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Genotype x Environment Interaction for grain yield and Grain Yield 

Stability of Finger Millet (Eleusine coracana subsp (L). coracaa) Varieties in 

eastern and western, Ethiopia 

ABSTRACT 

Finger millet is adaptability to adverse agro-ecological conditions with low input, tolerant to 

moisture stress and plays a significant role both as food grain and animal feed in areas where 

production of other cereals are reduced by marginal environments. The national and regional 

research centers recommended considerable numbers of varieties to varied agro- ecologies to 

increase the productivity of finger millet.  Hence, it is necessary further evaluation of varieties 

for stability of yield at varying environments where the varieties were not evaluated. Therefore, 

this research was conducted to assess genotype by environment interaction and evaluate yield 

stability of 15 finger millet varieties at six environments of eastern (Mechara, Gelemso, 

Chelenko and Kuni) and western (Bako and Gute) Ethiopia in 2019. The experiment was laid 

out in Randomized Complete Block Designs with three replications across all the tested 

environments. Analysis of variance individual environment showed significant variation among 

varieties for grain yield at all locations. The mean squares of genotype by environment 

interaction was significant for days to heading, days to maturity and thousand seed weight, 

main finger length, neck blast but no significant for other traits. Combined analysis of variance 

revealed significant differences among varieties, environments and the significant effect of 

genotype x environment interaction on grain yield. The high significance of GEI indicated that 

the performances of the varieties were inconsistent across the test environments and the 

environments had different effects on the yield potential of the varieties. Boneya (4638.98 kg 

ha
-1

) followed by Bako-09 (4515.28 kg ha
-1

), WAMA (4088.33kg ha
-1

) and Axum (4031.45 kg 

ha
-1

varieties had higher mean grain yield across six locations. AMMI analysis revealed that 

environment, genotype and GxE interaction had 47.3, 16.97 and 16.2 % contribution to the 

total sum of squares, respectively, for grain yield. GGE bi-plot analysis identified Bako09 and 

Boneya were identified as “ideal” varieties with the highest mean grain yield. Stability 

parameters IPCA1, IPCA2 and AMMI stability value (ASV) from AMMI model, GGE bi-plot 

and high mean  yield, Mecha, Gudetu and WAMA varieties were the most stable( wide 

adaptation).The GGE bi-plot analysis grouped the six environments into three mega 

environment and Mechara (E1), Gelemso (E2) and Kuni (E3) were identified as the most 

discriminating environments. From the present investigation, it can be concluded and 

recommended that varieties identified as stable and unstable for cultivation over environments 

could be promoted to wider and specific production in eastern and western Ethiopia. 

 Key: AMMI, GGE bi-plot, GEI, Finger millet varieties, Stability models 

 



 

 

1. INTRODUCTION 

Finger millet (Eleusine coracana (L) subsp. coracaa) is belongs to family Poaceae. The 

cultivated Eleusine coracana is an allotetraploid with chromosome number 2n=4x=36, the 

most important among small millets grown for food and fodder. It is the fourth most important 

millet covering 10% of the global millet area in more than 25 countries of Asia and Africa 

(Saritha, 2015). It is a small grain crop, which is indigenous to East Africa, especially Uganda 

and Ethiopian highlands and introduced in to India approximately 400years ago (Haore et al., 

2007). It also believed to be adapted to the arid and semi-arid regions of the world and is 

highly tolerant to pests, diseases and drought (Gowda et al., 2015). Finger millet growing 

countries: India, Uganda, Tanzania, Kenya, Ethiopia, Rwanda, Zaire, Zambia, Zimbabwe, 

Eritrea, Somalia, China, and Myanmar are some of them (Dagnachew, 2012). It is the second 

most widely grown millets on the continent of Africa and is an important crop grown in low 

input farming systems by resource poor farmers in eastern Africa and Asia (Damar et al., 

2016).  

Finger millet grain can be stored for several years under local storage conditions without 

sustaining significant damage by storage pests (Asfaw et al., 2011). Finger millet straw is used 

for livestock feed in many countries, however, it is mainly grown for food (Upadhyaya et al., 

2006) and also for brewing of gluten free beverages (Shayo et al., 2001 and Bano et al., 2015). 

It is potentially a climate-resilient and nutritious crop with highly nutritive and antioxidant 

properties (Kumar et al, 2017) and very importantly, grain rich in calcium, fiber, iron and has 

excellent malting qualities (Chandrashekar, 2010 and Pradhan  et  al., 2010).  In Ethiopia also, 

it is an important staple food crop widely grown and traditionally it is used for making bread 

‘injera’ mixed with teff, porridge, local beer ‘tella’ and a powerful distilled spirit 'areke' and a 

number of other uses (Andualem, 2008).  

African countries contributed 61 percent of area under millets and 47 percent of production 

followed by India (31.2percent of area and 42.53 percent of production). Among African 

countries Ethiopia contributed 2.1 percent of area and 4.8 percent of production of millets. In 

Ethiopia, finger millet is produced on about 3.60% (456,057.32 ha) of land and produced 

1,030,823.153 tons in 2010 ‘meher’ season (CSA, 2018). The share of national finger millet 
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production was from Oromia that was about 93,831.88ha area of land (219,537.397 ton) with  

national average grain yield is far below the potential 2.1 tones (CSA, 2018). Among factors 

that contributed to the fluctuation of finger millet yield were low in yielding due to shortage of 

high yielding cultivars, distribution of limited number of improved varieties,  moisture stress, 

lodging effect, diseases, low fertility and poor crop management practices (Degu et al., 2009). 

Strengthen the seed production and delivery systems for improved varieties also the most 

bottleneck of the crop in the small scale farmers.  

Climatic change also directed to reduce the productivity of many crops around the world. So 

that, a considerable attention should be given to the effect of genotype by environment 

interaction in the plant breeding programs, the relative performance of cultivars for 

quantitative traits such as yield and the other characters, which influence yield, vary from an 

environment to another (Geleta et al 2019). Environment explains 80% or higher of the total 

yield variation; however, it is genotype and genotype x environment interaction that are 

relevant to cultivar evaluation (Yan et al., 2002). Yield stability across a range of 

environments is a desirable characteristic for all crop genotypes and its assessment is an 

important feature of every crop improvement program. Therefore, crop researchers have to 

replicate their experiments over different test locations and across several years as 

multienvironment trials to assess yield stability of new improved genotypes (Romagosa and 

Fox, 1993). In most of multi-environment trials, genotype by environment interaction 

observed when changes in environmental condition do not have the same effect on all 

genotypes (Kang, 1998). The effect of GEI is most commonly minimized by repeating the 

experiment at several sites in a single year, or over several crop seasons in a single site, or 

both (Gauch and Zobel, 1996; Karimizadeh et al., 2016; Massaine et al., 2018). The GEI 

reduces the correlation between phenotype and genotype and selection progress. Thus, 

information on the genotype by environment interaction leads to the successful evaluation of 

stable genotype, which could be used for general cultivation.  To select a cultivar with  high 

yielding  ability  and  consistency,  high  attention  should  be  given  to  the  importance  of 

stability  in  performance  of  the  genotypes  under  different  environments  and  their 

interactions (Ghazy  et al., 2012).  
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However, the performance evaluations of the finger millet varieties before release were 

conducted in limited agro ecologies. Kebede et al. (2019) studied some genotypes in western 

Oromia (Bako and Gute) and Geleta et al. (2019) only eight varieties were evaluated in 

western Oromia (Haro-sabu), but no research was conducted in eastern Ethiopia and most 

varieties that were released by Melkassa and Adet agricultural research center not  evaluated in 

western Ethiopia. Hence, the evaluation of finger millet varieties for stability of performance 

under varying environmental conditions for yield is becoming an important aspect. Thus, this 

research was conducted to achieve the following objectives. 

Objectives 

 To estimate the effect of genotype by environment interaction on seed yield and yield 

related traits.   

 To evaluate the yield stability of varieties and identify high yield finger millet varieties 

for the target environment(s) 
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2. LETRATURE REVIEW 

2.1 Taxonomy and Botany of Finger Millet  

Finger millet belongs to the Genus Eleusine in the tribe Eragrostideae. Two species are 

commonly  recognized thus: Eleusine  coracana, which  is  the  cultivated  form  and  the  wild 

types (Eleusine Africana and Eleusine indica). Mehra, (1963), recognizes two types of 

cultivars under E.coracana thus :( 1) African highland types (2) Afro-Asiatic types. Eleusine 

is predominantly an African genus with six of its nine species confined to tropical Africa. The 

most common vernacular names of finger millet includes: birds foot, African millet, ragi millet 

(English), dagussa or wimbi (East Africa); Mil Rouge or Coracan (French). The most widely 

accepted scientific name for this crop is Eliusine coracan Gaertn. Others clude: Cynosurus 

corracanus Linn.;Eleusine cerealis Salisb.;E.spherosperma Stokes; E.stricta Roxb.; and  

E.tocussa, Fresen. 

Finger millet grain is nearly globular in shape and is very small in size (1.0 to 1.5 mm in 

diameter). Brown is the predominant grain color in finger millet although a few varieties have 

white seeds. Its panicle consists of  finger  like  bisexual  spikes  with  bisexual spikelets  and 

hermaphrodite florets that are exposed non-opening self-pollinating (cleistogamous)or opening 

after  pollination (chasmogamous) (Chase, 1918; Watson and  Dallwitz,  1992; NRC2, 1996; 

Duke, 1983). Finger millet is 97-99% self-pollinating (Hilu and de Wet, 1980; CAB, 2005). 

Finger millet production is increasing in Asia and India's yields have increased 50% since 

1955 and Nepal’s land under the crop is expanding at 8% per year (NRC, 1996). Finger  millet 

is 97-99%  self-pollinating  (Hilu  and  de  Wet,  1980;  CAB,  2005).  The floral architecture 

and high self-pollination make finger millet difficult to hybridize. 

The  most  closely  related  wild  species,  from  which  it  is apparently  derived,  include  the  

diploid,  E.indica (2n=18), and the wild  intermediate tetraploid,E.africana (Rachie and Peters, 

1977).Apart from these species, the highly successful annual weed, E.indica, which is now pan 

tropical, and the cereal Eleusine coracana, the genus has a very limited distribution mainly in 

Eastern and North eastern tropical Africa. The cultivated Eleusine coracanais a tetraploid with 

2n=4x=36; there are diploids (2n=18) among its wild relatives. For many years it was 

considered to have originated from E.indica either in Africa or India. Kennedy-O'Byrne (1957) 
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separated the African tetraploid form (2n-4x=36)  from  the pantropical  diploid  E.indica 

(2n=2x=18)  as  a  distinct  species  which  henamed E.africana(Rachie and Peters, 1977). 

2.2 Origin and Domestication of Finger Millet 

The archaeological findings of finger millet from Ethiopia date to about the third millennium 

BC (Hilu et al 1979). The two distinct races of finger millet recognized are the African 

highlands race and Afro-asiatic lowland race. The African highlands race is considered to be 

derived from E. africana under cultivation and this gave rise to the African lowland race 

which later migrated to India and developed as the Afro Asiatic lowland race (Mehra, 1962; 

Purseglove, 1976). This migration of finger millet to the Indian sub-continent is likely to have 

occurred around 3000 BC. Studies of the patterns of variability in African and Asian finger 

millets has by and large indicated relatively larger diversity in African germplasm compared to 

Indian collections, lending support to the view that Africa could be the primary centre of 

origin.  

According to Vavilov (1951), finger millet is considered an indigenous crop to Ethiopia and 

the high plateaus of Abyssinia as a possible center of origin. Kenneth and LeRoy (1977) 

reported the eastern Sudan zone and the highlands stretching  from  Ethiopia  to  Uganda  as  a  

possible  area  of  domestication  of  this  crop. Biosystematics, ethno-botanical, genetic, and 

linguistic evidence confirmed that the East African highlands, particularly Uganda and 

Ethiopia, are a possible center of origin for finger millet (Hilu and De Wet, 1976).  

The domestication and were subsequently moved to the highlands of Africa around 1000 B.C 

and introduced into India through the sea trade that existed (Liu and Peterson et al., 2011). 

Eleusine species occupy diverse habitats, ranging from open, dry places to forests under-

covers.  Finger  millet  is  extensively  grown  in  the  semi-arid  regions  of  Africa  and  India 

through the selection of genotypes adapted to the different agro ecological conditions (Werth  

et al., 1994; Das et al., 2007). 

2.3 Climatic and Soil Requirement of Finger Millet 

Finger millet is a  short  to  medium  day  length  plant  with  optimal  photoperiod  of  12-

hours  and  grows  well under moderate rainfall (500-1,000mm with optimum of 900mm), well 

distributed during the growing season without prolonged droughts, but with good distribution, 
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it can tolerate rainfall as low as 130mm. Finger millet does not tolerate flooding. It grows best 

where average maximum temperatures exceed 27°C and average minimum do not fall below 

18°C, but can Most of the world's finger millet is grown at intermediate elevations between 

500 and 2,400 meters above sea level (m.a.s.l.), but it can grow from sea-level to over 

2,400mas (NRC 1996 and Haore et al. 2007) . In Africa the crop is usually grown at between 

1,000 and 2,000masl and in Nepal up to 2,400masl (NRC, 1996).  

Finger millet can grow on a variety of soils, but does well on well-drained silt loam soils - 

reddish brown earth, calcic red yellow latasols and sandy regosols. The crop requires a well-

prepared seedbed because of its small   seed size, and inability to stand weed competition  It is 

mostly  hand  weeded  to remove Eleusine indica and  E. Africana which  are  hard  to  

distinguish from finger millet at vegetative stages. Finger  millet  seedlings  are  slow  growing  

and require  a weed  free environment for 45 days to develop vigorous plants. Planting in rows 

facilitates weeding. It is sown early in the season to spread the labour over various crops in 

East Africa.  

