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ABSTRACT 

Seven sweet potato varieties (Bellela, Kabode, Kulfo, LO, Temesgen, Tulla and Vitae) were tested in 
southern and eastern zones of Tigra, Ethiopiay in 2012 to evaluate their total root yield potential.  
Randomized complete block design with three replications was used for the experiment Yield data was 
analyzed using combined ordinary analysis of variance and the additive main effect and multiplication 
interaction effect model (AMMI). The combined analysis of variance across locations showed significant 
variation among genotypes, locations and the genotypes by locations interaction for the total storage root 
yield (t/ha). Based on this, the superior mean total root yield (26.82 t/ha) was obtained at Kukufto testing 
location while the inferior (13.45 t/ha) was at Rarhe. Similarly, among the genotypes, LO gave the highest 
mean total root yield (30.9 t/ha), while bellela gave the lowest (7.78 t/ha). The AMMI analysis for the total 
storage root yield also showed highly significant difference for genotypes, locations and the genotypes by 
locations interaction components The contribution of genotype, location and genotype by location 
interaction to the total variation in root yield was about 54.1%, 21.4% and 19.4%, respectively. The genotype 
main effect contributed more to the total variability indicating that the variation was largely due to the 
inheritance of genotype effect. The genotype by location interaction was further partitioned using AMMI 
model and the first two principal components explained 100% of the total variability. The model captured 
83.4 % of the interaction sum of squares with the first Interaction Principle Component Axis (IPCA) (in 
58.3% of the interaction degrees of freedom) and 16.6% by the second IPCA axis (with 41.7% of the G x E 
d.f). AMMI biplot view of this study identified kukufto as best testing location and LO, Tulla and Kulfo as 
best genotypes for south and south east zones of Tigray region. 
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INTRODUCTION 

Sweet potato is grown around the world in diverse 
environments, often by small farmers in marginal soils, 
using few inputs (Manrique and Hermann, 2000).  Likewise, 
this crop is one of the root and tuber crops grown in 
Ethiopia, and it is the third important root crop next to Enset 
and Potato (Engida et al., 2009). The area covered and 
production of sweet potato in Ethiopia increases from time 
to time. However, not only the sweet potato research but 
also its production is very limited to specific regions, like 
that of South Nation Nationalities and Peoples, Oromia, 
Harerghe and Amhara regions. In Tigray region, sweet 
potato is grown mainly in the lowlands and medium 
altitude areas. Currently, the area coverage of the crop in the 
region is increasing from time to time.  Despite the crop 
potential, lack of improved sweet potato varieties suitable 

for different agro-ecologies and resistant to insect pests are 
some of the factors that hider the crop expansion.   
Sabaghnia et al. (2006) pointed out the importance of 
studying genotype by location interaction not only from 
the genetic and environmental point of view but also its 
relevance to the production problems of agriculture in 
general. The importance of any variety testing program is 
to obtain the most accurate estimate of variety 
performance that is possible within the limitations 
imposed by the environmental growing conditions 
(Addis, 2003). Farmers are basically interested in superior 
and specifically adapted varieties to their condition and 
with a high degree of stability over time (Scott and 
Maldonando,1998). Hence, the study of multi-location 
variety trial is particularly relevant to countries that have 
diverse agro-ecologies, as is the case in Ethiopia.  
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The well performing ability of sweet potato over wide 
range of environments is of major interest to plant 
breeders (Moussa et al., 2011). Due to the higher 
productivity and drought tolerance of the crop, it can play 
vital role in achieving food self sufficiency of the region. 
Even though Tigray region has wider agro-ecological 
zones and suitable for sweet potato production, 
unavailability of improved sweet potato varieties that can 
give high yield and tolerance for diseases and insect pests 
is a major problem in most sweet potato growing areas of 
Tigray. Moreover, despite of the diverse agro-ecologies of 
the Tigray region, multi-location trials have not been 
conducted for sweet potato varieties and/or genotypes.  
A more recent development in measuring genotype 
adaptability over locations is the application of a 
multiplicative interaction models such as Additive Main 
Effects and Multiplicative Interaction (Gauch and Zobel, 
1996). AMMI analysis permits estimation of interaction 
effect of a genotype in each location and it helps to 
identify genotypes best suited for specific locations  (Das 
et al., 2010;  Misra et al., 2009;  Gauch and Zobel, 1988). 
AMMI combines the analysis of variance of genotypes 
and the location main effects with principal component 
analysis of the G x L into a unified approach (Gauch and 
Zobel, 1996). It uses ordinary ANOVA to analyse the 
main effects (additive part) and Principal Component 
Analysis (PCA) to analyse the non additive residual left 
over by the ANOVA. The results can be graphically 
represented in an easily interpretable and informative bi-
plot that shows both main effects and G x L interaction. 
The objective of the study was to evaluate the yield 
performance of the sweet potato genotypes across 
different locations of the Tigray region. 

