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Abstract

A study was conducted to estimate the nature and magnitude of G x E Interaction (GEI) for oil yield in sesame varieties
and to identify stable and promising varieties for general and specific adaptations. The experiment was carried out at
three locations across the areas of the Awash Valley in Ethiopia; namely Assaita, Melkassa and Werer over two seasons
during the 2011 cropping and 2012 off seasons. Ten improved sesame varieties were planted in a randomized complete
block design (RCBD) replicated trice in each location and year. Analysis of variance using AMMI model revealed
significant differences (P<0.01) for genotype, environment, GEI and interaction principal component (IPCA1), suggesting
differential response of varieties across testing environments and the need for stability analysis. Stability analysis using
Biplot graph and AMMI stability value were done to further shed light on the GEI of oil yield. The study revealed that the
environment Wrl (Werer season-l) had relatively little interaction effects with above average mean oil yield per
environment. Hence, it can be recommended as ideal environment for growing the present set of sesame genotypes for
breeding programme. Ranking of genotypes based on the different stability indices identified the varieties Adi and
Serkamo to be the most stable genotypes across all environments. Therefore, these varieties can be recommended as
promising cultivars for oil yield of sesame across diverse agro-ecologies of the Awash Valley to exploit their yield potential.
On the other hand, the two high yielding varieties Abasena and Tate were found to be highly interactive and they are
recommended for cultivation under favorable environmental conditions for oil yield. Moreover, the study indicated that high
performance of genotypes for oil yield recorded in season two (2012). Hence, the off season generally is suggested as the
best environment for oil yield of sesame across the areas of the Awash Valley. In this study, AMMI analysis with two IPCA
was the best predictive model to reveal the maximum GEI for oil yield in sesame.
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1.0 Introduction

Among oil crops, sesame is one of the highest in oil content. Generally, the oil content in sesame ranges from 34 to 63%
[1, 2, 3, 4, 5]. Genetic and environmental factors influence the oil content and fatty acid compositions in sesame [6]. Late
maturing cultivars are reported to have higher oil content than early cultivars [1] and the indeterminate cultivars
accumulated more oil than determinate ones [4]. Sesame contains high levels of antioxidants such as sesamol, sesamin,
and sesamolin. Because of this, sesame oil is called the queen of the vegetable oils [7].

Among the important oil crops grown in Ethiopia, sesame seed commands a unique position chiefly on account of the fact
that it is highly adapted to arid and semi-arid low land environments as well as being a major cash crop for smallholder
farmers and valuable foreign exchange revenue for the economy of the country. Despite the fact sesame has superior
economic potential in local consumptions and export demand, the average productivity is low as compared to other
oilseeds, due to mainly the lack of improved varieties for use by the farmers, erratic rainfall distribution, incidence of
diseases and pests and the indeterminate growth habit [8]. The indeterminate growth habit is the main contributor for G
x E interaction in sesame genotypes which may lead to differential performance under different environmental
conditions. Failure of genotypes to respond consistently to variable environmental conditions is attributed to Genotype x
Environment Interaction (GEI).

Seed oil content can vary considerably between cultivars and seasons. Weiss [9] stated that cultivars grown at numerous
sites in the USA showed a significant sesame cultivar by location interaction of oil content. A study on oil yield of
sunflower for stability and adaptability at eight locations in Pakistan indicated that the GEI contributed about 85.45% of
total variation, which is an indication that a stability analysis of genotypes with respect to oil yield based on location
index is important [10].

Several methods have been proposed to analyse GEI or phenotypic stability. This method can be divided into two major
groups, univariate and multivariate stability statistics. Joint regression is the most popular among univariate methods
because of its simplicity of application [11], whereas Additive Main Effect and Multiplicative Interaction (AMMI) is gaining
popularity and is currently the main alternative approach to the joint regression analysis [12]. AMMI model appeared to be
able to extract a large part of the GEI and is efficient in analyzing interaction patterns [13]. Gauch [14] reported that
multivariate models captured a large portion of the GEI sum of squares clearly separating main and interaction effects,
and the model often provided an agronomically meaningful interpretation of the data. Differences in genotype stability and
adaptability to environment can be qualitatively assessed using the biplot graphical representation that scatters the
genotypes according to their principal component values [15].