2.4 Productivity and Production Constraints of Finger Millet in Ethiopia 

Ethiopia is one of the major producers of finger millet in addition to Uganda, India, Nepal and 

China and it is also native to the highlands of the country. Finger mille plays an important role 

in both the dietary needs and incomes of many rural households like other African countries 

due to its richness in fiber, iron and calcium (Birhanu, 2015). Among African countries Ethiopia 

contributed 2.1 percent of  area  and  4.8  percent  of  production  of  millets specifically finger 

millet with relatively higher  yield than African and global average (Ayalew, 2015). In 

Ethiopia, the crop is mainly grown and it is an important crop in parts of Gojjam, Gonder, 

Wollega, Illubabur,Gamo-Gofa, Tigray and Hararghe. It also becomes an important crop in 

some parts of the Ethiopian central rift valley including Arsi Negelle, Shashemene and Siraro 

Woredas (Chimdo, 2006) especially during the main rainy season. A sharp  increase  in area,  

production  and yield  were  observed  in  2000s  unlike  the  previous  time periods due to   

the  release  of  improved  finger  millet varieties (Ayalew, 2015). In our country, finger millet 

occupies 456,057.31ha (3.60%) of the total area allocated to cereals  (nearly  half  a  million  

hectares) and each year and also contributes about (1,030,823.15ton) 3.37%  to  the  total  

annual  cereal  grain  production  in  the  country  (CSA, 2018). It has also a high yielding 
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potential though yields are variable as compared to other cereals but are generally good.  In 

Ethiopia, it is produced in about 456,057.31ha
-1

 of land from which 10,308,231.53tones are 

obtained annually (CSA, 2018).  

Finger  millet  production  is  constrained  by  a  number  of  diseases,  insects,  and  abiotic 

stresses impeding the realization of high yield potential. The most important disease limiting 

production is blast caused by Pyricularia grisea (Cooke) Sacc. [teleomorph: Magnaporthe 

grisea (Hebert) Barr.],which can causes up to 90% loss in yield (Mgonja et al.,  2007;Nagaraja 

et al., 2007). Blast disease affects the neck and panicles (Takan et al., 2012 ;). Other 

constrains include drought, striga, and weeds especially the finger millet wild relative 

(Eleusine indica), insect pests mainly shoot fly (Atherigona spp).  

2.5. Nutritional Value of Finger Millet 

According to different authors were reported on economical use  of finger  millet such as  

straw  is  used  for  livestock  feed  in  many countries,  grain  for human  food (Upadhyaya et 

al.,2006)  and  also for brewing  of gluten free  beverages  (Shayo et al., 2001;ernandez et al., 

2003; Bano et al., 2015). In Eastern Africa, finger millet is widely produced in the cool high 

altitude areas in the region primarily as source of food and also for making traditional 

alcoholic beverages (tella and arake) (ICRISAT and FAO, 1996). In Ethiopia, finger millet 

utilization is deep-rooted in the culture of the people. The grain is used for making the native 

bread, injera, porridge 'genfo' (thick porridge) alone or in mixture with teff (Eragrostis  tef), 

maize and barley. It is also popular for preparing local beer and distilled spirit (areke) (Kebere, 

2006). It has high nutritional value; its seeds contain protein ranging from 7-14% and are 

particularly rich in tryptophan, cysteine and methionine. The seeds are exceptionally rich in 

calcium containing about 0.34% in whole seed compared with 0.01-0.06% calcium in most 

cereals (Dinesh et al, 2014). It  grain is nutritionally rich  as  it  contains  high  levels  of  

protein  and  minerals (Upadhyaya  et  al., 2006).  

2.6 Genotype by Environmental Interaction  

Genotype by Environmental Interaction  refers  to  the  change  or  modification  of genetic 

factors by environmental factors and the role of genetic factors in describing the performance  

of  genotypes  in  different  environments  (Dia et al., 2016).GEI is the differential response of 
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genotypes evaluated under different environmental conditions and it is indicated by changes in 

the rank of genotypes through the environment (Yirga et al., 2016, Aycicek and Yildirim, 

2006).The  association between the environment and the phenotypic expression of a genotype 

constitute the Genotype by Environmental Interaction.  The  GEI determines  if  a  genotype  is  

widely  adapted  for  an entire  range  of  environmental  conditions  or  separate  genotypes  

must  be  selected  for different  sub-  environments. When GEI occurs, factors present in the 

environment (temperature, rainfall, etc.) as well as the genetic constitution of an individual 

(genotype), influence the phenotypic expression of a trait.  

GEI is a challenge for plant breeders and complicates cultivar recommendation because of the 

inconsistency of best yielding genotypes across cropping environments; however, it may also 

offer opportunities, of boosting yields through growing genotypes specifically adapted to a 

given area (Yirga et al., 2016).  When varieties are compared over a series of environments, 

the relative rankings usually differ. This causes difficulty in indicative of the significant 

superiority of any variety. This interaction is usually present whether the varieties are pure 

lines, single-cross or double-cross hybrids, top crosses, lines, or any other material with which 

the breeder may be working (Kang, 1998). In the multi environment trial, the combined 

analysis of variance is useful for estimating variance components related to different sources 

of variation, including genotypes, environment and GEI. In MET, environment explains 80% 

or higher of the total yield variation (Yan and Hunt, 2002). 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). According to Misra et al. (2009) reported  15  finger millet  genotypes  

under  three  environmental conditions, 7.88, 79.69 and 13.43%  of  the  treatment  variation  

in  yield  by  genotype, environment  and G × E,  respectively. 

Various agricultural researches have been conducted in multi-location experiments, and in 

most of these experiments the mean square for GEI source of variation showed significant 

differences and the rank order of genotypes tested are different from one environment to the 

other. Genotype x environment interaction is one of the main complications in the selection of 

broad adaptation in most breeding programs. Direct and indirect effect of yield component on 

economic yield through environmental effect showed (Ribeiro et al., 2003).The phenotype of 
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an organism is determined by the combined effect of the environment and the genotype which 

interact with one another. Number of earlier investigators was done on environmental and 

genetic factors are the cause for the interaction, but in some studies the large difference of 

genotypes or environments has been the real cause of the interaction (Mahnaz et al., 2013, 

Sewagegne et al., 2013 and Fetien, 2011) 

2.6.1.Importance of genotype by environment interaction in finger millet variety 

selection 

During the study of  GEI, describing the  basic components of phenotypic  variability, the 

genotype, the environment, and Genotype by  Environment  interaction  is  the  most important 

to identify the superior genotype (Santos  et al., 2015).  Identification of causal factors  of  the  

GEI effect and  quantification  of  unexplained  variation  is  of  prime importance for selecting 

or to recommend environmentally specific varieties.  GEI plays a great role in identifying and 

selecting the genotypes with superior performance in different environmental conditions and 

this effect increases costs of plant breeding programs Geleta et al., (2019) and  Kebede et al. 

(2019)on finger millet on multi-environments. 

Genotype x environment analysis is used to provide unbiased estimates of yield and other 

agronomic characteristics; also it is used to determine yield stability or the ability of a 

genotype to withstand both predictable and unpredictable environmental variation (Adewale et 

al., 2010; Cruz et al., 2012). Large genotype x environment interaction hinders progress from 

selection and affects the recommendations of the breeders in selecting genotypes for a specific 

environment (Fekadu et al., 2009). 

A cluster of environments or locations which constantly share the same best cultivar(s) are 

called mega-environments (Yan and Rajcan, 2002). Different environments with similar 

climatic, edaphic and other characteristics can be described by using different data of the 

environments and METs data to group under homogenous sub regions.  Division of the target 

environments into meaningful mega-environments and deploying different cultivars for 

different mega-environments is the only way to utilize positive GEI and avoid negative GEI 

and sole purpose for GEI analysis (Yan, et al., 2007). 
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2.6.2 Effects of genotype and environment on yield 

Environment factors have a larger effect on quantitative traits, as a result of which 

performance tests of potential cultivars are conducted in multiple year and locations. In 

addition to genotype and environment main effects on the performance of genotypes are also 

determined with GxE interaction, which is differential response of genotypes to environmental 

changes (Crossa et al., 1990). High  seasonal variability  influence  on  yield  is  common  in  

pulse  crops  due  to  pollination  deficiency, water stress, competition from vegetative sinks, 

and losses due to diseases. The occurrence of such variability makes it difficult to predict ideal 

genotypes for both maximal yields in favorable seasons and stable yield under environmental 

stress conditions Dagnachew et al. (2012). 

The impact of an environmental factor on different genotypes may vary implying that the 

productivity of an animal or plant may also vary from one environment to the next. Therefore, 

the breeding plans may focus on the GEI to select the best genotype for a target population of 

environments (Bondari, 2015). Quantitative traits are highly influenced by the environment  

and  genotype  x  environment  interaction also has a  highly  significant effect  (Tadele  et al., 

2018).The  significances  of genotypes  x  environments  showed  difference  in  finger millet  

yield performance  among  the  genotypes under  different  environments(Dagnachew et 

al.,2014 and Kebede et al.,2018).  

2.6.3.  Conventional analysis of variance 

The classic model used for analyzing the total genotypes yield variation contained in different 

environments and replicated R times is the analysis of variance (Fisher, 1925).  The variation 

that  occur  within environment due  to  some  difference  in  soil  fertility  gradients, shading 

and competition  from one plot to another  which is quantified by within-environment residual  

mean  square,  measures  the  error  in  estimating  genotype  means.  After removing the 

replicate  effect when combining the data, the GE  observations are partitioned into  two 

important  sources:  (a)  additive  main  effect  for  genotypes  and  environments  and  (b)  non 

additive effects due to GEI (Fisher, 1925). 

Combined ANOVA is more often used to identify the existence of GE interactions in multi 

environmental experiments. However, the main limitation of this analysis is the assumption of 
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homogeneity of variance among environments required to determine genotype differences 

(Zobel et al., 1988). Al though this analysis allows the  determination  of  the  genotype, 

environment,  and genotype by environment  interaction variances, however, it does not allow 

exploring the responses of the genotypes  in the  non-additive term,  i.e. The GE interaction. 

Since the non-additive structure of  the data matrix has a non-random and  random component, 

the  advantage  of  the  additive  model  is  lost if  the  pattern  component of the non-additive 

structure is not further partitioned into functions of one variable each (Crossa, 1990). 

2.7. Concept of Stability 

The plant breeder is always interested in the stability performance for the characters, which are 

of economically important. The desirable genotype should have low GxE interactions for 

important characters to get the desirable performance of genotypes over wide range of 

environmental conditions.  Genotype x environment interactions is of common occurrence, 

often creates manifold difficulties in interpreting results, and thus hampers the progress of 

breeding programs (Zakir, 2018). 

Tewodros and Zelalem (2017) explained that, stability usually refers to a genotype’s ability to 

perform consistently whether at high or low yield levels across a wide range of environments. 

Therefore, stability analysis provides a general summary of the response patterns of genotypes 

to change environments or the interaction of genotypes with locations and other agro-

ecological conditions that help in getting information on adaptability and stability of 

performance of genotypes (Abuali et al., 2014). Although the terms  stability, yield  stability  

and  adaptation  are  often  used  in  quite different  senses, an  ideal  genotype  should  have  

both  high  mean  yield  performance  and high stability across environments (Zakir, 2018).  

2.7.1.   Stability of genotypic performance 

The term stability is used to characterize a genotype, which showed a relatively constant yield 

independent of changing environmental conditions (Becker and Leon, 1988; Tollenaar and 

Lee, 2002). Based on this idea, genotypes with a minimal variance for yield across different 

environments are considered stable.  
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Yield stability is an interesting feature of today’s plant breeding programme, owing to the high 

annual variation in mean yield, especially in the arid and semiarid areas (Mohammadi et al., 

2012). The varietal stability could be challenged not only due to the change in the test 

environment but also due to change in growing season per environment. A genotype is 

considered  to  be  the  most  stable  one  if  it  has  a  high  mean  yield  but  a  low  degree  of 

fluctuation in yielding ability when grown over diverse environments. Information on the 

adaptation and stability of the genotypes over seasons and over environments is useful for 

recommending the varieties that should be grown under particular environments and 

predicting the yield expectations of the test varieties (Arshad et al., 2003 and Dagnachew et 

al., 2014). 

According to Becker and Leon, (1988) there are two contrasting concepts of stability: These 

are the static or biological concept and dynamic or agronomic concept. According to static or  

biological  stability  concept, which  is  also known as type 1 stability  concept,  a stable  

genotype  is  the one that possesses unchanged performance regardless of any variation of the 

environmental conditions. This concept is useful for quality traits that are rarely influenced by 

GEI or for traits the performance level of which has to be maintained at all costs. Static 

stability is analogous to the biological concept of homeostasis: a stable genotype tends to 

maintain constant performance across environments. However, for quantitative and very 

important agronomic traits like yield, it is unlikely to expect the same level of performance 

across different environments. According to this concept, a genotype is considered to be 

stable, if its response to environment is parallel to the mean response of all the genotypes in 

the trial. Therefore, all stability procedures based on quantifying GEI effects belongs to the 

dynamic concept. 

2.7.2 Statistical methods for genotype by environment interaction and stability analysis 

models 

There are many statistical methods available to analyze GEI: such as, combined ANOVA, 

stability analysis and multivariate methods. A combined analysis of variance procedure is the 

most common method used to identify the existence of genotype by environment interactions 

from replicated multi-location and year trials. However, the main limitation of this analysis is 

the assumption of homogeneity of variance among environments required to determine 
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genotypic differences. Although this analysis allows the determination of the components of 

variance arising from different factors (genotype, environment and GEI), it does not allow 

exploring the response of the genotypes in the non-additive term: the GEI (Zobel et al., 1998). 

If the GEI variance is found to be significant, one or more of the various methods for 

measuring the stability of genotypes can be used to identify the stable genotype(s) (Bernardo, 

2002). The statistics, which are used to identify stable genotypes, are classified into parametric 

and non-parametric. Parametric statistics are more useful, when the data are continuous, while 

non-parametric statistics are used, when the data are discontinuous. Non  parametric  data  

analysis  has  the  potential  to  reduce  complex  data  to intuitive measures of stability (Nassar 

and Huhn, 1987). 

