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ABSTRACT 8 

 9 

Aim: to estimate the nature and magnitude of GEI interaction for oil content in sesame varieties and 10 

to identify stable and promising varieties for general and specific adaptations across the areas of the 11 

Awash valleys in Ethiopia. 12 

Study Design: Entries were planted in a randomized complete block design (RCBD) replicated trice 13 

in each location and year. 14 

Place and Duration of Study: The study was conducted at Assaita, Melkassa and Werer 15 

representing the Lower, Upper and Middle Awash valleys of Ethiopia respectively, during the 2010/11 16 

main cropping season and 2011/12 off season. 17 

Methodology: Morphological data taken from each environment were analyzed for combined 18 

analysis of variance, Additive Main Effects and Multiplicative Interaction (AMMI), Biplot analysis, 19 

AMMI Stability Value (ASV), and regression analysis. Finally ranking of genotypes was done based 20 

on the overall results of all stability indices. 21 

Results: Combined analysis of variance showed highly significant (P<0.01) difference between the 22 

varieties, environments and GEI, suggesting differential response of varieties across testing 23 

environments and the need for stability analysis. Proportion of variance captured by environments 24 

was 1.43%, genotypes 91.5% and GEI 7.1% of the total variation, indicating less effect of 25 

environments on oil content as compared to the effect of genotypes. Stability analysis by AMMI and 26 

Joint-regression model were used to further shed light on the GEI of oil content. Two IPCA of AMMI 27 

were significant (P<0.01) and captured the largest portion of variation of the total GEI, which 28 

indicated that the AMMI model was the best for the data set. The Joint regression analysis 29 

indicated that the linear regression (bi) did not deviate from unity for all varieties, suggesting that 30 

performance of the cultivars could not be predicted in a linear manner. 31 

Conclusion: The influence of environment is less prominent in the manifestation of oil content along 32 

the areas of Awash valleys. Season two is the best environment for growing the present set of 33 

genotypes for oil content. Variety Adi was identified as the most stable variety across environments 34 

for oil content. This variety can be recommended for varied environments of the Awash valleys to 35 

exploit its yield potential. The rest high yielder varieties, Serkamo, Tate and Argene can be 36 

adapted only under favorable environmental conditions. 37 

 38 

Keywords: AMMI, ASV, Awash valley, Biplot, IPCA, Joint-Regression 39 

 40 

1. INTRODUCTION 41 

 42 

The adaptability of a variety over diverse environments is usually tested by its degree of interaction 43 

with   different   growing   environments. A variety or genotype is considered to be more adaptive or 44 

stable if it has a high mean yield but low degree of fluctuation in yielding ability when grown over 45 

diverse environments (Falconer, 1981). Failure of genotypes to respond consistently to variable 46 

environmental conditions is attributed to Genotype x Environment Interaction (GEI). Knowledge of 47 

GEI is advantageous to have a cultivar that gives consistently high yield in a broad range of 48 

environments and to increase efficiency of   breeding program and selection of best genotypes. 49 

 50 

Seed oil content can vary considerably between cultivars and seasons. Weiss (2000) stated that 51 

cultivars grown at numerous sites in the USA showed a significant sesame cultivar by location 52 

interaction of oil content. A study on oil yield of sunflower for stability and adaptability at eight 53 

locations in Pakistan indicated that the GEI contributed about 85.45% of total variation, which  is an 54 

indication  that a stability  analysis  of  genotypes with respect  to  oil  yield based  on  location  index  55 

was important (Ghafoor et al., 2005). Several other studies were carried out on GEI of oil content 56 
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throughout the world by different researchers on various oil crops like linseed (Adugna and 57 

Labuschagne, 2002; Adane, 2008), sunflower (Dijanovic et al., 2004; Ghafoor et al., 2005), Ethiopian 58 

mustard (Kassa, 2002) and sesame (John and Jebbaraj, 2001; Boshim et al., 2003 and Zenebe and 59 

