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Abstract: The experiment was conducted with objectives of determining the effect of genotype, environment
and their interaction for grain yield and to identify the most stable finger millet genotypes in northwestern
Ethiopia. Nine finger millet genotypes were grown at six sites in northwestern Ethiopia. The experiment was laid
down in RCBD with three replications. The combined ANOVA for grain yield revealed highly significant
(P<0.01) for genotypes, environments and their interactions. This indicated that the environments were diverse
and variability among the genotypes. The significant interaction showed the genotypes respond differently
across the different environments. The mean grain yield value of genotypes averaged over environments
indicated that Wama and Padet had the highest (2001 kg ha ) and lowest (1452 kg ha ) grain yield1 1

respectively. The mean grain yield ranged from 926 kg ha  for Sanja to 2329 kg ha  for Delgi. In AMMI1 1

analysis, AMMI I biplot showed Adet and Delgi were favorable environments; Sanja and Chilga were
unfavorable environments while Finoteselam and Merawi were average environments. Within genotypes,
Wama, Tadesse, Gute and ACC#203572 have higher average mean yields. In AMMI 2 biplot, Delgi and
Finoteselam are the most discriminating environments, while Degu, ACC#203572, Tadesse, Gute and BRC-029-1
are the most responsive genotypes. The best genotype with respect to sites Delgi and Sanja were genotype
Gute; for Finoteselam were Boneya and ACC#203572; for Adet and Chilga were Degu and Wama, while
genotypes Wama and BRC-029-1 were well fit for Merawi.
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INTRODUCTION The phenotypic performance of a genotype is not

Finger millet was one of the first African crops to be by abiotic and biotic environmental factors. Some
domesticated. Remains of the crop are found in Sudan and genotypes may perform well in one environment, but, fail
Ethiopia dating back 5,000 years [1]. Ethiopia is the centre in several others. Yield and quality traits are influenced by
of origin for finger millet due to the presence of its wild genotype (G), environmental factors (E) and the
progenitors and a wide genetic diversity as described by interaction between genotype and environment [6-12].
different  authors [2, 3, 4]. In Ethiopia, finger millet is the The presence of significant genotype by environment
6 important crops after Eragrostis tef, wheat, maize, interaction in different crops in Ethiopia have beenth

sorghum and barley. It comprises about 5% of the total reported by different authors e.g., nine spring bread wheat
land devoted to cereals. It is mainly grown in North in 9 environments in central highlands of Ethiopia [13];
Gondar, West Gojam, some parts of Tigray and West ten linseed genotypes over 18 environments [14];
Wollega. It is widely grown in the Amhara Region, it fourteen Ethiopian mustard genotypes in 12 environments
covers 198,835ha of land and giving 291775 ton in the in north western Ethiopia [15]; sixteen navy bean
region, which is 48.62% of the total national production genotypes in 4 environments [16]; fifteen sorghum
[5]. genotypes  in  8  environments [17]; twenty malting barley

always the same in different locations as it is influenced
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Table 1: Brief description of experimental sites.
Average temperature (°C) Global position
------------------------------- -----------------------------------------------

Trial sites Soil type Altitude (masl) Annual rainfall (mm) Min Max Latitude Longitude
Adet Nitosol 2240 869 11.8 25.8 37°30’1.8’’N 11°16’30.3”E
Chilga Nitosol 2200 1184 11.70  24.0 12.51°N 37.05°E
Delgi Vertisol 1782 892 14 29.30 12.1°N 37.19°E
Finoteselam Nitosol 1935 884 12.60 28.40 10.84°N 37.36°E
Merawi Nitosol 2095 1344 11.65 26.19 11.85°N 37.56°E
Sanja Nitosol 950 389 19.40 30.31 12.15°N 37.18°E
Sources: Bahirdar Metrological station and Adet & Gondar Agricultural Research Centers in 2009.

genotypes in 12 rain-fed environments of north western ACC#203572, which are released across different research
Ethiopia [18]; ten barley varieties over 21 environments station of the nation. The trial was laid down in
[19] and sixteen field pea genotypes in 12 environments randomized complete block design (RCBD) with three
under south eastern Ethiopia [20]. Even though some replications. Each experimental plot had five rows of five
varieties of finger millet have been released in Ethiopia, meter length spaced at 0.75m with a gross area of 18.75 m .
there is no sufficient information in the genotypic and Planting was done by hand drilling @15 kg ha  seeds.
environmental effects on yield and yield-related traits and Fertilizer was applied at the rate of 41/46 kg/ha N and P O
stable varieties have not yet been identified for the north respectively. Half of the total nitrogen and total
western region of Ethiopia. Therefore, the objectives of phosphorus were applied at the time of planting while the
this study were to study the mean performance for grain remaining nitrogen was applied at  the  time  of  tillering.
yield and stability of finger millet genotypes. To reduce border effects, data were recorded from the