Stability is very important for plant breeders to analysis GEI data because it enhances the 

progress from selection in any one environment (Yau, 1995).  Different researchers used 

different stability models to estimate the stability of genotypes, some of them which hold both 

biological and agronomic concepts are as follows: 

2.7.2.1 Additive main effects and multiplicative interaction (AMMI) 

 

To evaluate the interaction effects, the data will be subjected to multivariate analysis using 

additive main effects and multiplicative interaction (AMMI) model (Yan et al., 2000; Gauch 

and Zobel, 1996). It can be used to analysis METs (Zobel et al., 1988 and Crossa et al., 1990). 

AMMI is a linear (additive effects) and bi-linear model (multiplicative effects) that integrates 

two statistical procedure, analysis of variance and principle component analysis. AMMI 

analysis can contribute to the identification of the most stable and productive genotype, to the 

recommendation of the region-specific cultivars, provide more precise estimates of genotypic 

responses, and an easy interpretation of the  results in bi-plot graphs (Zobel et al., 1988). The 

results can be graphed in useful biplot that shows both main and interaction effects for both 

genotypes and environments (Gauch and Zobel, 1996). 

The AMMI method is used for three main purposes. The first is model diagnoses, AMMI is 

more appropriate in the initial statistical analysis of yield trials, because it provides an 

analytical tool of diagnosing other models as sub cases when these are better for particular 

data sets (Gauch, 1988). Secondly, AMMI clarifies the GEI and summarizes patterns and 
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relationships of genotypes and environments. The third use is to improve the accuracy of yield 

estimates. Gains  have  been  obtained  in  the  accuracy of yield estimates  that  are equivalent 

to increasing the number  of replicates by a factor of two to five (Zobel  et al., 1988; Crossa et 

al., 1990). 

The combination of analysis of variance and principal components analysis in the AMMI 

model, along with prediction assessment, is a valuable approach for understanding GEI and 

obtaining better yield estimates.  The  interaction  is  explained in the form  of  a  bi-plot 

display where, PCA scores are plotted against each other, and it provides visual inspection and  

interpretation  of  the  GEI  components.  Integrating bi-plot display  and  genotypic stability  

statistics  enable  genotypes  to  be  grouped  based  on  similarity  of  performance across 

diverse environments. The plot is helpful to visualizing the average productivity of the  

genotypes,  environments,  and  their  interaction  for  all  possible  genotype  by environment 

combinations. The IPCA scores of genotypes in the AMMI analysis indicate the stability or 

adaptation over environments (Crossa et al., 1990, Gauch and Zobel, 1996). 

2.7.2.2 AMMI stability value (ASV) 

The ASV is the distance from the coordinate point to the origin in a two-dimensional scatter 

gram of IPCA1 scores against IPCA2 scores in the AMMI model (Purchase, et al., 1997). 

Because the IPCA1 score contributes more to the GEI sum of squares, a weighted value is 

needed. This weight is calculated for each genotype and each environment according to the 

relative contribution of IPCA1 to IPCA2 to the interaction SS. The genotypes with larger 

IPCA score, either negative or positive, are the more specifically adapted to certain 

environments and those with smaller IPCA scores indicate a more stable genotype across 

environments. Purchase,(1997) proposed ASV to measure the quantitative stability for 

quantifying and ranking genotypes according to their yield stability. The lower ASV value 

indicates the lower contribution of genotype to the interaction and consequently, the genotype 

is more stable. However, stability in itself is not the only parameter for selection but also best 

yield performance is necessary. 

2.7.2.3 Yield stability index (YSI) 

Farshadfar et al. (2011) developed yield stability index (YSI) which is similar to genotype 

selection index developed by Farshadfar (2008) is recommended as a measure of stability. YSI 
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is calculated by summing the rank of mean seed yield across environments and rank of AMMI 

stability value of genotypes. The lowest ASV takes the rank one, while the highest yield mean 

takes the rank one and then the ranks are summed in a single simultaneous selection index of 

yield and yield stability. The genotypes with lowest value of this parameter are desirable 

genotypes with high mean yield and stability 

2.7.2.4 GGE bi-plot 

GGE  bi-plot  is  a  data  visualization  tool,  which  graphically  displays  the  genotype  main 

effect (G) and the genotype by environment interaction (GE) in two -way data Yan  et 

al.(2002). The GGE biplot originates from graphical analysis of multi-environment trials 

(MET). The biplot is a powerful data visualization tool due to its inner product properties, 

which can  be  viewed  as  a  multivariate  extension  of  the  scatter plot  because  the  biplot 

representation is usually  performed in  the two-dimensional space of  the  set of  real numbers 

Greenacre, (2010), Gower et al.( 2011). 

In the bi-plot, the closeness between pairs of locations or pairs of genotypes in the bi-plot is 

proportional to their similarity for G x E effects. Genotypes represented by points near the 

origin of axes reveal limited G x E interaction.  On the contrary, genotypes that are far from 

the origin has a much better response to locations that are far from the origin and for which the 

angle formed between the genotype points, the origin,  and  the location point is small.  GGE 

bi-plot is an effective tool for; mega-environment analysis (e.g. “which-won where”  pattern),  

genotype  evaluation  (the  mean  performance  and  stability)  and environmental evaluation  

(Yan and Kang, 2003).Many authors have been used GGE biplot to identify mega-

environments, to evaluate  the  finger millet  and to  test  the environments  Dagnachew et  al. 

(2014), Keebede et al. (2018), Mulugeta et al.( 2018).  
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3. MATERIALS AND METHODS 

3.1. Description of Study Areas 

The experiment was conducted at six finger millet growing locations of eastern and western 

Ethiopia during the 2019 main cropping season. The locations were: Mechara, Gelemso, Kuni, 

and Chelenko from eastern Ethiopia and Bako, and Gute from western Ethiopia. The test 

environments were selected on the basis of representativeness for finger millet producing 

environments in Oromia, Ethiopia. Descriptions of the sites presented in Figure 1 and Table 1 

below. 

 

Figure 1: Location map of experimental sites 
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Table 1: Description of experimented environments 

    Geographic coordinates Ave. Temp. (ºC) 

Locations Altitude 
(m.a.s.l) 

Average 

Rain 

fall(mm) 
Soil Type Latitude Longitude Max. Min. 

Mechara 1760 871 Alf soils 

loam 
8

o
36'N 40

o
18'E 23.4ºC 8.9ºC 

Gelemso 1850 825 Nitisols 8º30´ N 40º21'E 30 ºC 16 ºC 
Kuni  2150 850  Verti soils 9

 o
44'N 46

 o
 39'E 30 ºC 15ºC 

Bako 1650 1425.3 Alf soils 9
o
6'N 37

o
09'E 20.4ºC 13.5º

C Gute 1906 1633.5 Alf soils 9
o
00'N 36

o
38'E 21.6ºC 14.3º

C Chelenko 2236 750 Leptosol 9
o
23'N 41

o
 33'E 27.6ºC 12 ºC 

Source: Bako and Mechara Agricultural Research Center, Habro, Gemechis and Meta district 

agricultural and natural resource office.  

3.2. Experimental Materials  

The materials were collected from different research centers of the Ethiopia. The description 

of 15 finger millet varieties is presented in Table 2.  

Table 2: Description of finger millet varieties 

# No  Variety  Pedigree  
Year of 

Release  

Adaptation 

Area(masl)  
Seed 

Breeder/Maintainer  

1 Padet KNE#409 1998/99 1400 - 1900 MARC/EIAR 

2 Tedesse KNR#1098 1998/99 1400 - 1900 MARC/EIAR 

3 Boneya KNE#411 2002 1400 - 1900 BARC/OARI 

4 Wama KNE#392 2007 1400 - 1900 BARC/OARI 

5 Bareda BRE#356-1 2009 1600 - 2300 BARC/OARI 

6 Gute 229373 2009 1400 - 1900 BARC/OARI 

7 Gudetu Acc.215990 2014 1400 - 1900 BARC/OARI 

8 Tasama Acc#229409 2014 1600 - 1900 MARC/EIAR 

9 Addis-01 Acc.203544 2015 NA AAU & BARC 

10 Meba GBK-01119A 2016 NA MARC/EIAR 

11 Axum Acc#229355 2016 NA MARC/EIAR 

12 Diga-01 Acc.216036 2016 1600 - 2300 BARC/OARI 

13 Diga-02 NA 2016 1600 - 2300 BARC/OARI 

14 Bako-09 Acc.214995 2017 NA BARC/OARI 

15 Mecha NA 2014 1900 - 2500 ADARC/ARARI 

NA=not available, masl=meter above sellable   

Source: Ministry of Agricultural and Natural source (MOAN, 2018). Plant variety release, 

protection and seed quality control directorate. Addis Ababa, Ethiopia. 
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3.3 Experimental Design and Procedures 

The experiment was   laid-out using randomized completely block design (RCBD), replicated 

three times, at six locations.  A plot  size  of  4.8 m
2 

(4  rows  of  3  meters  length  with  a  row 

spacing of 0.4m) was  used. Planting was carried out in the last week of May at Mechara, 

Gelemso, Kuni and Chelenko, and in the last week of June at Bako and Gute. Fertilizer was 

applied uniformly for all experimental plots at the rates of 65 Urea and 46 NPS kg ha
-1.

 Half  

of  the   recommended  Urea  fertilizer  was  applied  at  planting  and  the  rest  was applied  at  

tillering while the full dose of the recommended  phosphorus fertilizer  was  applied at  

planting  in  the form of DAP. Seed rate of 15 kg ha
-1

was used for each location. Weeding and 

rouging out practices were done for each experimental plot depending on the intensities of 

weed at each location. As the varieties were fully matured, harvesting was done. Post 

harvested data were recorded in laboratory. 

3. 4. Data Collected 

Phenological Traits 

 

Days to 50% heading (DH): Number of days from emergence to the time when half of the 

plants in the plot bloomed 

Days to maturity (DM): Number of days from planting to the stage when of plants in a plot 

has at least 90% of dried heads 

Morphological Traits 

      Plant Height (PH) (cm):  It was recorded by measuring the height of plants from ground level 

to the tip of inflorescence (ear), at dough stage.  

Main Finger  Length  (MFL) ( cm):  The  main finger  length  was recorded from the base of 

the finger to the tip of the finger at  each  five  randomly  taken  plants  of  main  tillers,  

at dough stage. 

Grain yield and its Components 

Number of Tillers per  Plant (NPTP):  The number of  productive tillers  per  plant  was  

number  of  basal  tillers  that  bear mature  ears  and  recorded  from  five  randomly  

taken plants of each plot at harvest. 
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Number of Fingers per head (NFH):  The number of fingers per head was recorded from 

five randomly taken plants at harvest. 

Above Ground Biomass  Yield(AGBY kg):  The above ground biomass  yield was  recorded  

from  weight  of  the  aboveground  parts (stem  +  leaves  +  seed)  by  sensitive  

balance  at  harvest after sun drying. 

Grain  Yield (SYD) (kg ha
-1

): Grain yield was determined by harvesting all plants from the 

central two rows of each plot and grain yield was weighed  by sensitive  balance in kilo 

gram and approximately adjusted to 12.5% moisture content by drying in the sun. 

           Adjusted grain yield (g/plot) = (100 - MC % of unadjusted grain yield) unadjusted grain yield  

                                                  100   -   Standard moisture (12.5%) 

Where MC% = Moisture content percentage   

Thousand  Seed  Weight  (TSW)  (g):  Thousand seeds were counted by  electronic seed 

counter  from a bulk of threshed seeds of each  plot, their  moisture  were  adjusted  

and weighed  by  sensitive balance.  

Harvest  Index (HI)  (%):  Harvest index  was estimated  from  the  proportion  of  grain 

yield weight  to  the above-ground biomass weight at  harvesting dry weight (stem + 

leaves + seed) at harvest×100.Done by the following formula 

Harvest Index (HI) (%) =      Grain yield (kg)                  x 100 

Above ground biomass yield (kg) 

Source: Small millet descriptor (IBPGR, 1985)  

Blast Disease (neck blast and finger blast): were recorded using (1-9) scoring scale 1 as 

immune or highly resistance (No visible disease symptom), 2= resistant, 3 = moderately 

resistant, 4= moderately susceptible 5 = susceptible and 6-9=highly susceptible. The disease 

was secored for neck and finger blast at dough stage from each tested locations (Kiran et al., 

2013).  

3.5 Data Analysis  

Different statistical software packages were used to analyses the data. SAS (2009) was used 

for analysis of variance of the individual environments and the combined data over locations. 
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Gen Stat (16
th

 edition,  2015) AMMI and GGE bi-plot analysis and Microsoft office Excel 

2007 for AMMI Stability Value (ASV) calculated from PCA1 and PCA2 values. 

3.5.1 Analyses of variance    

The analysis of variance for each location and the combined analysis of variance over 

locations were performed to examine the existence of difference among varieties in overall 

performance following the standard procedure given by Gomez and Gomez (1984). The 

outlines of the analysis of variance at individual and over location were indicated in (Table 3 

and 4), respectively. Bartlett’s test of homogeneity of error variance was conducted (Bartlett, 

1947) and the data on each trait of the variety was tested averaged over six environments for 

homogeneity of variance before the data were pooled. Duncan's Multiple Range Test (DMRT) 

was used for mean separation at 5% level of significance.  

Table 3. Analysis of variance model for individual location 

Sources                                                         DF MS Expected Mean Squares 

Replications (r) (r - 1) MSr σ
2
e+ gσ

2
r 

Genotype (g) (g-1) MSg σ
2
e+ rσ

2
g 

Error (r-1)(g-1) MSe σ
2
e 

Note that: DF = degrees of freedom, r = replication, g = genotypes, e= error, MS = mean 

squares, MSr = mean squares due to replications, MSg = mean squares due to genotypes, MSe 

= mean squares due to error. 

