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An experiment was conducted to study the adaptability and genotype × environment interaction of 
finger millet varieties in the north eastern part of Ethiopia. Eight finger millet varieties and a local check 
were tested at Sirinka, Kobo, and Jari in 2013 and 2014 cropping season. The experiment was laid out in 
a randomized complete block (RCB) design with three replicates. The result showed that the year 2013 
was relatively better than 2014 for finger millet yield. Variety Bareda ranked first in terms of yield at 
Sirinka both in 2013 and 2014 (SR13 and SR14), and Kobo in 2013 (KB13). Variety Tadesse ranked first 
at Jari in 2013 (JR13); however, both the local check and Gute ranked first at Jari in 2014 (JR14). Except 
at JR14, the local check ranked second in all the environments. The Additive Main-effect and 
Multiplicative Interaction (AMMI) analysis showed that the best fit model was AMMI1 and it explained 
68.54% of the genotype × environment interaction. Genotypes Bareda, the local check and Gute had 
higher grain yield in that order. Similarly, environments SR13, JR13 and KB13 had above average grain 
yield. Varieties Tadesse and Padet had small interaction effect; however, Bareda and Gute exerted 
relatively higher interaction effect. Similarly, environment SR13 contributed minimum interaction effect; 
whereas KB13 and JR13 contributed higher interaction effect. Genotype and genotype × 
environment (GGE) biplot identified the local check, Bareda and Gute as more desirable varieties. 
Based on the overall performance and adaptability of the finger millet varieties across environments, 
Bareda could be recommended for production at Sirinka and Kobo, whereas the local check could still 
be used at Jari.  
 
Key words: Adaptability, additive main-effect and multiplicative interaction (AMMI), Eleusine coracana, G × E 
interaction, genotype and genotype × environment (GGE). 

 
 
INTRODUCTION 
 
Finger millet (Eleusine coracana (L.) Gaertn), believed to 
be adapted to the arid and semi-arid regions of the world, 
is highly tolerant to pests, diseases and  drought  (Gowda 

et al., 2015). It serves as a food and nutritional security 
crop because of its adaptability to a wide range of 
environments,  high   nutritional  value,  excellent  storage 
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Table 1. Description of the finger millet experimental sites. 
 

Location Altitude (m) Soil type 
Rainfall 

(mm) 

Temperature (°C) Global position 

Min. Max. Latitude Longitude 

Kobo 1450 Eutric fluvisol 637 15.8 29.1 12°8’21’’ 39°18’21’’ 

Sirinka 1850 Eutric vertisols 945 13.6 27.3 11°45’ 00’’ 39°36’36” 

Jari 1680 Vertisol NA NA NA 11°21
’
 39°38’ 

 

Source: Sirinka Agricultural Research Center. NA: Not available. 
 
 
 
qualities and its importance as a low input crop (Dida et 
al., 2007). It is cultivated on more than 31 million ha of 
land globally (FAO, 2014).   

Finger millet straw is used for livestock feed in 
manycountries, however, it is mainly grown for food 
(Upadhyaya et al., 2006) and also for brewing of gluten 
free beverages (Shayo et al., 2001; Fernandez et al., 
2003; Bano et al., 2015). Finger millet grain is nutritionally 
rich as it contains high levels of protein and minerals 
(Upadhyaya et al., 2006). David et al. (2014) reported 
that the proximate composition of finger millet to be 
moisture (6.99%), ash (2.37%), crude protein (10.28%), 
crude fibre (3.10%), crude lipid (0.83%), carbohydrate 
(76.43%) and mineral like potassium (14.19 mg/g), 
sodium (6.86 mg/g), copper (0.10 mg/g), calcium (1.13 
mg/g), magnesium (6.25 mg/g), zinc (0.22 mg/g), 
manganese (0.32 mg/g), iron (0.11 mg/g) and lead (0.001 
mg/g). It contains appreciable amount of the essential 
amino acid methionine which is lacking in most food 
grains (National Academies, 1996). Finger millet is 
suitable to design and develop value-added nutritive food 
products. Woldemichael and Admasu (2017) reported 
germination to be effective in starch and protein 
hydrolysis; while fermentation was more effective in 
reducing phytate, consequently increasing mineral 
bioavailability. 

