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Abstract

The genotype x environment (G x E) interaction has a significant impact on plant yield performance and is an important
focus of researchers in developing stable varieties. This study aims to find stable, high yielding sorghum hybrids suited
for a wide range of environmental conditions in Telangana. A total of 64 sorghum genotypes/hybrids were evaluated in
three environments during Rabi 2020-2021 for adaptability and stability. The regression method of stability analysis was
used to study grain yield adaptability and stability. Results revealed that, genotypes, environments, G x E interaction,
and G x E (linear) all differed significantly. According to the findings, the highest yielding hybrid was SG-16 (2.78 kg/
plot). Based on the regression coefficient (b)) and deviation from regression (s*d)) scores, the high yielding hybrids, viz.,

SG-26, SG-16, SG-3, SG-29, and SG-6, were found to be stable and adapted to a wide range of environments.

Keywords: Adaptability, G x E interaction, Sorghum bicolor and Stability.

INTRODUCTION

Yield stability has always been a major concern in plant
breeding. But the continued variation in environmental
conditions will make this even worse. An individual’'s
phenotype is a combination of genotype (G) and
environment (E). Crop varieties may not perform
consistently in varied environments as a result of genotype
x environment (G x E) interaction. In countries like India,
with a diversity of agro-ecologies, the G x E interaction
analysis is essential for sorghum crop improvement.
Significant G x E interaction occurs as a result of
variations in the extent of differences among genotypes

in different environments or variations in the genotypes’
comparative ranking (Falconer, 1952; Fernandez, 1991
and Peto, 1952).

Before releasing genotypes as cultivars, plant breeders
must identify both adapted and stable genotypes to
the environment(s), allowing for rapid genetic gain
(Showemimo et al., 2000; Mustapha et al., 2001; Yan and
Kang, 2003). Proper biometrical or statistical techniques
are required to unravel the G x E interaction. The
analysis of variance is helpful in evaluating the existence,

https://doi.org/10.37992/2022.1302.098

Vol 13(2) : 705 - 711 705



EJPB

Identification of stable genotypes based on grain yield

significance, and magnitude of the G x E interaction, but it
does not explain its relevance or implications. As a result,
statistical models were created to describe the number of
G x E interactions, their patterns, and their implications in
plant breeding.

Joint Regression analysis is one of the most simple
and easy methods of stability assessment, introduced
by Yates and Cochran (1938), which was later modified
by Finlay and Wilkinson (1963) and Eberhart and
Russell (1966) and is now a commonly used method.
According to this model, stability is measured using the
trait mean (M), the slope of the regression line (b), and
the sum of squares for deviation from regression (s?d,).
The high mean value is the precondition for stability.
The response of a genotype to the environmental index,
which is calculated from the average performance of
all genotypes in each environment, is indicated by the
slope (b)) of regression. It does not, however, account for
stability, crop performance, or the extension of stability
(Eberhart and Russell, 1966; Yue et al., 1997). If b, does
not differ much from unity, the genotype is adaptable to all
environments. A bi greater than unity denotes genotypes
that are more sensitive to environmental change (below
average stability) and more specific to high yielding
environments. A b, value of less than unity indicates
stronger resistance to environmental change (above
average stability), increasing adaptation specificity to low
yielding conditions. According to the Eberhart and Russell
model, genotypes are grouped based on the variance of
the regression deviation (sd)) (either equal to zero or
not). A genotype with a variance in regression deviation
equal to zero has a highly predictable response.
In contrast, a genotype with a regression deviation
greater than zero has a less predictable response
(Scapim et al., 2010).

The regression statistical approach should be used
with caution when only a few low or high performing
environments are included in the analysis (Westcott, 1986
and Crossa, 1990). This study tested genotypes in three
diverse environments to determine grain yield adaptability
and stability. Earlier, many stability analyses have been
carried out on sorghum in India (Patel et al., 2019;
Rakshit et al., 2016) and abroad (Alemu et al., 2020,
Hamidou et al., 2018 and Souza et al., 2013). However,
there is a scarcity of information on sorghum genotype
adaptation and stability. Hence, the objective of the
present study is to identify new hybrids in sorghum with
high and stable yields across the environments studied.