Hussien, 2009). 60 

 61 

Several methods have been proposed to analyse GEI or phenotypic stability. These methods can be 62 

divided into two major groups, univaraite and multivariate stability statistics. Joint- regression is the 63 

most popular among univaraite methods because of its simplicity of calculation and application 64 

(Becker and Leon, 1988), whereas Additive Main Effect and Multiplicative Interaction (AMMI) is a 65 

multivariate approach, gaining popularity and is currently the main alternative to joint-regression 66 

model in many breeding programs (Akcura and Taner, 2005). It is widely used for G x E investigation 67 

of multi environment cultivar traits (Crossa et al., 1990; Laurentin and Montilla, 1999).  68 

 69 

Variety development and agronomic research in Ethiopia has resulted in the development of high 70 

yielding varieties out of introduced, locally collected and segregating populations using multi-location 71 

testing and verification (Tadele, 2005). A considerable variation in oil content is observed on released 72 

varieties and elite genotypes of sesame under trial across locations. However, studies on the effects 73 

of GEI on sesame oil content in Ethiopia are quite few (Yebio et al., 1993). Assessing any genotype 74 

performance without including its interaction with the environment is incomplete and limits the 75 

accuracy of measured parameter estimates.  76 

 77 

Therefore, this paper is designed to study the magnitude and nature of G x E interaction for oil 78 

content of sesame varieties grown at different environments and to identify stable genotypes that can 79 

give high seed yield with high oil content under a wide range of growing conditions across the Awash 80 

valleys in Ethiopia. 81 

 82 

 83 

2. MATERIALS AND METHODS 84 

 85 

2.1 Description of Study Areas  86 

 87 

The experiment was conducted at 3 locations across the Awash valley called Assaita, Melkassa and 88 

Werer (Table 1, Fig. 1).  89 

 90 

Table 1. Characteristics of the study sites 91 

 92 

 93 

Location Altitude 

(m.a.s.l.) 

    Latitude/ 

   Longitude 

Rainfall 

   (mm) 

Tempert    

(
0
C) 

  Soil type pH 

Melkassa 1550        8
0 
33’ N 39

0 
17’ E   560        15.2 - 27.5 Verti-cambisol 7.4 

Werer 740 9
0 
60’ N 40

0 
9’ E   450 19.5 - 32.5 Fluvisol & Vertisol 8.4 

Ayssaita 350 11° 33’ N 40° 41’ E   250 23.8 - 37.5 Chromic-Lithosol 6.2 

 94 

 95 
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 100 

 101 

 102 

 103 

 104 

 105 
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 107 

 108 

 109 

 110 

 111 

 112 

 113 

 114 

 115 

 116 

 117 

 118 

 119 

 120 

 121 

 122 

Fig. 1 Maps locating the study areas: Upper, Middle and Lower Awash valleys in Ethiopia. 123 

 124 

 125 

2.2 Planting Materials  126 

 127 

Ten released varieties of sesame (Table 2) were evaluated for performance of yield and oil content at 128 

each site over two different seasons during the 2010/11 main cropping and 2011/12 off seasons. 129 

 130 

 131 

Table 2. Sesame varieties used in the study 132 

 133 

 134 

No. Varieties  Codes Pedigree Seed Color Mean 
yield/ha 

Released 
year (GC) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Abasena 

S 

Kalafo-74 

ADI 

Serkamo 

Mehado-80 

Tate 

T-85 

E 

Argene 

Abs 

S 

Klf 

Adi 

Srk 

M80 

Tat 

T85 

E 

Arg 

SPSBIMSEL  

SPS111872 

SPS111866 

X-3014 

BIMW205196 

SPS111518 

BCS-003 

SPS111868 

SPS111853 

T-85xCROSS 

Grey 

Mixed (dark/br) 

Light brown            

White 

Mixed (white/br) 

Grey 

Light gray 

Dull white 

Dull white 

Mixed 

16-18 Qt. 

12-16 Qt. 