In Ethiopia, finger millet is produced by 1.6 million 
farmers on 454662.33 ha of land (CSA, 2014). 
Appreciable variability in Ethiopian finger millet genotypes 
has been documented by various workers (Bezaweletaw 
et al., 2006; Lule et al., 2012; Wolie, 2013). Although 
about 15 improved finger millet varieties have been 
developed in Ethiopia (MoANR, 2016), and some of 
these varieties were tested for adaptability and 
introduced to farmers in the north western part of Ethiopia 
(Fentie, 2012); the use of these varieties in the north 
eastern part of Ethiopia is not common. Hence, there is a 
need to study the adaptability of finger millet varieties in 
order to recommend varieties in that part of Ethiopia. The 
objectives of this experiment were to identify adaptable 
improved   finger   millet  varieties  and   to    assess    the 

magnitude of genotype-environment interaction in north 
eastern part of Ethiopia. 
 
 
MATERIALS AND METHODS 

 
The experiment was conducted on three locations for two years, 
2013 and 2014. The locations were Sirinka, Kobo and Jari, which 
represent the finger millet growing areas of North Eastern Ethiopia 
(Table 1).  

Eight finger millet varieties were included in the study and a local 
(farmers’) variety was also added for comparison. The eight 
varieties were released in Ethiopia by three different agricultural 
research centers (ARCs). Varieties Necho and Degu were released 
by Adet ARC in 2011 and 2005, respectively; Bareda and Gute in 
2009, Wama and Boneya in 2007 and 2002, respectively, by Bako 
ARC; Padet and Tadesse in 1999 by Melkassa ARC. The 
experiment was laid out in a randomized complete block (RCB) 
design with three replicates. A plot size of 5 rows × 40 cm × 5 m 
was used, and a space of 1 m between plots and 0.5 m between 
blocks was also left. Seeding rate was 20 kg/ha. Nitrogen and 
phosphorus fertilizers, as Urea and DAP, were applied at the rate of 
50 kg/ha urea and 100 kg/ha DAP. Weeding was applied as the 
case may be, uniformly to all the plots. Data were collected both on 
plant and plot basis for phenological, yield and agronomic traits.  

In 2013, data were recorded from the three locations. In 2014, 
however, data were recorded from Jari and Sirinka only, as the 
experiment at Kobo was failed due to deficit moisture stress and 
grass hopper attack. Additive Main-effect and Multiplicative 
Interaction (AMMI) analysis was done based on Zobel et al. (1988); 
genotype and genotype by environment interaction (GGE) analysis 
was done as per Yan et al. (2000). Analysis of variance, AMMI and 
GGE analyses were carried out by suing GenStat (16th edition) 
software. 

  
 
RESULTS AND DISCUSSION 

 
The results of the combined analyses of variance across 
locations for 2013 and 2014 are depicted on Tables 2 
and 3. The year 2013 was relatively better than 2014 for 
finger millet yield, as evidenced by higher yield in 2014. 
In 2013, the location effect was significant (P≤0.01) for all 
the traits considered. However, genotypes (varieties) and 
G × L  interaction  term  differed  significantly  for  days to 
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Table 2. Mean grain yield and other agronomic traits of finger millet varieties tested at three locations in 2013. 
 

