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Abstract

The present work ‘Eberhart and Russell approach of Genotype - Environment interaction
for yield and quality traits in forage legume-Hedge Lucerne (Desmanthus virgatus (L.)
Willd.)” was carried out across four locations in Kerala viz.,, College of Agriculture,
Vellayani, College of Horticulture, Thrissur, Krishi Vigyan Kendra, Kottarakkara and
Regional Agricultural Research Station, Ambalavayal, Wayanad during 2017-2018 with
an objective to identify stable genotypes of Desmanthus virgatus in varied environments
with respect to yield and quality. Eberhart and Russell model (1966) was used to analyze
the stability and adaptability of yield and yield related characters of these genotypes. Based
on the environmental indices, COA, Vellayani and RARS, Ambalavayal was found most
favourable for all of the characters. Stability analysis revealed that the genotypes T, (IC
345276), T, (IC 261839), T, (IC 421199) and T, (TNDV 1) were stable over the four
different locations.

Key words: Stability analysis, GXE interaction, Environmental indices, Hedge lucerne

Introduction

The phenotypic expression of a character is influenced by the genotype and
environmental factors. The correlation between genotype and phenotype get
reduced in the presence of G x E interaction which makes it difficult to assess the
genetic potential of a particular genotype whose relative ranking will be altered in
different environments. This forges need to determine G x E magnitude in varying
environments to identify the stable genotypes. Several methods were proposed to
analyze GxE interaction and to determine the stability in performance of genotypes
(Becker and Leon, 1988).

The linear regression model proposed by Eberhart and Russell (1966) is the
most commonly used method for analysis of genotype x environment interaction.
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Development of improved varieties showing stable performance across wide
environmental conditions is a necessity to increase the productivity. Desmanthus
virgatus commonly known as hedge lucerne is a perennial shrub legume belonging to
the family Fabaceae and subfamily Mimosoideae. It is anative of tropics and subtropics
of new world. The fodder can be safely fed to ruminants and non ruminants as it is
palatable, aggressive, persistent and tolerant to grazing. It contains high condensed
tannins and is devoid of toxicants like mimosine.

Currently, there is a need to develop and identify hedge Iucerne genotypes with
higher yield potential.

Objective

The present investigation was conducted across four locations in Kerala to study the
genotype x environment interaction in hedge lucerne for yield, quality and identifying
the stable genotypes.

Materials and methods

The field experiment was conducted at four locations of Kerala to determine the
stability of eight genotypes of Desmanthus virgatus for yield and its component
traits. The eight genotypes of hedge lucerne viz., T, (IC 345276), T, (IC 343710),
T, (IC 89910), T, (IC 261839), T, (IC 90934), T, (IC 421199), T, (TNDV 1) and T,
(Thumburmuzhi local) were evaluated in a Randomized Block Design (RBD) with
four replications over four locations during 2017-2018. The spacing of 50 cm between
the rows and continuous line sowing with a plot size of 3 m x 1 m was followed in
the field experiment. The observations were recorded on the characters such as plant
height, number of branches, length of branches, number of leaves per plant, leaf to
stem ratio, number of pods per plant, green fodder yield, dry matter production, crude
protein and crude fibre content during the 90 (first cut), 140 (second cut), 190 (third
cut) and 240 (fourth cut) DAS (Days After Sowing).

SPAR 2.0 software was used to analyze the stability using Eberhart and Russell model.

Results and Discussion

The analysis of variance showed significant differences among the eight hedge Lucerne
genotypes for yield and its component characters studied across four environments
(Table 5.1). The pooled analysis of variance revealed that the genotypes, G x E
interactions was significant for all the characters studied. As the G x E interactions
was significant for all the characters, further analysis was done for estimating the
stability parameters (Table 5.2). The total sum of squares is partitioned into genotypes,
Environments + (Genotype x Environment) and pooled error in the ANOVA. The
mean squares due to E+(G x E) were significant for the characters green fodder yield,
dry matter production, crude protein and crude fibre content prioritizing the presence
of G x E interaction for these traits. The mean sum of squares due to genotype was
significant for the characters under study (Table 5.3). The sum of squares due to
E+ (G x E) was further partitioned into that of Environment (Linear), Genotype x
Environment linear and pooled deviation (Table 5.3).
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The linear component of Environment was significant for the characters like
green fodder yield, dry matter production, crude protein and crude fibre content. The
variation due to G x E (linear) were significant for the characters green fodder yield
and dry fodder yield. The non linear component and pooled deviation were significant
for the character dry matter production indicating the importance of both linear and
non linear components. Similar findings were also reported by Palathingal (2003) in
rice, Bikash et al. (2013) in pearl millet, Preeti ef al. (2016) in wheat, Mehraj et al.
(2017) in oats and Patil et al. (2017) in okra. It was found that Vellayani was favourable
for all of the characters whereas Thrissur was unfavourable for all the characters based
on the environmental indices calculated (Table 5.4).