12 Qt. 

16-20 Qt. 

15-18 Qt. 

15-22 Qt. 

15-18 Qt. 

14-16 Qt. 

12-16 Qt. 

15-18 Qt. 

1993 

1990 

1989 

1993 

1993 

1989 

2000 

1976 

1978 

2000 

 
135 

    Source = Werer Agricultural Research Centre (WARC), 2010;   Qt. = quintal.    
136 
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2.3 Field Layout and Data Collection 137 

 138 

The experiment at each location was laid-out in a randomized complete block design with 3 139 

replications. Each entry was planted in a plot having 4 rows of 4 m long with 40 x 10 cm spacing 140 

between rows and within plants respectively. Data on various characters were recorded, but only oil 141 

content was considered and presented in this paper. Oil content for individual variety was determined 142 

by extracting the ground seed in a Soxhlet apparatus with petroleum ether. Oil content in percent (OC 143 

%) was measured by Nuclear Magnetic Resonance Spectroscope (NMRS) as the proportion of oil in 144 

the seed to the total oven dried seed weight x (100).  145 

 146 

2.4 Data Analysis 147 

 148 

To evaluate the interaction effects, the data were subjected to multivariate analysis using additive 149 

main effect and multiplicative interaction (AMMI) model as previously described by Gauch et al. 150 

(2008). The mathematical statement of AMMI model is given by the following formula: 151 

 152 

ΥΥΥΥΝΝΝΝ
ij
    ====    µ +µ +µ +µ + gi + ej ++++    ΣΣΣΣλλλλkYikααααjk + ΣΣΣΣij -------------------------------------------------------------------------- 1  153 

 154 

Where; Υij = yield of i
th

 genotype in the j
th
 environment, µ = grand mean, giej = genotype and 155 

environment deviations from the grand mean, λk = eigen value of PCA axis k, Yik and αjk = genotype 156 

and environment PCA scores for axis k, N = number of IPCs, Σij = residual term. 157 

 158 

The results of AMMI analysis were shown in common graphs called biplots as described by Gauch 159 

and Zobel (1997), which provides a clear insight into specific GEI combination and the general pattern 160 

of adaptation of genotypes. The AMMI biplot was done by placing both genotype and environment 161 

values on the abscissa (X- axis) and the respective PCA scores, Eigen vector on the Y- axis. AMMI 162 

model does not make provision for a specific stability measure to be determined. Since the IPCA1 163 

score contributes more to G x E sum of squares, a weighted value is needed in order to rank 164 

genotypes in terms of stability. Hence, AMMI stability value (ASV) was calculated based on the 165 

formula proposed by Purchase (1997): 166 

 167 

ASV= {[(SSpca1/SSpca2) (GPCA1 score)]
 2 

+ (GCPA2 scores)}
½
 ------------------------------- 2 168 

  169 

Where; ASV = the distance from zero in a two dimensional scatter gram of IPCA 1 against IPCA 2 170 

scores; SSpca1/SSpca2 = the weight given to the PCA1 value by dividing the PCA1 sum of squares 171 

to the PCA2 sum of squares; GPCA1 score = the PCA1 score for that specific genotype  and GPCA2 172 

= the PCA 2 score for that specific genotype. 173 

 174 

The data were also subjected to regression analysis using a model proposed by Eberhart and Russell 175 

(1966). The regression of each genotype in each environment on an environmental index and a 176 

function of the squared deviations from its regression would provide estimates of stability parameters: 177 

the regression coefficient (bi) and mean square deviations from linear regression (S
2
di). The mean 178 

sum of squares due to GEI was tested against pooled error. The pooled deviation was also tested 179 

against pooled error. The results from both analyses were compared and are presented in Table 5. 180 

 181 

3. RESULTS AND DISCUSSION 182 

 183 

3.1 Pooled Analysis of Variance for Oil Content 184 

 185 

The combined analysis of variance for oil content of ten sesame varieties tested in 6 environments 186 

showed  that the variance for genotypes, environment and G x E interaction were highly significant at 187 