Table 1. Description of three test locations

MATERIALS AND METHODS

Fourteen parental genotypes (obtained from ICRISAT),
including six female parental lines viz., ICSA 418, ICSA
419, ICSA 427, ICSA 433, ICSA 435, and ICSA 29004
(male sterile, A lines) were crossed with eight male
restorers ICSR 13004, ICSR 13009, ICSR 13025, ICSR
13031, ICSR 13042, ICSR 13043, ICSR 13046, and ICSR
29 (R lines and high yielding) developed 48 hybrids during
Kharif, 2019 at the Regional Agricultural Research Station,
Palem, India. All of these parental genotypes and their
48 experimental hybrids, as well as two standard checks,
CSV 41 and CSH 16, were included in the evaluation.

The experimental material was evaluated in three
environments at PJTSAU research stations in Palem,
Tandur and Rajendranagar (Table 1) during Rabi 2020—
2021 using a Randomized Block Design (RBD) with
two replications. The experimental plot in each location
consisted of two rows of four metres each, with 45 cm
inter-row spacing and 10 cm intra-row spacing. The
recommended fertilizer doses per acre were 80:40:40 kg
N:P:K was used. Split nitrogen application of 25 % at
sowing + 50 % at 30 DAS + 15 % at boot leaf stage (BLS)
+ 10 % at grain filling stage (GFS), which was equivalent
to treatment of 25 % at sowing + 45 % at 30 DAS + 5%
foliar spray at 45 DAS + 15 % at BLS + 10 % GFS, and
treatment with 25 % N at sowing + 50 % at 30 DAS + 25
% at boot-leaf stage (BLS) was followed (Annual Report
of IIMR, 2020). Data was recorded on grain yield per plot
(kg) in each environment and subjected to data analysis.

All recorded data were statistically analyzed using
windostat software (version 9.2, from Indostat services),
with environments treated as random effects and
genotypes treated as fixed effects. The following linear
model was used for combined ANOVA estimation
according to Ding et al. (2008).

Yijr= H+a+ Bj + aBij * bj * &

Where, Vi is the value of the dependent variable of
genotype i in environment j average over block r, p is
overall mean, q, is the effect of the i genotype in the j"
environment, Bj is the effect of the j" environment for all
genotypes, ap, is the effect of the i genotype by the j"
environment, bj is the block effect at the j" environment
and g, is the residual error term.

Eberhart and Russell's (1966) model was used to
performing the stability analysis. The model's detailed
statistical formulae are specified in published literature

Location Latitude Longitude Soil type
Regional Agricultural Research Station (RARS) Palem 16° 35N 78° 01 E Red sandy
Agricultural Research Station (ARS), Tandur 17° 17'N 77° 30 E Medium Black
College Farm, Rajendranagar 17°19'N 78° 24’ E Sandy loam
706

https://doi.org/10.37992/2022.1302.098



EJPB

Veldandi Saikiran et al.,

Table 2. ANOVA for grain yield in sorghum

Source of variation

Degrees of freedom

Grain yield per plot

Replications within Environment
Genotypes
Environment + (G x E)
Environments

GxE

Environments (Linear)
G x E (Linear)

Pooled Deviation
Pooled Error

Total

SE+

CD@5%

3 0.025
63 0.422***
128 0.151**
2 5.702***
126 0.063***
1 11.405***
63 0.095***
64 0.030***

189 0.020

191 0.240

0.413

0.28

***significant at P < 0.001

(Eberhart and Russell, 1966; Lin et al., 1986). The
stable genotypes in three environments were identified
considering a regression coefficient equal to one (b, =1),
deviation from regression equal to zero, (S%d, = 0) and
the acceptable genotype should yield above the general
mean.

RESULTS AND DISCUSSION

The combined analysis of variance representing the
mean squares due to different sources of variation for
grain yield at three locations is presented in Table 2.
The joint ANOVA revealed highly significant differences
among the genotypes for grain yield when tested against
the pooled error and pooled deviation, demonstrating
that the observed differences in yield performances had
genetic causes and, thereby, offered the possibility of
selection and genetic gains for grain yield. The differences
among the environments were also found to be highly
significant for grain yield. There were significant G x E as
well as G x E (linear) interactions for grain yield per plot
when tested against pooled error and pooled deviation,
indicating that genotypes had distinct yield responses
to the environments tested, and there may even be
genotypes with specific adaptability. Similar findings were
reported for significant effects of genotype x environment
(interaction effect) on grain yield by Hassan et al. (2015)
and Ezzat et al. (2010).

