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Yield data of 20 genotypes of D. rotundata cultivar “Dente” tested across 15 rain-fed environments during the 2000
to 2004 growing season using Augmented RCBD with 3 blocks were analyzed using the GGE biplot method. The aim
of the study was to (i) identify genotypes that combine high yields with stability across environments via GGE
(genotype plus genotype x environment) biplot methodology, and (ii) to identify best test environments
(representative, discriminating, and unique environments) of improved D. rotundata cvr Dente germplasm in Ghana.
The environment (E) explained 36.5% of the total (G + E + GE) variation, whereas G and GEI captured 36.1 and
27.4%, respectively. The first 2 principal components (PC1 and PC2), which were used to create a 2-dimensional
GGE-biplot and explained 63.8 and 12.0% of GGE sum of squares (SS), respectively. Genotypes Gel and Ge28 were
the ideal genotypes (desirable in terms of higher yielding ability and stability). Of the 15 environments tested, biplot
analysis identified single mega-environment for all environments. Wenchi (Forest-Savannah Transition) was the

most representative and discriminating environment.
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INTRODUCTION

Yam (Dioscorea spp) is an important crop in West Africa
in general and Ghana in particular. This is a multi-species
crop. In Ghana the main cultivated species is Dioscorea
rotundata. There are several cultivars of this species with
varying characteristics and end-uses. Among which are
Dente, Pona, Larebako, Lilee and others. Dioscorea ro-
tundata cvr Dente for instance, is an extremely impor-tant
cultivar in Ghana and is third in importance only to Pona
and larebarko in terms of tuber quality. It is the best
cultivar of yam in terms of storage. It can store up to 6
months- long after pona and larebako are unavailable in
the market, and has excellent texture, which makes it an
excellent candidate for pounding. Yams are mostly pro-
pagated vegetatively hence genetic make- up of the crop
remains unchanged from one generation to another. Most
yam species do not flower and set seeds, and therefore
does not lend themselves readily for genetic improve-
ment via crossing and its attendant benefit of enriching
the genetic makeup of the crop. Reverse is the case in
Dioscorea rotundata cvr Dente. It set seed profusely and
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can be crossed easily, and has the potential of enriching
its genetic makeup from time to time.

Again, yams, generally has benefited very little from
research and development and Dioscorea rotundata cvr
Dente, is no exception. Yield, pest and disease are some
of the attributes which need to be improved and are
currently receiving attention at Crops Research Institute
of Ghana. The germplasm of Dioscorea rotundata cvr
Dente at Crops Research Institute has been enriched
with collection from the entire country and introductions
from International Institute for Tropical Agriculture. The
need to evaluate these collections in several environ-
ments therefore cannot be over-emphasized.

Dente cultivation is also often limited to the Forest-
Savannah Transition and Guinea Savannah. The need to
evaluate these materials in other environments other than
its traditional environments and for that matter in multi-
environment cannot also be over-emphasized.

Multi-environment trials (MET) are often done to iden-
tify superior genotypes. There are several analytical pro-
cedures for analyzing MET and identifying high and sta-
ble genotypes. However, most of them require sophis-
ticated and complex analysis of MET data. Biplot analysis
is the novel approach for analyzing such data. A biplot is
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Table 1. Legend for environment used for the

trials.
Environment code Environment
BOO BODWEASE 2000
BO1 BODWEASE 2001
B02 BODWEASE 2002
B03 BODWEASE 2003
B04 BODWEASE 2004
WO00 WENCHI 2000
W01 WENCHI 2001
W02 WENCHI 2002
W03 WENCHI 2003
Wo4 WENCHI 2004
FOO FUMESUA 2000
Fo1 FUMESUA 2001
F02 FUMESUA 2002
FO3 FUMESUA 2003
FO4 FUMESUA 2004

a scatter plot that approximates and graphically displays
a two-way table by both its row and column factors in a
way that relationship among row factors, relationships
significant GEI interactions can masked the true perfor-
mance of the individual genotypes. GGE biplot analysis is
simple and easy-to-do procedure, which has in recent,
times gain acceptability and is being used in GGE analy-
sis of MET data. This procedure has been employed suc-
cessfully in determining relationship among genotypes,
environment and high and stable genotypes of D. caye-
nensis in Ghana (Otoo and Asiedu, 2006).