 

The combined analysis of variance across environments was done in order to determine 

differences between finger millet data of each trait was subjected to combined analysis of 

variance to estimate the effect of environmental, genotype and genotype x environment 

interaction by using the following statistical model: 

 Table 4. Analysis of variance model for over locations  

Sources  DF                         MS Expected Mean Squares F-ratio 

Total ebg-1    

Environment(e) e-1 MS1 σ
2
e+gσ

2
B(E)+bgσ

2
E MS1/ MS2 

Block (Environments) e(b-1) MS2 σ
2
e+gσ

2
B(E) MS2/ MS5 

Genotyp (g) g- 1 MS3 σ
2
e+rσ

2
GE+eb σ

2
g MS3/ MS5 

GxE (e-1)(g-1) MS4 σ
2
e+bσ

2
GE  MS4/ MS5 

Residual l(g-1)(b-1) MS5 σ
2
e  

Note that: DF = degree of freedom, MS = Mean squares, r = replication, g = genotypes= 

environments, b =blocks, MS1 = mean squares due to environments, MS2 = mean squares due 
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to Block (Environments), MS3 = Mean squares due to genotypes, MS4 = Mean squares due to 

GxE and MS5 = Mean squares due to residual. 

 

3.5.2 Stability Analysis Models 

 3.5.2.1 AMMI analysis 

The combined analysis of variance was proceeded to look at G × E and stability of the 

genotypes across all environments. The AMMI model, which combines standard analysis of 

variance with PC analysis (Zobel et al., 1988), was used to investigate of G × E interaction. In 

AMMI model the contribution of each genotype and each environment to the GEI is assessed 

by use of the biplot graph display in which yield means are plotted against the scores of the 

IPCA1 (Zobel et al.,1988).  

3.5.2.2   AMMI’s stability value (ASV) 

The AMMI model does not make provision for a quantitative stability measure, such a 

measure is essential in order to quantify and rank genotypes according their yield stability, the 

following measure was proposed by Purchase et al. (1997): 

 

Where, ASV= AMMI٬s stability value, SS=sum of squares, IPCA1=interaction of principal 

component analysis one, IPCA2 = interaction of principal component analysis two.  

3.5.2.3 Yield stability index (YSI) 

 

Yield stability index (YSI) was also computed by summing up the ranks from ASV and mean 

seed yield (Farshadfar, et al., 2011): 

YSI= RASV+RGY 

Where: RASV is rank of AMMI stability value and RGY is rank of mean grain yield to 

statistically compare the stability analysis procedures used in the study. 

3.5.2.4 GGE bi-plot model  

Since the observed phenotypic value (P) consist of variances of the environment (E), genotype 

(G) and genotype and environment interaction (GE).  

P = G + GE + E or P – E = G + GE  
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The above formulas were in terms of variance components, when presented as effects which 

have the unit of originally measured values, they become (Yan et al., 2003).  
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4. RESULTS AND DISCUSSION 

4.1 Analysis of Variance for Grain Yield at Individual Location 

The analysis of variance of individual environment showed highly significant variation 

(P<0.001) among tested varieties at Mechara, Gelemso, Kuni and Bako and significant 

(P<0.05) at Chelenko and Gute (Appendix Table 1). As observed from the result, yield 

responses of each variety at different locations were different. This  indicating  the  presence  

of  performance  variation  among  the tested  varieties  for  yield,  which  is  supported  by  

the  earlier  works  of Likewise, Kebede et al.(2019) and Geleta et al.(2019) on finger millet, 

El-Shaieny et al.(2015), Santos et al.(2015), Ishiyaku et al.(2017) and Tullu (2018) on  

common  bean reported  large  variation  in  grain  yield  performance  among  different  tested  

genotypes across environments. In addition bread  wheat  genotypes  across  locations  were  

reported  by  Agegnahu (2017), Altay  (2012), Golkari et al. (2016).    

 4.1.1 Mean performance of grain yield varieties at each environment  

The mean performance of variety for grain yield at each  environment and over environments  

is  presented  in (Table 5).The  mean  grain  yield of  locations  averaged over varieties ranged 

from 2801.96 kgha
-1

 to 4611.96 kgha
-1

 at Chelenko and Mechara, respectively. The mean 

grain yield of varieties across locations ranged from 1805.5 kgha
-1

 for variety GUTE at 

Chelenko to 6611.1 kgha
-1

 for variety Bako-09 at Gelemso location (Table 5). This indicating 

the high environmental variations and differential response of varieties to the variable 

environments. Similar results were reported by Dagnachew et al., (2014) on Triticale and 

Kebede et a.l, (2019) on finger millet.  

The average mean grain yield of location was highest at Mechara (4611.96kg followed by 

Kuni (4398.51 kg ha
-1

) and Gelemso (4390.51 kg ha
-1

) without significant difference among 

them. The superior performance of varieties at Mechara, Kuni and Gelemso could be 

attributed due to optimum distribution of rainfall during the growing season. The lowest yield 

was obtained at Gute, Bako and Chelenko with a mean yield of 2878.71kg ha
-1

, 2835.4571kg 

ha
-1

 and 2801.96 kg ha
-1

, respectively (Table 5). The mean yield reductions were exhibited 

might be due to very low rainfall distribution at grain filling stage at Gute and Bako 
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(Appendix Fig.1 and 2). Similar result was reported by Sonia et al., (2013) the significant 

negative effect of stresses i.e. drought on grain yield potential if it happens at any stage of crop 

growth. While, the trial at Chelenko was affect by water lodging problem during vegetative 

stage since the soil texture is clay as a result water holding capacity of soil is high or poor 

drained. Therefore, due to this problem the yield was forced to reduce. The tested varieties 

showed inconsistent yield advantage across environments.  

 

Since yield is the final result from the interaction of  various  plant  characters  and  the 

environmental  factors  during  the  life  span  of  the  plant  development,  the  ranking  of 

genotypes  based  on  grain  yield  can  be  considered  as  a  reliable  measure  for  genotypic 

performance. Accordingly, Variety Bako-09 was scored the highest grain yield (6611.1kgha
-1

) 

at Gelemso followed by Boneya (5833.3kgha
-1

) and Mecha (5027.8kgha
-1

. At Mechara 

location, Boneya and Bako-09 were the two best yielder varieties with mean grain yield of 

6227.9 kgha
-1

& 5958.3 kgha
-1

respectively, followed by Meba (5388.9 kgha
-1

)
 
whereas, Diga02 

variety was recorded the least mean yield at both Gelemso and Mechara with  3055.63kgha
-1 

and 2791.6 kgha
-1

 , respectively. At Kuni, Axum (6097.2 kgha
-1

) was scored superior mean 

yield followed by variety WAMA and Boneya without statistically significant difference 

among them 5347.2 kgha
-1

, 5305.6 kgha
-1

, respectively but least mean yield from 

Diga01(2991.7 kgha
-1

 ). At Chelenko, WAMA, Axum and Boneya verities were the superior 

yielder with mean grain yield 3544.1kgha
-1

, 3467.5kgha
-1

 and 3452.8kgha
-1

, followed by 

Tesema, Bako09  varieties with mean yield value 3236.1kgha
-
, 3022.2kgha

-1
, respectively. At 

Bako; Boneya was scored the highest mean yield 4306kgha
-1

 followed by Bako-09 (3431kgha
-

1
), Meba (3278kgha

-1
) and Berede (3125kgha

-1
) but least mean yield recorded from GUTE at 

both locations Chelenko (1805.5 kgha
-1

) and Bako(2186 kgha
-1

). At Gute; Mecha variety 

scored the highest mean yield 3930.6kgha
-1

 followed by Axum (3652.8kgha
-1

), Bako-09 

(3208.3kgha
-1

), Gudetu (3111.1 kgha
-1

) and (Bereda 3069.5 kgha
-1

). Relatively most varieties 

at three environments (Gelemso, Mechara and Kuni)  were exhibited the highest yield than 

their potentials. 
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Table 5: Mean value of grain yield (in kg) for 15 finger millet varieties at 

individual environment 

*
,
 **

,
 *** = significance, highly significance difference, respectively, CV=coefficient of 

variation EM=environment mean and VM= variety mean  

4.1.2 Yield-related traits 

The analysis of variance at individual location revealed that highly significant (P<0.001) 

difference among varieties evaluated for days to heading, main finger length at all tested 

locations (Table 6). At the same time, varieties exhibited highly significant (P<0.001) 

variation for the days to maturity at all locations except Bako and Gute, and plant height was 

significant (P<0.001) variation at Gelemso, Kuni, Chelenko, Gute and significant at Bako but 

no significant at Mechara. Similarly, varieties showed highly significant (P<0.001) variation 

for thousand seed weight at Mechara, Kuni and significant at Gelemso whereas, no variation at 

Kuni, Chelenko and Gute. All varieties showed no significant difference for harvest index at 

all tested location except at Gelemso. Likewise, performance variation among genotypes for 

yield-related traits was reported by Wossen (2019) on finger millet, Fantaye et al(2019) on 

sorghum, Tadele et al. (2018) and Zeleke et al. (2016) on common bean. 

   

Environments 

   Variety Mechara Gelemso Kuni Chelenko Bako Gute VM 

Diga01 4777.8bcd 3791.7defg 2991.7d 2957.6abcd 3083bcd 2513.9c 3352.61 

Mecha 4640.3bcd 5027.8bc 4541.7abcd 2854.1 a 2437cde 3930.6a 3905.25 

Axum 4492.8cd 4125cdef 6097.2a 3467.5ba 2354de 3652.8ab 4031.45 

Boneya 6227.9a 5833.3ab 5305.6ab 3452.8ab 4306a 2708.3bc 4638.98 

GUTE 4277.7cd 3833.3defg 4611.1abcd 1805.5d 2186e 2694.4bc 3234.66 

Meba 5388.9abc 4777.8cd 4069.5bcd 2526.2abcd 3278bc 2972.2abc 3835.43 

Addis01 3833.2de 3941.1defg 3958.3bcd 2583.4abcd 2847bcde 2513.9c 3979.48 

Diga02 2791.6e 3055.6g 3458.3cd 2165.0cd 2729bcde 2902.8abc 2850.38 

Bareda 4194.3cd 3500fg 3986.1bcd 2333.3bcd 3125bcd 2611.1bc 3291.63 

Teddesa 4319.4cd 3958.3defg 4111.1bcd 2477.8abcd 2264de 3069.5abc 3366.68 

Gudetu 4569.2cd 4361.1cdef 4000bcd 2958.3abcd 2847bcde 3111.1abc 3741.11 

Padet 4319.3cd 4583.3cde 4750abc 2645.4abcd 2283de 2583.3bc 3527.38 

WAMA 5333.2cd 4777.8cd 5347.2ab 3544.1a 2722bcde 2805.7bc 4088.33 

Tasama 4055.4cd 3680.6efg 3888.9bcd 3236.1abc 2639bcde 2208.4c 3284.73 

Bako09 5958.3cd 6611.1a 4861.1abc 3022.2abc 3431b 3208.3abc 4515.28 

EM 4611.96*** 4390.51*** 4398.51** 2801.96* 2835.45** 2878.71* 3702.89 

CV (%) 15.6 12.16 19.53 21.42 18.37 19.27 

 



 

 

 Table 6: Mean squares from the ANOVA for yield-related traits of 15 finger millet genotypes 

grown at six environments 

Ns,*, **, *** = non, significance, high significance difference, respectively, df = degree of 

freedom, DH=days to heading, DM = days to, Maturity, PH = plant height, MFL=main finger 

length, THSW=thousand seed weight and HI=harvesting index 

 
Among the tested environments the longest average days to heading was record at Chelenko 

(99.73days) and the shortest average days to heading was recorded at Galemso (81.57 days).  

In terms of maturity, the maximum average days to maturity was recorded at Mechara (153.55 

days) and the minimum average days to maturity was recorded at Gute (133.87days) followed 

by Bako (130.36 days).Among the tested finger millet varieties, Diga-02 headed late in all 

environments and the maximum 117.4 days was recorded. Bako09 and Diga01with78.33days 

recorded the lowest numbers of days for heading, 82.27days, respectively (Appendix Table 2). 

The maximum number of days for physiological maturity was recorded by Diga-02 (156.42 

days), while minimum by Diga-01, Meba, Boneya and Tesema varieties with 135.05 

days,136.06 days,136.11 days and 137.22 days were recorded without significant difference,  

respectively (Appendix Table 3). 