The mean grain yield per plot ranged from 2.915 kg to
0.805 kg at RARS, Palem and from 3.045 kg to 1.025
kg at ARS, Tandur. At Rajendranagar, the plot grain
yield varied from 2.045 kg to 0.720 kg (Table 3). It was
observed that hybrid SG-16 recorded the highest grain
yield per plot in both environments, RARS, Palem and
ARS, Tandur. However, the other hybrid, SG-25, recorded
a low grain yield per plot in RRAS, Palem (1.150 kg) and
ARS, Tandur (1.305 kg). The mean grain yield per plot
for each genotype at the Rajendranagar environment

was low compared to the other two environments. The
mean grain yield data of an environment makes it easy for
breeders to select the best location-specific high-yielding
genotypes. Earlier, Hamidou et al. (2018) and Al-Naggar
et al. (2018) documented genotypes based on grain yield
performance in each environment studied.

The aim of selection in the present study is to produce a
population that has a mean value greater than the average
mean value of all 64 genotypes evaluated. This difference
should be due to differences in genotype and not to the
environment (House, 1985). All the hybrids represented
in Table 4 were considered high yielding hybrids as they
recorded a higher mean grain yield than the average
grain yield of all the 64 genotypes evaluated. The hybrids,
viz., SG-26 (b, = 1.139, sd = -0.013), SG-16 (b, = 1.171,
s?d, = -0.016), SG-3 (b, = 1.206, s?d, = -0.02), SG-29 (b,
=1.230, s?d, = -0.02) and SG-6 (b, = 1.381, sd, = -0.019)
recorded regression coefficient (b)) values almost equal to
unity and deviation from regression (sd) values of near
zero, indicating that they would be adapted to all three
environments (b, = 1) with a high prediction of average
stability (s’d, = 0) (Table 4). Regression coefficients
greater than one with a minimum deviation (S%d,) value
were observed for SG-12 (b, = 2.037, s?d, = 0.028), SG-14
(b, = 2.035, s%d, = -0.015) and SG-35 (b, = 2.715, s%d, =
-0.019) with mean grain yields above the grand mean grain
yield, indicating that these hybrids were not stable under
adverse conditions, but may respond better in favorable
environments (Fig. 1). However, hybrids found to be
above average stable (b, < 1) with increasing specificity
towards low yielding (unfavourable) environments were
SG-23 (b, = 0.084, s?d, = 0.038), SG-28 (b, = 0.006, s*d,
=-0.02), SG-20 (b, = -0.129, s*d, = 0.045) and SG-9 (b,
= 0.568, s*d, = 0.005). The commercial check genotypes
8G-63 (CSV-41) and SG-64 (CSH-16) had the least b,
(0.091 and -0.302) and the lowest minimum significant
deviation s%d, values (-0.005 and -0.02), confirming that
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Table 3. Performance of best 20 and least five genotypes out of 64 sorghum genotypes for grain yield per plot