The objective of this study therefore was to (i) identify
genotypes that combine high yields with stability across
environments via GGE (genotype plus genotype x envi-
ronment) biplot methodology and (ii) to identify best test
environments (representative, discriminating, and unique
environments) of improved D. rotundata cvr Dente germ-
plasm in Ghana.

MATERIALS AND METHODS

Data for this study was obtained from 17 improved lines of true
botanically developed seeds of D. rotundata cultivars of Dente res-
pectively with three vegetatively developed D. rotundata cultivars of
Dente checks each. The genotypes were evaluated in 15 environ-
ments consisting of 3 locations in 5 years, 2000 to 2004. The expe-
rimental design used was Augmented RCBD with 3 blocks. Details
of the 15 environments, 20 genotypes and characteristics of the
environments are given in Tables 1, 2 and 3 respectively. Land was
manually prepared. Each plot consisted of 10

Table 2. Legend and source of genotypes used

for the trial
Genotype Genotype Genotype
code lineage source
Gel CLONE TECHIMAN
Ge2 CLONE WENCHI
Ge3 CLONE KINTAMPO
Ge5 TBS IITA
Gels TBS IITA
Gel4 TBS IITA
Gel5 TBS IITA
Gel7 TBS IITA
Ge2l TBS IITA
Ge22 TBS IITA
Ge23 TBS IITA
Ge27 TBS IITA
Ge28 TBS IITA
Ge30 TBS IITA
Ge32 TBS IITA
Ge34 TBS IITA
Ge36 TBS IITA
Ge38 TBS IITA
Ge39 TBS IITA
Ge40 TBS IITA

stands planted at a spacing of 1 x 1 m. The crop planted in mounds
and individually staked with bamboo 2 — 3 m tall at the onset of
rains (March-April) with yam setts weighing 300 g. The trials were
con-ducted under rain-fed conditions with no fertilizer or any other
agro-chemical application. The crop was weeded manually 3 - 5
times in a season. Harvesting was done at 10 months after planting
(MAP) . Data on fresh tuber yields was collected from all the 10
plants in a plot. Tuber yield was obtained by expressing plot tuber
yields on a hectare basis (t ha-1).

Statistical analysis

Using SAS version 9.1 for Windows software, the yield data was
analyzed using Proc Mixed procedures considering environment
and block as random, and genotype (M unreplicated, and C —
replicated) as fixed factor. The mean yield data was analyzed using
Model 1 biplot procedure of GGE computer software version 5.2.

RESULTS AND DISCUSSIONS

The effects of environment, genotype (M-unreplicated
and C—replicated) and their interaction were all significant
with respect to the yields of Dioscorea rotundata cvr
dente lines (Table 4). Generally, the replicated checks



Table 3. Agroecological characteristics of the test sites

Agroecological zone

Humid forest

Forest-Guinea savannah transition

Locations
Characteristics Fumesua Wenchi Bodwease
Coordinates 6°41°N, 1°28'W 7°%44'N 2°7'W 5°35'N 0°35'W

Forest-coastal savannah transition

Soil types

Ferric Acrisol*

Asuansi series with ¢. 5cm thick top
layer of dark grey gritty loam to gritty
clay loam

Ferric Lixisol*

Damongo series with 20-50 cm of dark
brown tobrown, slightly loose, porous,
loamy sand topsoil grading into
homogenous red, friable and porous

Haplic lixisol**

Bodwease series with 10cm thick top
layer of dark reddish brown, homous;
sandy clay loam; frequent fine rootlets;
crumbly; porous; firm with pH of 7.7

Slope

Temperature range (min-maxOC)
Wet season

-major

-minor

Total annual rainfall (mm)

mm/year

Bimodal rainfall pattern
March— July; peak in June

Sep — Nov; peak in Oct
1000-1800 mm averaging 1500

sandy clay loam to clay loam.
2-6% 0-2%

21-34
Bimodal rainfall pattern

22-31

March — July; peak in June

Sep — Nov; peak in Oct
1000-1500mm averaging 1300
mm/year

0-3%

21-34
Bimodal rainfall pattern
March — July; peak in June

Sep — Nov; peak in Oct
1050-1200mm averaging 1125mml/year

*FAO/UNESCO classes (Asiamah and Adu, 1992; **Asiamah et. al., 1993).