Eberhart and Russell model (1966) considered three stability parameters like (i) mean
performance (p), (ii) regression coefficient (b,) and (iii) deviation from regression
(8*,)- Linear component of G x E interaction is measured by using b, value and also
gives an idea about response of genotype. G x E interaction of unpredictable type (i.e.,
predictable or unpredictable type) is measured from S value.

The result interpretation of present study was done by using the parameters
like regression coefficient, mean value and deviation from regression for stability.
Once the genotypes were found to be stable based on non-significant deviation from
regression (S°=0), then the type of stability was based on regression coefficient and
mean value. If b, is equal to unity, a genotype is considered as stable or has the same
performance in all the environment, if b, is more than unity, it is considered to have
less than average stability or good performance in favourable environments and if b,
is less than unity, it is suggested to have above average stability or good performance
under unfavourable environments.

Mean performance and stability parameters for yield and its component traits in
hedge lucerne over four locations (Table 5.5):

Plant height

The maximum plant height was observed for the genotype T, (116.75 cm) followed by
T, (112.87 cm) and the lowest was observed for the genotype T, (71.03 cm).

Amongthe genotypes, T, genotype (u=112.87,b,=1.07,S? =0.30) and the genotype
T, (u= 11031, b, = 0.89, $? = -0.32) were identified as stable ones with regression
coefficient near unity and non-significant deviation from regression. The genotypes
T,, T,and T,recorded b, value more than one (1.41, 1.46, 1.75 respectively) with non-
significant minimum deviation from the regression (0.56, 3.11, 2.11 respectively). The
genotypes T, and T, recorded b, value of 0.75 and 0.58 with non-significant deviation
from regression -0.21 and 1.44 respectively. Similar results were observed by Saranya
(2016) in neelamari, Preeti ef al. (2016) in wheat, Patil ef al. (2017) in oats.

Table 5.1: Analysis of variance (mean square) for individual locations
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Table 5.5: continued

Genotype Crude protein (%) Crude fibre (%)

Mean |b. S, Mean |b, S,
T, 21.38 [1.42 (0.02 23.35  |0.97 0.098
T, 15.51 ]0.92 [0.29 22.71 1.26 0.004
T, 14.59 [1.21 |[-0.08 26.83 1.41 -0.139
T, 13.12 {097 [0.01 23.59 045 -0.143
T, 13.91 [0.69 [0.02 28.21 0.96 0.054
T, 20.26 [0.89 [-0.01 24.06 |0.95 -0.116
T 23.48 10.95 [0.32 27.44 1.09 -0.027
T, 2439 1091 [-0.06 29.95 |0.89 -0.145
Grand mean |18.34 25.77

** Significant at 1%, * Significant at 5%

Number of branches per plant

The number of branches ranged from 4.29 (T,) to 10.34 (T,). The genotype T,
(u=5.10, b, = 1.10, §*,= -0.09), T, (u= 4.29, b, = 1.05, S? = -0.03) and genotype T
(u=6.29, b, = 0.92, S§* = -0.10) recorded near unit regression with minimum non-
significant deviation from regression. These genotypes were stable for different
environments. The genotypes T, T, and T, showed b, value more than one (1.58,
1.30 and 1.42 respectively) and minimum deviation from regression (0.11, -0.04 and
-0.02 respectively) hence are stable and adaptable for rich environment. Regression
coefficient less than one with minimum deviation from linearity was observed for the
genotype T, (u=3.98, b, = 0.78, §* = 0.08). Similar findings were recorded by Abou et
al. (2006) in white mustard and Patil ef a/. (2017) in okra.

Length of branches

Length of the branches ranged from 74.65 cm (T,) to 22.96 cm (T)). T, (b=1.05) was
the genotype with near unit regression and non-significant deviation from regression,
so T, was the stable genotype. T, was the genotype with more than unit regression
and non-significant deviation from regression indicating high responsiveness towards
the rich environment. The genotypes T, (b=0.62) and T, (b=0.29) showed less than
unit regression with minimum non- significant deviation from regression. They
were highly responsive in unfavourable environment. Similar results for variation
in stability parameters for the character length of branches plant! were observed by
Singh and Arya (2014) in Vigna radiata and Ramesh et al. (2017) in pigeon pea.