Enviro

nment 

Source of 

Variation 
df DH DM PH MFL TSW HI 

 
Replication 2 3.49 3.88 367.85 2.52 2.93 13.95 

Mecha

ra 

Genotype 14 70.19*** 120.54**

* 

329.56ns 9.64*** 4.26** 15.2ns 

 
Residual 28 5.44 5.05 191.67 0.8 1.56 8.93 

 
Replication 2 4.02 5.48 10.32 2.01 0.35 73.56 

Gelem

so 

Genotype 14 148.42*** 228.13**

* 

292.73*** 8.31*** 2.59* 50.3** 

 
Residual 28 4.59 4.01 48.97 0.5 1.23 17.97 

 
Replication 2 2.02 22.61 286.12 0.62 0.28 16.09 

Kuni Genotype 14 52.59*** 77.41*** 228.32** 12.26** 5.37*** 26.27ns 

 
Residual 28 9.85 10.98 89.5 1.04 1.o1 24.96 

 
Replication 2 92.35 24.06 456.92 1.034 0.62 87.76 

Chelen

ko 

Genotype 14 258.31*** 282.27**

* 

142.87** 4.39*** 1.51ns 163.62n

s 
 

Residual 28 19.97 7.82 52.79 0.31 1.16 137.24 

 
Replication 2 0.89 177.68 37.48 0.5 1.67 38.85 

Bako Genotype 14 54.83*** 225.42ns 344.4* 7.37*** 0.36ns 42.23ns 

 
Residual 28 5.41 250.16 258.98 0.96 0.32 43.08 

 
Replication 2 4.2 0.62 37.81 5.75 0.86 15.96 

Gute Genotype 14 13.61** 2.26ns 229.81*** 4.49*** 0.45ns 
120.73n

s 

 
Residual 28 4.6 2.52 30.12 0.29 0.24 64.37 
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Variety Diga 02 (123.03cm) and Gudetu (93.77cm) were the tallest and shortest in plant 

height, respectively. Similarly, among tested environment, the highest plant height was 

recorded at Gelemso (138.15cm) was recorded followed by Kuni (134.86cm) but the shortest 

at Chelenko (76.142 cm) (Appendix Table 4).The longest finger length per head was obtained 

at Kuni (9.43cm) followed by Bako(9.06 cm).In contrast, the shortest finger length  per head at 

Chelenko (6.49 cm). Similarly, longest finger length per head which were recorded by Diga02, 

Diga01 and Bereda varieties with 11.47cm, 10.47cm and 10.44cm, respectively. Whereas the 

shortest varieties Addis01( 6.99cm), Padet(6.83) and Gudetu(6.13cm) (Appendix Table 5).The 

highest number of productive finger per head was obtained at Gelemso (8.34 in number) 

followed by Kuni (7.92 in number) and Mechara (7.62 in number).in contrast, the least 

number at Gute (4.22 in number) (Appendix Table 6).  

The highest mean thousand seed weight value was recorded at Gelemso(8.74g) and Mechara 

(8.11g).Whereas, the lowest weight at Gute(5.88g).Similarly, which recorded by Padet 

(8.30g),Mecha(7.89g),Axum(7.88g),Tedessa(7.68g),Tesema(7.68g)andWAMA(7.52)varieties 

( Appendix Table 7).The highest harvest index was recorded at Gute (33.72%) and the lowest 

at Mechara (15.48%).  Variety Axum and Bereda with a mean value of 44.52 % and 42.61% 

had the highest harvest index, respectively. While the lowest HI value was recorded from 

Tesema variety with 22.04% (Appendix Table 8). 

4.1.3 Blast disease reactions   

The mean square of combined analysis of neck blast was showed high significant differences 

due to environment, genotype and genotype by environment interaction (Table 7). This was 

clearly demonstrated the influence of environmental variation on disease pressure and 

different varieties reacted for neck blast severity. Dagnachew  et  al.,  (2012)  also  reported 

significant  variations  among  finger  millet genotypes  for  blast  disease  infection. The 

highest neck blast was recorded at Bako and Gute with 13.74 and 11.73 mean value infection, 

respectively. But the lowest neck blast recorded at Chelenko followed by Mechara, Gelemso 

with 1.44, 1.72, and 1.72 mean values, respectively. The mean value neck blast infection of 

varieties across locations ranged from 2.15 to 12.50.This indicate, varieties were  felled in the 

range of highly resistant to moderately susceptible to disease infection(Appendix table 9 ). 

Even though, all tested varieties were not highly infected by blast disease at all tested 
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locations, especially at Mechara, Gelemso, Kuni and Chelenko environments may be not 

suitable for disease epidemic. 

The combined analysis of variance revealed highly significant mean squares of genotype and 

environment for finger blast among tested varieties across three locations. Whereas, non 

significant variation genotype x environment interaction (Table 8). Non significant variation 

genotype x environment interaction indicated that finger blast disease infection pressure of the 

varieties were consistent across the test environments. 

Table 7: Combined ANOVA for neck blast of 15 finger millet varieties at six environments 

Source of variation Df SS MS F-value Pr(>F) 

Genotype  14 1349.0 96.36 9.46 0.001** 

Replication 2 43.6 21.80 2.14 0.121ns 

Environment 5 7815.4 1563.07 153.38 0.001** 

 Rep(Environment)  10 188.0 18.80 2.30 0.453ns 

Genotype x environment 70 1641.1 23.44 2.30 0.001** 

Error 140 1426.7 10.19 

  
0.06ns 

Total 269 12753.4 

   CV(%) 31         

 Ns,*, **, = non, significance, high significance difference, respectively, SS = sum of square,     

MS = Mean square, Df = degree of freedom and CV=coefficient of variation   

 

 Table 8: Combined ANOVA for finger blast of 15 finger millet varieties at three 

environments 

Source of variation Df SS MS F-value Pr(>F) 

Genotype  14 1822.72 130.19 3.37 0.006** 

Replication 2 58.32 29.16 0.75 0.474ns 

Environment 2 7880.42 3940.21 101.99 0.001** 

 Rep(Environment)  28 174.88 43.72 1.11 0.364ns 

Genotype x environment 28 1032.56 36.88 0.95 0.541ns 

Error 55 2124.84 38.63 

  

0.351ns 

Total 133 

    CV% 32.24         

 Ns,*, **, = non, significance, high significance difference, respectively, SS = sum of square,    

MS = Mean square, Df = degree of freedom and CV=coefficient of variation   
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4.2. Combined Analysis of Variance for Grain Yield over Location 

Bartlett’s test for homogeneity of variances indicated that all measured traits showed 

homogeneous error variance for all testing environments and thus pooled analysis of variance 

was computed. Combined analysis for yield and yield related traits of 15 finger millet varieties 

were conducted at six environments to test the significance of environment, genotype and GE 

interaction (Table 9 and 10).  

The analysis of variance showed that mean grain yield was high significant (P<0.001) affected 

by environment, genotype and GEI. The highly significance of GEI indicated that the 

performances of the varieties were inconsistent across the test environments and the 

environments had different effects on the yield potential of the varieties. These results 

illustrated the presence of genetic variability among varieties and the location was diverse. The 

highly significant effect of location on yield  was reported by Wossen (2019) on finger millet, 

Abebaw et al, (2020) on cold tolerant green super rice genotypes, Almeida et al., (2014)on 

sorghum, Fentie et al. (2013) and  Asfaw, (2011) on finger millet, Shrestha et al. (2012) on 

upland rice. Moreover, the significant G x E interaction indicated the differential response of 

genotypes grown across environments was described by Gebeyaw, (2019) on faba bean, and 

Zelalem, (2011) on bread wheat.  

The result of the combined ANOVA illustrated that the total variation in yield was attributed 

to Environment, Genotype and GEI contributing 47.3 %, 16.93% and 17.85 % variation for 

grain yield, respectively (Table 9). This indicates the high influence of environment on yield 

performance of finger millet varieties across all locations. The large percentage of the total 

variation accounted by environment is an indication that the major factor that influence yield 

performance of the tested varieties is the environment. A large yield variation explained by 

GEI and environment indicated that genotypes had various performances across environments 

and the environments were diverse, with large difference among environmental means causing 

most of the variation in grain yield. In line with this, many researchers reported the dominance 

of environmental effect in the combined analysis of grain yield (Kebede et al., 2018; Tariku, 

2018; Dolinassou et. al., 2016; Mohammed et al., 2015; and Adugna et al., 2011). The 

significant effect of genotype  by  environment  interaction (GEI)  indicated  that  grain  yield  

of genotypes  varied across  tested environments or the  response  of  genotypes  at  different 

environments  was  varied.  
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Table 9: Combined ANOVA for grain yield of 15 finger millet varieties at six   locations 

Source of variation Df SS MS %SS F-value Pr(>F) 

Genotype  14 64780372.7 4627169.5 17 13.34 <0.001*** 

Replication 2 589394.6 294697.3 0.15 0.85 0.429ns 

Environment 5 180517297 36103459.3 47.3 104.06 <0.001*** 

 Rep(Environment)  10 8499641.7 849964.2 2.2 2.45 0.01** 

Genotype x environment 70 61833500 883335.7 18 2.55 <0.001*** 

Error 140 48574081.3 346958 16     

Total 269 381565575         

CV(%) 16.12           

 **
, 
***= significant, highly significant, respectively, SS = sum of square, MS = Mean square,   

Df = degree of freedom 

 

The ranking of varieties based on mean yield illustrated Boneya (4638.98 kgha
-1

), Bako-09 

(4515.28 kgha
-1

), WAMA (4088.33kgha
-1

) and Axum (4031.45 kgha
-1

) in that order, were the 

superior performing varieties across the tested environments. In contrast, Diga 02 (2850.38 

kgha
-1

) was the lowest yielding varieties. In the present study, the ranking of varieties changed 

from location to location and therefore, the interaction crossover. When the ranking of 

genotypes remains constant in diverse environments and the interaction is significant, due to 

change in magnitude of response of genotypes; this interaction is a non-cross-over type (Kang, 

2017). If the interaction is significantly different from one environment to another or 

significant change in rank occurs, the interaction is crossover type.  

4.2.1. Combined mean for yield related trait over locations 

The combined ANOVA revealed highly significant variation (P<0.001) among varieties for 

days to heading, days to maturity, plant height, main finger length, thousand seed weight and 

significant variation(P<0.05) for number of finger per head & harvesting index. Conversely, 

no significant differences were observed for number of productive tiller per plant and above 

ground biomass yield.  

The genotype by environment interaction was highly significant (P<0.001) for the studied 

traits such as: days to heading, days to maturity, thousand seed weight and significant for main 

finger length but significant for plant height, number of productive tiller, harvesting index and 
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above ground biomass yield (Table 10). The significance of GxE interaction indicates that the 

relative performances of the varieties were not consistent across the test environments.  

Similarly, supportive results were reported by Agegnehu (2017), Shakhnoza et al. (2015), and  

Mohammadi et al. (2011) for agronomic traits of bread wheat genotypes, Gebremedhin (2011) 

in barley and Nigussie (2012) in common bean also reported the significant effects of 

genotype, environment and genotype by environment interaction on some other yield related 

traits.  

Table 10: Mean square of combined ANOVA yield related traits of 15 finger millet varieties 

across six environments 
ns,

 *
,
 **

,
 ***=  non, Significant, high  significant difference, respectively,   DH =  days  to heading, 

DM = days  to maturity, PH =  plant  height, NPT=number of productive tiller per plant, MFL=  main 

finger length, THSW=thousand seed weight, BM=above ground biomass yield, HI=harvesting index  

4.3 Stability Analysis of Grain Yield 

4.3.1. Additive main effects and multiplicative interaction analysis of variance  

The grain yield data was subjected to AMMI analysis of variance by combining ANOVA with 

additive main effects and multiplicative effects into single model for 15 finger millet varieties 

over six locations (Table 11). The results showed that strong highly significant difference 

(P<0.001) for genotypes, environments and genotype and environment interactions. 

Additive main effects and multiplicative effects of ANOVA result 80.47% of the total 

variation accounted due to environment (47.3 %), genotype (16.97 %) and G x E interaction 

(16.2 %) contributed to the observed variations among varieties for yield. It is clearly seen that 

the contribution of environmental variation to the sum of squares is considerable, and this 

means that the environment in which the experiment was undertaken is significantly different. 

In addition, the variation observed among varieties for grain yield is largely due to 

environmental effects and thus environment was the major source of variation which had big 

Source of variation Df DH DM PH MFL THSW HI 

Genotype(G) 14 329.13*** 859.66*** 882.3*** 41.22*** 5.3919*** 94.71* 

Environment(E) 5 2077.96*** 4677.49*** 34330.3*** 49.47*** 47.631*** 1804.56*** 

Rep(in Env.) 10 18.72** 16.89* 214.1* 2.28** 1.2458ns 45.38ns 

GEI 70 44.16*** 28.48*** 137.1ns 1.05* 1.8817*** 64.73ns 

Pooled Error 140 8.02 12.02 10.58 0.81 0.96 7.06 
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effect on yield of finger millet varieties. Various authors were reported similar results 

(Sintayehu, 2017; Nida, 2016; Molla ,2010 on finger millet; Adugna, 2008) on sorghum 

genotypes tested at different locations, Gebeyehu, (2019) on faba bean report, Agegnehu, 

(2017) on bread wheat, Mulugeta et al.,(2018) on cow pea, Fentie et al. (2013) 59.64%, 9.61% 

and 30.75% of the total variation in  finger millet  grain yield  to be accounted by 

environment, genotype and GEI and  Misra et al., (2009) on finger millet. 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). 

Table 11: AMMI analysis of Variance for mean grain yield across six environments 

Source of Df Sum of Sum of SS variation GEI Explained 

variation  Square MS Explained (%)   (%) 

Total 269 381565575 1418459     

Treatments 89 307131170 3450912*** 80.49   

Genotypes 14 64780373 4627169*** 16.97   

Environments 5 180517297 36103459*** 47.3   

Block 12 9089036 757420* 2.38   

Genotypes x environment 70 61833500 883336*** 16.2   

IPCA1 18 26012157 1445120***   42.06 

IPCA2 16 18385451 1149091***   29.73 

Residuals 36 17435892 484330*   28.19 

Error 168 65345369 388961 17.12   

*, ***= significant, highly significant, respectively, SS = sum of square, MS = mean of sum 

square and IPCA=Integrated Principal Component Axis 1and 2. 

 

The magnitude of the environment contribution was more than two twice than genotype and 

genotype by environment interaction. The genotype by environment interactions was 

decomposed into IPCA: the first and the second interaction principal component axis 

explained 42.06% and 29.73% of the total G x E interaction, respectively (Table 12). The two 

IPCAs explained about 71.79 % of the total genotype x environment interaction sum of 

square. In the same way, Kebede et al,(2018) on finger millet; Yirga (2016) on sesame, and 

Nigussie (2012) in common bean reported that 41%, 72 % and 51.51% of the genotype by 

environment interaction,  respectively were explained by the first IPCA. 
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The IPCA1 and IPCA2 scores for each genotype were also calculated and presented in (Table 

12). By considering  IPCA1 scores  alone  and  regardless  of  the  positive  or  negative  signs, 

genotypes with large scores have high interactions (unstable), whereas genotypes with small 

IPCA1  scores  close  to  zero  have  small  interactions  and  are  stable  (Zobel  et  al.,  1988). 