(local clones) were higher yielding than the TBS
lines (improved genotypes) . The mean yield of lo-
cal clones averaged over all environments had
yields ranging from 16.0 t/ha (Ge3) to 25.0 t/ha
(Gel) with a mean of 21.2 t/ha (Table 5) whilst the
TBS lines had yields ranging from 8.2 t/ha (Ge40)
to 25.0 t/ha (Ge28) and a mean of 16.9 t/ha (Table
6).

These differences in yield between clones and
test lines can be attributed to the high level of
adaptation of the local clones which have been
cultivated in the same prevailing environment from
time immemorial. A significant ENV*M, and
ENV*C obtained from the SAS analysis (Table 3),
necessitating the subjection of the mean yield per
environment matrix data to GGE biplot analysis.
The results of the combined analysis of variance

(Table 7) showed a significant effect of environ-
ment. E (environment) explained 36.5% of the
total (G + E + GE) variation, whereas G and GEI
captured 36.1 and 27.4%, respectively. The first 2
principal components (PC1 and PC2) which were
therefore used to create a 2-dimensional GGE-
biplot and explained 63.80 and 12.0% of GGE
sum of squares (SS), respectively.

GGE stands for genotype main effect (G) plus
genotype by environment interaction (GE), and
the GGE concept is based on the understanding
that genotype main effect (G) and genotype by
environment interaction (GE) are the two sources
of variation that are relevant to genotype evalua-
tion and that they must be considered simulta-
neously, not alone or separately, for appropriate
genotype evaluation (Yan, 2005).

Choice of genotypes

In this study, different genotypes produced the
highest tuber yield in different environments (Ta-
ble 8). Since, it is very common for multi-environ-
ment data to embody a mixture of crossover and
non-crossover types of GEIl. These differential
rankings of genotypes across test environments
may or may not reveal that there exists possible
crossover GEI. Genotypes Gel (best clone) and
Ge28 (best improved genotype) had the highest
yield in 6 environments each. Gel had the highest
tuber yield in environments BOO, BO2, BO02, BO04
and B0O05 whilst genotypes Ge28 had its highest
tuber yields in environments W01, W03, WO4,
B0O0O, BOO1 and B0O03. Ge2 won in environments
BO1 and W00 and genotype Ge21 won in WO02.



Table 4. Summary of ANOVA of 20 lines of D. rotundata cultivar
Dente in 15 environments

Effect NUM df Den Df| F value Pr>F
ENV 14 8 10.76 0.0004
M 16 8 12.50 0.0006
ENV*M 97 8 11.31 0.0005
C 2 8 33.90 0.0001
ENV*C 28 8 11.29 0.0005

NB: M = unreplicated testlines; C = replicated checks

Table 5. Mean yields of 3 clones of D. rotundata cvr Dente
replicated checks in 15 environments in Ghana.

Genotype

Environment | Gel | Ge2 Ge3 Mean SED
Foo 22.8 | 223 18.8 21.3 2.2
FO1 235 | 251 11.6 20.1 7.4
F02 249 | 23.7 13.8 20.8 6.1
FO3 283 | 25.1 13.9 22.4 7.6
Fo4 22.4 | 23.9 17.6 21.3 3.3
W00 19.1 | 151 15.6 16.6 2.2
wo1 17.0 | 13.0 7.1 124 5.0
w02 16.9 | 14.0 54 12.1 6.0
w03 178 | 14.2 4.7 12.2 6.8
wo4 19.8 | 15.9 8.8 14.8 5.6
BOO 35.3 | 285 24.9 29.6 5.3
BO1 30.7 | 28.9 25.7 28.4 25
B02 324 | 27.6 25.0 28.3 3.8
BO3 30.8 | 29.1 20.5 26.8 55
B0O4 33.1 | 28.7 26.8 29.5 3.2
MEAN 25.0 | 22.3 16.0 211 4.6
SED 6.3 6.2 7.6 6.4

This is attributable to the differential edaphic conditions
prevailing in the environments (Table 3). Comparison of
Ge3 and Ge28 shows a non-significant difference bet-
ween the best two genotypes across all environments
(Figure 1).

