Volume 4, Issue 5, pp. 8-17, 2020.

International Journal of Scientific Engineering and Science
ISSN (Online): 2456-7361

Kernel Yield Evaluation of Groundnut (Arachis
hypogaea L.) Genotypes in North Western Part of
Ethiopia

Yeshiwas Sendekie', Berehanu Abate?, Mulugeta Atinaf®
'Ethiopian Institute of Agricultural Research, Pawe Agricultural Research Center, Pawe, Ethiopia
Hawassa University, School of plant and horticultural science, Hawassa college of agriculture, Hawassa, Ethiopia
3Ethiopian Institute of Agricultural Research, Fogera Agricultural Research Center, Woreta, Ethiopia
E-mail address: yeshiwassendekie @ gmail.com

Abstract— North western part of Ethiopia is one of the major groundnuts producing areas in Ethiopia. However, only variety Manipeter is
commonly cultivated in the region even though there are 21 nationally released groundnut varieties in Ethiopia. To grow other groundnut
varieties in the area multi-environment trials should be conducted to determine their adaptability and productivity. Therefore, fifteen groundnut
genotypes were evaluated under multi-environment yield trials in 2017 cropping season at six locations with the objectives of identifying stable
high yielding genotypes. The experiment was laid out in Randomized Complete Block Design with three replications. The analysis of variance
on kernel yield at each location showed that there was significant difference among genotypes. Genotype Babile-1 at Pawe (2.35t/ha) and
Dangur (2.03 t/ha), Roba at Manduara (2.3t/ha) and Dibate (1.92 t/ha), Bulgi at Guba (2.74 t/ha) and Manipeter at Bullen (2.02 t/ha) produced
the highest kernel yield. Bartlett’s test revealed that the variances were homogenous. Pooled analysis of variance also revealed highly
significant difference among genotypes (G), environments (E) and genotype by environment interaction (GEI) for kernel yield. Stability analysis
results using AMMI and GGE-biplot analysis revealed that Babile-1 variety is stable high yielding genotype across locations and it had great

potential to be recommend and grown on large scale production.
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I.  INTRODUCTION

Groundnut (Arachis hypogaea L.) also called the peanut and
earthnut (Acquaah, 2012). It is a self-pollinated, allotetraploid
(2n = 4x = 40) with little polymorphism at the molecular level
(Janila et al., 2013) and annual herbaceous legume; belonging
to the family Leguminoceae and sub-family Papilionaceae
(Stalker and Wilson, 2016). It is cultivated in more than 100
countries with 33.16 million ha with a total production of
63.34 million tons during 2018 (FAO, 2019). China and India
are the leading groundnut producers followed by Nigeria and
USA. Groundnut is ranked fifth in area coverage among
cultivated oilseed crops in the world after oil palm, soybean,
rapeseed, and sunflower (FAO, 2019) and ranked third in
Ethiopia after Sesame and Nuge (CSA, 2019). The total land
coverage of groundnut in Ethiopia is 84,237.01 ha and the
production is estimated to be 144,091.26 tons with
productivity of 1.71 tons per hectare (CSA, 2019).
Nutritionally it contains 36% to 54% oil, 16% to 36%
protein and 10 to 20% carbohydrates (Gregory et al., 1980). It
supplies about 5.6 calories per kernel when consumed raw and
5.8 calories per kernel when consumed roasted (Woodroof,
1983). Groundnut haulms are rich in protein and palatable
than stovers of cereals which have low N, high fibre content,
and poor digestibility and therefore have low nutritive value
and are used as supplementary feed (Singh et al., 2011).
Quantitative traits like biological and economic yields are
highly determined by environmental factors varying across
locations and seasons. For this reason, performance
evaluations of promising cultivars are carried out in multiple
years and locations. So, productivity of cultivars across
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environments depends on the extent of genotype by
environment interaction (Bernardo, 2002). Genotype by
environment interaction is an important challenge facing plant
breeders that complicates varietal selection. Genotype by
environment interactions occurs when two or more genotypes
perform differently in different environments (Yan and
Tinker, 2006; Yang, 2007). However, significant genotype by
environment interaction is practically important when tested
genotypes have rank change in their performance across
environments (Beker, 1988). Abera et al., (2004) reported that
performance of the crop varieties varies widely with change in
the sowing dates across locations due to existence of
significant genotype by environment interaction (GEI) effect.