Among the tested varieties Gudetu, WAMA, Bereda, Tesama Padet, Mecha and GUTE 

showed relatively smaller absolute IPCA1 scores, thus were considered to be stable and had 

wider adaptation. However, these varieties mean grain yield above average yield, except 

Tesama, Padet, and Bereda. In contrast, varieties Addis-01, Axum, Bako-09, Boneya, Diga-02 

and Meba were recorded higher IPCA1 scores; therefore, considered as unstable. Therefore, 

these varieties were suitable to specific environment (Table 12). 

Table 12: Mean grain yield, IPCA1 and IPCA2 fifteen finger millet varieties tested at six   

environments   

Variety Mean grain yield (kg ha-1) Rank IPCA1 IPCA2 

Diga01 3353 10 -12.3 -22.41738 

Mecha 3905 5 6.89 7.72865 

Axum 4032 4 29.67 15.82552 

Boneya 4639 1 -23.86 4.61417 

GUTE 3235 13 6.73 11.52837 

Meba 3835 6 -15.12 -2.50185 

Addis01 3353 10 29.67 -22.41738 

Diga02 2850 14 17.4 -21.86578 

Bareda 3292 11 2.21 -13.00739 

Teddesa 3367 9 6.62 0.98346 

Gudetu 3741 7 -0.18 -6.62842 

Padet 3527 8 3.07 13.48484 

WAMA 4088 3 1.32 13.32489 

Tasama 3285 12 3.05 -10.53868 

Bako09 4515 2 -25.46 16.87779 

Grand  mean 3702.89    

IPCA=Integrated Principal Component Axis 1 and 2 

4.3.2. AMMI Stability Value  

The AMMI model GEI analysis revealed the interaction effect of genotype, environment and 

their performance for main effects.  The AMMI stability value is the distance from the 

coordinate point to the origin in to a two dimensional scatter gram of IPCA 1 scores against 
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IPCA 2 scores in the AMMI model. Because the IPCA 1 contributes more to GEI sum of 

square, a weighted value needed. This value is weighted by the proportional difference 

between IPCA 1 and IPCA 2 scores to the total GEI sum of square. The distance from zero is 

then determined by using the Pythagoras theorem. In this method, the genotype with the least 

ASV score is the most stable. The mean grain yields and ASV of genotypes were ranked to 

identify genotypes with high yield and more stable over environments (Purchase et 

al.,2000).AMMI stability value (ASV) for each genotype was calculated to identify more 

stable genotypes easily, since it considered both IPCA1 and IPCA2 scores. The genotypes 

with lower IPCA1 scores would produce a lower G×E interaction effect than those with higher 

IPCA1 scores and have less variable (more stable) across environments (Oliveira et al., 2014). 

 Genotypes with least ASV scores are the most stable; on the other hand, genotypes with high 

ASV score are unstable Purchase (2000). From ASV result Gudetu, Teddesa, Tesema, Mecha 

and GUTE varieties were the most stable. But Teddesa, Tesema, and GUTE had lower mean 

yield than grand mean, whereas the most unstable varieties were Axum, Boneya, Bako09 and 

Diga02 (Table 13). Similar results were reported by, Gebeyehu et al.(2019) on sorghum, Tulu 

(2018) on common bean, Abdurahman (2009) in maize and Muez et al. (2014) in barely, 

Fiseha et al. (2015) in sesame have identified stable and unstable genotypes by using ASV. 

4.3.3. Yield stability index (YSI) 

Genotypes with the least Yield stability index (YSI) and high grain yield are considered as the 

most stable (Farshadfar, 2008). Genotypes with lowest estimated value are desirable and 

considered as the most stable. Based on GSI, Mecha, Gudetu and WAMA varieties were the 

most stable. Conversely, Diga02, Addis01, Axum, and GUTE were the most unstable 

indicated (Table 13).  

 

 

 

 

 

 



34 
 

 

Table 13: AMMI stability value with IPCA 1 and IPCA 2 scores for yield and yield stability 

index 

Varieties 
Grain yield 

(kgha
-1

) 
Rank IPCA1 IPCA2 ASV Rank YSI Rank 

Diga01 3353 10 -12.303 -22.41738 24.78 10 20 10 

Mecha 3905 5 6.89372 7.72865 10.23 2 7 1 

Axum 4032 4 29.6744 15.82552 38.16 14 18 9 

Boneya 4639 1 -23.87 4.61417 36.31 13 14 5 

GUTE 3235 13 6.73697 11.52837 12.95 5 18 9 

Meba 3835 6 -15.129 -2.50185 23.87 9 15 6 

Addis01 3353 10 -12.303 -22.41738 24.8 10 20 10 

Diga02 2850 14 17.4096 -21.86578 27.36 11 25 11 

Bareda 3292 11 2.21126 -13.00739 13.08 6 17 8 

Tedesse 3367 9 6.62873 0.98346 10.73 3 12 4 

Gudetu 3741 7 -0.1899 -6.62842 6.63 1 8 2 

Padet 3527 8 3.0773 13.48484 13.65 8 16 7 

WAMA 4088 3 1.32885 13.32489 13.35 7 10 3 

Tasama 3285 12 3.05116 -10.53868 10.77 4 16 7 

Bako09 4515 2 -25.468 16.87779 32.9 12 14 5 

IPCA=interaction principal component axis, AMMI=Additive main effect and Multiplicative 

interaction, ASV= AMMI stability value, Kg/ha=Kilo gram per hectare and YSI =Yield 

stability index 

4.3.4. Four best genotypes selected by AMMI model 

The four best varieties selected by the AMMI model in different environments are presented in 

(Table 14). The first highest yielder variety (Boneya) selected among the four best AMMI 

selection in five environments (Mechara, Gelemso and Bako favorable whereas, Kuni and 

Chelenko unfavorable environments). This suggested the variety was desirable for cultivation 

both in favorable and unfavorable environments. The second highest yielding variety 

(Bako09) was selected at Mechara, Gelemso, and Bako favorable but unfavorable at Kuni and 

Gute. Third highest yielding variety (Axum) was selected favorable at environments Bako and 

unfavorable at Chelenko. The fourth highest yielding variety WAMA for mean yield was 

selected as best at two favorable at environments Bako and unfavorable at Chelenko. The 

selection of genotype in respective environments is an indication of the best adaptation of the 

genotypes at those particular environments. The selection of genotype in respective 

environments is an indication of the best adaptation of genotypes in relation to the 
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environments.  Better selected in most environments as higher share indicated it had best 

adaptation.  The  other  genotypes  that were selected  did  not  show a distinct  pattern  of 

adaptation and more specific  adapted  either  higher or  lower  yielding  environments (Lalise, 

2015). 

Table 14: The AMMI model’s best finger millet varieties selection per environment 

Environments Grain 

yield 

(kgha
-1

) 

IPCA1 

Score 
The first four AMMI selections per environment 

1 2 3 4 

Gute 2879 26.4 Mecha Axum Bako-09 Gudetu 

Bako 4399 25.59 Axum WAMA Boneya Bako-09 

Chelenko 2802 11.56 WAMA Axum Boneya Tasama 

Kuni 2835 -12.52 Boneya Bako-09 Meba Bareda 

Gelemso 4391 -25.08 Bako-09 Boneya Meba Mecha 

Mechara 4612 -25.95 Boneya Bako-09 WAMA Meba 

Kg/ha=Kilo gram per hectare, IPCA=interaction principal component axis, AMMI=Additive main 

effect and Multiplicative interaction 

4.3.5. GGE Bi-plot for Evaluation of Genotypes and Environments  

The residual mean square from AMMI model for grain yield was significant (Table 11) which 

suggested that the importance of constructing AMMI biplot is very low (Yayis et al., 2014; 

Tariku, 2017; Tariku, 2018). Hence, it is necessary to construct GGE biplot for visual 

observation in order to understand which varieties best performed in which environment, or 

which varieties were stable and unstable as well as to visualize the discriminating ability and 

representativeness of the environments.  

4.3.6. GGE bi-plot "which-won-where "pattern and mega -environment classification  

GGE bi-plot analysis is a multivariate analytical technique that graphically displays a two way 

table and allows visualizing the relation among genotypes, environments and their 

interactions. In the present study, the GGE bi-plot graphic analysis of 15 finger millet revealed 

that the first two principal components explained 82.16% of the total GEI variance (Fig.2).The 

“which-won-where‟ or polygon view of the GGE bi-plot is an effective visual tool in mega-

environment analysis. The perpendicular lines to the polygon sides divide the biplot into 

sectors. If environments fall into different sectors, this suggests that different genotype won in 
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different sector and thus genotype x environment interaction or crossover pattern exist. The 

winning genotype for a sector is the vertex genotype. A  polygon  view  of  GGE  biplot  was  

formed  by  connecting  the  vertex  genotypes  with straight lines and the rest of the genotypes 

were placed within the polygon. Boneya, Bako-09, Axum, Diga-02 and Diga-01 were vertex 

varieties and they are best in the environment lying within their respective sector in the 

polygon view of the GGE bi-plot (Yan and Tinker 2006); thus these genotypes are considered 

specifically adapted. Genotypes close to the origin of axes have wider adaptation (Abay and 

Bjornstand 2009). According to Yan and Tinker (2006) and Gauch et al. (2008), genotypes 

within the polygon and nearer to the origin of the axes have wider adaptation and less response 

for environmental variation. Yan and Rajcan (2002) reported that responsive genotypes are 

those having either best or the poorest performance in one or all environments.  Hence, among 

the vertex varieties in this study, Boneya and Bako-09 were identified as the highest yielding 

varieties followed by Axum. While, Diga-02 and Diga-01 were considered as the low yielding 

varieties across the testing environments (Table 12). In addition to this, there is no 

environment which fell closer to the vertex varieties Diga-02 and Diga-01, which indicated 

that those vertex genotypes were not the best in any of the test environments (Fig.2). Boneya, 

Bako-09 and Meba were the winner and highest yielder varieties at Mechara, Gelemso and 

Bako, and Axum was the winner variety at Gute and Kuni, while WAMA and Mecha were 

best adapted at Gute and Chelenko. 

The interesting feature of the GGE biplot is the identification of mega-environments as well as 

their winning genotypes. The vertex genotypes in each sector are the best genotype at 

environments whose markers fall into the respective sector.  Environments within the same 

sector share the same winning genotypes, and environments in different sectors have different 

winning genotypes. The present investigation suggested the  existence  of  three  finger millet 

growing  mega environments (ME1, ME2, and ME3)  in  tested environments in Oromia as  

shown  in ( Fig.2).  Among the testing environments, Mechara, Gelemso and Bako fell inside 

mega-environment one (ME1), Chelenko fell inside mega-environment two (ME2) whereas 

Kuni and Gute fell inside mega-environment three (ME3). On the other hand, Boneya, Meba 

and Bako09 were the highest yielding varieties in mega-environment one, but Wama, Mecha 

and Axum were gave high yield in mega-environment three. Yan et al. (2003) reported that the 

polygon view of GGE biplot is the best way for the identification of winning genotypes with 
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visualizing the interaction patterns between genotypes and environments. Similarly, Kebede et 

al (2019), Kebede et al (2018) on finger millet, Gebeyehu et al.(2019) on sorghum and 

Mulugeta et al. (2017) used GGE biplot for identification of stable and winning cowpea 

genotypes across the testing environments. 

 

 

Figure 2: Polygon view of genotype by environment interaction for finger millet varieties 

4.3.7. Ranking of genotypes based on mean and stability performance 

The partitioning of GE interaction through GGE biplot analysis showed that IPCA1 and 

IPCA2 accounted for 63.89 % and 18.27 % of GGE sum of squares, respectively, explained 

82.16 % of the total variation (Fig. 3). Average tester coordinate (ATC x-axis) or average 

environment axis (AEC) passes through the bi-plot origin, represented by single arrowed solid 

blue line, and the marker of the average environments, which is defined by the average of 

PC1and PC2 scores overall environments. The oval shape indicated the positive ends of ATC-

x axis or the positive direction of the tester axis. Closeness to the circle indicates higher mean 

yield.  The ATC-y axis (represented by solid black line) passes through the plot origin and was 

perpendicular to ATC-x axis called perpendicular line which represents the stability of 
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genotypes. Either direction away from the biplot origin this on axis, indicates greater G×E 

interaction and reduced stability (Yan and Hunt, 2002). The average yield of the genotypes 

was approximated by the projections of their markers through the ATC-x axis. GGE biplot 

graph ranked the genotype based on the mean yield performance across the test environments 

and also indicated their level of stability on the vector length from average genotype axis. 

Thus, varieties Boneya, Bako09,WAMA,Axum,Mecha,Meba and Gudetu with  ranked 1
st
,2

nd
 

,3
rd

 4
th

 ,5
th

,6
th 

and7
th

  had the highest mean yield leading among the tested varieties, 

respectively (Fig.3). Gudetu, Tedesse and Tesama varieties were wide adapted (stable) variety 

because of short vector length from average genotype axis or more closed to the bi-plot origin 

than others. But Axum and Diga01 were specific adapted varieties due to long vector length 

from average genotype axis (Figure 3). This result was in agreement with the finding of 

Blanche et al.  (2007) studies on AMMI, Stability and GGE biplot Analysis for cotton.  
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Figure 3: GGE biplot showing the ranking of genotypes for both yield and stability 

performance over environments 

An ideal genotype is defined as a genotype with the greatest PC1 score (mean performance) 

and with zero GEI, as represented by an arrow pointing to it (Fig 4). Even though, such type of 

genotype may not exist in reality, it can be used as a reference for evaluation of genotypes 

(Yan, 2002; Yan and Tinker, 2006). If a genotype is located closer to the ideal genotype, it 

becomes more desirable than other genotypes which are located far away from the ideal 

genotype.  Therefore, concentric circles were drawn around the central circle which contains 

the ideal genotype in order to visualize the distance between each genotype and the ideal 

genotype.  From the present investigation (Fig.4), Bako09 and Boneya were the “ideal” 
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genotype, with the highest mean grain yield. Similarly, WAMA variety was the next located 

closer to the ideal genotype and was considered as desirable variety. Similar result was 

reported by Abebaw et al (2020), Kebede et al (2018), Kaya et al. (2006) and Farshadfar et al. 