P < 0.01 (Table 3), indicating rank difference in varieties response to different environments and the 188 

need for extension of stability analysis. This result confirmed the results reported by Adane (2008) 189 

and Mekonen (2012). Weiss (2000) also found a significant GEI where a 6% variation for oil content 190 

was due to location. The partitioning of variance components  indicated that 91.48% of  the total  191 

variation was due to genotypes, 1.43% due to environments, 1.50%  due  to  replications within 192 

environments, 7.10% due to GEI and 6.33% due to residual (Table 3). The higher proportion of 193 

variance due to genotypes more than environments indicated that the effect of environment on oil 194 
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content was not large. Similar results were recorded on sesame oil content by Alpaslan et al. (2001), 195 

Zenebe and Hussien (2009) and Mekonen (2012). 196 

 197 

3.2 AMMI Analysis 198 

 199 

The portioning of GEI components (Table 3) showed that the first principal component axis IPCA1 of 200 

the interaction captured 75.1% of the interaction sum squares. Similarly, IPCA2 explained a further 201 

18.5% of the GEI sum of squares. The mean squares (MS) for IPCA1 and IPCA2 were significant at P 202 

< 0.01 and cumulatively contributed to 93.6% of the total GEI. The partitioning of the interaction sum 203 

of squares was effective for oil content. The MS of IPCA1 and IPCA2 were 19x and 5.5x that of the 204 

residual MS respectively. The combined MS for the two IPCA axes were 24.5 times that of the 205 

residual MS for oil content. Therefore, this result suggested that the two interaction principal 206 

component axes were sufficient to explain GEI in oil content. This result was in harmony with the 207 

results of Zobel et al. (1988) and Zenebe and Hussien (2009). They indicated that AMMI with only two 208 

interaction principal component axes was the best predictive model. Similar results were also reported 209 

by Molla (2010) in finger millet and Nigussie (2012) in common bean. 210 

 211 

The mean oil content averaged over environments is presented in Table 4. The mean oil   content for 212 

the individual environments ranged from 48.03% at Ml. 1 (Melkassa season-1) to 48.56% at Wr. 2 213 

(Werer season-2). This difference was mainly due to their varying amounts of temperature and soil 214 

type, which differed greatly across locations and seasons. A similar result was reported by El-Nasr et 215 

al. (2002), they indicated that a change in season and soil type caused variation in oil content of white 216 

mustard. Wr. 2 had the largest environmental index and therefore the most suitable environment for 217 

realizing oil content potential of sesame varieties across the areas of the Afar rift valley. 218 

 219 

 220 

Table 3. AMMI analysis of variance for oil content (%) in 10 sesame varieties tested at three 221 

locations for two different seasons (2010/11 & 2011/12) 222 

 223 

 224 

Sources of variation Degree of 

freedom 

Mean 

square 

F-value Total S.S. 

explained (%) 

  Genotype 9 113.15** 233.39 91.48  

Environment 5 3.18* 2.28 1.43  

Rep within Env. 12 1.40** 2.88 1.50  

G X E 45 1.75** 3.62 7.10  

IPCA 1 13 4.56** 9.41 75.06  

IPCA 2 11 1.32** 2.73 18.48  

Residuals 21 0.24 0.5 6.33  

Error 108 0.48 - 4.43  

Total 179 6.60 - 100  

Grand Mean = 48.16 CV (%) =  1.5 

 
225 

                Note: **, * = highly significant at p< 0.01 and p< 0.05 level respectively. 
226 

 227 

3.3 Biplot Analysis 228 

 229 

Fig. 2 represents the AMMI biplot for oil content of sesame varieties grown in six environments. The 230 

mean performance and PCA1 scores for both the genotypes and environments used to construct the 231 

biplots are presented in Table 4. In AMMI biplot presentation, when a variety and environment have 232 

the same sign on PCA1 axis, their interaction is positive and if different their interaction is negative. If 233 

a variety or an environment has a PCA1 score of nearly zero, it has small interaction effects and was 234 
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considered as stable over wide range of environments. However, varieties with high mean 235 

performance and large PCA1 scores were considered as having specific adaptability to favourable 236 

environments.  237 

 238 

 239 

Table 4. AMMI analysis of genotype and environment means, IPCA 1 scores for oil content of 240 

sesame varieties tested at three locations and two seasons (2010/11 and 2011/12) 241 