Figure 2 shows the average environment coordinate
(AEC) view of the GGE biplot based on the genotype
focused scaling, showing the mean yield and stability of
20 genotypes of D. rotundata cvr Dente in 15 environ-
ments. The AEA (the single-arrowed line) points to higher
average yield. The double-arrowed line is the AEC ordi-
nate; it points to greater variability (smaller stability) in
either direction. Genotypes Gel and Ge28 were the high-
est yielding and stable genotypes; and Gel4 and Ge40
the lowest yielding but stable genotypes. Gel7 though
high yielding was highly unstable and Ge34 low yielding
and unstable. Genotypes Ge40, Gel4, Ge5 and Ge34
must be culled due to their poor yield performance in all
environments.

In GGE biplot analysis, the length of the genotype vec-
tors, which are lines connecting the genotypes to the bi-
plot origin, measures the differences of the genotype from
the grand mean (Yan, 2005). Genotypes with long
vectors are either the best (e.g. G18) or poorest (e.g.
G21) in one or more environments (Figure 3); genotypes
located near the biplot origin are close to average in all
environments.

Again the cosine of the angle between the vectors of
two genotypes also measures their similarity or dissimi-
larity in response to (interaction with) the environments,
that is, in specific adaptations. Therefore, Ge40 and
Ge28 (Figure 3) was the poorest and the best lines of D.
rotundata cvr Dente respectively. The superiority of geno-
types Gel and Ge28 with respect to their high yield
performances were confirmed when the genotypes were
compared to an ‘ideal’ genotype (Figure, 4). Genotypes
Gel and Ge28 were the closest to the ideal genotype
followed by genotypes Ge2 and Gel3

Choice of ‘ideal’ test environments for selecting high
mean performance genotypes

In multi-environment evaluation, scientists look out for an
‘ideal’ environment where maximum information can be
obtained at the minimal cost (both human and resource)
from the evaluation. The ideal test environment should be
most discriminating (informative) and most represent-
tative, and such a test location or environment can be
announced as “ideal” only if it is so across years.

Generally, when the biplot explain a greater portion of
the total variation, for example >50%, the angles exactly
reflect the correlations among the testers. A positive
correlation suggests that one environment can represent
the rest of the so correlated environments and vice versa.
In this study, the GGE biplot explained 76% of the G plus
GE data (Figure 6) suggesting that the angles between
the vectors of the environments are good indicators of
correlation amongst the environments. For instance, all
the Bodwease environments (B00-B04) were positively
correlated to each other. So were the Wenchi environ-
ments (W00-W04) and Fumesua environments (FOO-
FO04). The cosine of angles between vectors of Bodwease
and Wenchi was still less than 90. This means that there
were no negative correlations among test environment
with respect to the D. rotundata cvr Dente lines hence no
strong crossover GE. Since, if two test environments are
closely correlated consistently across years, removing
one of them would not lead to any loss of information,
The D. rotundata cvr Dente lines can be evaluated in one
better environment such as Wenchi.

Again in biplot analysis, the lines that connect the test
environments to the biplot origin are called environment
vectors. The length of the vectors approximates the stan-
dard deviation within the respective environments, which
is a measure of the discriminating ability of the environ-
ments (Yan, 2005). Generally, the Bodwease environ-



Table 6. Mean yield data of 17 improved D. rotundata cvr Dente lines in 15 environments in Ghana.