Variety Days to heading Days to maturity Plant height (cm) Grain yield (ton ha
-1

) 

Degu 88.9 135.9 93.89 2.84 

Gute 82.4 127.2 87.67 3.56 

Wama 83.7 126.7 88.89 3.46 

Local 84.3 128.7 86.00 3.72 

Necho 87.8 132.6 90.56 2.44 

Padet 81.1 126.1 86.78 3.14 

Bareda 82.4 127.8 90.56 3.80 

Boneya 81.8 125.9 85.67 3.50 

Tadesse 81.6 125.9 90.00 3.67 

Mean 83.8 128.5 88.89 3.35 

LSD (5%)  1.7 2.2 7.45 0.59 

CV (%) 2.1 1.8 8.9 18.6 

Genotype (G)  ** ** NS ** 

Location (L)  ** ** ** ** 

G×L  ** ** NS ** 
 

**Significant at 0.01 probability level. NS: Non-significant. 
 
 
 
Table 3. Mean grain yield and other agronomic traits of finger millet varieties tested at two locations in 2014. 
 

Variety Days to heading Days to maturity Plant height (cm) Grain yield (ton ha
-1

) Thousand-grain weight (g) 

Tadesse 80.2 128.8 89.30 2.63 29.00 

Padet 81.5 129.5 91.37 2.62 29.50 

Necho 89.2 143.5 89.23 2.74 22.83 

Degu 90.2 144.2 83.77 2.00 21.50 

Boneya 78.8 130.2 93.67 2.52 28.67 

Wama 80.2 133.3 93.90 2.65 32.00 

Gute 83.2 134.5 101.23 2.88 34.33 

Bareda 82.7 134.8 95.40 2.79 32.33 

Local 78.7 131.2 84.20 2.85 23.50 

Mean 82.7 134.4 91.34 2.63 28.18 

LSD (5%)  1.7 2.4 8.01 0.62 3.71 

CV (%) 1.7 1.5 7.5 20.0 11.2 

Genotype (G)  ** ** ** NS ** 

Location (L)  * ** ** NS ** 

G×L  NS ** NS NS NS 
 

**,*Significant at 0.01 and 0.05 probability levels. NS: Non-significant.  

 
 
 
heading and maturity, and grain yield. In that same year, 
varieties Degu and Necho were late to flower and to 
mature; however, the rest were comparatively early to 
flower and to mature. Bareda, the local variety and 
Tadesse were the high-yielding varieties (Table 2). 

In the year 2014, varieties differed significantly 
(P≤0.01) for days to heading and maturity, plant height 
and 1000-grain weight. Similarly, the location effect was 
significantly different for all the traits considered except 
grain-yield. The G × L interaction term was significant 
only for days to maturity. Like  the  year  2013, Degu  and 

Necho were late to flower and to mature in 2014 also. 
Gute was the tallest variety. As evidenced by higher 
1000-seed weight, varieties Gute, Bareda and Wama 
were bold-seeded varieties as compared to the others 
(Table 3). 

Location and year combinations were considered as 
environments shown in Table 4. Bareda was the highest 
yielder in the high-yielding environment (SR13). Similarly, 
Gute and the local check were the highest yielders in the 
low-yielding environment (JR14). Bareda ranked first at 
Sirinka  and  Kobo  (SR13,  SR14  and  KB13) in terms of  
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Table 4. Mean grain yield (ton ha-1) of nine finger millet varieties grown in five environments (location and year 
combinations). 
 

Variety 
Environment 

JR13 JR14 KB13 SR13 SR14 

Tadesse 3.65 2.74 3.41 3.61 2.85 

Padet 2.98 2.68 3.02 3.35 2.65 

Necho 2.80 2.46 1.90 2.92 2.70 

Degu 3.11 2.08 1.95 3.23 2.17 

Boneya 3.26 2.44 3.39 3.54 2.91 

Wama 2.88 2.73 3.36 3.91 2.79 

Gute 3.28 2.97 3.74 3.52 2.95 

Bareda 3.18 2.83 3.89 4.01 3.07 

Local 3.39 2.97 3.73 3.79 2.98 

Mean 3.17 2.66 3.15 3.54 2.79 
 

JR13: Jari 2013; JR14: Jari 2014; KB13: Kobo 2013; SR13: Sirinka 2013; SR14: Sirinka 2014. 
 