 242 

 243 

 2010/11 Cropping season 2011/12 Off season    Genotype 

Genotype Melkasa Werrer Assaita Melkasa Werrer Assaita Mean IPCA 1 

Abs 46.50 46.80 45.80 46.67 46.27 46.90 46.49 0.003 

Adi 51.93 52.80 52.80 52.10 52.80 53.50 52.66 -0.486 

Arg 49.77 49.67 48.57 50.40 51.33 48.67 49.73 0.240 

E 47.27 46.80 46.17 47.47 46.80 46.43 46.82 0.432 

Klf 47.20 46.33 46.60 47.73 46.73 46.67 46.88 0.514 

M80 46.77 45.33 45.47 47.30 45.90 45.67 46.07 0.774 

S 46.57 45.57 46.27 46.73 46.00 45.83 46.16 0.506 

Srk 50.03 51.87 50.67 50.07 52.13 52.23 51.17 -0.994 

T85 46.00 45.00 44.83 46.10 45.97 45.53 45.57 0.334 

Tat 48.30 50.60 49.10 49.03 51.70 51.57 50.05 -1.322 

Env. Mean 48.03 48.08 47.63 48.36 48.56 48.30 48.16   

IPCA 1 1.134 -0.643 0.070 1.125 -0.674 -1.012    

          
244 

 Note: IPCA1 = the 1st Principal component , Env. mean = environmental mean. 
245 

 
246 

As shown in Fig. 2, the varieties and environments showed considerable variation in mean oil content. 247 

However, it is clear from the graph that the points for varieties were more scattered than the points for 248 

environments indicating that variability due to varieties was higher than that due to environments, 249 

which is in complete agreement of the ANOVA (Table 3). Generally, season two showed the highest 250 

mean performance for oil content across all locations (Table 4). 251 

 252 

As indicated in the biplot graph, the environments As. 2, Ml. 2 and Wr. 2 had the same main effects 253 

but highly varied in their interaction effects. Wr.1 had very little interaction (nearly zero) effects with 254 

mean oil content close to the grand mean value. Hence, this environment is considered as stable for 255 

oil content, whereas As. 1 and Wr.2 were highly interactive having high interaction effects. The 256 

varieties Serkamo, Tate and Adi were specifically adapted to favourable environments for oil content 257 

(Fig. 2). Of these varieties, Serkamo exhibited little interaction effect because of the relatively smaller 258 

distance from the coordinates to the abscissa and was considered as stable across environments with 259 

higher mean oil content. However, Adi had the highest mean oil content with a relatively high 260 

interaction effects; hence, it is best suited in As. 2. Similarly, Argene was the most interactive and 261 

unstable variety in most environments except it showed better adaptation in Wr.2 with high mean 262 

performance. On the other hand, varieties E, M-80 and T-85 were adapted to lower yielding 263 

environments and stable with low oil content. However, the rest varieties Abasena, S and Kelafo-74 264 

scored mean oil content below the grand mean with different interaction effects and hence they are 265 

unstable or not adaptable to any of the environments for oil content. 266 

 267 
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 274 
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 277 

 278 

 279 

 280 

 281 

 282 

 283 

 284 

 285 

 286 

 287 

 288 

 289 

 290 

 291 

 292 

 293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 

 301 

 302 

                                    303 

                                     Fig. 2. AMMI Biplot for Oil Content (%) 304 

 305 
Note: As.1 =Assaita season-I, As.2 =Assaita season-II, Ml.1 =Melkassa season-I, Ml.2 =Melkassa season-II, Wr.1 = Werer season-I, Wr.2 = Werer 

306 
season-II. 

