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Table 1. Code and parents of promising grain sorghum hybrids

Lt oplad L g IS
Hybrid no. Hybrid code

A o llly
Hybrid parent

KHGS1
KHGS2
KHGS3
KHGS4
KHGS5
KHGS6
KHGS7
KHGS8
KHGS9
KHGS10
KHGS11
Fouman
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Q@AS9 x Foumand
QAICS88005 x Sepidehd
QAICS11 x Sepidehd
QAICS84 x Sepidehd
QAICS11 x Kimiad
QA3 x Foumand
QAICS84 x Kimiad
QA3 x Sepidehd
QAS9 x Kimiad
QF8 x Sepidehd
QAS9 x Sepidehd
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Table 2. Combined analysis of variance for different traits of promising grain sorghum hybrids in two years and five locations

Mean squares  ola o (ks

63157 a5 oS el o 5368 sl @l b3 W Jsb als > Shes &ls 058 O
S.0.V. S i pte df. Plant %eight Leaf plant!  Stem diameter Panicle length  Grain yield  Thousand-grain weight
Year (Y) Ju 1 14481.8 48.5 12.36 60.5 34099817 74.5
Location (L) Rt 4 44476.0% 9.4 20.38" 160.7™ 150737293 148.4
LxY Jle x 08 4 4842.6™ 6.5 2.16™ 9.3 334202999™ 47.8™
Error 1 Y sks 20 34.2 0.6 0.05 15.5 2583276 2.2
Genotype (G) sy 11 12393.9" 39.3" 0.66™ 196.9" 14691112" 144.2™
GxY Jux sy 11 415.7 2.2 0.24™ 6.2 3718906 8.0
GxL O x gy 44 654.1" 3.2 0.11 29.5™ 25537868 34.6™
GxLxY Jux olex g5 44 221.3™ 1.7 0.09™ 135" 6996875™ 11.2™
Error 2 Y sl 220 112.9 1.0 0.04 8.4 1559601 4.4
*and **: Significant at the 5% and 1% probability levels, respectively. o536 5 s gy el o 53 s gme o 5w e 5 %

S1415 0 55 g uacken) Sl om0 anlllas o (e dlie Y gl
Table 3. Mean comparison of the studied traits of promising grain sorghum hybrids

NV (J;.;@L»)al._f s, uf,:gﬁmw (o le) 48lu s (e la) b 5 J b (J\:ik)zrjf_,l:f)m'b:,{b& (rﬁ)dl:)l}a;))'}
Hybrid Plant height (cm) Leaf plant? Stem diameter (cm) Panicle length (cm) Grain yield (kg hat) Thousand-grain weight (g)

KHGS1 119.5e 10.4de 1.77be 24.10f 8470ad 26.42dg
KHGS2 169.3a 11.4bc 1.61eg 30.09a 8804ac 28.16cd
KHGS3 145.6¢ 10.2de 1.59 fg 26.46¢e 8043cd 27.22df
KHGS4 165.0a 11.6b 1.80bd 30.12a 9077ab 27.96de
KHGS5 154.3b 11.9b 1.90ab 25.93cf 9124a 29.85bc
KHGS6 126.9e 10.0e 1.64dg 24.48ef 8154hd 25.08g

KHGS7 166.5a 11.4bc 1.89ac 29.45ab 8410ad 30.58ab
KHGS8 144.3cd 10.2de 1.64dg 27.34cd 8171hd 26.03eg
KHGS9 146.9bc 13.2a 1.99a 25.55df 8356ad 27.62de
KHGS10 167.3a 11.8b 1.91ab 27.64bd 7648d 32.13a

KHGS11 137.4d 10.8cd 1.73cf 27.73bc 8428ad 25.62fg
Fouman 106.6f 8.8f 1.55g 21.659 6490e 25.65fg

aslie 0y S [t 5 I (6l e sl o3 ety ez a3 SOl (glaals iz 0 ga3T alal p Aisl oo oS ke Cog o oSG il (513 457 st a3 o la 5 SSla

lods 4o =T 5 sl Cog o S esbimal b Jais b Kl
Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level using Duncan's
Multiple Range test. For clarity, mean comparison letter groupings have been summarised using only the first and last letters.
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Table 4. Mean comparison of the grain yield (kg ha*) of promising grain sorghum hybrids
in five locations

