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Abstract

Finger millet is a major grain crop in the west hararghe zone. However, due to major constraints like lack of improved varieties and
drought, the productivity is by far lower than the genetic potential of a crop in the study areas. Thus, current study initiated to obtain
high-yielding and stable varieties. The study was conducted in districts of Habro, Mechara, and Gamachis of the west hararghe zone,
using eight improved and one standard check finger millet varieties at 2020 main cropping seasons. The experiment was laid down in a
randomized completely block design with three replications. Analysis of variance for grain yield across locations showed significant
differences at p< 0.05. Further analysis of AMMI indicated that environments, varieties, and their interaction effects were significantly
different. Even if, tested materials showed a significantly different grain yield across locations nevertheless, the GGE bi-plot analyses
implied relatively high yielding and consistent across environments for varieties Bako-09, Gudetu, and Addis-01. Therefore, these

varieties of finger millet were recommended for further evaluation at the farmer’s field.
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1. Introduction

Finger millet (Eleusine coracana) is a small seed cereal that
grows in semi-arid regions of low rainfall areas. It widely grows
in the semi-arid areas of East and South Africa as well as South
Asia [2]. It has a wide adaptability to drought-prone areas and
then it is a stable food security crop for regions vulnerable to
drought. Moreover, it has a significant nutritional value and
excellent storage capability [5]. As a result, finger millet is a
critical crop for poor farmers who inhabit arid, infertile, and
marginal lands.

In Ethiopia, finger millet is the sixth most important cereal
crop in total area and production after teff, maize, sorghum,

wheat, and barley [11]. It accounts for 5% of the total area
allocated to cereal production [1]. Despite Ethiopia being the
second largest producer of finger millet in the world after
India [6]. Its productivity is lower than the genetic potential of
crop 6tha™. This low yield is mainly due to the major biotic
and abiotic factors such as; shortage of improved varieties,
little research emphasis given, non-adoption of improved
technologies, disease, lodging, and moisture stress [3, 9]. The
national average productivity of a crop is 2.5tha™ [4]. Which
is low relative to its potential 6 tha™ [1]. However, in west
Hararghe by far lower it is 1.4tha™ [4]. This is due to major
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production constraints like drought, a lack of improved vari-
eties, limited access to seed, and a lack of access to fertilizers
[1]. Therefore, this study was initiated to select the best
adaptive finger millet varieties with high yield and good ag-
ronomic performance for the study area.

2. Materials and Methods

2.1. Description of the Study Area

The field experiment was conducted at three locations
namely; Mechara, Gemechis, and Habro districts during at
2020 main cropping season. These districts are found in the
west Hararghe Zone of Oromia National Regional State,
Eastern part of Ethiopia. A detailed description of the study
area is presented in the following Table 1.

Table 1. Description of Experimental Sites.

Study area
Variables

Daro Labu
Soil type sandy loam with a reddish colour
Altitude (m.a.s.l.) 1780
Annual Temperature (<C) 21<T
Minimum 15C
Maximum 28<C
Annual rainfall (mm) 1120 mm
Minimum 737.3 mm
Maximum 1134 mm

2.2. Experimental Treatments and Design

In this study, eight recently released finger millet varieties
(Bareda, Wama, Gute, Addis 01, Digaa01, Digaa02, Gudatu,
and Bako 09) along with one standard check (Tesema) were
evaluated as experimental materials. The experiment was
laid out in a Randomized Complete Block Design (RCBD)
with three replications. The spacing between blocks and plots
was 1.5 m and 1 m, respectively. The gross size of each plot
was 8 m? (2 m x 4 m) having five rows with a row-to-row
spacing of 40 cm. Two external rows from both sides of each
plot were considered, as border making and the three net plot
areas is 4.8 m*(1.2 m x 4 m). The total area of the experi-
mental field was 306 m*(34 m x 9 m). Fertilizer was applied
with the rate of 100 kg ha™ NPS during planting and 50 kg
ha™ Urea after 35 days of emergence.

2.3. Data Collected

The relevant data were collected from randomly selected
five plants of central three of each plot. The following are the
major parameters were recorded:
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Gamachis Habro

black, brown, and red soils Black sandy and loam soil

2400 1739

20C 20C

20C 13<C

30C 27T

1280 mm 967 mm

850 mm 650 mm

1000 mm 1000 mm

1. Days to 50% emergence (days), Number of fingers per

plant

2. Days to 50% flowering (days), Finger length (cm)
3. Days to 75% maturity (days), Plant height (cm)
4. Grain yields (qtha™)

2.4. Data Analyses

The collected data from individual locations and the com-
bined data over locations were analyzed by Genstat 16™ Edition.
Various statistical models such as analysis of variance (ANO-
VA), principal component analysis (PCA), and the additive
main effects and multiplicative interaction (AMMI) and GGE
bi-plot were used. Mean separations were carried out using the
least significant difference (LSD) at a 5% probability level.