307 
 

308 
 

309 

3.4 ASV Analysis 310 

 311 

Table 5, presents the AMMI stability value (ASV) and ranking with PCA 1 and 2 scores for each 312 

sesame variety. In ASV method, a variety with high pooled mean and least ASV score is the most 313 

stable (Purchase et al., 2000). Accordingly, the variety Adi was considered as the most stable across 314 

all environments. In contrast, Serkamo, Tate and Argene found to have large ASV and high mean 315 

performance. These varieties are generally suited to specific environments, which was in accordance 316 

with the result of AMMI biplot. However, the remaining varieties, whatever ASV rank they had, since 317 

they exhibited below the average performance, were not considered to any environment for oil 318 

content. Zobel et al. (1988) in soybean, Marjanovic et al. (2008) in winter oil seed, Zenebe and 319 

Hussien (2009) in sesame oil content, Elfadl et al. (2012) in Safflower oil content and Hossein et al. 320 

(2012) in rape seed oil content, also conducted AMMI analysis and predicted the stability of 321 

genotypes on the basis of mean performance and magnitude of IPCA scores. 322 

 323 

 324 

 325 
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Table 5. AMMI stability value and ranking with PCA 1 and 2 scores of oil content (%) for 10   326 

sesame varieties tested at 3 locations and two seasons (2010/11 and  2011/12) 327 

 328 

 329 

Variety   Mean  MnR    PCA1   PCA2   ASV      R 

Abs 46.49 7 0.003 0.343 0.34 1 

Adi** 52.66 1 -0.486 0.607 0.42 2 

Arg* 49.73 4 0.240 -1.202 1.20 6 

E 46.82 6 0.432 -0.008 3.17 8 

Klf 46.88 5 0.514 0.212 0.83 5 

M80 46.07 9 0.774 0.042 3.34 9 

S 46.16 8 0.506 0.341 0.70 4 

Srk* 51.17 2 -0.994 0.083 3.44 10 

T85 45.57 10 0.334 -0.120 0.54 3 

Tat* 50.05 3 -1.322 -0.298 2.80 7 

Grand Mn 48.16      

 
330 

Note: **, * = wide adaption and specific adaption respectively, MnR= mean rank, PCA1 and 2= the 1st and 2nd Principal components, R= rank of AMMI 
331 

stability value. 
332 

 333 

 334 

3.5 Joint Regression Analysis 335 

 336 

The result of ANOVA for the estimated stability parameters for average oil content of varieties is given 337 

in Table 6. The mean squares for all sources of variation were highly significant at (P<0.01) indicating 338 

that the varieties differed from each other with respect to their linear response and prediction of 339 

performance in different environment was possible for oil content. The same results were reported in 340 

oil content of soybean (Rocha et al., 2002), linseed (Adane, 2008) and sesame (Mekonen, 2012). 341 

Significant value of pooled deviations indicated the importance of non-linear components for oil 342 

content (Table 6). Similar findings were reported by Henry and Daulay (1987), Verma and Mahto 343 

(1994) and Singh et al. (1998). 344 

 345 

Eberhart and Russell (1966) defined a stable variety as the one which showed high mean yield, 346 

regression coefficient (bi) around unity and deviation from regression (S
2
di) near to zero. Accordingly, 347 

the mean and deviation from regression of each varieties were considered for stability and linear 348 

regression was used for testing the varietal response as: i/ genotypes with high mean, bi = 1 and non-349 

significant S
2
di are suitable for general adaptation, i.e., adaptable over all environmental conditions 350 

and they are considered as stable genotypes, ii/ genotypes with high mean, bi > 1 with non-significant 351 