 
 

Table 5. The AMM1 analysis of variance table for grain yield of nine finger millet varieties on five 
environments. 
 

Source df SS MS SS explained (%) 

Total 134 90.82 0.678 - 

Treatments 44 57.12 1.298** - 

Genotypes 8 13.23 1.654** 23.16 

Environments 4 20.97 5.242** 36.71 

Interactions 32 22.92 0.716** 40.12 

IPCA 1  11 15.71 1.428** - 

IPCA 2  9 3.55 0.394 - 

Residuals  12 3.67 0.306 - 

Error 80 22.95 0.287 - 
 

**Significant at 0.01 probability level. 

 
 
 
yield. Tadesse ranked first at JR13; however, both the 
local check and Gute ranked first at JR14. Except JR14, 
the local check ranked second in all the environments 
(Table 4).       

The AMMI model combines AOV with additive 
parameters and PCA with multiplicative parameters into a 
single analysis (Gauch and Zobel, 1997). The AMMI and 
GGE analyses were based on five environments. The 
AMMI analysis demonstrated that genotype, environment, 
and G × E were significant (P≤0.01). Genotype, 
environment, and G × E explained 23.16, 36.71 and 
40.12% of the total treatment variation (Table 5). Fentie 
et al. (2013) demonstrated 59.64, 9.61 and 30.75% of the 
total variation in finger millet grain yield to be accounted 
for by environment, genotype and G × E, respectively. In 
a mixed and colored sets of finger millet types, Adugna et 
al. (2011) reported 2.5, 79.1 and 18.3% of the total sum 
of squares in the mixed set and 2.1, 86.9 and 11.0% in 
the colored set to be attributed to genotype, environment, 
and G × E interaction effects, respectively. In  a  study  of 

15 finger millet genotypes under three environmental 
conditions, Misra et al. (2009) explained 7.88, 79.69 and 
13.43% of the treatment variation in yield by genotype, 
environment and G × E, respectively. From the sources 
of variation of treatments, the genotype and interaction 
sources affect genotype rankings within environment and 
hence are relevant for targeting genotypes; these 
relevant effects account for 10 to 40% of the treatment 
variation (Gauch and Zobel, 1997). In the study, the 
treatment sum of squares (SS) was 57.12. However, the 
relevant portion of this SS was only 36.15 (genotype SS 
+ interaction SS) or 63.29% of the treatment SS (Table 
5). 

According to Gauch and Zobel (1997), in addition to the 
environmental effect, errors from uncontrolled variation 
within experiments are also irrelevant and should be 
removed from the interaction. Accordingly, from the 
interaction SS, 9.184 (the product of 32 and 0.287) was 
the real structure SS. As a result, the relevant variation 
was only 26.97 (13.23+13.74) or 47.21 % of the treatment  
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Figure 1. AMMI biplot of main effects of finger millet genotypes and environments, and IPCA1 using 
symmetrical scaling. JR13: Jari 2013, JR14: Jari 2014, KB13: Kobo 2013, SR13: Sirinka 2013, SR14: 
Sirinka 2014. 

 
 
 
SS, the rest would be irrelevant environment effect and 
interaction noise. 

The AMMI analysis showed that the best fit model was 
AMMI1 in this experiment, as only the first interaction 
principal component axis (IPCA1) was significant 
(p<0.01). The IPCA1 explained 68.54% of the G × E 
interaction SS (Table 4). In agreement to the present 
investigation, Misra et al. (2009) demonstrated that the 
significant IPCA1 accounted for 93% of the total G × E 
interaction sum of squares. However, Wolie (2013) 
reported 61.22% of the G × E to be explained by the first 
two significant IPCAs. In mixed and colored finger millet 
sets of experiments, Adugna et al. (2011) explained 54.6 
and 46.19% of the G×E sum of squares in the mixed and 
in the colored set, respectively, by the first two IPCAs. 
Similarly, Lule et al. (2014) explained 88.32% of the total 
G × E interaction in 32 finger millet genotypes by IPCA1 
(66.05%) followed by IPCA2 (12.81%) and IPCA-3 
(9.46%). 