Environment 1

Environment 2

Environment 3

(RARS, Palem) (ARS, Tandur) (Rajendranagar)
Genotypes Grain yield Highest yielding Grain yield Highest yielding Grain yield
per plot (kg) genotypes per plot (kg) genotypes per plot (kg)
Highest yielding genotypes
SG-16 2.915 SG-16 3.045 SG-23 2.405
SG-6 2.515 SG-35 3.030 SG-16 2.380
SG-35 2.485 SG-6 2.810 SG-28 2.365
SG-37 2.475 SG-22 2.755 SG-22 2.245
SG-34 2.415 SG-37 2.675 SG-20 2.115
SG-12 2.385 SG-14 2.580 SG-6 1.995
SG-8 2.380 SG-3 2.565 SG-3 1.860
SG-28 2.380 SG-23 2.525 SG-41 1.755
SG-3 2.340 SG-8 2.520 SG-37 1.750
SG-42 2.250 SG-48 2.520 SG-9 1.730
SG-23 2.185 SG-12 2.465 SG-48 1.705
SG-29 2.160 SG-29 2.395 SG-29 1.675
SG-9 2.125 SG-28 2.365 SG-26 1.670
SG-22 2.120 SG-26 2.360 SG-21 1.560
SG-14 2.105 SG-42 2.320 SG-42 1.545
SG-15 2.075 SG-43 2.255 SG-45 1.480
SG-48 2.075 SG-4 2.245 SG-15 1.470
SG-36 2.065 SG-13 2.230 SG-39 1.460
SG-46 2.055 SG-2 2.210 SG-2 1.455
SG-26 2.035 SG-33 2.210 SG-35 1.435
Lowest yielding genotypes
SG-38 1.165 SG-25 1.365 SG-13 0.820
SG-25 1.150 SG-31 1.305 SG-8 0.810
SG-32 1.075 SG-19 1.265 SG-40 0.810
SG-31 1.015 SG-1 1.135 SG-5 0.805
SG-19 0.805 SG-24 1.025 SG-32 0.720
SE+ 0.287 SEx 0.145 SE+ 0.287
CD@5% 0.573 CD@5% 0.290 CD@5% 0.573

they were only responsive to poor growing conditions.
The stability of hybrids, viz., SG-22, SG-34 and SG-8 is
unpredictable as they recorded significant deviations from
regression values (Table 4).

When stability parameters suggested by Eberhart and
Russell (1966) were investigated for different genotypes,
it was found that hybrids SG-26, SG-16, SG-3, SG-
29, and SG-6 showed wider adaptability to all three
environments with stable performance for high grain yield
per plot, while hybrids SG-12, SG-14, and SG-35 were
found to be adapted to specific, favourable high yielding
environments, while hybrids SG-23, SG-20, and SG-9
adapted to unfavourable environments based on their
regression scores. It is suggested that these genotypes
could be useful in the breeding programme as sources

of stability genes. There is reason to believe that many
of the farmers’ own varieties have good stability but low
yield (Majisu and Doggett, 1972). The challenge of the
breeding programme is to obtain a high level of yield while
maintaining stability.

In the present study, hybrids SG-26, SG-16, SG-3, SG-
29, and SG-6 were found to be higher yielding with
more stability than check genotypes CSV-41 and CSH-
16, which have been chosen over many years under
local climatic conditions. Grain vyields in sorghum
have previously been reported to be highly stable by
Seyoum et al. (2020), Hamidou et al. (2018),
Al-Naggar et al. (2018), Sujatha et al. (2016) and
Hassan et al. (2015). High-yielding genotypes that
are adaptable and stable in general and specific
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Table 4. Regression coefficient (b) and deviation from regression (s?d,) scores of top 20 genotypes based on
their overall mean grain yield from three environments

Genotypes Pooled mean grain yield per Regression coefficient (b) Deviation from regression
plot (kg) (s’d)
SG-16 2.78 1.171 -0.016
SG-6 244 1.381 -0.019
SG-22 2.373 0.683 0.123*
SG-23 2.372 0.084 0.038
SG-28 2.37 0.006* -0.02
SG-35 2.317 2.715* -0.019
SG-37 23 1.621 -0.015
SG-3 2.255 1.206* -0.02
SG-48 21 1.32 0.002
SG-29 2.077 1.230* -0.02
SG-12 2.063 2.037 0.028
SG-42 2.038 1.397 -0.001
SG-26 2.022 1.139 -0.013
SG-14 2.018 2.035 -0.015
SG-20 2.008 -0.129 0.045
SG-64 1.995 -0.302** -0.02
SG-63 1.958 0.091 -0.005
SG-9 1.957 0.568 0.005
SG-34 1.952 1.721 0.161**
SG-8 1.903 3.089 0.082*¢

*significant at P < 0.05, **significant at P < 0.01
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Fig. 1. Stability and adaptability of all 64 sorghum genotypes for grain yield per plot

The X-axis indicates the b, (Regression coefficient) value of a genotype. The Y-axis indicates the s°d, (Deviation from
the regression) value of the genotype.
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environments have been identified and are considered
commercial release candidates (Souza et al., 2013).
However, new investigations into adaptability and stability
in different seasons and conditions are needed to get
a more complete picture of genotype x environment
interaction.