Iél\llz\lil/ Gel5 | Gel7 | Gel3 [ Ge22 | Ge28 | Ge2l | Ge23 | Ge27 | Ge32 | Ge30 | Ge34 | Ge5 | Ge36 | Geld | Ge38 | Ge39 | Ge40 | Mean | SED
FOO 203 | 199 | 169 | 142 | 21.2 | 11.3 | 142 | 118 | 128 | 146 | 11.8 | 11.1 | 17.8 89 | 14.6 | 18.9 8.2 146 | 4.0
FO1 21.6 18.9 19.3 12.0 | 22.6 15.8 134 16.3 13.6 14.4 11.7 | 16.4 | 19.2 9.1 16.4 19.2 8.6 15.8 4.1
F02 225 22.7 18.9 10.1 | 23.2 11.5 12.8 131 12.7 13.8 10.0 | 10.7 | 18.7 8.7 12.7 17.6 10.5 14.7 4.9
FO3 22.1 22.9 19.3 13.2 | 248 14.5 10.5 8.6 14.4 16.8 9.6 7.3 18.7 6.2 11.0 17.1 7.2 14.4 5.9
Fo4 23.1 23.6 18.9 13.8 | 22.8 18.0 10.1 12.6 18.2 19.4 9.6 15.0 | 17.3 8.6 12.2 15.7 7.9 15.7 5.1
W00 10.3 | 11.1 | 176 | 16.2 | 17.7 | 13.0 7.4 6.7 129 | 153 | 16.9 | 9.9 | 13.8 89 | 19.0 | 148 8.2 129 | 3.9
wo1 15.5 13.2 16.8 17.8 18.2 194 13.8 6.3 154 17.6 9.1 1.7 18.8 9.2 15.2 14.1 9.0 13.9 4.2
w02 12.2 13.2 16.8 12.6 19.3 15.3 11.6 15.4 16.1 13.9 9.6 6.6 18.4 8.8 15.3 15.7 7.2 134 3.7
w03 7.6 11.7 16.8 17.8 18.3 13.6 8.7 6.9 13.2 17.4 5.4 7.6 18.2 5.9 18.4 16.3 6.9 12.4 5.0
wo04 11.0 18.1 14.5 15.9 19.9 11.2 10.9 17.3 14.3 16.4 16.6 8.7 14.6 9.5 125 15.4 9.2 13.9 34
BOO 19.1 36.1 311 279 | 39.7 21.6 18.6 36.0 19.8 11.6 9.8 9.4 22.8 8.4 19.6 11.2 7.8 20.6 10.4
BO1 22.7 19.9 27.8 27.9 | 30.2 25.2 224 22.2 25.3 24.3 30.2 | 222 | 26.8 9.6 22.7 22.3 9.2 23.0 5.9
B02 16.8 16.3 28.3 22.3 | 36.5 23.8 23.0 25.7 23.8 20.7 28.3 | 21.7 | 226 9.3 215 22.2 9.3 21.9 6.6
BO3 20.1 22.7 28.6 29.5 | 30.2 27.2 221 28.7 22.7 22.1 276 | 23.8 | 20.0 9.9 22.3 25.5 7.4 23.0 6.3
BO4 26.5 23.3 27.8 248 | 30.1 22.4 24.5 26.9 234 22.7 257 | 26.2 | 26.7 6.9 23.0 26.3 6.8 23.2 6.5
MEAN 18.1 19.6 21.3 184 | 25.0 17.6 14.9 17.0 17.2 17.4 155 | 13.6 | 19.6 8.5 17.1 18.2 8.2 16.9 4.1
SED 5.6 6.34 5.62 6.44 | 6.86 5.37 5.68 9.09 4.58 3.72 8.33 | 6.77 | 3.73 1.22 | 4.14 | 4.28 1.06 4.12

ments had the longest vector and therefore the
best (most discriminative) for D. rotundata cvr
Dente (Figure 5) and Fumesua the least discri-
minating. It must be noted however that even
though Bodwease was the most discriminating it
was not the most representative of the environ-
ments (Figure 6).

The representativeness of the test environment
can be assessed using “Average-Environment

Axis” (AEA, or average-tester- axis,) view of the
GGE biplot (Yan, 2001). The average environ-
ment has the average coordinates of all test envi-
ronments, and AEA is the line that passes through
the average environment and the biplot origin.
Generally, a test environment that has a smaller
angle with the AEA is more representative of the
target environment. Results from Figure 6, the
average environment coordinate (AEC) view of

the GGE biplot based on the genotype-focused
scaling, showing the 20 genotypes of D. rotundata
cvr Dente in 15 environments. The Wenchi envi-
ronments (arrowed) were the closest to the ideal
environments for Dente evaluation followed by
Fumesua and Bodwease environments. This can
be attributed to the fact that Dente cultivars are
traditional grown mostly in Forest-Savannah Tran-
sition (Wenchi and Forest agroecologies (Fume-



Table 7. Analysis of variance (ANOVA) of 20 lines of D. rotundata cultivar Dente in 15

environments.