In the biplot system, main effects (both genotypes and 
environments) and IPCA1 (interaction) are used as 
abscissa and ordinates (Zobel et al., 1988; Gauch, 1992). 
The AMMI biplot showing the main and IPCA1 effects of 
both genotypes and environments  on  finger  millet  grain 

yield is as shown in Figure 1. As shown in Figure 1, 
distances along the abscissa show main effect 
differences, whereas the ordinate shows differences in 
interaction. In the present study, the AMMI1 biplot showed 
that genotypes Bareda, Local check and Gute had higher 
grain yield in that order; however, genotypes Padet, 
Necho and Degu had below average grain yield. The 
IPCA scores of genotypes in the AMMI analysis indicate 
the stability or adaptation over environments (Gauch and 
Zobel, 1996). 

Similarly, environments SR13, JR13 and KB13 had 
above average grain yield; whereas, SR14 and JR14 had 
below average grain yield. Varieties Tadesse and Padet 
had small interaction effect; however, Bareda and Gute 
had relatively higher interaction effect. Likewise, SR13 
contributed minimum interaction effect, whereas, KB13 
and JR13 contributed higher interaction effect (Table 6 
and Figure 1). 

The GGE biplot is useful for identification of mege-
environments, ideal genotype and test environments, 
among other things. Figure 2 shows the average-
environment coordination (AEC) view of ranking 
genotypes relative to an ideal genotype. The center of the 
concentric   circles    pinpoints    the   ideal    genotype,  a 
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Table 6. Finger millet genotype and environment means, and G× E interaction scores. 
  

NG Genotype and environment Mean yield (ton h
-1

) IPCA1 

 Genotype   

1 Bareda 3.40 -0.578 

2 Boneya 3.11 -0.186 

3 Degu 2.51 0.841 

4 Gute 3.29 -0.399 

5 Local 3.37 -0.320 

6 Necho 2.56 0.924 

7 Padet 2.94 0.000 

8 Tadesse 3.25 0.028 

9 Wama 3.14 -0.310 

    

 Environment 
 

 

1 JR13 3.20 0.669 

2 JR14 2.55 0.267 

3 KB13 3.18 -1.292 

4 SR13 3.67 0.040 

5 SR14 2.72 0.315 

 
 
 

 
 

Figure 2. GGE biplot of finger millet genotypes on five environments using genotype-centered scaling. 
JR13: Jari 2013, JR14: Jari 2014, KB13: Kobo 2013, SR13: Sirinka 2013, SR14: Sirinka 2014. 



 
 
 
 
genotype absolutely stable and the highest yielder. Thus, 
genotypes situated closer to the ideal genotype are more 
desirable (Yan and Tinker, 2006). Accordingly, the local 
check, Bareda and Gute are more desirable varieties 
than the others. 

Necho has the only advantage of being white as 
farmers in some areas prefer white seeded varieties to 
brown seeded types for injera making (Assefa et al., 
2009). Varieties Necho and Degu were neither stable nor 
high-yielding. In line with this, Vadivoo et al. (1998) 
reported that the yield potential of white grained types is 
generally lower than the brown ones. Besides, as these 
two varieties are late maturing, they could not fit in the 
moisture deficit areas like Kobo, Sirinka and Jari.  

Based on the overall performance and adaptability of 
the nine finger millet verities over the five environments, 
as evidenced by AMMI and GGE analyses, the bold-
seeded variety, Bareda could be recommended for 
production at Sirinka and Kobo, whereas the local check 
could still be used at Jari.  
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