S
2
di are considered as below average instability. Such genotypes tend to respond favourably to better 352 

environments but give poor yield in unfavourable environments. Hence, they are suitable for 353 

favourable environments, iii/ genotypes with high mean, bi < 1 with non-significant S
2
di do not respond 354 

favourably to improved environmental conditions and hence, they could be regarded as specifically 355 

adapted to poor environments, iv/ genotypes with any bi value and significant S
2
di are unstable. 356 

 357 

 358 

 359 

 360 
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Table 6. Analysis of variance for the estimated stability parameters for average oil 
content (%) by Ebrehart and Russel's model 

 
 

Source of Variation DF MS F- value 

Genotypes 9 37.717** 196.443 

Environment ( linear ) 1 5.297** 27.589 

Genotypes X Env. ( linear ) 9 0.411** 2.141 

Pooled Deviation 40 0.566** 2.948 

Abs 4 0.150 -0.220 

S 4 0.246 0.282 

Klf 4 0.292 0.524 

Adi 4 0.399 1.081 

Srk 4 1.114** 4.806 

M80 4 0.693** 2.608 

Tat 4 1.712** 7.920 

T85 4 0.176 -0.085 

E 4 0.237 0.237 

Arg 4 0.636 2.316 

Pooled Error  120 0.192 - 

 

         
                

361 
                    Note: ** = highly significant at p< 0.01, MS = mean square. 

362 

 363 

The mean oil content (%), regression coefficient (bi) and the deviation from regression (S
2
di) of each 364 

variety are presented in Table 7. This analysis revealed that the slop (bi) did not deviate from unity for 365 

all varieties, indicating that the tested varieties had average responsiveness to changing 366 

environments. However, the deviation from regression (S
2
di) was significantly different from zero in 367 

some of the varieties (Srk, M-80 and Tat). Similar results were reported by Kenga et al. (2003) and 368 

Fekadu et al. (2009), where the non-linear responses as measured by pooled deviations from 369 

regressions were highly significant; indicating that differences in linear response among varieties 370 

across environments did not account for all the G x E interaction effects and therefore, the fluctuation 371 

in performance of varieties grown in various environments was not fully predictable. 372 

 373 

Thus, according to this model the variety Adi had the highest mean oil content (52.7%) with bi equal to 374 

one and insignificant S
2
di hence, it could be regarded as stable for oil content across environments. 375 

This was in accordance with the result of ASV analysis. Argene was the second stable genotype 376 

closely followed by Adi, which had high oil content (49.73%) over the grand mean with non-significant 377 

bi and S
2
di. In contrast, the two high yielder varieties, Serkamo and Tate showed highly significant 378 

S
2
di values and they were regarded as unstable varieties for oil content. On the other hand, varieties 379 

Abasena, Kelafo and E had mean oil content values closer to the grand mean with bi around unity and 380 

non-significant S
2
di. These varieties can be characterized as stable with moderate yield performance 381 

(Table 7). This result was in the contrary with the result of the AMMI biplot. 382 

 383 

Table  7. Stability parameters for average oil content (%) by Ebrehart and Russel's model 384 

 385 
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 386 

Variety Pooled 

Mean 

  F-value t - value 

  bi S
2
di (S

2
di/PE) (bi/SEbi) 

Abs 46.49 0.649 -0.042 -0.220 0.530 

S 46.16 -0.103 0.054 0.282 -0.066 

Klf 46.88 0.446 0.101 0.524 0.261 

Adi 52.66 0.128 0.207 1.081 0.064 

Srk 51.17 1.267 0.922** 4.806 0.380 

M80 46.07 0.785 0.501** 2.608 0.298 

Tat 50.05 2.562 1.520** 7.920 0.619 

T85 45.57 1.221 -0.016 -0.085 0.920 

E 46.82 0.681 0.045 0.237 0.442 

Arg 49.73 2.365 0.444 2.316 0.938 

Grand Mean  48.16       

             
387 

           Note: ** = significant at p< 0.01, bi = regression coefficient, S2di = deviation from regression, PE = pooled error, SEbi = standard error bi. 
388 

