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Comprehensive abstract

Introduction

Pearl millet (Pennisetum glaucum L.) is one of the most important crops in warm and arid regions,
playing a key role in food security across arid and semi-arid areas of the world. Due to climate change
and increasing environmental fluctuations, the need to develop high-yielding and stable hybrids has
become more crucial than ever. Given the nature of cross-pollination and high heterosis potential, the
development of hybrid cultivars is the main breeding strategy in pearl millet. Hybrid varieties of pearl
millet can significantly enhance both yield and stability under diverse agro-climatic conditions.
However, environmental variability causes differential genotypic responses, making it essential to
assess genotype—environment (G x E) interactions for selecting superior hybrids in different climate
regions. The objective of this study was to evaluate the stability of promising pearl millet hybrids and
to identify stable, high-yielding, and well-adapted hybrids for the target regions.

Materials and methods

The plant materials consisted of eleven promising pearl millet hybrids along with the check cultivar
‘Mehran’. The experiment was conducted in a randomized complete block design (RCBD) with three
replications across eight environments (four locations, Karaj, Birjand, Isfahan and Zabol, during two
cropping seasons, 2022 and 2023). The traits evaluated included days to 50% flowering, plant height,
panicle length, panicle diameter, number of tillers, 1000-grain weight, and grain yield. Statistical
analyses were performed using SAS software, and mean comparisons were conducted using Duncan’s
multiple range test at 0.05 probability level. For combined analysis of variance, genotype and location
were considered as fixed factors, while year was treated as a random factor. Stability analyses were
performed using the Lin and Binns method, rank-based stability parameters, and the GGE biplot model
to identify stable and high-yielding hybrids.

Research findings

Combined analysis of variance and comparison of means revealed significant genetic variability
among the pearl millet hybrids for all studied traits. Moreover, the effects of environment and
genotype X environment interaction were significant (P<0.01) on all measured traits including grain
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yield. The results indicated that the studied genotypes exhibited both crossover and non-crossover
types of interactions. Comparison of grain yield of the studied hybrids showed that hybrids H794 and
H824 with 8.41 and 7.81 t.ha!, respectively, produced the highest grain yield. The results of the
stability analysis across eight environments based on the three methods (rank-based, superiority index,
and GGE-biplot) demonstrated that two promising hybrids H794 and H824 had the higher grain yield
and stability across all studied environments.

Conclusion

This study clearly demonstrated the potential of exploiting heterosis in pearl millet to replace
obsolete cultivars with modern high-yielding hybrids. All evaluated hybrids outperformed the check
cultivar ‘Mehran’, indicating their superiority for yield improvement. Introducing these promising
hybrids could significantly enhance the national average grain yield of pearl millet. Moreover,
considering the ongoing water scarcity crisis in the country, the dissemination of high-yielding and
drought-efficient hybrids could encourage farmers to cultivate this low-water-requirement crop.
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Table 1. Pearl millet genotypes studied in this experiment

Genotype Pedigree Genotype Pedigree
H294 ICMA 93222 x SPII4 H543 ICMA 95222 x SPII3
H314 ICMA 08999 x SPII4 H563 ICMA 97444 x SPII3
H333 ICMA 09888 x SPII3 H604 ICMA 04999 x SP114
H353 ICMA 00999 x SPII3 H79%4 ICMA 98222 x SPII4
H444 ICMA 89111 x SPII4 H824 ICMA 04888 x SPII4
H504 ICMA 94222 x SP114 Mehran (Check) -
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Table 2. Combined analysis of variance of the studied traits based on data from four locations during two years