Ethiopia is a country of different agro-ecologies and,
macro and micro-climatic variability which have resulted from
the wider altitude range from Danakil depression (116 m.b.s.l)
to the highest mountain Ras Dashen (4620 m.a.s.l) (EBI,
2014). This wider altitudinal range has influence on
temperature, rainfall amount and its seasonal distribution, soil
fertility, crops distribution and their productivity across
locations and over years. It may be expected that the genotype
by environment interaction will also be high (Abera et al.,
2004). Therefore, knowledge of the pattern and magnitude of
GEI and stability analysis is important for understanding the
response of different genotypes to varying environments and
for identification of widely and specifically adapted
genotypes. Various researchers have performed experiments to
determine the extent of genotype by environment interaction
and stability of genotypes on different crops (Naser et al.,
2012 on lentil; Sewagegne et al., 2013 on rice; Mulugeta, et
al., 2016 on lupin; Ngirazi et al., 2017 on groundnut).
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This study was conducted to identify stable high yielding
genotypes and examining the presence of genotype by
environment interaction.

Il. MATERIALS AND METHODS

A. Experimental site and genotypes description

The study was conducted at six experimental testing sites
of Pawe Agricultural Research Center during 2017 main
cropping season. Those testing locations were Pawe, Guba,
Dibatie, Mandura, Bullen and Dangur districts which are
located in north western part of Ethiopia. Pawe is main
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research site which is located in north western part of
Ethiopia in Benishangul-Gumuz region at 565km away from
Addis Ababa at 11° 18°49.6” N latitude and 036°24°29.1” E
longitude (Fig 1). Characteristics of the experimental sites are
presented in Table 1 below.

Fifteen groundnut genotypes were used for this study. The
materials were obtained from Pawe Agricultural Research
Center Pulse and Oil Crops Improvement Section and
Haromaya University National Groundnut Research
Coordinating Program. Some descriptions of the genotypes are
provided in (Table 2).

TABLE 1. Description of testing sites

. . Coordinate . . Temperature (0.) .
Location | Altitude (m.a.s.l) Latitude(N) | Longitude(E) Rain fall (mm)/ uni-modal Mean (max) | Mean (min) Soil type
Pawe 1120 11°18'49.6" 036°24' 29.1" 1000-1600 32.6 16.5 Nito soil
Guba 799 11°16'17.04"  035°21'00.86" 500-1000 38.2 225 sandy
Dibatie 1572 10°47'00.582"  036°16'48.786" 1500-1700 28 14 Nito soil
Bullen 1323 10°32'00.000"  035°54'22.452" 1300-1700 28.1 14.8 Sandy loom
Mandura 1455 11°04'17.858"  036°25'55.800" 1100-1800 33 15 Nito soil
Dangur 1167 11°16'12.588"  036°15'07.836" 1000-1500 355 21.2 Nito soil

m.a.s.l = meters above sea level, E=east, N=north, Min=minimum, Max=maximum, T=temperature, °c= degree centigrade, mm=millimeter, '= minute, "=second

Source; Pawe Agricultural Research Center (2018)

®

T T
1220000 1300000

T
1140000

I Bulen
4 B vangur ]
N pibate g
Cubas o
B mandura
N Pawe Special |
0 30 60 120 Kilometers g
S T T T S ——
20000 120000 220000 320000 220000 520000
Figure 1. Map of test locations
TABLE 2. List of genotypes used for the study
Number Variety name Year of release Growth habit Source of genotypes
1 Manipeter - Bunch type PARC
2 Bulgi 2002 Bunch type HU
3 Lotte 2002 Bunch type HU
4 Roba 1989 Bunch type PARC
5 Werer-962 2004 Bunch type HU
6 Faxo - Bunch type HU
7 NC-343 1986 Bunch type HU
8 BaHa-jidu 2012 Runner type HU
9 BaHa-gudo 2012 Bunch type HU
10 Fetene 2009 Bunch type HU
11 Werer-961 2004 Bunch type HU
12 Babile-2 2016 Bunch type PARC
13 Babile-1 2016 Bunch type PARC
14 Werer-963 2004 Bunch type HU
15 Babile-3 2016 Bunch type PARC

PARC = Pawe agricultural research center, HU= Haromaya University,
Source; MoANR (2017)
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B. Experimental Design and Management

Randomized complete block design (RCBD) with three
replications was used to conduct the experiment. Plot size was
9.6 m? consisting of 4 rows each 4 m long. The inter-row and
intra-row spacing was 60 cm and 10 cm, respectively. The
distance between plot and replication was 0.8m and 1.5 m,
respectively. One seed per hill seed rate was used. 100kg DAP
fertilizer per hectare which is 96gm per plot basis was used
and all applied during planting. Data were collected from two
middle rows (4.8m?) and these rows were harvested to record
yield and related traits. All possible agronomic management
practices were applied properly.