(2012). 

 

Figure 4: GGE-biplot based on the ranking of varieties for grain yield relative to an ideal 

genotype. 

4.3.8 Discriminating ability and representativeness of environments 

According to Yan (2002), discriminating ability and representativeness view of the GGE 

biplot is the important measure of test environments, which provide valuable and unbiased 

information about the tested genotypes. Yan and Tinker(2006) also reported that environments 
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with  longer  vectors had  the  more  discriminating  ability  of  the  genotypes, whereas 

environments with very short vectors had little or no information on the genotype difference. 

From this study, the test environments Mechara (E1), Gelemso (E2) and Kuni (E3) were 

identified as the most discriminating environments which provided much information about 

differences among varieties. Bako (E5) provided medium information about the genotype 

differences. Whereas, Chelenko (E4) and Gute (E6) provided little information about the 

genotype differences (Fig.5).  

An environment with a small angle to the average environment axis (AEA) is more 

representative than other test environments. Being representative is the ability of the 

environment to allow the genotypes to perform more or less the same as they would do in any 

other environment in the study. Any two environments can be positively, negatively or not 

correlated if the angles between their vectors are less than 90°(acute angle), more than 

90°(obtuse angle) or equal to 90° respectively (Sharma  et al., 2009; Yan and Tinker, 2006; 

Yan et al., 2007). In this trial all test environments share the angle less than 90°or acute angle; 

so that, environments were positively correlated for grain yield; specially, Mechara 

(E1),Gelemso (E2) and Chelenko (E4); Kuni (E3) with Gute (E6) environments lied on small 

angles to each other. Hence, highly correlated in their ranking of the genotypes and more 

representative of the mega-environment, indicating that these environments produced similar 

information about the genotypes (Fig.5). Similar result was reported by Weikai (2007) in GGE 

Biplot vs. AMMI analysis of genotype-by-environment data of 18 winter wheat cultivars. 
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Figure 5: Discriminating power and representativeness of test environments 

Another equally important measure of a test environment is its representativeness of the target 

environments. If a test environment is not representative of the target environments, it is not 

only useless but also misleading since it may provide biased information about the tested 

genotypes (Yan and Kang, 2003). In order to know the representativeness of a test 

environment,  understanding  of  some  important  terms  such as,  average  environment  (the 

small circle in Fig.6); used as a benchmark for measuring the representativeness of a test 

environment), the average environment coordinate axis (the line that passes  through the biplot 

origin and the average environment), and environmental vector (the line  that connects the 

origin of biplot and a testing environment) is a very crucial task  before measuring  the  

representativeness of  a test  environment.  
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The ideal test environment is an environment that has more power to discriminate genotypes 

in terms of the genotypic main effect as well as able to represent the overall environments. It is 

used for selecting generally adaptable genotypes but obtaining such type of environment is 

very difficult in real conditions. In such condition, environments which  fell near to a small 

circle  located in the center of concentric circles and an arrow pointing on it (ideal 

environment) is identified as the best desirable testing environments (Yan and  Rajcan, 2002). 

Among the testing environments used in this study, Gelemso (E2) was  identified as an ideal 

environment in terms of being  the  most  representative of the overall environments and 

powerful to discriminate genotypes and followed by Mechara (E1) (Fig.4). Discriminating but 

non-representative test environments like Gute (E6) and Bako (E5) are useful for selecting 

specifically adaptable genotypes if the target environments can be divided into mega-

environments or it is useful for culling unstable genotypes if the target environment is a single 

mega environment. In harmony, to this (Geleta et al., 2019 on finger millet; Gebeyehu et al., 

2019 on sorghum and Tulu (2018) on common have used GGE bi-plot to identify the best 

desirable testing environment.   
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Figure 6: GGE-biplot based on environment- focused scaling for comparison of the 

environments with the ideal environment 
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5. SUMMARY AND CONCLUSION  

Finger millet is one of the important small seed cereal crop in Ethiopia. It's adaptability to 

adverse agro-ecological conditions with low input, tolerant to moisture stress and plays a 

significant role both as food grain and animal feed in areas where production of other cereals 

are reduced by marginal environments. However, the national average yield   in our country is 

low due to distribution of limited number of improved varieties, moisture stress, lodging 

effect, diseases, low fertility, poor crop management practices, climatic change and 

evaluations of the finger millet varieties before release were conducted in limited agro 

ecologies Hence, fifteen finger millet varieties were evaluated at six environments in RCBD 

by three replications with objective of estimating the magnitude of genotype by environment 

interaction for grain yield and yield related and to determine the stability of finger millet 

varieties in Eastern and western Ethiopia. 

The analysis of variance of individual environment showed highly significant variation among 

tested varieties at Mechara, Gelemso, Kuni and Bako and significant at Chelenko and Gute. 

The mean grain yield of varieties across locations ranged from 1805.5 kgha
-1

 for variety 

GUTE at Chelenko to 6611.1 kg ha
-1

 for variety Bako-09 at Gelemso location. This indicates, 

yield responses of each variety at different locations were different and environments were 

diverse. The genotype by environment interaction was highly significant for the studied traits 

such as: days to heading, days to maturity, thousand seed weight and significant for main 

finger length but no significant for plant height and harvesting index. The mean square of 

combined analysis of neck blast was showed high significant differences due to environment, 

genotype and genotype by environment interaction. 

Combined analysis of variance revealed highly significant difference among genotypes, 

environments and genotype x environment interaction for grain yield. The significant of 

genotypes x environments interaction effects indicated the inconsistent performance of finger 

millet varieties across the tested environments. These results illustrated the presence of genetic 

variability among varieties and the location was diverse. The result of the combined ANOVA 

illustrated that the total variation in yield was attributed to Environment, Genotype and GEI 

contributing 47.3 %, 16.93% and 17.85 % variation for grain yield, respectively. The 
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significant effects of GEI on traits suggested the need to assess the stability of varieties overall 

environments. 

Stability parameters IPCA1, IPCA2 and AMMI stability value (ASV) from AMMI model, 

GGE bi-plot and high mean  yield, Mecha, Gudetu and WAMA varieties were the most stable( 

wide adaptation).Based on these models Mech, Gudetu, and WAMA were the most stable and 

high mean yield varieties than grand mean. Therefore, these varieties could be recommended 

for wider adaptation. Whereas, Axum, Boneya, Bako09 and Diga02 high stability parameter 

values; therefore, these varieties were identified as unstable (specific adaptation). AMMI 

analysis of variance result; environment, genotype and G x E interaction 47.3 %, 16.97 % and 

16.2 % contribution to the total sum of squares, respectively for grain yield. The treatment 

component environment was contributed the largest source of variation; for this reason, 

environment was the major source of variation which had big effect on yield of finger millet 

varieties. The GGE bi-plot analysis grouped the six environments into three mega environment 

and Mechara (E1), Gelemso (E2) and Kuni (E3) were identified as the most discriminating 

environments which provided much information about the performance of the tested varieties.  

From the present investigation, it can be concluded and recommended that varieties identified 

as stable and unstable for cultivation over environments could be promoted to wider and 

specific production in eastern and western Ethiopia. 
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Appendix Table 1: ANOVA and coefficients of variation for grain yield 15 finger millet 

varieties at six environments 

Environments 
Sources of 

variation 
DF SS MS CV(%) 

Mechara Replication 2 103519 51760   

  Genotype 14 30838571 2202755*** 16.1 

  Residual 28 15436440 551301   

  Total 44 46378530 

 

  

Gelemso Replication 2 79654 39827   

  Genotype 14 35892779 2563770*** 12.5 

  Residual 28 8474838 302673   

  Total 44 44447272     

Kuni Replication 2 3352334 1676167   

  Genotype 14 26543733 1895981** 18.6 

  Residual 28 18787184 670971   

  Total 44 48683251     

Chelenko Replication 2 876633 438317   

  Genotype 14 10732072 766577* 21.3 

  Residual 28 9936965 354892   

  Total 44 21545670     

Bako Replication 2 666413 333206   

  Genotype 14 13087840 934846** 18.2 

  Residual 28 7479478 267124   

  Total 44 21233730     

Gute Replication 2 4010484 2005242   

  Genotype 14 9518878 679920** 15 

  Residual 28 5230465 186802   

  Total 44 18759826     

*,**,*** = significant, high significant, respectively, Df = degree of freedom, SS=sum of 

square, MS=Mean  Square, CV (%) = coefficient variation 
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Appendix Table 2: Mean values for day to heading of 15 finger millet varieties at six 

environments 

Variety Mechara Gelemso Kuni Chelenko Bako Gute VM 

Diga01 83.00ef 72.33g 88.33cdef 89.67e 75.33h 85.00f 82.27f 

Mecha 89.33bc 82.00cd 89.67cdef 100.67bc 90.33ab 92.00ab 90.66b 

Axum 87.33cd 79.67de 91.00b-f 100.33bc 90.00abc 88.00cdef 89.27bc 

Boneya 79.00gh 7400g 86.33f 97.67be 81.66g 87.33def 84.33e 

GUTE 84.33def 79.33de 90.33bf 101.33b 90.33ab 89.33ae 89.16bc 

Meba 83.00ef 75.00fg 90.00bf 98.67bcd 87.66bcd 92.66a 87.83cd 

Addis01 89.33bc 83.33bc 95.67b 101.00b 86.00def 89.66abcd 90.83b 

Diga02 124.33a 130.00a 131.67a 135.00a 92.10a 91.33abc 117.4a 

Bareda 93.00b 86.67b 90.33bf 97.00be 89.00bcd 88.66bcdf 90.77b 

Teddesa 82.33fg 78.00ef 92.33be 10.33b 83.00efg 89.66abcd 87.94cd 

Gudetu 83.00ef 74.67fg 93.33bcd 91.33de 86.33cde 86.00ef 85.77e 

Padet 86.67cde 80.00cd 88.67cf 95.33bcde 87.33bcd 90.00abcd 88c 

WAMA 83.67def 77.67ef 87.67ef 92.33cde 86.66bcde 88.00cdef 86de 

Tasama 81.67fgh 77.67ef 93.67bc 96.00bcde 82.33fg 90.00abcd 86.89c 

Bako09 78.33h 73.33g 88.00def 97.33bcde 83.00efg 87.33def 78.33e 

EM 87.22 81.57 93.13 99.73 86.07 89 88.541 

CV% 2.63 2.62 3.52 5.02 2.7 2.41 3.2 

T-test 5% *** *** *** *** *** ***  

***= high significant, CV=coefficient of variation EM=environment mean and VM= variety 

mean  
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 Appendix Table 3: Mean values for day to maturity of 15 finger millet varieties at six 

environments 

***= high significant, CV=coefficient of variation ME=environment mean and VM= variety 

mean 

 

 

 

 

 

 

 

 

 

 

 

Variety Mechara Gelemso Kuni Chelenko Bako Gute VM 

Diga01 149.67ef 138h 136.00f 140.00g 120.67e 123.67e 135.05g 

Mecha 155.33cd 145def 145.33cdef 150.00bc 132bcd 135.00bc 139.78cdef 

Axum 159.00ab 153.33b 146.67b 151.33b 137.33b 140.33bc 143.22bc 

Boneya 146.00g 143.00fg 138.67def 144.00defg 126.67de 130.67cde 136.11fg 

GUTE 159.00ab 146.67def 145.bc 149.00bcd 137.33b 140.67b 141.67bcd 

Meba 150.33ef 140.00gh 138.67def 143.67efg 126.67de 130.00cde 136.06fg 

Addis01 157.67bc 140.67gh 143.67bc 147.33bf 124.00e 130.67cde 138.56defg 

Diga02 162.00a 157.00a 158.33a 160.67a 151.33a 153.33a 156.42a 

Bareda 158.00bc 144.00ef 142.67bcd 146.67bf 132.00bcd 135.00bc 139.72cdef 

Teddesa 152.33de 150.00c 146.00bc 150.33bc 127.00de 131.33cde 141.17bcde 

Gudetu 152.25de 146.00def 143.33bc 147.33bf 135.33bc 136.67bc 144.39b 

Padet 152.00ef 147.33cd 142.00cde 146.00cdef 122.00e 126.67de 138.61defg 

WAMA 148.00ef 146.00def 144.00bc 148.00bcde 127.67de 131.00cde 138.50defg 

Tasama 150.67ef 140.00gh 145.33bc 149.67bc 127.33de 131.33cde 137.22efg 

Bako09 151.00ef 146.00def 138.00ef 142.33fg 128.00bcd 131.67cd 138.00defg 

EM 153.55 145.53 143.58 147.76 130.36 133.87 140.3 

CV% 1.21 1.27 1.9 2.11 3.43 3.47 4.78 

T-test 5% *** *** *** *** ***  ***  
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 Appendix Table 4: Mean values for plant height of 15 finger millet varieties at six        

environments 

Variety Mechara Gelemso Kuni Chelenko Bako Gute VM 

Diga01 131.33bc 143.47a 148.53a 68.80cd 100.67abcd 71.86gh 110.78cd 

Mecha 134.07abc 142.20bc 143.73ab 80.00abc 95.00abcd 86.26b-f 113.62bc 

Axum 140.27ab 140.87bc 142.27ab 77.40abc 81.33d 87.80a-e 111.66bcd 

Boneya 127.67bc 132.13bc 128.87bc 76.53bc 105.33abcd 85.33c-f 109.31cde 

GUTE 120.27bc 136.60bcd 139.73abc 74.93bc 92.33abcd 89.73abc 108.93cdef 

Meba 125.40bc 139.93bc 128.60bcd 72.06bcd 94.33abcd 78.66efg 106.50def 

Addis01 120.20bc 122.27ef 125.53cd 74.13bc 98.33abcd 72.13gh 102.10f 

Diga02 156.10a 158.47a 138.60abc 81.86ab 108.67abcd 96.46a 123.03a 

Bareda 139.60ab 146.33b 128.60bcd 81.80ab 119.00a 9480ab 113.36ab 

Teddesa 127.33bc 139.67bc 137.80abc 76.73bc 114.33ab 87.76a-f 113.94bc 

Gudetu 114.60c 125.33def 113.00d 60.26d 83.67bcd 65.73h 93.77g 

Padet 119.60bc 143.93b 137.60abc 76.46bc 87.67bcd 78.53fg 107.21cdef 

WAMA 128.73bc 142.67bc 136.53abc 89.06a 94.00abcd 88.40abcd 113.16bcd 

Tasama 138.07ab 138.07bc 137.73abc 82.73ab 105.00abcd 77.93fg 113.26bcd 

Bako09 120.13bc 120.27f 135.80abc 69.33cd 94.00abcd 79.53d-g 103.18ef 

EM 129.52 138.15 134.86 76.142 98.24 82.73 109.92 

CV% 10.71 5.07 7.02 9.54 16.38 6.63 9.63 

T-test 5% ns *** * *** ns ***  

Ns,*,**,***= non-significant, significant, high significant, respectively, CV=coefficient of 

variation , EM=environment mean and VM= variety mean 
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Appendix Table 5: Mean values main finger length of 15 finger millet varieties at six      

environments 

     ***= high significant, CV=coefficient of variation ME=environment mean and  

      VM= variety    mean 

    