Several studies were carried out on GEI throughout the world by different researchers on various oil crops like linseed
[16], 2002), Ethiopian mustard [17], Sunflower [10, 18] and Sesame [19, 20, 21]. They reported that mean squares for
genotypes, environments and GEI were highly significant; indicating the existence of a wide range of variation between the
genotypes and between the seasons and that the performance of genotypes differed over seasons.

Variety development and agronomic research in Ethiopia has resulted in the development of high yielding varieties out of
introduced, locally collected and segregating populations using multi-location testing and verification. A considerable
variation in oil yield is observed on released varieties and elite genotypes under trial across locations. However, studies on
the effects of G x E interaction in sesame oil yield are quite few [22]. Assessing any genotype performance without
including its interaction with the environment is incomplete and limits the accuracy of measured parameter estimates.
Therefore, this paper is designed to study the magnitude and nature of GEI on oil yield of sesame varieties grown across
different environments of the Awash Valley and to identify stable genotypes that can give high seed and oil yield under a
wide range of growing conditions.

2.0 MATERIALS AND METHODS
2.1 Varieties and test sites used

Ten improved sesame varieties (Table 1) were evaluated at three locations along the Awash Valleys, namely Assaita,
Werer and Melkassa (Fig. 1, Table 2) in two different seasons during the 2011 cropping and 2012 off seasons. The
experiment at each location was layedout in a randomized complete block design with three replications. Each entry was
planted in a plot having four rows of 4 m long with 40 cm x 10 cm spacing between rows and within plants, respectively. All
the agronomic/cultural practices were normally and timely applied as per the recommendation.

Table 1. Description of sesame varieties used in the study

No.  Varieties Code Pedigree Seed Color Mean seed Mean oil Released
yield/plant yield/plant year (GC)

1 Abasena Abs SPSBIMSEL Grey 8.5 3.74 1993

2 ADI Adi X-3014 White 8.0 4.72 1993

3 Argene Arg T-85xCROSS Mixed 6.0 2.73 2000

4 E E SPS111853 Dull white 9.0 3.96 1978
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5 Kalafo-74 KIf SPS111866 Light brown 8.25 3.63 1989
6 Mehado-80 M80 SPS111518 Grey 7.5 3.19 1989
7 S S SPS111872 Mixed (dark/br) 8.25 3.55 1990
8 Serkamo Srk BIMW 205196 Mixed (white/br) 9.25 4.44 1993
9 T-85 T85 SPS111868 Dull white 7.0 3.05 1976
10 Tate Tat BCS-003 Light gray 8.25 3.96 2000

Source = Werer Agricultural Research Centre (WARC), 2010.
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Fig. 1 Maps locating the study areas: Upper, Middle and Lower Awash valleys of Ethiopia.

Table 2. Characteristics of the study sites

Study Altitude Location Rainfall Temgerture Soil type pH
Sites (m.a.s.l.) (lati. /longti.) (mm) )

Melkassa 1550 8°33'N39"17'E 560 15.2-275 Verti-cambisol 7.4
Werer 740 9°60' N 40°9' E 450 19.5-325  Fluvisol & Vertisol 8.4
Ayssaita 350 11°33' N 40°41'E 250 23.8-37.5 Chromic-Lithosol 6.2

2.2 Data Collection

Five competitive plants were randomly selected from the middle rows of each plot and the data on various characters were
recorded on plant basis, but only oil yield/plant was considered and presented in this paper. Oil content in percent was
determined using Nuclear Magnetic Resonance Spectroscope (NMRS) as the proportion of oil in the seed to the total oven
dried seed weight x 100; and the average oil yield per plant for each variety was obtained by multiplying the corresponding
oil content with the seed yield per plant of individual variety [23].
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2.3 Data Analyses
2.3.1 AMMI analysis

To evaluate the interaction effects, the data were subjected to stability analysis following the AMMI model. The AMMI
model is a hybrid statistical model incorporating both ANOVA (for additive component) and PCA (for multiplicative
component) for analyzing two way (genotype x environment interaction) data structures. The mathematical statement of
the hybrid model is given as:

YijN = u+0ij +€) +ZAkYikojk + Zjj, Where;

Yij = yield of i" genotype in the jth environment,

p=grand mean
giej = genotype and environment deviations from the grand mean

Ak = eigen value of the principal component analysis (PCA) axis k
Yik and ajk = genotype and environment principal components scores for axis k
N = is the number of principal components in the AMMI model, and Xij = residual term.