Number of leaves per plant

The number of leaves varied from 145.03 (T)) to T,(99.69). The genotype T, was identified
as stable genotype with near unit regression (b=0.82) and non-significant deviation
from regression. The genotype T, (b=0.58, $° = -2.56) and T, (b=0.46, §* = -2.03) were
suitable for poor environment. They were performs under unfavourable environment.
Similar results for variability in stability parameters for the trait number of leaves plant’
was reported by Saranya (2016) in neelamari, Nanavati (2016) in maize.
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Leaf to stem ratio

The leaf'to stem ratio was highest for the genotype T, (0.92) and the lowest for T, (0.67).
The genotype T, (b=1.09, S*° = 0.0004) and T, (b=1.18, S* = 0.0007) showed near
unit regression with non-significant deviation from regression, which were considered
as stable genotypes across the environment. The genotype T, was identified as the
genotype favourable for rich environment, with regression of more than one and
non-significant deviation from regression. The genotype T, was identified as stable
genotype under unfavourable environment. These results were in accordance with the
results of Nanavati (2016) in maize, and Mehraj et al. (2017) in oats.

Number of pods

The number of pods ranged from 0.00 (T,) to 2.77 (T,). The genotypes T, (b=1.23,
§?,=-0.003) and T, (b=0.89, S* = 0.015) identified as stable genotypes with near unit
regression and minimum non-significant deviation from regression. The genotypes T,
and T, were showed high mean, more than one regression coefficient and minimum
non-significant deviation indicates high responsiveness towards environmental
factors and performs well under rich environments. The genotype T, was stable
for unfavourable environment with b=0.42 and S? =0.031. These findings are in
agreement with Ramesh et al. (2017) in pigeon pea.

Green fodder yield

The green fodder yield varied from 90.45¢g (T,) to 115.42g (T,). The genotype T,
had regression coefficient near unity with minimum non-significant deviation from
regression, which specifies that the genotype was stable across the environment.
The genotypes T,, T, and T, showed more than one regression coefficient with non-
significant deviation from regression, which indicates the high responsiveness of these
genotypes for rich environment. The variable stability parameters were reported in
green fodder yield by Nanavati (2016) in forage maize and Mehraj et al. (2017) in oats.

Dry matter production

The dry matter production ranged from 40.62¢g (T,) to 28.89¢g (T,). The genotype T,
(u=39.93, b=0.97, §° , = 0.09) was identified as stable genotype with unit regression
coefficient and minimum non-significant regression from deviation. The genotype T,
(u=40.62, b=1.34, * . = 0.47) and T, (u=40.04, b=1.25, >, = 0.49) were stable for
rich environment. They had more than one regression coefficient and non- significant
deviation from regression. The same findings for variation in stability parameters
were observed by Preeti et al. (2016) in wheat.

Crude protein content

The crude protein content varied from 24.39% (T,) to 13.12% (T,) in the present
study. The genotypes T, (u = 13.12, b, = 0.97, $* . = 0.01) and T, (u = 24.39, b= 0.91,
§?,, = -0.06) recoded high mean, near unit regression coefficient and non- significant
deviation from regression for this trait. The genotype T, showed more than one
regression coefficient and non-significant deviation from regression and was identified
for rich environment. The genotype T, (u = 13.91, b= 0.69, S*, = 0.02) exhibited
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less than unit value of regression and non-significant deviation from regression and
hence the genotype was suitable for poor environment. Comparable findings for the
variable stability parameters for protein content was reported by Saeed et al. (1985) in
sorghum, Peterson et al. (1992) in wheat, Shi et al. (1999) in rice, Gurmu et al. (2009)
in soybean.

Crude fibre content

The highest crude fibre content was recorded for the genotype T, (29.95%) and the
lowest for the genotype T, (22.71%). The genotypes T, (u = 23.35, b= 0.97, §°, =
0.098), T, (n = 28.21, b,= 0.96, 8, = 0.054) and T, (n = 27.44, b,= 1.09, §* , = -0.027)
showed high mean, near unit regression and minimum non-significant deviation
from regression. These genotypes hence identified as stable across environment. The
genotype T, (u = 22.71, b= 1.26, §* ; = 0.004) was identified for rich environment
based on stability parameters. The genotype T, showed regression coefficient less than
one with non-significant deviation from regression, which was stable for unfavourable
environments.

Identification of character imparting stability

Based on the regression coefficient, deviation from regression and environmental
indices, the characters plant height, green fodder yield, dry fodder yield, dry matter
production and crude protein content can be accounted as the stability imparting
characters.

Conclusion

The genotype T, (IC 345276) was stable over all locations for the characters green
fodder yield, dry matter production and crude fibre. The genotype T, (IC 261839) and
genotype T, (TNDV 1) was stable for the character crude protein across the locations.