MATERIALS AND METHODS 

The experiment was carried out in three locations of 
Southern and South Eastern zones of Tigray region. These 
locations were Illala, Kukufto and Rarhe and the materials 
used in this trial were Bellela, Kabode, Kulfo, LO, 
Temesgen, Tulla and Vitae. The experiment was arranged 
in Randomized Complete Block Design (RCBD) with three 
replications and the materials were planted under rainfed 
condition in the 2012. Plot size of 2.4 meter by 4.2 meter 
with a respective inters-and intra row spacing of 0.60 and 
0.30m were used. The Net harvestable plot was 2.4m x 3m 
(7.2 m2). Total storage root yield data was taken during the 
study and the central five rows were harvested from each 
plot leaving border rows to avoid border effects.   
Statistical Analysis: Combined analysis of variance 
(ANOVA) for yield and yield component characters of the 
varieties tested across locations was performed using the 
GenStat  (Payne et al., 2007)  statistical package. Before 
running data analysis, the data were first tested for 
normality with Shapiro Wilk test method. Accordingly, 
all data set showed normal distribution. The pooled 
ANOVA was used to evaluate the presence of genotype 
by location interaction and to partition the variation due 
to variety, location and genotype by location interaction. 

Since the pooled analysis of variance considers only the 
main effects, the additive main effect and multiplicative 
interaction model (AMMI) was computed. The AMMI 
method used the standard ANOVA procedure, where 
after, the AMMI model separates the additive variance 
from the multiplicative variance (interaction), and then 
used Interaction Principal Component Analysis (IPCA) to 
explain the pattern in the genotype by location and 
residual matrix and also to extract a new set of coordinate 
axes (Royston, 1995).  The AMMI model is expressed as 
the following model for the observation Yij on Genotype i 
in Environment j: 

Yij =  + Gi + Ej +  k ikjk + εij     where, 
 

 Yij is the observed mean yield of the ith genotype in the 
jth environment,  
μ is the general (Grand) mean)  
Gi and Ej represent the effects of the genotype and 
environment respectively, 
 λk is the singular value of the kth axis in the principal 
component analysis,  

ik is the eigenvector of the ith genotype for the kth axis, 

 jk is the eigenvector of the jth environment for the kth 
axis, n is the number of principal components in the 
model, and  

εij  is the average of the corresponding random errors. 
 

Based on the results obtained from combined ANOVA, 
adaptability analysis for sweet potato varieties and traits 
was determined by AMMI model using GenStat (Payne et 
al., 2007). In addition, Environment mean, Environment 
index and AMMI Stability Value (ASV) were also used to 
determine the genotype adaptability in the location 

RESULT AND DISCUSSION 

Analysis of Total Storage Root Yield Using AMMI Model  
The analysis of variance of AMMI model for total storage 
root yield (Table 1) showed significant differences (P < 
0.01) for genotype and location main effects, as well as for 
genotype by location interaction. Genotype main effect 
contributed more to the total variability of total root yield 
than does the location. Similar results were observed by 
Faliconer (1981) and Tumwegamire (2011) in the GEI of 
sweet potato trials made by AMMI model. All these 
researchers found significant G x L interaction for yield 
and stressed the usefulness of AMMI analysis for 
selection of genotypes in a location. 
Following the AMMI model, a principal component 
analysis (PCA) was carried out to decompose the G x L 
interaction for root yield. The partitioning of variance 
components indicated that contribution of location was 
21.4% of the total variation, 54.1% due to genotype, and 
19.4% due to GLI (Table 1). The higher proportion of 
variance due to genotype more than location indicates 
that location effects on total storage root yield was not 
large. Another study conducted by Zenebe and Hussien 
(2009) on sesame crop indicated that the genotype main 
effect had contributed more than the location. The 
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genotypes were differently influenced by location, which 
hinder the recommendation of genotype for the whole 
area embraced by the study (Lavoranti et al., 2007). It is 
therefore necessary to conduct a detailed study of that 
interaction. In this study, the AMMI analysis partitioned 
the sum of squares of genotype by location interaction 
(GLI) into two interaction principal components axes 
(IPCA), of which, both IPCA showed significant 
difference. According to Steven (2008), a next IPCA that 
offers little increase in the total variance explained is a 
criterion to include how many PCA to use. Hence, a third 
IPCA is not necessary in this study due to its little 
importance in the explaining of the variance. 
 