ACKNOWLEDGEMENT

The study was supported by the Regional Agricultural
Research Station (RARS), Palem; Agricultural Research
Station (ARS), Tandur; and College Farm, Rajendranagar
under Professor Jayashankar Telangana State Agricultural
University, Hyderabad, India.

REFERENCES

Alemu, B., Negash, G., Raga, W. and Abera, D. 2020. Multi-
locations evaluation of sorghum [Sorghum bicolor
(L.) Moench] genotypes for grain yield and yield
related traits at western Oromia, Ethiopia. Journal
of Cereals and Oilseeds, 11 (2): 44-51.

Al-Naggar, M.M., Abd El-Salam, R.M., Hovny, M.R.A. and
Walaa, Y.S.Y. 2018. Genotype x Environment
interaction and stability of Sorghum bicolor lines
for some agronomic and yield traits in Egypt. Asian
Journal of Agricultural and Horticultural Research,
1 (3):1-14. [Cross Ref]

Annual report, 2020. ICAR- Indian Institute of Millets
Research. Rajendranagar, Hyderabad.

Crossa, J. 1990. Statistical analyses of multilocation trials.
Advances in Agronomy, 44: 55-85. [Cross Ref]

Ding, M., Tier, B. and Yan, W. 2008. Application of GGE
biplot analysis to evaluate genotype, environment
and G x E interaction on P. radiata: A Case Study.
New Zealand Journal of Forestry Science, 38 (1):
132-142.

Eberhart, S. A. and Russell, W.A. 1966. Stability parameters
for comparing varieties. Crop Science, 6 (1): 36—
40. [Cross Ref]

El Tayieb Ibrahim Hassan., Yasir Ahmed Gamar., Ibrahim
Nour Eldin Elzein., Asma Mohamed Ali. and Tareg
Eltype Ahmed. 2015. Performance of sorghum
recombinant inbred lines (RIL) developed for
rain-fed areas of Sudan. Journal of Agricultural
Sciences, 60 (4): 395-406. [Cross Ref]

Ezzat, E.M., Ali, M.A. and Mahmoud, A.M. 2010. Agronomic
performance, Genotype x Environment interaction
and stability analysis of grain sorghum (Sorghum
bicolor L. Moench). Asian Journal of Crop Science,
2: 20-260. [Cross Ref]

Falconer, D.S. 1952. The problem of environment and
selection. The American Naturalist, 86: 293—-298.
[Cross Ref]

Fernandez, G.C.J. 1991. Analysis of genotype x environment
interaction by stability estimates. Hort Science, 26
(8): 947-950. [Cross Ref]

Finlay, K.W. and Wilkinson, G.N. 1963. The analysis
of adaptation in a plant-breeding programme.
Australian Journal of Agricultural Research, 14:
742-754. [Cross Ref]

Hamidou, M., Souleymane, O., Malick, N., Danquah,
E.Y., Kapran, I., Gracen, V. and Ofori, K. 2018.
Identification of stable genotypes and genotype by
environment interaction for grain yield in sorghum
[Sorghum bicolor (L.) Moench]. Plant Genetic
Resources, 17: 81-86. [Cross Ref]

House, L.R. 1985. A Guide to Sorghum Breeding. Second
Edition, ICRISAT, India, 245p.

Lin, C.S., Bains, M.R. and Lefkovitch, L.P. 1986. Stability
analysis: where do we stand? Crop Science, 26 (5):
894-900. [Cross Ref]

Majisu, B.N. and Doggett, H. 1972. The yield stability of
sorghum varieties and hybrids in East African
environments. East African Agricultural and
Forestry Journal, 38 (2): 179-192. [Cross Ref]

Mustapha, A.A., Showemimo, F.A. and Aminu-kano, A.
2001. Yield stability analysis of promising Triticale
cultivars in Nigeria. Journal of Arid Agriculture, 11:
1-4.

Patel, P.R, Jain, S.K., Chauhan, R.M. and Patel, P.T. 2019.
Stability analysis for fodder yield and its contributing
traits in forage sorghum [Sorghum bicolor (L.)
Moench] hybrids. Electronic Journal of Plant
Breeding, 10 (2): 353-363. [Cross Ref]

Peto, R. 1952. Statistical aspects of cancer trials. Chapman
and Hall, London, p. 867—871.