The genotypes T, (IC 343710) and T, (Thumburmuzhi local) were stable
genotypes for favourable environment. The genotype T, (IC 343710) showed stable
performance for the characters green fodder yield and crude fibre. The genotype T,
(Thumburmuzhi local) was stable in favourable environment for green fodder yield
and dry matter production. The genotype T, (IC 90934) was found to be stable for the
character crude fibre in unfavourable environments.

The present study revealed that the genotypes T, (IC 345276) T, (IC 261839) T,
(IC421199)and T, (TNDV 1) were stable over the four different locations viz., College
of Agriculture, Vellayani, College of Horticulture, Thrissur, Krishi Vigyan Kendra,
Kottarakkara and Regional Agricultural Research Station, Ambalavayal, Wayanad.
The genotypes T, (IC 343710)and T, (Thumburmuzhi local) showed stable performance
under favourable environments viz., College of Agriculture, Vellayani and Regional
Agricultural Research Station, Ambalavayal, Wayanad, while the genotype T, (IC
90934) was suitable for unfavourable environment. The superior genotypes identified
in the present study can be used for further breeding programme.

Among the several methods were proposed to analyze GxE interaction and to
determine the stability in performance of genotypes, the model proposed by Eberhart
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and Russell (1966) is the most commonly used method for analysis of genotype x
environment interaction in which environmental index was formulated instead of
environmental mean and a new parameter in the form of non-linear response was also
used that partitioned variance due to environment and g x ¢ interaction into linear
and deviation from linear components. Thus Eberhart and Russell (1966) model can
be considered better than the other methods but it uses environmental index as an
independent variable and regression of genotype mean on environmental index could
not define the entire variation due to g x e interaction.

References
Abou El-Nasr, T. H. S., Ibrahim, M. M. & Aboud K. A. (2006) Stability parameters in
yield of white mustard (Brassica alba L.) in different environments. World J. Agric.
Sci. 2(1): 47-55.
Becker, H.C. & Leon, J. (1988) Stability analysis in plant breeding. Crop Sci. 6: 36-40.

Bikash, A., Yadav, I. S. & Arya, R. K. (2013) Evaluation of Hybrids for dry fodder yield
stability in pearl millet. Forage Res. 39(1):16-19.

Gurmu, F., Mohammed, H. & Alemaw, G. (2009) Genotype x environment interactions
and stability of soybean for grain yield and nutrition quality. Afr. Crop Sci. J.
17(2):87-99.

Mehraj, U., Abidi, I., Ahmad, M., Wani, B.A., Mir, S.D. & Dar, Z.A. (2017) Genotype x
environment interaction for forage yield and its components in oats (Avena sativa L.).
Electr. J. Plant Breed. 8(1):157-162.

Nanavati, J. I. (2016) Stability analysis and G x E interactions for green fodder yield in
forage maize (Zea mays L.). Forage Res. 41(4):203-207.

Palathingal, V. F. (2003) G x E interaction in the F, generation of wide crosses of rice
(Oryza sativa L.). M.Sc. (Ag) thesis, Kerala Agricultural University, Thrissur, 101p.

Patil, S. S., Desai, D.T., Patil, P. P. & Patel, S. R. (2017) Genotype x environment interaction

for fruit yield and componenet characters on okra (4belmoschus esculentus (L.)
Moench). Electr. J. Plant Breed. 8(3):787-791.

Peterson, C. J., Graybosch, R. A., Baenziger, P. S. & Grombacher, A. W. (1992) Genotype
and environment effects on quality characteristics of hard red winter wheat. Crop
Sci. 32:98-103.

Preeti., Panwar, I. S. & Arya, R. K. (2016) Effects of changing environment on wheat dry
matter yield. Forage Res. 42(1):56-61.

Ramesh., Muniswamy, S. & Praveen kumar, B. (2017) Stability analysis for yield & its
components in pigeon pea (Cajanus cajan (L.) Mill sp.) under rainfed conditions. /nt.
J. Curr. Microbiol. Appl. Sci. 6(5):1134-1144.

Saeed, M., Francis, C. A., Rajewski, J. F. & Maranville, J. W. (1985) Genotype x
environment interaction and stability analysis of protein and oil in grain sorghum.
Crop Sci. 27(2):159-171.

Saranya, V. S. (2016) Stability analysis of selected mutants in neelamari (Indigofera
tinctoria L.). M.Sc. (Ag) thesis, Kerala Agricultural University, Thrissur, 127p.

Shi, C., Zhu, J., Yang, X., Yu, Y. & Wu, J. (1999) Genetic analysis for protein content in
indica rice. Euphytica 107:135-140.

Singh, C. M. & Arya, M. (2014) Eberhart- Russell and AMMI approaches of Genotype by
Environment Interaction (GEI) for yield and yield component traits in Vigna radiata
L. Wilczek. Int. J. Agric. Environ. Biotecnol. 7(2):277-292.