 

 

 

 

 

 

 

 

 

 

 

 

Variety Mechara Gelemso Kuni Chelenko Bako Gute VM 

Diga01 8.66a 8.40ab 8.93a 7.66ab 11.40a 8.53b-e 10.44b 

Mecha 8.66a 7.00b 7.53abcd 7.33a 8.66bcde 8.93bc 9.31c 

Axum 7.93ab 8.06ab 8.86ab 6.53cd 9.20bcd 8.06c-f 8.63c 

Boneya 6.60ab 8.00ab 8.33abc 5.4efg 8.40b-f 6.86hi 7.15gh 

GUTE 7.00ab 6.73b 7.26abcd 7.53b 9.66a 8.66bcd 9.31b 

Meba 6.00ab 7.26b 7.60abcd 5.53ef 8.00c-f 7.00hi 7.51fg 

Addis01 6.20ab 6.53b 7.53abcd 7.66ab 8.33b-f 6.86hi 6.99gh 

Diga02 5.93b 8.33ab 8.46abc 8.53a 12.00a 11.13a 11.28a 

Bareda 7.26ab 6.40b 7.66abcd 8.60a 11.73a 9.33b 10.47b 

Teddesa 8.00ab 7.93ab 9.13a 5.60def 9.53bc 7.73e-h 8.23de 

Gudetu 5.60b 8.26ab 8.73ab 4.53g 6.80f 6.26i 6.13i 

Padet 7.06ab 6.60b 6.86cd 5.2fg 7.40ef 7.53fgh 6.83h 

WAMA 7.00ab 7.20b 6.00d 6.2de 8.40b-f 8.20c-f 8.18de 

Tasama 7.20ab 7.13b 6.86cd 6.33de 7.66def 7.06ghi 7.17gh 

Bako09 5.66b 9.80a 9.00ab 6.26de 8.80b-e 7.93d-g 7.98ef 

EM 8.37 8.85 9.43 6.49 9.06 8.01 8.37 

CV% 10.74 8.02 10.86 8.69 10.86 6.79 9.78 

T-test  5% *** *** *** *** *** ***  
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Appendix Table 6: Mean values for number of productive finger per head15 finger millet 

varieties at six environments 

Variety Mechara Gelemso Kuni Chelenko Bako Gute VM 

Diga01 8.40ab 10.20a 8.93ab 6.13ab 6.33a-e 5.40ab 6.68ab 

Mecha 7.00b 6.86fg 7.53abcd 4.66bc 4.86e 3.60cd 6.41ab 

Axum 8.06ab 10.00ab 8.86ab 6.06ab 6.86abcd 4.80abc 6.78ab 

Boneya 8.00ab 8.80b-e 8.33ab 5.80abc 7.86a 4.26bcd 6.42ab 

GUTE 6.73b 7.53efg 7.26bcd 4.33c 5.73bcde 3.86cd 6.77ab 

Meba 7.26b 8.26cde 7.60abcd 5.86abc 6.33a-e 3.93cd 6.57ab 

Addis01 7.20b 8.40cde 7.53abcd 6.86a 7.81a 3.80cd 6.93ab 

Diga02 8.33ab 8.66b-e 8.46abc 6.80a 7.26abc 5.66a 7.08a 

Bareda 6.40b 8.06def 7.66abcd 6.06ab 6.93abcd 4.53abc 6.799ab 

Teddesa 7.93ab 9.60abc 9.13a  4.86bc 7.46ab 4.26bcd 7.11a 

Gudetu 8.26ab 8.80b-e 8.73ab 5.86abc 6.93abcd 4.00cd 7.09a 

Padet 6.60b 7.46efg 6.86cd 5.40bc 5.66cde 3.66cd 5.78b 

WAMA 7.20b 6.66g 6.00d 4.60bc 4.93de 3.93 6.47ab 

Tasama 7.13b 6.86fg 6.93cd 6.46a 5.33de 3.26d 6.78ab 

Bako09 9.80a 9.00abcd 9.00ab 5.93ab 7.26 4.40bcd 7.17a 

EM 7.62 8.34 7.92 5.71 6.5 4.22 6.72 

CV% 18.65 9.57 13.43 16.48 16.42 17.6 16.51 

T-test 5% ns *** * * ** *  

  Ns,*,**,***=non-significant, significant, high significant, respectively, CV=coefficient of   

variation ME=environment mean and VM= variety mean 
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Appendix Table 7: Mean values for 1000seed weight of 15 finger millet varieties at six 

environments  

Variety Mechara Gelemso Kuni Chelenko Bako Gute VM 

Diga01 7.66b-g 8.33cde 7.00abc 7.00abc 6.10b 6.66a 6.85ef 

Mecha 8.66a-e 10.66a 8.66a 8.66a 6.20b 5.80abcd 7.89ab 

Axum 9.33abc 9.33abcd 8.00abc 8.00ab 6.63ab 5.96abcd 7.88ab 

Boneya 7.33c-g 9.00bcd 7.33abc 7.33abc 6.16b 5.73bcd 7.26bcde 

GUTE 8.33a-f 8.33cde 6.66bc 6.66bc 7.33a 5.46cd 7.24bcde 

Meba 6.23fg 8.00de 8.33ab 8.33ab 6.83ab 5.86abcd 6.91def 

Addis01 6.00g 8.00dde 6.66bc 6.66abc 6.50ab 5.83abcd 6.27f 

Diga02 6.83efg 6.80e 6.66bc 6.66bc 7.00ab 6.500ab 6.44f 

Bareda 8.00b-g 8.00de 7.66abc 7.66abc 6.73ab 6.26abc 7.33bcde 

Teddesa 8.66a-e 8.33cde 7.66abc 7.66abc 6.26b 6.13abcd 7.68abc 

Gudetu 8.33a-f 8.33cde 7.66abc 7.66abc 6.53ab 5.70bcd 7.21cde 

Padet 10.62a 10.00ab 8.00abc 8.00abc 6.66ab 5.30d 8.30a 

WAMA 9.00ab 9.00bcd 8.33ab 8.33ab 6.53ab 5.86abcd 7.57bcd 

Tasama 9.66ab 9.66abc 7.66abc 7.66abc 6.10b 5.30d 7.62bc 

Bako09 7.00defg 9.33abcd 6.33c 6.33c 6.66ab 5.93abcd 6.88ef 

EM 8.11 8.74 7.51 7.51 6.55 5.88 7.28 

CV % 15.41 10.83 14.4 14.4 8.68 8.47 13.47 

T-test 5% * ** ns ns ns ns  

Ns,*,**=non-significant, high significant, significant, respectively, CV=coefficient  

of variation   ME=environment mean and VM= variety mean 
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Appendix Table 8: Mean values for harvesting index of 15 finger millet varieties at six 

environments 

Ns,**=non-significant, high significant, respectively, CV=coefficient of variation 

ME=environment mean and VM= variety mean 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variety Mechara Gelemso Kuni Chelenko Bako Gute VM 

Diga01 15.98abc 17.29bcde 20.35 14.74 18.36 28.84 19.26 

Mecha 18.31ab 17.82bcde 17.13 20.82 19.42 37.90 21.9 

Axum 13.04cd 21.62abc 24.19 15.96 21.91 44.52 23.53 

Boneya 17.25abc 20.56abc 21.81 25.33 26.28 30.04 23.55 

GUTE 14.67abcd 16.05bcde 19.13 23.19 17.58 29.04 19.95 

Meba 17.64abc 18.12bcd 17.89 14.48 21.75 31.45 20.23 

Addis01 13.60bcd 15.29cde 18.49 15.30 18.42 32.71 18.97 

Diga02 10.53d 10.74e 18.66 37.90 23.26 31.41 22.09 

Bareda 15.93abc 12.59de 22.96 11.48 21.91 42.61 21.25 

Teddesa 15.23abcd 20.86abc 17.17 17.75 12.89 37.86 20.30 

Gudetu 15.70abc 26.87a 25.80 32.90 18.54 31.83 25.28 

Padet 14.47bcd 17.62bcde 20.82 20.67 15.84 30.43 19.98 

WAMA 16.02abc 17.28bcde 25.83 20.61 22.35 43.96 24.35 

Tasama 14.23bcd 17.10bcde 18.72 19.81 13.52 22.04 17.57 

Bako09 19.59 23.84ab 18.65 29.49 23.06 31.13 24.29 

EM 15.48 18.24 20.5 21.36 19.67 33.72 21.5 

CV% 19.31 23.24 24.37 24.83 33.36 23.79 32.63 

T-test ns ** ns ns ns ns   
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Appendix Table 9: Mean values for neck blast of 15 finger millet varieties at six environments 

Variety Mechara Gelemso Kuni Chelenko Bako Gute VM 

Diga01 0b 0c 0c 0c 12.92bc 14.76a 4.61bcd 

Mecha 4.30b 4.30b 4.30b 0c 12.92bcd 12.92a 5.02bc 

Axum 0 0c 0c 0c 12.92bc 14.76a 4.61bcd 

Boneya 4.30b 4.30b 4.30b 0c 12.92bc 14.76a 6.04b 

GUTE 0b 0c 0c 0c 12.92bc 12.92ab 4.30bcdef 

Meba 0b 0c 0c 0c 12.92bc 10.45ab 3.89bcdef 

Addis01 12.921a 12.92a 12.92a 12.92a 12.92bc 12.92ab 12.50a 

Diga02 0b 0c 0c 0c 8.61c 4.31bc 2.15df 

Bareda 4.30b 4.30b 12.92a 0c 16.6ab 10.45ab 5.22bc 

Teddesa 0b 0c 0c 0c 14.76ab 12.92ab 4.61bcde 

Gudetu 0b 0c 0c 0c 12.92bc 0c 2.87cdef 

Padet 0b 0c 8.61c 8.61b 14.76ab 14.76a 6.35b 

WAMA 0b 0c 0c 0c 16.6ab 14.76a 5.22bc 

Tasama 0b 0c 0c 0c 18.43a 12.29ab 5.83b 

Bako09 0b 0c 0c 0c 12.92bc 12.92ab 4.30bcdef 

EM 1.72 1.72 2.89 1.44 13.74 11.73 5.17 

CV% 29 28 31 34 18.7 24.9 33 

T-test 5% ** ** ** ** * *   

Ns,*,**=non-significant, significant, high significant, CV=coefficient of variation    

ME=environment mean and VM= variety mean 
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Appendix Table 10: Mean values for finger blast of 15 finger millet varieties at six 

environments 

Variety Mechara Gelemso Kuni Chelenko Bako Gute VM 

Diga01 0 0c 0c 0 21.07 22.52a 7.265bc 

Mecha 0 0c 0c 0 21.07 21.07a 7.022bc 

Axum 0 0c 0c 0 21.07 22.52a 7.265bc 

Boneya 4.30 0c 0c 4.3 21.07 22.52a 9.153b 

GUTE 0 0c 0c 0 21.07 21.07a 7.022bc 

Meba 0 0c 0c 0 21.07 15.5ab 6.094bcd 

Addis01 4.30 16.59a 12.92a 4.3 21.07 21.07a 15.243a 

Diga02 0 0c 0c 0 14.04 7.02bc 3.511d 

Bareda 4.30 0c 0c 4.30 23.97 15.5ab 7.296bc 

Teddesa 0 0c 

 

0 22.52 21.07a 7.265bc 

Gudetu 0 8.61b 4.30b 0 21.07 0c 4.947cd 

Padet 0 0c 0c 0 22.52 22.52a 8.942b 

WAMA 0 0c 0c 0 23.97 22.52a 7.749bc 

Tasama 0 4.30bc 4.30b 0 25.43 16.95ab 7.781bc 

Bako09 0 0c 0c 0 21.07 21.07a 7.022bc 

EM 0.86 1.97 1.44 0.68 21.47 18.2 7.57 

CV% 30.32 25 32 38 15.9 28.3 27 

T-test 5% ns ** ** ns ns *   

Ns,*,**=non-significant, significant, high significant, CV=coefficient of variation,  

ME=environment mean and VM= variety mean 
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Appendix Figure 1: Rainfall data at Mechara Agricultural Research Center in 2019 

 

 

 

Appendix Figure 2: Rainfall data at Bako Agricultural Research Center in 2019 
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