C. Data Collected

According to IBPGR and ICRISAT (1992), the following
data were collected. Days to emergence, days to flowering,
days to maturity, number of branches per plant, number of
mature pods per plant, number of seeds per pod, hundred seed
weight, dry pod vyield, Shelling percentage and kernel yield.
Only kernel yield is used for this particular study.

D. Statistical Analysis

Analysis of variance for kernel yield for each location and
pooled analysis of variance over locations were performed by
the PROC GLM procedure in SAS (2011) versions 9.3
software to assess the difference among the tested varieties.
First, normality of the data Shapiro-Wilk W test checked using
SAS (2011) versions 9.3 software for each location based on
the assumption that the distribution is normal. Secondly,
analysis of variance for each location was conducted, and the
homogeneity of variance (error mean square) among the
locations was tested by Bartlett’s test and pooled analyses of
variance was performed for the traits whose variance (error
mean squares) is homogenous. Mean separation was carried
out using least significant difference (LSD at 0.05a).

For combined data analysis, the linear model used was;
Yik=p+g+ I +(g|)u +r(l) + Eijk

Where, Y.,k— the observed value of the trait Y for the i

genotype in the j™; location and k™ block; p= the grand mean

of trait Y in the experiment; gi= the effect of the i" genotype; |;

= the effect of the the j™ location; (gl);= the genotype- by—

environment interaction effect; r ()= effect of block across

location; ejj.= experimental error

a. Genotype by environment interaction and stability analysis

In this study, to determine the effects of genotypes,
environments and their interaction and to identify stable high
yielder genotype, both AMMI and GGE bi-plot were
employed (Gauch and  Zobel, 1988;Yan etal,
2000, 2001; Yan, 2001). AMMI and GGE bi-plot were
analyzed and graphed using Plant Breeding Tools version 1.4
software. AMMI stability value

The mathematical statement of AMMI model is given by
the following formula:

Yijk =p+G; +E; +X 7 17\ko(1ky]k+P,J
Where; Yijk = the yleld of the i" genotype |n the j"
environment in k™ axis; Gi = the mean of the i genotype
minus the grand mean; Ej = the mean of the j™ environment
minus the grand mean; Ak = the square root of the eigen value
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of the k™ IPCA axis; oik and yjk = the principal component
scores for IPCA axis k of the i"" genotypes and the j"
environment; Pij = the deviation from the model

The AMMI stability value (ASV) as described by Purchase
et al. (2000) was calculated using Microsoft excel (2010) as
follows:
AMMI Stability Value (ASV)

IPCAlss 2
\/[ IPCAzss (IPCAl Score)] + (IPCA2 score)?

Where: ASV= AMMI’s stability value; ss =sum of squares;
IPCALl and IPCA2= the first and the second interaction
principal component axes, respectively.

I1l. RESULTS AND DISCUSSION
A. Analysis of Variance

The experimental result in (table 4) showed that, there was
highly significant (p< 0.001) difference among genotypes in
all environments. The highest mean kernel yield was recorded
at environment Guba which is 2178.2 kg ha™ and the lowest
was recorded at environment Dibate which is 1512.7 kg ha™.

Bartlett’s test result revealed that error variance was
homogeneous for kernel yield across six environments (Table
3). It allowed to proceed further for pooled analysis of
variance.