) ) Olgae! By Oldes Ly 45
Hybrid Karaj Isfahan Shiraz Hamedan Birjand Rank

KHGS1 7850fg 1032a 5992bc  9256ce 8929ab 6.8

KHGS2  12680a  7540d 6384b  13588a 3828e 6.4

KHGS3 9629bd 6694e 7133b  12348ab  4413de 6.2

KHGS4  13380a  6249f 6997b  12432ab  633lcd 5.4

KHGS5 8557dg 7616d 8640a 12266ab  8542b 5.2

KHGS6 7325¢ 7641d 6986b 10108bd  8713b 7.0

KHGS7 8915cf  9286b 6033bc 10597bc  7219bc 6.8

KHGS8  10285bc 6648e 8657a 10802ac  4466de 6.2

KHGS9 9487be 10582a 5079c  5597f 11033a 6.4

KHGS10 10517b  8230c 6464b  7524df 5503ce 6.6

KHGS11 8066ef 8024c 6408b  10876ac  8768b 6.0

Fouman  5128h 5952f 7130b  6838ef 7404bc 9.0
oy gy Jla o 53 (SSls (glatalsii g0 3T il jr bl oo &5 2t (g o S5 Bl (51,15 oS 05 2 3 ¢ gla o Sibee
Aok 4Bt 5T 5 Jgl o S osliel b o bn  S0ks amglie (s 05, 1 5 iy (5513 e oslis
Means, in each column, followed by at least one letter in common are not significantly different at the 5%
probability level using Duncan's Multiple Range test. For clarity, mean comparison letter groupings have

been summarised using only the first and last letters.
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Fig. 1. Polygon view of the GGE-biplot based on grain yield of grain sorghum genotypes

in five locations (Mean of 2023 and 2024 growing seasons)
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Fig. 2. Comparison of sorghum genotypes based on mean grain yield and yield stability

(Mean of 2023 and 2024 growing seasons)
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studied traits of grain sorghum genotypes
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ABSTRACT
Khazaei, A., Golzardi, F., Azari Nasrabad, A., Nazari, L., Torabi, M. and Mottaghi, M. 2025. Analysis
of yield stability and adaptability of promising grain sorghum (Sorghum bicolor (L.) Moench) hybrids using
GGE biplot method. Seed and Plant, 41, pp.207-230 (in Persian).

This study aimed to evaluate grain yield and yield stability of eleven promising grain sorghum
hybrids (KHGS1-KHGS11) along with the check cv. Fouman using randomized complete block
designs with three replications in five agricultural research field stations; Karaj, Birjand, Isfahan,
Shiraz, and Hamedan in 2023 and 2024 growing seasons. Combined analysis of variance
indicated that the genotype x location x year interaction had significant effect on grain yield, yield
components, and morphological traits of promising grain sorghum hybrids, highlighting the
importance of multi-environmental trials. Hybrids KHGS5, KHGS4, and KHGS2 had the highest
grain yield with 9124, 9077, and 8804 kg ha™', respectively. GGE-biplot analysis was conducted
using the first two principal components to visualize G x E patterns, identify mega-environments,
discriminating sites and ideal genotypes. The first two principal components of principal
component analysis explained approximately 79.6% of the total variation, indicating the
adequacy and suitability of the GGE model in representing data structure. Overall, hybrid KHGS5
with high grain yield, high yield stability and wide adaptation was identified as a suitable
candidate for target environemnts. However, hybrid KHGS4 showed specific adaptation to
Hamedan and Karaj, and hybrid KHGS?9 to Isfahan and Birjand.

Keywords: Grain sorghum, genotype x environment interaction, multi-environment trial,
specific adaptaion, thousand-grain weight.
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Introduction

Grain sorghum (Sorghum bicolor (L.) Moench) is an important cereal crop in arid and
semi-arid regions due to its tolerance to heat and drought stresses (Tavazoh et al., 2024).
However, its productivity is strongly affected by genotype environment i (GXE)
nteractions (Khazaei et al., 2023). Precise assessment of G x E is essential for identifying
genotypes that combine high yield, yield stability with broad or specific adaptation.

