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indicated in Table 1.

Experimental materials, design and management

Nationally released 15 food barley varieties were included in the trial 
which were selected based on year of release; performance in previous 
trials and the agro-ecological adaptation. The varieties (HB-1307, 
Shege, HB-42, Ardu-12-60B, Dimtu, Cross-41/98, EH-1493, Yedogit, 
Estayish, Tiret, Shedeho, Harbu, Agegnehu, Abdane and Gabulla) were 
obtained from Hawassa and Holetta Agricultural Research Centers. 
The experimental layout was randomized complete block design with 
four replications. Seed was hand drilled on plot consisting of six rows 
(spaced 0.2m) with 2.5m length. Spacing between blocks and plots was 
1m and 0.4 m, respectively. The middle four rows were used for data 
collection. Seed rate was 125 kg ha-1 while fertilizers rate was 38/19/7 
kg/ha N/P2O5/S, respectively for all locations. Planting was done at 
early July, at the onset of the main rainy season. Weed management and 
all other agronomic practices were carried out uniformly for all plots.

Table 1. Agro-ecological characteristics of test sites 
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AMMI1 Biplot Analysis

Each sector had a variety at the vertex of its polygon indicating that 
the variety had the largest positive interaction with that specific 
environment. Environment Mierab-Azerinet with variety Tiret, 
Environment Gumer with variety HB-1307 and Environment Alicho 
wuriro with variety Agegnehu were three sectors where the interaction 
pattern of varieties were independent. These varieties made the largest 
contribution to the GEI and were unstable. Environment Geta was 
correlated to both Mierab-Azerinet and Alicho wuriro, but had a very 
short vector contributing little to GEI. Varieties near the center of the 
biplot (Ardu-12-60B, Dimtu and Gabulla) contributed very little to the 
GEI and were stable based on AMMI. This result was in agreement with 
the work of (Zobel et al., 1988; Vargas and Zobel, 2000) who reported 
similar results on the GEI contribution of AMMI sectors on barley 
varieties. Also similar results were obtained by Naroui et al. (2013) who 
described the significant GEI in wheat by AMMI biplot analysis.

The environment Mierab-Azerinet was considered the most favorable 
environment where maximum mean grain yield was recorded and 
positively associated with Tiret variety. Gumer was the second highest 
yielding environment positively associated with varieties HB-1307, 
Cross-41/98, EH-1493 and Yedogit; with HB-1307 at the vertex, having 
the highest positive interaction. The least favorable environments for 
the performance of the varieties were Geta and Alicho wuriro where the 
lowest grain yields were recorded (Figure 1).

Purchase (1997) explained that IPCA1 is plotted against IPCA2, the 
closer the varieties score to the center of the biplot, the more stable they 
are. Based on their positions on the biplot, HB-42, Ardu-12-60B, Dimtu 
and Gabulla were scattered close to the origin, indicating minimal 
interaction with environments. Milan et al. (2014) had reported similar 
results from AMMI analysis when applied on multi-environmental 
trial data of barley. Varieties HB-1307, Yedogit, Shege, Agegnehu, 
Harbu, Estayish, Tiret, Abdane, EH-1493, and Cross-41/98 were the 
most unstable, since they were further from the biplot origin and were 
sensitive to the environment and had large interaction, indicating that 
these varieties had specific adaptations.

Figure 1. AMMI biplot of IPCA1 vs IPCA2 for grain yield (t ha-1) 
of food barley varieties at four locations plotted as G1, G2, G3… and 
environments plotted as A,B,C and D abbreviations in the biplot

Genotype main effects plus genotype by environment (GGE) biplot 
analysis

In GGE biplot for grain yield of food barley varieties, the first and 
second components captured 73.4 % and 18.8%, and the two together 
captured 92.2% of the G+GE sum of square, it means that different 
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