TABLE 3. Homogeneity of variance test results across six locations on kernel

yield.
Parameter Kernel yield
DF 5
Chi-square 9.05
Pr >chisq 0.11

Where, DF= degree of freedom, Pr= probability value

Pooled analysis of variance revealed that the main effect of
genotypes (G), environment (E), and genotype by environment
interactions (GEI) were highly significant (p< 0.01) on kernel
yield of fifteen groundnut genotypes (Table 5) this was similar
with the finding of Alemayehu et al, (2016). Therefore,
superior genotypes across environments cannot be identified
by considering their mean kernel yield performance because
GEl is highly significant. Yan et al. (2000) indicated that since
GEI minimize the usefulness of genotypes, it is thus
imperative that yield levels, adaptation and stability are taken
into account in multi-location trials. GEI is an important
aspect of plant breeding programs and it is important for plant
breeders to identify specific genotypes adapted or stable to
across environments (Yan et al., 2007). Similar results were
reported by (Dolinassou et al., 2016; Mulugeta et al., 2016
and Ngirazi et al., 2017).

Genotypes Babile-1, Roba and NC-343 were top yielder
genotypes with mean values of 2103.5kg ha, 2094.9kg ha™
and 2040.8kg ha™, respectively. Genotype Fetene had the
lowest mean kernel yield with value of 1451.6kg ha™. The
overall mean kernel yield was 1744.53kg ha™. In general, all
genotypes showed inconsistent performances across the tested
environments. For example, the genotype Roba ranked 1% in
environment Pawe, but it ranked 4™ in environment Mandura
for mean kernel yield (Table 4). Therefore, the presence of

10
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genotype by environment interaction was clearly evident on kernel yield of tested genotypes across environment.

TABLE 4. Mean kernel yield (kg ha™) of genotypes evaluated at six locations

N G Locations
© enotypes Pawe Dangur Mandura Guba Dibatie Bullen Overall mean
1 Manipeter 1748.2% 1621.3°® 1935.7 1997.7%0 1389.4°T 2021.9° 1785.7°
2 Bulgi 1679.9¢ 1677.2> 2058.2% 2743.6° 1573.7°¢ 1727 1909.9°
3 Lotte 1770.7¢ 19767 1941.8™ 1829.4 1517.4¢ 1639.5* 1779.1°
4 Roba 2289.8° 1707.3% 2299.4° 24453 1919.72 1907.9%® 2094.9°
5 Werer-962 1876.9 1782.8%¢ 1908.1% 2177.1% 1715.3%° 1642% 1850.4%
6 Faxo 2263.1° 1905%® 1603.1% 2331.1% 1417.2%f 1469.1% 1831.4%
7 NC-343 2283.5° 1612%% 2117.4%® 2717.4° 1674.9%¢ 1839.4® 2040.8°
8 BaHa-jidu 1759.1% 1410.4° 1782.4% 1815.8° 1272.4°% 1798.6° 1639.8¢
9 BaHa-gudo 2231.7° 1528.2% 1260.8° 2301.2% 1620.5%¢ 1625.2%¢ 1761.3°
10 Fetene 1405.7¢ 1188.6° 1379.5°% 2272.6% 1121.8 1341.3% 1451.6°
11 Werer-961 1200.6' 1479.7%f 1346.4f° 2022.4° 1320.2¢f 1034.8 1400.7¢
12 Babile-2 2022.5° 1688.2% 1566.3¢%f 2188.9% 1588.4%¢ 1452.3% 1751.1°
13 Babile-1 2348.3° 2025.5° 2043.9° 2553.4% 1834.6® 1815.4® 2103.5°
14 Werer-963 1194.1° 1403.6°% 1260.19 1435.1" 1091.4° 1296.1¢f 1280.1°
15 Babile-3 1787.8¢ 1271.2 1186.19 1842.11 1633 1206.2°f 1487.8°
Mean 1857.5 1618.5 1712.6 2178.2 1512.7 1587.8 17445
CV% 6.3 9.3 8.6 53 14.2 11.2 9.1
LSD 195.4 252.5 2458 194.6 358.7 298.4 103.8
F_test *%* *%x *%* *%* *%* *% *%x

Where, *= significant difference, **= highly significant difference at p<0.01, CV=coefficient of variation, LSD = Least significance difference and means within
a column followed by same letter(s) are not significantly different at 5 % according to LSD.