 389 

 390 

3.6 Ranking of Varieties Based on Stability Parameters 391 

 392 

Table 8 presents the ranking orders of ten sesame varieties for oil content, based on the different 393 

stability indices. Based on this measurement, a variety that exhibit a high mean with low overall 394 

ranking value was considered as the most stable variety for oil content across all environments. 395 

Whereas, those varieties having high mean performance with large overall ranking values were 396 

considered to have specific adaptation in favourable environments for oil content. Accordingly, the 397 

variety Adi exhibited highest mean value with low overall rank (OR) which is the most stable variety 398 

for oil content and adaptable over all environments. 399 

 400 

Varieties viz., Serkamo, Tate and Argene expressed higher mean oil contents (51.9, 50.05 and 49.73 401 

%) respectively, but since they were highly interactive with changing environments, they had high 402 

overall rank values. Therefore, these varieties can be selected for specific environments with high 403 

mean performance. On the other hand, Abasena, Kelafo and E were medium yielder varieties with 404 

ranking orders of 1
st
, 4

th
 and 5

th
 respectively; hence, they are considered to have better response to 405 

unfavourable environments for oil content. However, the rest varieties S, M-80 and T-85 gave lower 406 

mean oil contents of 46.16, 46.07 and 45.57 % respectively that were below the grand mean value. 407 

Hence, they are regarded as poorly responsive and unstable varieties over all environments for oil 408 

content (Table 8). This result was in complete agreement with the above findings of AMMI stability 409 

value and joint regression analyses. 410 

 411 

Table 8. Ranking order of sesame varieties for oil content (%) based on the different stability 412 

parameters 413 

 414 

Genotype Mean R bi R S
2
di R ASV R OR 

Abs 46.49 7 0.649 5 -0.042 2 0.34 1 1 
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S 46.16 8 -0.103 8 0.054 4 0.70 4 7 

Klf 46.88 5 0.446 6 0.101 5 0.83 5 4 

Adi 52.66** 1 0.128 7 0.207 6 0.42 2 2 

Srk 51.17* 2 1.267 3 0.922 9 3.44 10 6 

M80 46.07 9 0.785 1 0.501 8 3.34 9 9 

Tat 50.05* 3 2.562 10 1.520 10 2.80 7 10 

T85 45.57 10 1.221 2 -0.016 1 0.54 3 3 

E 46.82 6 0.681 4 0.045 3 3.17 8 5 

Arg 49.73* 4 2.365 9 0.444 7 1.20 6 8 

Gr. Mean    48.16                

    415 

     
  Note: **, * = selected for wide adaptation and specific adaptation respectively, ASV = AMMI stability value, R= rank, OR = overall rank. 

416 

 417 

4. CONCLUSION 418 

 419 

In conclusion, the present set of sesame varieties showed less response to environmental changes. 420 

Thus, the influence of environment was less prominent in the manifestation of oil content along the 421 

areas of Awash valley. Moreover, the study indicated that high performance of genotypes for oil 422 

content recorded in season two (2011/12). Hence, the off season was generally identified as the best 423 

environments for oil content of sesame across the areas of Awash valley. When the six environments 424 

were compared separately, Wr.1 emerged as less interactive. Thus, this environment was identified 425 

as the best for growing the present set of varieties for breeding program. Overall results of the 426 

different stability models revealed that variety Adi was the only genotype that showed relatively little G 427 

x E interaction with reasonable mean and hence is the most stable across all environments for oil 428 

content. Therefore, this variety can be recommended as a promising cultivar for oil content across 429 

varied environments of the Afar rift valley to exploit its yield potential. The high yielding varieties viz., 430 

Serkamo, Tate and Argene were highly interactive and they could be recommended for cultivation 431 

under favourable environmental conditions for oil content. In this study, AMMI analysis with two IPCA 432 

was the best predictive model to reveal the maximum GEI for oil content in sesame.  433 

 434 

 435 
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