noted by 

Madhusudhana et al. (2003) . GP 40053-1-2 and IS 23891 consistently showed superior grain 

yield and test weight, corroborating past evidence that high-yielding sorghums often exhibit 

strong stability and adaptability (Burli et al., 2004; Showemimo, 2007). 

Stability analysis using the Eberhart and Russell model indicated that BAJRA TYPE, RIL 

40141-1, and ICRISAT 409 were stable for flowering time (bi ≈ 1; S²di ≈ 0). Stability in maturity 

duration was also exhibited by P. Moti, U-Local, YPT 1021, and GP 40053-1-2, reflecting general 

adaptability. Earlier studies have emphasized the importance of such parameters in selecting 

broadly adapted sorghum genotypes (Elangovan & Raut, 2010; Khandelwal et al., 2019). For 

plant height and grain yield, GP 40053-1-2, IS 23891, and ISSVT 102 combined high mean with 

desirable stability parameters. Similar stability patterns in grain yield have been reported by Ezzat 

et al. (2010), Saeed & Francis (1983), and Souza et al. (2013) . GP 40053-1-2 also exhibited stable 

fodder yield, aligning with findings by Kher et al. (2008) and Meena et al. (2020) on dual-purpose 

sorghum stability. Overall, the results identify GP 40053-1-2, IS 23891, and ISSVT 102 as high-

yielding, stable, and widely adaptable genotypes. These findings align with recent stability studies 

in sorghum highlighting the importance of selecting genotypes with strong linear regression 

responses and minimal deviation from regression for multi-environment cultivation (Ibrahim et 

al., 2019; Saikiran et al., 2022). 

 

3.3 Stability Analysis 
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Table 3.3 Estimate of stability parameters for yield and its attributing traits over 

three environments     in Sorghum 

 

*Significant at 5% level  **Significant at 1% level  Continued…. 
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Table 3.3 Continued… 

*Significant at 5% level    **Significant at 1% level  Continued…. 
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Table 3.3 continued… 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Significant at 5% level    **Significant at 1% level  Continued 
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*Significant at 5% level     **Significant at 1% level 

 

The genotype GP 40053-1-2 demonstrated stable and high-yielding performance across 

environments, supported by a regression coefficient close to unity and a low deviation from 

regression. Genotypes IS 23891 and ISSVT 102 also recorded high yields coupled with wide 

adaptability, making them suitable for diverse growing conditions. In contrast, ICRISAT 409 

and YPT 1007 showed better performance under favourable environments, while GP 3138 and 

ISSVT 102 exhibited superior adaptability to poor environments, indicating their potential for 

stress-prone regions. 

Significant G×E effects demonstrated strong environmental influence on sorghum yield 

traits. GP 40053-1-2 showed excellent broad adaptation and stability for yield and panicle traits. 

IS 23891 demonstrated high yielding ability but slightly specific adaptation. Early flowering 

genotypes (GP 1539, RIL 40818-3-1) are suitable for drought escape in rabi conditions. Stability 

analysis confirmed no genotype was stable for all traits, but several exhibited useful specific 

stability patterns. 

4. . Conclusion 
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The present investigation on “Stability Analysis in Coloured Pericarp Sorghum (Sorghum 

bicolor (L.) Moench)” aimed to estimate the stability for grain yield and its attributing traits across 

three locations—Parbhani, Basmath, and Nanded. The study evaluated 21 rabi season coloured 

pericarp sorghum lines, including 18 germplasm lines and 3 checks, using a randomized block 

design with two replications. Observations were recorded on five randomly selected plants per 

treatment for morphological traits and on plot basis for phenological and some grain quality 

parameters. Stability analysis followed the Eberhart and Russell (1966) model. 

Analysis of variance revealed significant genotypic differences for traits including days 

to 50% flowering, days to physiological maturity, plant height, fodder yield per plant, grain yield 

per plant, panicle length and breadth, test weight, bulk density, porosity, grain shape, pericarp 

colour, grain lustre, grain hardness, and endosperm texture. Significant genotype × environment 

(G × E) interactions for most traits indicated that genotypes varied in their response to 

environmental changes, underlining the importance of stability analysis. 

Results identified genotypes with specific stable trait expressions; for instance, GP 40053-

1-2 demonstrated stability in panicle breadth, grain yield per plant, fodder yield per plant, 

endosperm texture, grain hardness, and bulk density across all locations. Other genotypes showed 

stability for individual traits or performed better under specific environmental conditions—GP 

920, IS 23891, and ISSVT 102 were stable for grain yield over multiple environments, while GP 

3138 and ISSVT 102 performed better under poorer environments and ICRISAT 409 and YPT 

1007 were stable in favourable environments. Stability was also observed for grain shape, lustre, 

and pericarp colour across all genotypes regardless of environment. 

In conclusion, the study confirmed significant variability among sorghum genotypes for 

grain yield and key yield-contributing traits, with substantial G × E interaction affecting yield 

stability. Identification of genotypes with stable and high-yielding performance provides valuable 

candidates for breeding programs targeting drought-prone semi-arid regions like Marathwada and 

Maharashtra. These stable genotypes can help ensure consistent sorghum productivity, offering 

farmers resilient options adapted to diverse environments and helping to mitigate the decline in 

sorghum cultivation by improving yield reliability under changing climatic and production 

pressures. This investigation highlights the critical role of stability analysis in developing superior 

coloured pericarp sorghum varieties for sustainable production and market competitiveness. 
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