From the total variation explained was 30.46% due to
environment, 36.44% due to genotype and 22.17% due to
genotype by environment interaction for kernel yield (Table
5). For kernel yield genotype had largest contribution for
variations which accounts 36.44%. This indicates the
influence of genotype was higher than environment. so that,
genotype selection needs more effort, this is similar with the
finding of Alemayehu et al, (2016). The high percentage of
the genotype sum square indicated that yield performance
across location highly influenced by genetic potential of
genotypes across environments. The presence of significant
variations among the genotypes indicates the differences in the

inherent genetic potential of the genotypes that makes
selection  possible, whereas differences among the
environments showed the variability in potential suitability of
the test locations for groundnut production.

The significance effect of GEI on kernel yield suggested
the need to assess the stability of genotypes across
environments. AMMI and GGE-biplot stability analysis
models were used in this study. Dagnachew et al. (2014), used
these two multi-variate stability analysis methods in his study
on finger millet varietal selection for selection of high yielder
and stable genotypes.

TABLE 5. Pooled analysis of variance for kernel yield (kg ha-1) of groundnut genotypes evaluated across six locations

Source of variation df SS %0ss MS FValue Pr>F
Replication withinE 12 597501.11 137  49791.8
Environment(E) 5 13323590.8 30.46 2664718  107.02  <.0001
Genotypes(g) 14  15936995.7 36.44 1138357 45.72 <.0001
GXE 70  9695333.6 22.17 138505 5.56 <.0001
Error 168 4182889.79 956  24898.15
Total 269 43736311 100
CV (%) 9.05
LSD (5%) 103.84
R2(%) 90.4

CV= coefficient of variation, df= degree of freedom, E= environment, SS= sum of square, MS= Mean square, LSD= least significant difference,

B. Additive main effects and multiplicative interaction

(AMMI)

AMMI comprises two basic biplots, the AMMI 1 biplot,
where the main effect (Genotype and Environment means) and
IPCA-I scores are plotted against each other (Fig. 2) and
AMMI 2 biplot, where scores of IPCA-1 and IPCA-2 are
plotted against each other (Fig 3). In AMMI 1 biplot, the
differences among genotypes in terms of direction and
magnitude along the X-axis (yield) and Y axis (IPCA 1
scores) are important. The AMMI analysis of variance for
kernel yield indicated highly significant differences for
environments, genotypes and genotype by environment
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interaction (Table 6). The F-test was highly significant for all
IPCA. The IPCA are ordered according to decreasing
importance.

The Gollob’s test that has been used to separate the pattern
and noise in GEI has revealed that the all IPCAs were highly
significant (P<0.001), indicating that the total information
contained in GEI can be explained using these IPCAs (Table
6). The pattern in GEI of the given groundnut data set was
predicted by the first two principal components axis of
genotypes and environments, since IPCA1 and IPCA2 were
cumulatively accounted for 66.1% for kernel yield (Table 6)
which was greater than half of a total GEI, which is consistent
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with other studies (Gauch and Zobel, 1996 and Yan et al.,
2000), they recommend the most accurate model for AMMI

can be predicted using the first two IPCAs and that rest IPCAs
mostly captured noise.

TABLE 6. AMMI analysis of variance for mean kernel yield (kg ha™) of genotypes tested across six locations

Source of variation Df SS MS GEIl explained (%)  Cumulative (%) Variation Explained (%)
Total 269 43736311
Replication with in E 12 597501.11 49791.8** 1.37
Environment(E) 5 13323590.8 2664718** 30.64
Genotypes(g) 14 15936995.7 1138357** 36.44
GXE 70 9695333.6 138505** 22.17
IPCA1 18 3691813.5 205100.75** 38.1 38.1
IPCA2 16 2713887.6 169617.98** 28 66.1
IPCA3 14 1770841.3 126488.67** 18.3 84.4
IPCA4 12 834983.6 69581.97** 8.6 93
IPCAS 10 68387.5 68380.75** 7.1 100
Error 168 4182889.79 24898.15

a. AMMI-1 bi-plot analysis for kernel yield

In the AMMI 1 bi-plot model, the IPCA 1 scores of
genotypes and environments have been plotted against their
respective means for kernel yield (Fig. 2). The IPCA scores
for both genotypes and environments were plotted against the
mean yield for genotypes and environments. Genotypes or
environments on the right side of the midpoint of the axis have
higher yield than those on the left-hand side. The greater the
IPCA scores, negative or positive, (as it is a relative value),
the genotype are specifically adapted to certain environments
(large interaction). The more the IPCA scores approximate to
zero, the more stable or adapted the genotype is over all the
environments sampled (Crossa et al., 1990; Gauch and Zobel,
1996).