Multivariate graphical approaches, notably the GGE-biplot, provide an intuitive
framework for visualizing genotype main effects and G x E, facilitating identification of
mega-environments, discriminating test sites, and genotypes close to the ideal genotype
(Yan and Kang, 2003). Recent work on sorghum has underscored the need to evaluate
newly bred hybrids across multiple agro-ecological zones to detect stable, high-yielding
entries (Khazaei et al., 2023; Al-Naggar et al., 2018).

The present study used combined analysis of variance and GGE-biplot approaches to
evaluate 11 promising grain sorghum hybrids together with a commercial check in five
agricultural research field stations in Iran in two growing seasons to identify adapted,
yield-stable, high-yielding hybrids, as well as to determine the most discriminitative
environments for selection of promising hybrids.

Materials and Methods

Eleven promising grain sorghum hybrids (KHGS1-KHGS11) together with a
commercial check cv. Fouman were evaluated using randomized complete block designs
with three replications agricultural research field stations; Karaj, Birjand, Isfahan, Shiraz,
and Hamedan in 2023 and 2024 growing seasons. Optimal agronomic practices were
applied at each site. Plots consisted of four rows of four meters length with 60 cm row
spacing and 10 cm within-row plant spacing.

Grain yield and major yield components and morphological traits were measured and
recorded at maturity. Combined analysis of variance across sites and years was performed
to test significance of main and interactions effects. GGE-biplot analysis was conducted
using the first two principal components to visualize G x E patterns, identify mega-
environments, discriminating sites and ideal genotypes. The polygon, which-won-where,
and mean vs. stability (ideal genotype/ATC) views were used for interpretation.

Combined analysis of variance was performed using SAS 9.0, assuming genotype as
fixed and year and location as random effects. Mean comparisons were carried out using
Duncan is multiple range test at the 5% probability level. Metan package in R software
was used for GGE-biplot analyses. Additionally, to investigate the relationships among
studied traits, principal component analysis based on the correlation matrix was
performed using Minitab software version 22.

Results and Discussion

Combined analysis of variance revealed that environment and its interactions were the
dominant source of variation for grain yield and most measured traits. The genotype X
location x year interaction was significant, highlighting strong temporal and spatial
heterogeneity in expression of yield components. Environment accounted for the largest share
of variance, consistent with multi-environment sorghum studies (Khazaei et al., 2023).

Mean grain yield ranked KHGS5, KHGS4 and KHGS?2 as top performers, producing
9124, 9077, and 8804 kg ha™, respectively, demonstrating meaningful genetic gains
relative to the check cv. Fouman. Hybrid KHGS5 had the lowest mean rank (5.2),
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followed by KHGS4 (5.4), indicating high yield stability across environments. The first
two GGE principal components jointly explained 79.62% of total variation, indicating a
structured G x E pattern suitable for biplot interpretation.

The polygon, which-won-where, view identified three mega-environments: (i) Karaj
and Hamedan, where hybrids KHGS4 and KHGS2 were superior; (ii) Isfahan and
Birjand, where KHGS9 was the best performer; and (iii) Shiraz, where no single genotype
occupied a vertex, but KHGS5 showed consistent adaptation. Site evaluation via biplot
revealed Karaj and Hamedan as highly discriminating and representative sites for
selecting broadly adapted hybrids, recommending their continued use as primary
screening research field stations.

These results are in accordance with previous reports that emphasized the value of
GGE biplot analysis for identifying yield-stable, high-performing grain sorghum
genotypes and discriminative testing environments (Al-Naggar et al., 2018; Khazaei et
al., 2023). The results also showed that grain yield had a positive and significant
correlation with thousand-grain weight, plant height, panicle length, and number of leaves
plant?, therefore, selection based on these traits can lead to improved grain yield.

Overall, hybrid KHGS5 was identified as a high-yielding and yield-stable genotype with
wide adaptation for most studied target envirnments, including Shiraz. Hybrids KHGS4 and
KHGS2 had specific adaptation to Hamedan and Karaj, and hybrid KHGS9 had specific
adaptation to Isfahan and Birjand. These superior promising hybrids compared to the check
cv. Fouman highlights the genetic progress achieved in the national grain sorghum breeding
program of Iran.
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