3. Results and Discussion

Analysis of Variance

The analysis of variance for agronomic traits across loca-
tions revealed significant differences for most traits except
days to maturity Table 2. In the current result varieties, envi-
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ronments and their interaction show highly significant at (P <
0.01). The result revealed that the tested finger millet varieties
had genetic variability and that the testing locations were
heterogeneous. Additionally, the GXE interaction shows that
different varieties respond differently to these environments
for these traits. In line to these, significant differences among
tested varieties for most yield-related traits across locations
reported by [12]. In addition, [11] reported highly significant
differences in finger length and plant height. The variability of
yield across a location could be due to distribution variation in
rainfall amount, temperature, and soil type [8].

In the current finding mean of days to flower and maturity
ranged from moderate to high (Table 2). The farmers of the
study areas faced commonly short durations of rainfall and

low moisture stress among production constraints. Earliness
could be as an escape approach and resilient adaptation under
drought stress [10]. Thus, should have considered a variety
that has moderate days to maturity and high yielding for the
study area and similar environments.

Analysis of the mean for finger length, number of fingers
per plant, and plant height showed significant differences for
most varieties (Table 2). These could be due to the genetics of
the varieties and the variability in the rainfall distribution in
the study areas. The numbers of fingers per plant and finger
length are important features of the crop in determining the
yield potential. This is in agreement with the findings of [12].
The presence of variability of varieties to these traits provides
ample chance for the selection of high-yielding varieties.

Table 2. Agronomic mean performance of varieties across environments.

Varieties (Genotypes) DF DM
Gudetu 91.33" 145.4%
Addis-01 99.33% 152.6°
Bako-09 86.67° 143.1°
Diga-01 98.22%¢ 145.3°
Bareda 99% 153.4°
Wama 88.33" 145.8°
Gute 97.78*¢ 148.9°
Tesema 93.22" 150.6°
Diga-02 107.44% 153.7%
Mean 96 149

s o s

£ o "
G*E * s
CV% 13.1 13.7
LSD (0.05) 11.8 19.1

PH FL NFPP
95° 4.46° 8.37°
112.9%° 4.65™ 7.22%¢
110.4> 5.40%¢ 8.04%
121.4% 7.45° 8.46°
112.6%° 6.40%° 7.04%
120.9% 5.91%¢ 6.68°
122.1%* 6.20%° 6.6°
126.1% 5.55%° 8.53°
135.2% 6.75% 7.73%¢
117.4 5.87 8

7.5 9.1 12.3
23.43 2.15 0.9

Key = *, ** significant at 5% and 1% respectively, DF= Days to Flowers, DM= Days to Maturity, PH =Plant Height, FL = Finger Length,
NFPP= Number of Finger per Plant, G = Genotypes, E= Environments, G*E== Genotype Environment interaction.

Analysis of variance for grain yield revealed significant
differences among varieties, environments, and their interac-
tions Table 3. The results demonstrated the presence of ge-
netic variability among varieties and respond differently to
these environments. In harmony with this result, the contri-
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bution of environment and Genotype to the observed variation
of grain yield was large [8]. This justifies the importance of
testing varieties in different environments before recom-
mendations for large-scale production.
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Table 3. Combined analysis of variance for grain yield of finger millet Varieties.

Source of variation DF SS MS p. value
Environment 2 264.93 132.46 <.001
Blocks (Environment) 6 10084.86 1260.61

Genotype (varieties) 8 6603.29 3301.65 <.001
Genotype* Environment 16 3296.21 206.01 0.018
Error 52 4940.46 95.01

Total 80 25189.75

DF = Degree Freedom, SS = sum of square, MS= Mean of square.

Further, the mean grain ranged from 30.25 to 67.26 q tha™
Table 4. The performance of varieties is relatively better at
Habro, whereas poor at Gamachis. Among tested varieties,
Bako-09, Gudetu, and Addis-01 are relatively better at Habro,
Mechara, and Gamachis respectively. Additionally, these

varieties across locations are considerably stable and their
yield Advantage is higher than ten percent. The difference in
yields of varieties across locations exhibited the high cross-
over type of GxE interaction [13]. Therefore, the AMMI
model is appropriate for the analysis of interaction [15].