MATERIALS AND METHODS practices were done as required. Grain yield datat were

The experiment was conducted during the 2009 main at 14% moisture content. Graphs and Analysis of variance
cropping season   at   six   locations   representing at individual environment and combined analysis of
various  agro-ecologies  of  north   western  Ethiopia variance over environments were computed using the
where finger millet is widely grown. The environments Agrobase [21, 22].
(Adet, Finoteselam and Merawi) are  in  West  Gojam
while Chilga,  Delgi  and  Sanja  are  in  North  Gondar. RESULTS AND DISCUSSIONS
The detailed information about locations is presented in
Table 1. The experimental materials comprising of seven Analysis of Variance (ANOVA): The analysis of variance
released and two pipelines of finger millet genotypes viz., of grain yield (kg ha ) of nine genotypes tested in six
Padet (KNE#409), Tadesse (KNE#1098), Boneya environments is presented in Table 2. The analysis
(KNE#411), Degu (PGRCE #215874), Wama (KNE # 392), revealed that finger millet genotypes were significantly
Gute  (ACC  #229373),  Bareda  (BRC-356),  BRC-029-1 and (P<0.01)  affected by environments (E), genotypes (G) and

2

1

2 5

three central rows. Weeding and other management

taken and converted in to hectare, the yield were adjusted

1

Table 2: Additive Main effects and Multiplicative Interaction analysis of variance for grain yield (kg ha ) of the genotypes across environments1

Source of variation DF  SS MS % Explained 
Total 161 64833372
Environments 5 34916320 6983264** 59.64
Reps within Env. 12 3724370 310364
Genotypes 8 6230487 778811** 9.61
Genotype x Env. 40 19938835 498431** 30.75
IPCA 1 12 10049173 837431** 50.40
IPCA 2 10 7185956 718596 36.04
IPCA 3 8 1597101 199638 8.01
IPCA 4 6 673933 112322 3.38
IPCA 5 4 422703 105676 2.12
Residual 96 3128291 32586
*, ** significant P<0.05 and P<0.01 respectively.
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Table 3: Mean grain yield (kg ha ) of nine genotypes grown at six environments.1

No Genotypes Adet Chilga Delgi Finoteselam Merawi Sanja Mean
1 Padet 1672 1065 2127 1813 1220 817c 1452d d b bc b e

2 Tadesse 2172 1334 2372 1220 1458 1215ab 1628bc cd ab d ab cde

3 Boneya 2170 1166 2587 2604 1543 1153ab 1871bc d ab a ab abc

4 Degu 2384 1740 1111 1549 1941 406d 1522b ab c cd a de

5 Wama 2857 1868 2811 1484 1915 1073abc 2001a a ab cd a a

6 Gute 1990 1267 3058 2275 1733 1308a 1938cd cd a ab ab ab

7 BRC-356 1986 1541 2003 1154 1489 879c 1509cd bc bc d ab de

8 BRC-029-1 2065 1367 2675 1220 1865 980bc 1695bc cd ab d a bcde

9 ACC#203572 2307 1759 2216 2344 1252 506d 1731bc ab ab a b bcd

Grand mean 2178 1456 2329 1740 1602 926 1705
CV (%) 5.60 7.20 13.00  9.85 12.00 9.60 10.59
SE ± 66 61  177  99 114 51  43

Values with the same letter in a column are not significantly different.

Fig. 1: AMMI-I biplot using yield data.
AD=Adet; CH=Chilga; DL=Delgi; ME=Merawi; SN=Sanja; and FT=Finoteselam.