2.3.2 Biplot analysis

The results of AMMI analysis were shown in common graph called biplot as described by Gauch and Zobel [24], which
provides a clear insight into specific GEI combination and the general pattern of adaptation of genotypes. The AMMI biplot
was done by placing the genotype and environment means on the abscissa (X- axis) and the respective PCA score, Eigen
vector on the Y- axis.

2.3.3 AMMI stability value (ASV)

The most stable and adapted varieties can be identified using ASV as that of Lins and Binns [25] method. AMMI model
does not make provision for a specific stahility measure to be determined and such a measure is essential in this study in
order to rank genotypes in terms of stability. Since the IPCA1 score contributes more to G x E sum of squares, a weighted
value is needed. Hence, ASV was calculated for average oil yield for each genotype and each environment according to
the relative contribution of IPCA1 and IPCA2 to the interaction sum of squares (SS) as suggested by Purchase et al. [26]:

_ | [Peass Al s’ _
ASV'= + (IPCAD anore *

(PCA2SS)

Where; IPCAL and IPCA2 = Interaction Principal Component Axis one and Axis two, respectively and SS = sum of square.

3.0 RESULTS AND DISCUSSION
3.1 AMMI Analysis

Pooled analysis of variance for oil yield in ten sesame varieties tested over six environments showed that the mean
squares for genotypes, environments and GEI were highly significant (P < 0.01), indicating the existence of differential
responses of varieties to different environments and suggests the need for the extension of G x E analysis. The two IPCA
were also significant and the percentage of variability due to IPCA1 was 63.15% and IPCA2 was 18.78%, cumulatively
contributed to 81.93% of the total GEI variation (Table 3). Hence, AMMI with only two IPCA was the best predictive model
to reveal the maximum GEI for oil yield in sesame. Similar results were reported in previous studies in oil content of
sesame [8, 19, 20, 21].

Table 3. Pooled AMMI analysis of variance for oil yield in sesame varieties tested at three locations
over two seasons.

Sources of Dearee of Sum of Mean F-value SS- explained
L freedom squares squares

variation % total % GEI

Treatment 59 217.55 3.687 8.50** 81.11

Genotype 9 102.38 11.376 26.22** 47.06

Environment 5 61.92 12.385 39.21** 28.46
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Rep within E 12 3.79 0.316 0.73 1.74

GXE 45 53.25 1.183 2.73* 24.48

IPCA1 13 33.63 2.587 5.96** 63.15
IPCA 2 11 10 0.909 2.09* 18.78
Residuals 21 9.62 0.458 1.06* 18.07
Error 108 46.86 0.434 * 17.47

Total 179 268.2 1.498 *

Grand Mean = 3.99 CV (%)= 16.4

** * = sjgnificant at p< 0.01 and p< 0.05 level respectively, SS = sum of squares.

The results of AMMI analysis can also be easily comprehended with the help of AMMI biplot. The mean oil yield and PCA1
scores for both the genotypes and environments used to construct the biplot are presented in Table 4. The mean oil yield
for the individual environments ranged from 2.8g at Asl (Assaita season-l) to 4.6g at As2 (Assaita season-ll). This
difference was mainly due to their varying amounts of temperature and soil type, which differed greatly across locations
and seasons. A similar result was reported by [27], they indicated that a change in season and soil type caused variation
in oil yield of white mustard.

3.2 Biplot analysis

Figure 1 represents the AMMI biplot for oil yield of sesame varieties grown in six environments. In AMMI biplot
presentation, when a variety or an environment has a PCA1 scores of nearly zero, it has small interaction effects and was
considered as stable across environments. However, varieties with high mean performance and large PCA1 scores were
considered as having specific adaptability to favorable environments.