Table 1: Analysis of variance for Additive Main effects 
and Multiplicative Interaction (AMMI) of total storage 
root yield (t/ha) for 7 varieties and in 3 locations 

 
Grand mean = 18.56     R-squared = 0.95 ; C.V = 19.3%  ;  ** 
Highly significant at 0.01 probability level 
 

As exhibited in Table 1,, the AMMI model contained 
94.9% of the treatment SS (the sum of genotype, location 
and G x L interaction sum of squares) and the IPCA 
residual contained 0% of the treatment sum of squares 
which indicates the effectiveness of AMMI in 
summarizing the data within two IPCA. Hence, it is 
possible to construct the AMMI bi-plot and computing of 
the varieties and locations effects.  
Result from AMMI model showed that the first 
interaction principal component axis (IPCA1) captured 
83.4% of the interaction sum of squares with 58.33% of the 
corresponding degree of freedom. Similarly, the second 
interaction principal component axis (IPCA2) explained a 
further 16.6% of the variety by location interaction sum of 
squares in 41.67% of the interaction degree of freedom. 
Hence, both IPCA’s captured 100 % portion of the 
variability leaving 0% residual. The more contribution 
explained by the first interaction principal component 
axis (IPCA 1) showed more importance in describing the 
variety by location interaction than the second principal 
component axis (IPCA 2). There is a decreasing 
contribution to the G x L sum of squares with an 
increasing number of IPCAs (Abamu and Alluri, 1998). 
The same trend was observed in the present study of total 
storage root yield for different sweet potato varieties. 
Another authors (Zobel et al., 1988; Solomon et al., 2008; 
Ilker et al., 2009) also reported that the first two 

interaction principal component axes best explain the 
interaction sum of squares in different trials.  
The significant scores of IPCA (in absolute values) 
indicate the contribution of each variety to the interaction 
variance explained by that specific axis. Hence, the 
greater the IPCA score, the more response to the 
interaction effect and the more specifically adapted a 
genotype is to a certain location (Hassanpanah, 2010). The 
reverse is true for wider adapted variety that has lower 
interaction (lower IPCA scores). Therefore, based on the 
IPCA1, variety Kulfo (2.331) had largest contribution 
followed by Bellela (-2.196) and Tulla (2.124) to the 
interaction variance among other varieties. On the 
contrary, genotype Kabode maintained the least 
contribution to the interaction effect followed by LO and 
Temesgen. According to location IPCA 1 scores, Illala had 
lower G x L interaction (-0.761), whereas the highest IPCA 
1 scores belonged to Kukufto followed by Rarhe (Table 3). 
Due to its highest IPCA 1 scores, Kukufto had contributed 
largely to GLI and this was high yielding location.  
As reported by Mohammedi et al. (2007) and indicated by 
their small IPCA 1, non-adapted genotypes yielded low at 
all locations.  Moreover, Hintsa (2012) stated that 
genotypes that had IPCA 1 scores > 0 were identified as 
higher yielding and those that had   IPCA 1 Scores < 0 were 
identified as lower yielding. Based on this, LO, Tulla and 
Kulfo varieties had high and positive IPCA 1 scores and 
above average yield (Table 2; Figure 1). Therefore, these 
varieties are characterized by specific adaptation to the 
favorable location (Kukufto). Whereas, Bellela, Temesgen 
and Vitae varieties had high negative magnitude of IPCA 1 
scores but below average storage root yield. 
 
Table 2: Mean total storage root yield (t/ha) and IPCA 
scores of Genotypes and locations 

 
 