genotype by environment interaction (GEI). The main except Finoteselam. At Finoteselam, the top performing
effects of E and G accounted for 59.64% and 9.61% genotype was KNE#411, which had grain yield of 2604
respectively and G x E interaction accounted for 30.75% of kg/ha. The genotypes ACC#229373 at Delgi and
the total variation in G x E data for grain yield. The large PGRCE#215874 at Sanja had  the  highest  (3058 kg/ha)
sum of squares for environments indicated that the and the lowest yield (406 kg ha ) respectively (Table 3).
environments were diverse, with large differences among The mean grain yield ranged from 926 kg ha  for Sanja to
environmental means causing most of the  variation in 2329 kg ha  for Delgi. The highest mean grain yield at
grain yield, which is in harmony  with  the  findings of Delgi is due to uniform and enough moisture at grain
[23-25] in finger millet production. This result also filling  period  and  high  fertility  while  due  small and
indicated the overwhelming influence of those early  escape  of  rain  at  Sanja were reasons for the
environments  have   on    the  yield  performance of lowest grain yield at Sanja. The mean grain yield averaged
finger  millet  genotypes   in   north   western  Ethiopia. over environments and genotypes was 1705 kg ha
The magnitude of the G x E sum of squares was more than (Table 3).
three times that for genotypes, indicating that there were In the AMMI model I biplot, the IPCA 1 scores of
substantial genotypic responses across environments. genotypes and environments are plotted against their
The presence of significant GEI was reported by [23, 25] respective means, the plot is helpful to visualizing the
in India and [26] in Kenya finger millet genotypes tested average productivity of the genotypes, environments and
across different environments. their interaction for all possible genotype-environment

The mean grain yield value of genotypes averaged combinations. The magnitude of interaction can be
over environments indicated that KNE#392 and KNE#409 visualized for each genotype and each environment using
had the highest (2001 kg ha ) and lowest (1452 kg ha ) IPCA1 vs.IPCA2 biplot model [27]. The AMMI-I biplot for1 1

mean grain yield respectively. Genotypes showed grain yield of nine genotypes at six environmental
inconsistent performances across all environments except conditions is presented in Fig. 1. The main effects
KNE#392 which was relatively best at all environments (genotypes  and environments) accounted for 69.25% and

1

1

1

1
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IPCA 1 accounted for 15.5% of the total treatment the biplot origin and were, therefore, the most  stable  but
variation in G x E data and so the AMMI 1 biplot gave a had average main effects close to the grand mean.
best model for fit of 84.75%. This result is in agreement Genotypes Wama, Boneya and ACC#203572 had higher
with the findings of [25-28]. average mean grain yield but had large IPCA1 scores

According to AMMI-I biplot, environments showed which makes them unstable genotypes. Genotype Padet
high variation in both main effects and interactions and Degu had low yield and large IPCA1 scores, which
(IPCA1). Delgi and Adet are the most favorable are  unstable. The result is in agreement with the findings
environments; Sanja and Chilga are the least favorable by [12, 15, 25, 27, 28-31].
environments while Finoteselam and Merawi is the The first and the second IPCA scores of genotypes
average environment. Environments are also divided into are given in Table 4. The IPCA scores of a genotype in
three main groups based on their IPCA 1 scores : those of the AMMI analysis are an indication of the adaptability
Adet, Merawi and Chilga in quadrants I and II have large over environments and association between genotypes
positive IPCA1 scores, which interact positively with and environments can be clearly observed [12, 32].
genotypes that have positive IPCA1 scores and Regardless of the positive or negative signs, genotypes
negatively those genotypes with negative IPCA1 scores. with large scores have high interaction and unstable
Delgi and Finoteselam have large negative IPCA1 scores whereas genotypes with small scores close to zero have
which interact positively with  genotypes  having low interaction and stable [33, 34]. Thus, genotypes Degu,
negative IPCA1 scores and negatively with genotypes Boneya and Gute have large IPCA1 scores and are
that having positive IPCA1 scores. Sanja has relatively unstable genotypes. Whereas the genotypes
small IPCA1 scores, suggesting that it had little ACC#203572, BRC-029-1 and Tadesse have small IPCA1
interaction with genotypes. The environments can be sub scores close to zero and are stable. Of the three stable
grouped according to their average yield over  the genotypes in IPCA1 scores, the genotype ACC#203572
genotypes. This result is in agreement with the findings has a grain yield greater than grand mean.
of [17, 25, 27-29]. As shown Table 5, based on environmental index

Within the genotypes, Wama, Gute, Boneya and value, genotypes were classified in to three major groups,
ACC#203572 have higher average yields and these Delgi and Adet are the most favorable environments;
genotypes adapted to favorable environments, while Sanja and Chilga are the least favorable environments,
genotypes   Boneya,   Tadesse,   Degu,   Bareda  and while Merawi and Finoteselam is average environment.
BRC-029-1 adapted to poor environments. Genotypes The result obtained was similar with AMMI I biplot; it
Tadesse, BRC-029-1 and ACC#203572 placed  closer  to used as statistically to cross validate the biplot graph.