. Days to 50% . Tiller Panicle Panicle 1000-grain  Grain
Source of variation d ﬂ}c/)wering Plant height number length  diameter  wei ght yield
Environment (E) 7 1307.27  15104.65" 21697  275.62" 9.72™ 39.81"  317.88™
Location (L) 3 3044.33""  35216.90" 503.90"  630.77"  20.68™ 91.22"  729.25™
Year (Y) 1 355m™ 0.578 ™ 2.05m 10.35™ L 0.03 ™ 2.80"
LxY 3 4.80™ 27.09 ™ 1.68™ 8.90" 1.64™ 1.68" 11.55"
Replication within E 16 1.68 13.57 1.37 3.00 0.01 0.37 0.31
Genotype (G) 11 77118 1694729 108.40™  105.46™ 2,617 15.78"  57.89™
GxE 77 12.22" 175.59" 8.02" 10.06™ 0.32" 2.22% 3.09"
GxL 33 48.82™ 374.66" 17.50™ 21.53" 0.62" 4.80" 5.89"
GxY 11 2.14m™ 34.36™ 0.81™ 115 0.11™ 0.26™ 0.71°
GxLxY 33 2.09™ 23.61™ 095m™ 1.58 ™ 0.10™ 0.30™ 1.10™
Error 176 1.84 7.52 1.21 2.35 0.02 0.67 0.38
Variance explained by 78.6 66.9 79.5 82.7 87.0 80.7 91.8
environment (%)
Variance explained by 19.8 322 17.0 13.4 9.7 13.7 7.1
genotypes (%)
Variance explained b
interaction e%fects (%})' 1.3 0.8 3.0 3.0 3.1 4.6 0.9
s, * and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
Sxlare 03l e sl m (eSlee dmlie T Joo
Table 3. Comparisons of means between pearl millet genotypes
Genotype Plant height (cm) Days to 50% flowering Tiller number Grain yield (t/ha)
H794 148.71 56.3" 14.162 8.41°
H824 158.3" 62.41¢ 14.54¢ 7.81°
H604 164.4¢ 58.95 19.91* 6.21°¢
H504 152.8! 58.168 16.27¢ 5.92
H444 174.6° 62.16° 17.95b° 5.75¢
H294 170.7¢ 60.08° 17.11¢ 5.76¢
H563 176.6° 64.00° 18.58° 5.10°¢
H353 209.1* 73.33% 17.95% 4.99°¢
H314 168.6 59.20f 17.75¢ 4.02¢
H333 209.2* 71.5° 20.33¢ 3.60"
H543 203.4° 71.04° 20.27° 439f
Mehran 118.8% 64.75° 15.27° 336"
Overall Mean - 63.49 - 5.44

Means followed by samilar letters in each column are not significantly different by Duncan’s test.
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Table 4. Mean forage yield (t/ha) and ranking of the evaluated genotypes across different environments

Genotype H294 H314 H333 H353 H444 H504 H543 H563 H604 H794 H824 Mehran Mean Rank
EIf 297 163 140 230 137 113 153 147 133 537 460 127 220 8
E2 330 173 140 267 150 1.10 147 160 140 540 447 120 227 7
E3 400 180 150 217 3.67 533 237 303 450 560 650 357 389 5
E4 347 180 180 227 350 537 193 287 486 597 617 353 340 6
E5 553 483 407 500 697 673 413 567 720 1033 680 270 583 4
E6 773 483 520 637 890 860 523 723 923 1070 870 343 7.8 3
E7 940 783 653 973 997 993 940 953 10.63 11.98 1253 561 949 2
ES 970 773 7.0 943 1020 9.17 9.07 943 1057 11.98 1273 561 933 1
Mean 576 402 3.62 499 575 592 439 510 621 841 7.81 336 544
Rank 5 10 11 8 6 4 9 7 3 1 2 12
11\{/[;;‘(‘ 543 9.00 10.62 693 537 675 868 681 450 1.62 212 10.12

Pi(GLY)! 509 11.89 1409 7.69 509 507 1023 7.06 411 037 117 17.26
Pi(GL)} 454 1125 1327 724 453 459 976 658 3.53 008 1.04 16.20

T El, Zabol 2022; E2, Zabol 2023; E3, Birjand 2022; E4, Birjand 2023; E5, Isfahan 2022; E6, Isfahan 2023; E7, Karaj

2022; E8, Karaj 2023.

#P; (GL) and P; (GLY) is superiority index based on genotype xlocation and genotypexlocationx year data, respectively.
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Ranking biplot (Total - 86.65%)
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Figure 1. Ranking the studied genotypes based on their main and interaction effects. The numbers 1-8 (red

triangles) are the studied environments: Zabol 2022 and 2023, Birjand 2022 and 2023, Isfahan 2022 and 2023,
and Karaj 2022 and 2023, respectively.
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Figure 2. Representation of the interaction pattern and classification of environments into mega-environments.

The numbers 1-8 (red triangles) are the studied environments: Zabol 2022 and 2023, Birjand 2022 and 2023,
Isfahan 2022 and 2023, and Karaj 2022 and 2023, respectively.
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Figure 3. Identifying the ideal genotype. The numbers 1-8 (red triangles) are the studied environments: Zabol
2022 and 2023, Birjand 2022 and 2023, Isfahan 2022 and 2023, and Karaj 2022 and 2023, respectively.
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