AMMIL bi-plot of Kernel yield presented in (Fig. 2)
showed that, genotypes G4 , G10, G7, G11, G5, G2 and G13
exhibit small interactions (smaller scores close to zero) and
appear close to the horizontal axes and therefore, are relatively
stable indicating that these genotypes were less influenced by
environments. However, among these widely adopted or stable
genotypes, high mean performance exceeding grand mean

were exhibited by G13, G4, G7, G2, G5 and G3 genotypes,
while genotypes G10, G8 and G11 were the low vyielder.
Conversely, genotypes such as G8, G12, G15, G6, G14, G3,
G9 and G1 are relatively far apart from the origin (greater
IPCA1 scores) and thus they had strong location interaction
effects and are unstable or specifically adopted (Fig. 2). The
result is in agreed with Sharma et al., (2009) and Verma et al.
(2016) findings.

Environments with IPCA score located near to the origin
in the bi-plot were less interacting with the genotypes, while
environments with IPCA score located away from the origin in
the bi-plot were more interacting with the genotypes and make
the selection difficult. Accordingly, among six environments
E2 and E4 located relatively near to the origin and they were
less interacting environments, they contribute less amount of
variation to the total GEI (Fig. 2). Conversely, the
environments E1, E5, E6 and E3 had the IPCAL score located
far apart from the origin in the bi-plot was the most interactive
environments meaning that contribute higher amount of
variation to the total GEI, this finding was in harmony with
Sharma et al. (2009) and Suneetha et al. (2013).

AMMIT Biplot
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Figure 2. AMMI bi-plot of IPCA1 against kernel yield of groundnut genotypes across six locations
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Where, syph= seed/kernel yield per hectar, E1= Bullen, E2=
Dibatie,E3= Guba,E4= Manbuk,E5= Mandura,E6= Pawe,
G1= Manipeter,G2= Bulgi,G3= Lotte,G4= Roba,G5= Werer-
962,G6= Faxo0,G7= NC-343,G8= BaHa-jidu,G9= BaHa-
gudo,G10= Fetene,G11= Werer-961,G12= Babile-2,G13=
Babile-1,G14= Werer-963,G15= Babile-3
b. AMMI-2 bi-plot for kernel yield

AMMI 2 bi-plot for kernel yield presented in (Fig. 2)
indicated that, genotypes G4, G13, G5 and G11 were stable
plotted relatively close to each other at the center or origin.
Among these widely adopted or stable genotypes, only
genotypes G13 and G4 were exhibited higher yield above
grand mean. Therefore, only genotypes G13 and G4 were
considered as a high yielding and widely adopted genotypes
indicating their minimum contribution to the total GEI
variance. On the other hand, genotypes like G8, G12, G15,
G6, G14, G3, G9, G10, G2, G7 and G1 far away from center
of bi-plot, which indicated that they were unstable and among
them G2, G9 and G3 were relatively distant from the origin
and have considerable contribution to the GEI variance
considered as specifically adopted to their respective favorable
environments or unstable.
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The AMMI 2 bi-plot showed that, E3, E5, and E6 far from
the origin indicating that these environments contribute higher
amount of variation to the total GEI. Particularly E3 were the
most discriminating environment. However, due to their
longest distance between its marker and the origin (high IPCA
score), genotype variability at this environment may not
exactly reflect the average genotypes performance across
environments. On the contrary, E1, E4 and E2 located close to
the origin indicating their lower contribution to the GEI
variance (Fig. 3). This indicated that they are favorable
environment and the least discriminating environment.

Genotypes that are close to each other tend to have similar
performance and those that are close to environment indicates
their better adaptation to that particular environment. Hence,
genotypes G1 and G8 were relatively adapted to environments
E1; genotypes G12, G13, G6 and G15 were relatively adapted
to environments E2; genotypes G2, G7 and G10 were
relatively adapted to environments E3; genotypes G3 and G14
were relatively adapted to environments E4; genotypes G1,
and G8 were relatively adapted to environments E5; genotype
G9 were relatively adapted to environments E6 (Fig. 3), this
finding was in harmony with Sharma et al. (2009).