Table 4: IPCA1 and IPCA2 scores for mean grain yield for nine genotypes evaluated at six. environments
Genotype IPCA1 IPCA2 Mean yield 
Padet -8.71 -4.96 1452
Tadesse 1.36 14.44 1628
Boneya -19.39 -10.62 1871
Degu 27.38 -15.23 1522
Wama 8.3 11.76 2001
Gute -19.25 1.77 1938
Bareda 9.66 7.24 1509
BRC-0291-1 0.75 16.37 1695
ACC#203572 -0.16 -20.76 1731

Table 5: IPCA1, IPCA2 and environmental index for six environments, sorted on environmental mean yield
Environments ID Graph IPCA1 IPCA2 mean Env. Index
Adet AD 16.3 -2.2 2178 473**
Chilga CH 19.53 -4.13 1456 -249**
Delgi DL -24.12 16.63 2329 624**
Merawi ME 12.49 6.12 1602 103
Sanja SN -6.68 14.15 926 -779**
Finoteselam FT -17.52 -30.57 1740  35
** Significant at P=0.01 (t-test) for the hypothesis µ = µi 0.
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Fig. 2: AMMI-II biplot using yield data.
AD=Adet; CH=Chilga; DL=Delgi; ME=Merawi; SN=Sanja; and FT=Finoteselam.

The IPCA 1  and  IPCA  2  component  were CONCLUSIONS
significant  (P<0.01)  and accounted for 50.40% and
36.04%   of  the  total  G  x  E  interaction   sum of Finger millet is an important indigenous crop mainly
squares respectively. The two explained more  than grown in marginal areas, where the climate and interaction
86.44% of  the  total  GEI  variation or  26.58%  of  the varies considerably. The combined analysis of variance
total   treatment    variation   (Table   2).   This  indicate revealed significant (P<0.01) for environments, genotypes
the   AMMI    biplot   model   is   the   best  fit  for this and genotype by environment interaction. It is indicated
data   set,    which    is   in   agreement   with [14, 17, 25, that Wama, Gute and Boneya were the first three top
27, 32, 35]. yielding genotypes with mean grain yield 2001, 1938 and

According  to   AMMI  II  biplot,  the  genotypes 1871 kg ha  respectively. Delgi and Adet were the most
(and environments) that are located far away from the favorable environments for finger millet production.
origin are more  responsive.  Delgi  and  Finoteselam are Following significant genotype by environment
the most differentiating environments, while Degu, interaction, multivariate analysis (AMMI) was used to
ACC#203572,  Boneya,  Gute  and  BRC-029-1  are  the visualize the mean performance vs stability of the
most responsive genotypes. Genotypes and genotypes over the environments. In the AMMI analysis,
environments that fall in the same sectors interact the scatter of the genotype points in the AMMI I biplot
positively; negatively   if   they   fall   in  opposite explained more than 84.75% of the total variation. Based
sectors. If they fall into adjacent sectors, interaction is on the information generated from AMMI I biplot, Adet
somewhat more complex. In this case, the best genotype and Delgi were favorable environments; Sanja and Chilga
with respect to sites Delgi and Sanja is Gute but were unfavorable environments while Finoteselam and
unsuitable for Chilga and Adet. Genotype Degu is Merawi were average environments. Within genotypes,
suitable for Adet and Chilga but unsuitable for Sanja and Wama, Boneya, Gute and ACC#203572 have higher
Delgi. With respect to Finoteselam, Genotypes Boneya average mean yields. In the IPCA1 vs.  IPCA2  biplot,
and ACC#203572 are particularly    suitable   while Delgi and Finoteselam are the most discriminating
genotypes  Wama  and BRC-029-1 were well fit for environments, while Degu, ACC#203572, Boneya, Gute
Merawi. The multivariate approach, the AMMI model is and BRC-029-1 are the most responsive genotypes.
better for partitioning the G x E into the causes of Genotypes and environments that fall in the same sectors
variation, which easier identify environments’ potential interact positively; negatively if they fall in opposite
and used to identify superior genotypes either specific sectors interaction is somewhat more complex.
adaptation or wide adaptation. Similar result was reported Accordingly, genotypes were recommended for specific
by [12, 17, 25, 29, 30, 33, 36]. and  wide  adaptation,  the best genotype with respect to

1
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sites Delgi and Sanja were genotype Gute, the best 10. Vargas,  M.,   J.   Crossa,  K.  Sayre,  M.  Reynolds,
genotypes for Finoteselam were Boneya and
ACC#203572; genotypes well adapted  to  Adet  and
Chilga were Degu and Wama, while genotypes Wama and
BRC-029-1 were well fit for Merawi.
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