As shown in the graph, the varieties and environments showed considerable variations in mean oil yield. However, it is
clear from the graph that the points for genotypes are more scattered than the points for environments indicating that the
variability due to genotypes was higher than that due to environments, which is in complete agreement of the ANOVA. In
general, the highest mean oil yield per environment was recorded in As2, followed by Wrl and MI2 (Table 4). Hence,
season-|1 for Werer, season-Il for Assaita and Melkassa are considered to be suitable environments for high oil yield
performance in the present set of genotypes.

Table 4. Means and PCA 1 scores of genotypes and environments for oil yield in AMMI analysis of ten
sesame varieties

Season-| (2011) Season-Il (2012)
Genotype Asl M1 Wrl As2 Mi2 Wr2 Mean IPCA 1
Abs 4.32 4.26 5.44 4.26 4.48 4.70 4.58 -0.55
Adi 4.02 4.40 4.95 6.71 4.97 4.63 4.95 0.13
Arg 1.83 3.68 3.35 3.40 3.52 3.78 3.26 -0.17
E 2.44 3.47 4.00 4.15 3.85 3.04 3.49 0.03
KIf 1.89 3.07 3.48 3.32 3.57 4.01 3.22 -0.21
M80 2.30 3.13 3.29 3.87 3.62 3.49 3.28 -0.21
S 2.05 3.91 3.65 3.88 4.32 3.82 3.61 -0.05
Srk 4.00 4.95 5.75 5.64 5.28 4.85 5.08 0.02
T85 3.33 3.61 3.62 3.55 3.74 3.14 3.50 -0.59
Tat 1.62 5.04 6.94 6.73 5.27 431 4.99 1.60
Envt Mean 2.8 4.0 4.4 4.6 4.3 3.98 3.99
IPCA 1 1.35 -0.39 0.03 0.90 -0.15 -0.48

Note: Asl, MI1 & Wrl= Assaita, Werer & Melkassa season-I; As2, MI2 & Wr2 = Assaita, Werer & Melkassa season-ll,
respectively.

As indicated in the biplot graph, the environments As2, Wrl, MI2 and MI1 had the same main effects but highly varied in
their interaction effects. Wrl had very little interaction effects (nearly zero) with mean oil yield above the grand mean
value. Hence, it is considered as stable environment for oil yield. In contrast, As2 was highly interactive having high
interaction effects, while MI2 and MI1 were negatively interacting with most of the high yielding genotypes. The variety
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Abs, Srk and Tat had relatively lower interaction effects because of the relatively smaller distance from the coordinate to
the abscissa and are considered as stable genotypes across environments with high mean oil yield. Whereas, Adi was
highly interacting variety and it is specifically favored in As2. On the other hand, M-80 exhibited minimum interaction
effects with mean oil yield below the grand mean; hence it can be considered as stable to low-yielding environments.
However, the rest of varieties since they had below average mean oil yield and high interaction effects, they are unstable
to any of the environments.
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Fig. 2. AMMI Biplot for oil yield

Note: Asl, MI1 & Wrl= Assaita, Werer & Melkassa (season-l); As2, MI2 & Wr2 = Assaita, Werer & Melkassa (season-ll),
respectively.

3.3 AMMI stability value (ASV) Analysis

Table 5 presents the ASV ranking with PCA1 and PCA2 scores for each sesame variety. In ASV method, a variety with
high pooled mean and least ASV score is the most stable (Purchase et al., 2000). Accordingly, the variety Srk showed
lowest interaction with high mean oil yield, hence it is considered as the most stable across all environments. In contrast,
verities Abs, Adi and Tat were found to have large ASV and high mean oil yield. These varieties are therefore suited to
specific environments with high mean performance. However, the remaining varieties, whatever ASV rank they had, since
they exhibited below the average performance, are not considered to any environment for oil yield. This result generally
was not consistent with the AMMI biplot analysis.