AMNMMI Biplot for syph
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Figure 3. AMMIZ2 bi-plot of IPCA1 against IPCA2 for kernel yield of genotypes tested across six locations

Where, E1= Bullen, E2= Dibatie, E3= Guba, E4= Manbuk,
E5= Mandura, E6= Pawe, G1= Manipeter,G2= Bulgi, G3=
Lotte, G4= Roba, G5= Werer-962, G6= Faxo, G7= NC-343,
G8= BaHa-jidu, G9= BaHa-gudo, G10= Fetene, G11= Werer-
961, G12= Babile-2, G13= Babile-1, G14= Werer-963, G15=
Babile-3

B1. AMMI stability value (ASV)

AMMI model does not make a provision for a quantitative
stability measure. The AMMI is the distance from the
coordinate point to the origin in a two-dimensional plot of
IPCA1 scores against IPCA2 scores in the AMMI model. In
the ASV method, genotypes with least ASV value were
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considered as the most stable (Purchase et al., 2000).
Accordingly, Werer-961 was found to be the most stable
genotype, followed by Roba, Werer-962 and Babile-1
genotypes using this method (Table 7). The highest yielding
genotype 1CGV-98412 ranked fourth according to ASV. so
that, ASV is not effective in selecting high yielder as stable
and the results were in line with the findings of Abdurahman
(2009) in maize and Souina et al., 2016 on groundnut.
Generally, the highest yielding genotypes were less stable
according to ASV, so that selection solely for high seed yield
could result in discarding many stable genotypes.
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TABLE 7. Mean kernel yield (kg ha™) AMMI Stability Value (ASV), and IPCA1 and IPCA2 scores of the 15 groundnut genotypes tested across six
environments.

No Genotype Mean kernel yield IPCA1 IPCA2 ASV ASV Rank
1 Manipeter 1785.7 -13.83 -0.13 63.57 14
2 Bulki 1909.9 -2.28 18.1 20.92 6
3 Loti 1779.1 -12.44 -9.35 57.94 13
4 Roba 2094.9 -1.9 1.9 8.94 2
5 Werer-962 1850.4 -3.5 -1.9 16.20 3
6 Faxo 1831.4 9.54 -5.63 44.21 9
7 NC-343 2040.8 491 9.72 24.57 7
8 BaHa-jidu 1639.8 -10.43 -2.59 48.01 12
9 BaHa-gudo 1761.3 15.48 -6.22 71.43 15

10 Fetene 1451.6 331 13.4 20.27 5

11 Werer-961 1400.7 0.57 5.17 5.80 1

12 Babile-2 1751.1 6.76 -4.7 31.43 8

13 Babile-1 2103.5 3.83 -1.9 17.71 4

14 Werer-963 1280.1 -10.22 -7.27 47.54 11

15 Babile-3 1487.8 10.16 -8.6 47.49 10

IPCAL= interaction principal component axis one, IPCA2= interaction principal component axis two and ASV= AMMI stability value

A. Genotype main effect and genotype by environment
interaction (GGE) bi-plot analysis

The GGE bi-plot is an excellent tool for multi-environment
data analysis for different crop improvement (Mohammadi et
al., 2011on durum wheat; Mulugeta et al., 2016 on Lupin;
Yirga 2016 on sesame). The partitioning of genotype and
genotype by environment interaction through GGE bi-plot
analysis showed that, IPCA 1 and IPCA 2 explained 79.6%
(PCA1l = 65.4% and PCA2 = 14.2%) of total variation for
kernel yield (Fig. 4), indicated that there is strong and
complex GEI in this multi-environment yield trial data. GGE
bi-plot is an effective tool for identification of ideal

environments, ideal genotypes and best genotypes and their
adaptable environments (Yan and Hunt, 2001).
a. Evaluation of genotypes

GGE bi-plot genotype view (Fig. 4) showed that, G4 was
the “ideal” genotype and the highest mean kernel yield. G4
considered the most stable across variable environments.
Genotypes closer to the ideal genotype G13 and G7 were also
the stable ones, while genotypes far from the ideal genotypes
were the unstable. Genotype is more desirable if it is located
closer to the ideal genotype. Similar result was reported by
(Ngirazi et al., 2017).