Rakshit, S., Ganapathy, K.N., Gomash, S.S., Dhandapani, A.,
Swapna, M., Mehtre, S.P., Gadakh, S.R., Ghorade,
R.B., Kamatar, M.Y., Jadhav, B.D., Das, |.K and
prabhakar. 2016. Analysis of Indian post-rainy
sorghum multi-location trial data reveals complexity
of genotype x environment interaction. Journal of
Agricultural Science, 155 (1): 44-59. [Cross Ref]

Scapim, C.A., Pacheco, C.A.P. and Amaral, A.T. 2010.
Correlations between the stability and adaptability
statistics of popcorn cultivars. Euphytica, 174 (2):
209-218. [Cross Ref]

Seyoum, A., Nega, A., Siraw, S., Gebereyhones, A,
Semahegn, Z., Solomon, H., Legesse, T., Wagaw,
K., Terresa, T., Mitiku, S., Tsehaye, Y., Mokonnen,
M., Chifra, W., Nida, H. and Tirfessa, A. 2020.
Multi-environment evaluation and Genotype x
Environment interaction analysis of sorghum

https://doi.org/10.37992/2022.1302.098

710


https://doi.org/10.9734/AJAHR/2018/40985
https://doi.org/10.1016/S0065-2113(08)60818-4
https://doi.org/10.2135/cropsci1966.0011183X000600010011x
https://doi.org/10.2298/JAS1504395H
https://doi.org/10.3923/ajcs.2010.250.260
https://doi.org/10.1086/281736
https://doi.org/10.21273/HORTSCI.26.8.947
https://doi.org/10.1071/AR9630742
https://doi.org/10.1017/S1479262118000382
https://doi.org/10.2135/cropsci1986.0011183X002600050012x
https://doi.org/10.1080/00128325.1972.11662576
https://doi.org/10.5958/0975-928X.2019.00045.0
https://doi.org/10.1017/S0021859616000137
https://doi.org/10.1007/s10681-010-0118-y

EJPB

Veldandi Saikiran et al.,

[Sorghum bicolor (L.) Moench] genotypes in
highland areas of Ethiopia. American Journal of
Plant Sciences, 11 (12): 1899-1917. [Cross Ref]

Showemimo, F.A., Echekwu, C.A. and Yeye, M.Y. 2000.
Genotype x Environment interaction in Sorghum
trials and their implication for future variety
evaluation in Sorghum growing areas of northern
Nigeria. The Pt Scientist, 1: 24—31.

Souza, V.F., Parrella, R.A.C., Tardin, F.D., Costa, M.R.,
Carvalho Junior, G.A. and Robert, E.S. 2013. Crop
Breeding and Applied Biotechnology, 13: 144-151.
[Cross Ref]

Sujatha, K., Pushpavalli, S.N.C.V.L. and Shivani, D. 2016.
Stability of yield and related traits in the land races
of rabi sorghum (Sorghum bicolor (L.) Moench).
Electronic Journal of Plant Breeding, 7 (3): 620-
625. [Cross Ref]

Westcott, B. 1986. Some methods of analyzing genotype-
environment interaction. Heredity, 56: 243—-253.
[Cross Ref]

Yan, W. and Kang, M.S. 2003. GGE Biplot Analysis: A
graphical tool for geneticists, breeders, and
agronomists. CRC Press, Boca Raton, FL, 286p.
[Cross Ref]

Yates, F. and Cochran, W.G. 1938. The analysis of groups
of experiments. Journal of Agricultural Science, 28
(4): 556-580. [Cross Ref]

Yue, G.L., Roozeboom, K.L. and Schapaugh, W.T. 1997.
Evaluation of soybean genotypes using parametric
and nonparametric stability estimates. Plant
Breeding, 116 (3): 271-275.

https://doi.org/10.37992/2022.1302.098

71


https://doi.org/10.4236/ajps.2020.1112136
https://doi.org/10.1590/S1984-70332013000200007
https://doi.org/10.5958/0975-928X.2016.00079.X
https://doi.org/10.1038/hdy.1986.37
https://doi.org/10.1201/9781420040371
https://doi.org/10.1017/S0021859600050978