Table 5. AMMI stability value (ASV) and ranking of genotypes for oil yield (g) in sesame varieties
tested over six environments

No. Genotype IPCA1 IPCA2 ASV R MOY R
1 Abs* -0.549 0.013 3.613 9 4.58 4
2 Adi* 0.131 0.925 0.926 8 4.95 3
3 Arg -0.165 -0.557 0.564 6 3.26 9
4 E 0.028 0.246 0.246 2 3.49 7
5 KIf -0.212 -0.521 0.538 5 3.22 10
6 M80 -0.212 0.051 0.430 3 3.28 8
7 S -0.048 -0.466 0.466 4 3.61 5
8 Srk**, 0.017 0.149 0.149 1 5.08 1
9 T85 -0.591 0.272 0.827 7 3.50 6
10 Tat* 1.600 -0.111 6.071 10 4.99 2
Grand Mean 3.99

** * = selected for wide adaptation and specific adaptation, respectively, R = rank, MOY = mean oil yield.

655 | Page November 28, 2015



ISSN 2349-0837

3.4 Ranking of varieties based on average performance of seed yield, oil content, oil
yield and ASV ranks

The ranking order of the ten varieties for oil yield, based on the different stability indices is presented in Table 6. The mean
oil yield (g) together with the mean oil content (%) and mean seed yield/plant (g) were used besides the ASV for screening
and ranking of the varieties. Based on the ranking procedure, a variety that had high mean oil yield (greater than the grand
mean) with least overall ranking (OR) was considered as the most stable variety for oil yield across all environments.
Whereas, a variety having high mean oil yield with large overall ranking value was considered to have specific adaptation
in favorable environments for oil yield. However, those varieties exhibiting lower mean than the grand mean oil yield with
any value of OR, were not considered to any environment. Accordingly, varieties Srk and Adi exhibited highest mean ail
yield with lowest overall rank, which are then most stable varieties for oil yield across environments. Whereas, varieties
Abs and Tat expressed high overall rank but with above average mean oil yield, which are then suitable for specific
adaptation in favorable environments. However, the rest of varieties, since they had below average mean oil yield and
high overall rank, they can be regarded as poorly responsive and unstable varieties over all environments for oil yield. This
result was more or less in agreement with the finding of ASV.

Table 6. Ranking order of 10 sesame varieties based on seed yield, oil content, oil yield and ASV

Variety SY(g9) R OC (%) R QY (9) R ASV R OR
Abs* 9.85 3 46.49 7 4.58 4 3.61 9 6
Adi** 7.80 5 52.66 1 4.94 3 0.93 8 2
Arg 6.87 9 49.73 4 3.26 9 0.56 6 9
E 9.39 4 46.82 6 3.49 7 0.25 2 4
KIf 9.92 2 46.88 5 3.22 10 0.54 5 5
M80 7.13 8 46.07 9 3.28 8 0.43 3 8
S 9.93 1 46.16 8 3.60 5 0.47 4 3
Srk** 7.68 6 51.17 2 5.08 1 0.15 1 1
T85 7.45 7 45.57 10 3.50 6 0.83 7 10
Tat* 6.55 10 50.05 3 4.97 2 6.07 10 7
8.26 48.16 3.99

** = stable & widely adapted, * selected for specific environments, ASV = AMMI stability value, OC= oil content, OY= oil
yield, R=rank, OR = overall rank, SY= seed yield.

4.0 CONCLUSION

In conclusion, the present set of sesame varieties showed varied response to environmental changes. Thus, the influence
of environment was highly prominent in the manifestation of oil yield along the areas of Awash Valley. Moreover, the study
indicated that high performance of genotypes for oil yield recorded in season two (2012). Hence, the off season was
generally identified as the best environment for oil yield of sesame across the areas of the Awash Valley. When the six
environments were compared separately, Wrl (Werer season-1) emerged as less interactive. Thus, this environment
seems to be ideal for growing the present set of genotypes for breeding programme. Conversely, As1 and Wr2 were found
to be the most unstable environments for oil yield in sesame. Ranking of genotypes based on mean performance and ASV
scores discriminated the varieties Adi and Serkamo to be the most stable genotypes across all environments for oil yield.
Therefore, these varieties can be recommended as promising cultivars for oil yield across diverse agro-ecologies of the
Awash Valley to exploit their yield potential. The other high yielding varieties Abasena and Tate were highly interactive and
they are recommended for cultivation under favorable environmental conditions for ail yield. In this study, AMMI analysis
with two IPCA was the best predictive model to reveal the maximum GEI for oil yield in sesame.
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