Table 4. Mean of grain yield performance for varieties across locations.

Varieties Mecharaa Habroo
Gudetu 75.42° 75.4°
Addis-01 70.83* 69.17%
Bako-09 69*° 80.83°
Diga-01 67.92%¢ 51.25°
Bareda 60.12"¢ 50°
Wama 55.42% 67.92°
Gute 53.75¢ 69.17%
Tesema 50.62¢ 61.25"
Diga-02 52.83% 32.50¢
Mean 59.9 62.5
CV% 13.4 11
LSD(0.05) 13.88 11.89

CV= coefficient of variation &LSD =least significant difference.

Analysis of variance AMMI for grain yield across envi-
ronments revealed that highly significant difference due to
genotypes and environments at (P < 0.001) whereas signifi-
cant for their interaction Table 5. Moreover, the variation
attributed to treatments (40%), environments (26.2%), and
their interactions (13%). The AMMI model, based on parti-
tioning the GEI indicated that the first two IPCA explained
99.8% of the GEI variance. Specifically, the first and second

Gamchis Combined Mean Yield Advantage
41.25% 65.69% 16.4
55.88° 65.29 @ 14.6
54,12 67.99% 23.6
43.67° 4367%

23.92° 44.68°

50.12° 50.12%

35.92" 52.94%

52.83 54.90°

22.00° 30.25°

42

22

21.09

principal component axes of the interaction explained 56.2%
and 43.7% of the GEI sum of squares; respectively. The
finding demonstrated the presence of genetic variability and
heterogeneity of environments. Further, a significant G*E
interaction indicates a differential response of genotypes in
varying environments for this trait. In such moments, stability
analysis is relevant to determine consistently performed va-
rieties across environments.
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Table 5. AMMI analysis of variance for grain yield.

Source DF SS
Total 80 25190
Trt (at each loc) 26 19984
Genotypes 8 10085
Environments 2 6603
Block 6 1975
Interactions 16 3296
IPCA1 9 1855
IPCA2 7 1441
Error 48 32300

MS SS% F cal. F pr
314.9

768.6 79.3 11.42 <0.001
1260.6 40 18.73 <0.001
3301.6 26.2 10.03 <0.001
329.2 4.89 <0.001
206.0 13.0 3.06 0.0014
206.1 56.2 3.06 0.0056
205.9 43.7 3.06 0.0096
67.3

DF=Degree of freedom, SS= Sum of squares, MS= Mean of squares, SS%= percentage of sum of squares, IPCA= Interaction principal
component analysis, AMMI= Additive mean and Multiplicative Interactions.

The discriminating ability of environments and genotypes
stability.

An environment, which has a small angle with the average
environment coordinate, is ideal [15]. Accordingly, Habro is an
ideal environment it has both the discriminating ability of the
varieties and is representative of the other test environments
(figure 1). Therefore, Habro could be used to effectively select
superior finger millet varieties that can perform consistently
across environments. An ideal genotype has the highest yield and
is the most stable [13]. Further, it was located in the center of the
concentric circles and used as a reference for comparisons of the
rest varieties [14]. Thus, the Bako-09 variety is a high yielder
and consistent across locations. A desirable genotype is located
closer to the ideal ones [7] therefore, Gudetu and Addis-01 are
desirable varieties (Figure 1).

Comparison biplot (Total - 91.51%)
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Figure 1. Ranking environments and varieties relative to the ideal
environment and Variety.
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4. Conclusion and Recommendation

Studying varietal responses to different environments is
crucial for plant breeding programs since there is diverse
natural and environmental variability exists. Accordingly, a
total of nine finger millet varieties were studied at three loca-
tions Gamachis (segeria FTC), Habro (Biso FTC), and
Mechara during the 2020 main cropping season to select the
best adaptive finger millet varieties with high grain yield and
consistent for the study areas. Despite the finding of grain
yield is significantly different across a locations, however
varieties; Bako-09, Gudetu, and Addias-01 had relatively
higher and stable grain yield across locations as well as it
possess higher yield advantage over the standard check.
Therefore, these varieties of finger millet were recommended
for further evaluation in the farmer’s field.

Abbreviations

AMMI  Additive Mean and Multiplicative Interactions
GEl Genotype Environment Interaction
IPCA Interaction Principal Component Analysis
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