GGE Biplot-Genotype View for syph
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Figure 4. GGE-bi-plot showing the “ideal” genotype for kernel yield

Where, G1= Manipeter, G2= Bulgi, G3= Lotte, G4= Roba,
Gb5= Werer-962, G6= Faxo, G7= NC-343, G8= BaHa-jidu,
G9= BaHa-gudo, G10= Fetene, G11= Werer-961, G12=
Babile-2, G13= Babile-1, G14= Werer-963, G15= Babile-3
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b. Evaluation of environments

The environment view (Fig. 5), showed that, environment
E6 (Pawe) and E5 (Mandura) had the longest environmental
vector, implying that they were most discriminating
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environment. Environments E4 (Dangur) and E2 (Dibatie) had
the shortest vector with small IPCA, which near to the
concentric circles was considered as an ideal environment. An
environment with a small angle to the average environment
axis (AEA) is more representative than other test
environments, this finding was in harmony with Sharma et al.,
(2009) and Naroui et al. (2013) findings. According to Sharma
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et al., (2009), any two environments can be positively,
negatively or not correlated if the angles between their vectors
are less than 90°, more than 90° or equal to 90° respectively.
In this trial all test environments share the angle less than 90°
so that environments were positively correlated for kernel
yield (Fig. 5).

GGE Biplot-Environment View for syph
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Figure 5. Average environment axis (AEC) in view of GGE bi-plot graph for kernel yield

Where, E1= Bullen, E2= Dibatie,E3= Guba,E4= Manbuk,E5=
Mandura,E6= Pawe, G1l= Manipeter,G2= Bulgi,G3=
Lotte,G4= Roba,G5= Werer-962,G6= Faxo,G7= NC-343,G8=

BaHa-jidu,G9= BaHa-gudo,G10= Fetene,G11=  Werer-
961,G12= Babile-2,G13= Babile-1,G14= Werer-963,G15=
Babile-3

C. The “which-won-where” patterns of kernel yield

The polygon view of the GGE bi-plot showed the best
genotype in each environment. There are six rays which
divided the bi-plot into six sections (Fig. 6). The six
environments fell into two sectors with different winner
genotypes and genotypes fell into six sections. The bi-plot

showed that eight vertex genotypes, G1, G4, G13, G9, G15
and G14. The vertex genotype of each sector is the one that
gave the highest yield for the environments which fall within
that sector. The GGE bi-plot identified two different
groundnut growing mega-environments. The first environment
containing E2, E3 and E6 with a vertex genotype G13; the
second environment contains E1, E4 and E5 with winner
genotype G4. It had also been observed that no environments
fell into sectors where genotype G1, G14, G15, and G9 were
the vertex genotypes, indicating that these genotypes were not
the best in any of the test environments (Fig. 6).

VWhat-won-where Biplot for syph

 PC3=14.2%

PG2
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PC 1
Figure 6. “Which won where” for kernel yield of genotypes evaluated in six environments
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Where, E1= Bullen, E2= Dibatie,E3= Guba,E4= Manbuk,E5=
Mandura,E6= Pawe, G1= Manipeter,G2= Bulgi,G3=
Lotte, G4= Roba,G5= Werer-962,G6= Faxo,G7= NC-343,G8=
BaHa-jidu,G9= BaHa-gudo,G10= Fetene,G11=  Werer-
961,G12= Babile-2,G13= Babile-1,G14= Werer-963,G15=
Babile-3

IV. CONCLUSION AND RECOMMENDATION

Accordingly, the pooled analysis of variance revealed that
genotypes (G), locations (E) and genotype by location
interactions (GEI) effects were highly significant on kernel
yield of fifteen groundnut genotypes. The presence of
significant genotype and environment interaction leads to
perform kernel yield stability and adaptation analysis of the
different genotypes. AMMI and GGE bi-plot were useful in
concisely characterizing the environments and the genotypes.
They characterized the environments in terms of stability and
productivity. AMMI and GGE bi-plot analysis identified NC-
343 (G7), Roba (G4) and Babile-1 (G13) genotypes as stable
and high yielder for kernel yield with 2040.8 kg ha, 2094.9
kg ha™ and 2103.5 kg ha™ values respectively, from which
Babile-1 was the most productive genotype. So, we
recommended this genotype for production in North western
parts of Ethiopia. However, repeating this experiment for one
more year will help recommendation of specifically adapted
varieties in the region; and other quality parameters like
protein content, oil content, milk quality, Aspergilus flavus
resistance needs to be examined.
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