This signifies their specific adaptation to low yielding 
locations. On the other hand, the variety Kabode had 
nearly zero IPCA 1 score that indicates its wider 
adaptability. Therefore, however the overall mean yield 
of Kabode remained below average, its IPCA 1 (0.017) 
score approximated near to zero and thus, its adaptability 
was wider across locations as compared to other varieties. 
According to the AMMI analysis method, almost all 
varieties except Kabode and LO had showed more 
specific adaptability to the tested locations. But the degree 
of specificity (positive or negative) was higher to the 
varieties that exhibited more IPCA 1 scores. The negative 
IPCA 1 scored varieties gave below average storage root 
yield in the low yielding locations (Hintsa, 2012). 
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The AMMI 1 biplot of the total storage root yield of the 
genotypes grown in three locations was demonstrated in 
Figure 1. In this bi-plot, the IPCA 1 scores of genotypes 
and locations are plotted against their respective means, 
where the abscissa shows the main effects while the 
ordinate shows the first IPCA. The main effects 
(Genotype & Location) accounted for 75.5 % and IPCA1 
accounted for 16.18 % and so the AMMI I bi-plot gave a 
model fit of 91.68 %, which allowed us to interpret the 
main and interaction effects.  
Varieties such as LO, Tulla and Kulfo had high IPCA 1 
scores (positive direction) and mean yield (30.9, 29.35 and 
27.21 t/ha, respectively) and performed well in the high 
yielding location, Kukufto (Table 2; Figure 1). The variety 
LO was overall the best yielding variety with average 
yield of 30.9 t/ha.  On the other hand, Bellella and Vitae 
showed similar interaction but Kabode and Temesgen 
exhibited similar mean yield. The similarity of Bellela and 
vitae in the IPCA 1 scores and their difference in mean 
total root yield indicated the variation existed in the main 
effects. On the other hand, Kabode and Temesgen had 
similar total root yield but different in IPCA 1 scores. This 
showed that varieties interacted with locations 
differently. Bellela and Kulfo as well as Temesgen and LO 
with their difference in total root yield and significant 
variation in the scores of IPCA 1 were indicated to differ 
in both main and interaction effects (Table 2). The other 
genotypes have shown wider variability among 
themselves. 
Varieties such as LO, Tulla and Kulfo had a positive and 
high IPCA 1 score as well as mean yield and had a better 
performance at Kukufto location (a high yielding with 
high IPCA 1 score). As indicated by Zobel et al. (1998), 
this type of interaction, where genotypes and testing 
locations have a similar sign and magnitude of IPCA’s, it 
implies a positive association. .Generally, genotype LO 
was the overall winner and top rank but Bellela was the 
lowest performing genotype across the locations. 
 

 
Figure 1: AMMI 1 bi-plot of total storage root yield of 
sweet potato genotype in three locations.     

Note:  TSRY Total Storage Root Yield and, the vertical line in the 
center of AMMI 1 represents the general mean of 18.56 t ha-1  

In view of locations, Rarhe and Illala relatively showed 
similar mean total storage root yield but shown differences 
in their interaction pattern with varieties. In terms of 
yielding performance, Kukufto was the highest yielding 
location but Rarhe and Illala gave below average main effect 
and thus, they are lower yielding locations. However, 
individual location scored higher and above average root 
yields for LO, Tulla and Kulfo varieties. The average total 
storage root yield at the individual locations ranged from 
13.45 t/ha at Rarhe to 26.82 t/ha at Kukufto (Table 3). This 
difference could be due to their wide range of environmental 
conditions resulting from varying amounts of temperature, 
soil fertility, moisture and other factors.  
According to Soares de Vasconcelos et al. (2011), an 
environment is classified as unfavorable if the difference of 
environmental index is negative and favorable if the 
difference is positive as environmental index is the 
difference between the mean of each environment and the 
overall mean of the experiment (Table 3). Therefore, location 
Kukufto, with its environmental index value of 8.26, was the 
most suitable location for realizing root yield potential of 
varieties.  On the other hand, Rarhe recorded the least 
environmental index of -5.11 and hence, the least favorable 
environment as compared with others. Similar result was 
reported by Zenebe and Hussien (2009) in sesame crop. 
 

Table 3: Location mean, Environment index, ASV and 
IPCA scores of total storage root yield (t/ha) across three 
locations 

 
 

In addition to the environment mean, environment Index 
and IPCA, some researchers such as, Hintsa (2012 and 
Marlize (2010) were also used the AMMI Stability value 
(ASV) to determine genotype and location adaptability. In 
view of that, location and/or genotype that have highest 
AS   V are considered as more responsive to the GLI and 
are specific adapted.  Hence, Kukufto with its highest 
ASV had showed specific adaptation (Table 3) which 
supported the analysis made by the IPCA and 
environment index.  

CONCLUSION    

The combined analysis of variance of total root yield 
(t/ha) indicated that there was highly significant (p < 
0.01) difference among genotypes, locations and genotype 
by location interaction. Most of the total sum of squares in 
total root yield was explained by genotype (54.1%) than 
location and the interaction. The presence of significant 
genotype by location interaction effect showed that some 
genotypes adapted to wider locations, whereas others to 
specific locations. Based on this, genotype Kabode has 
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shown less G x L interaction and it is more adapted in 
wider locations. Despite of its consistence (wider 
adaptability), the root yield obtained from this genotype 
was below average. From the genotypes, LO and Tulla 
gave highest total root yield per unit area, followed by 
Kulfo. In this study, Temesgen, Vitae, and Bellela varieties 
gave below average total root yield and their roots were 
mostly under sized (less than 100 gm). To sum up, variety 
LO scored the highest total root yield, followed by Tulla 
and Kulfo. On the other hand, bellela gave the lowest 
total root yield. In view of locations, Kukufto showed 
highest yield potential and Rarhe the lowest.  
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