Dente
Source DF SS %
Genotype (G) 19 5359 36.3
Environment (E) 14 5379 36.4
GXxE 266 4039 27.4
PC Lambda % of Total SS
1 77.33 64
2 33.50 12
3 29.83 9
4 24.56 6
5 14.43 2
6 12.85 2
PC1 = 63.8%, PC2 = 12%, Sum = 75.8%
Transform = 0, Scaling = 0, Centering = 2, SYP =2
4.5
0
3.04
o
1.5 5 BHT:
P " BO4
[x]}
0
g \0 ° woo
0.0 o2 (i
i [ezd
. TS B00
oF04
154 F02 FO03
=]
o
3.0 ?
0
T T T T T T T T
-45 -30 -15 nn 15 an 45 6.0
PC1

Probability of difference in G: P <=1.0000

Figure 1. Comparison of best local clone and best improved genotype.

sua), and was an introduction to the Coastal Savannah
agroecology, hence the good adaptation to Wenchi fol-
lowed by Fumesua and Bodwease in that order.

Wenchi environments which were averagely discrimina-
ting and most representative environment therefore can
be used for genotypes with wide adaptation. Discriminat-
ing but non-representative test environments such as
B00, BO1, BO2 and BO3 are useful for selecting specifical-
ly adapted genotypes if the target environments can be
divided into mega-environments and also useful for cull-

ing unstable genotypes if the target environment is a
single mega-environment. Since, non-discriminating test
environments are useless, Fumesua environments can
be considered useless with respect to the evaluation of D.
rotundata cvr Dente lines since their absence will not lead
to loss of information.

Suitability of genotypes for particular environment In

the GGE biplot analysis, in assessing an ‘ideal’ envi-
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Figure 2. Mean performance and stability of 20 Dioscorea rotundata cvr dente lines.

PC1 =63.8%,PC2=12%, Sum=75.8% !
Transform = 0, Scaling = 0, Centering = 2, SVP =2

4.5+ e34
3.0 E
Ges
L Be22 B0
1.5 L ed7 ~BU
P %e23 | -
C 2
2
! = 1
; g1
: 36 Sy B0OO
15— FOZ™F03
Gedl -
i Gels
-3.0 ;
i el7
T | T | T | | T
-4.5 -3.0 -1.8 0.0 1.5 3.0 45 6.0
PC1 .

Figure 3. Biplot of relationship between genotypes and environments




Table 8. Mean yield of 20 genotypes of D. rotundata cvr Dente in 15 environments in Ghana.

Code | FOO | FO1 | FO2 | FO3 | FO4 | w00 | W01 | W02 [ W03 | W04 | BOO | BO1 | BO2 | BO3 | BO4 | Mean

Gel 228 | 235|249 | 283|224 (191|170 | 169 | 178 | 19.8 | 35.3 | 30.7 | 32.4 | 30.8 | 33.1 | 25.0
Ge2 223 |1 251 | 23.7 | 251 | 239 | 15.1 [ 13.0 | 140 | 142 | 159 | 285 | 28.9 | 27.6 | 29.1 | 28.7 | 22.3
Ge3 188 [ 116 | 138 (139 | 176 | 156 | 7.1 54 4.7 8.8 |[249 (257|250 | 205 | 26.8 | 16.0
Gel5 [ 203|216 | 225|221 (231|103 |155 (122 | 7.6 | 11.0 (19.1 |22.7 |16.8 | 20.1 | 26,5 | 18.1
Gel7 199|189 | 22.7 | 229 (236 | 11.1 | 13.2 | 13.2 | 11.7 | 18.1 | 36.1 | 199 | 16.3 | 22.7 | 23.3 | 19.6
Gel3 (169 193|189 | 193 [ 189 | 17.6 | 16.8 | 16.8 | 16.8 | 145 | 31.1 | 27.8 | 28.3 | 28.6 | 27.8 | 21.3
Ge22 | 142 | 120|101 | 132 | 138 | 16.2 | 178 | 126 | 17.8 | 159 | 27.9 [ 27.9 [ 223 | 295 | 248 | 184
Ge28 212 | 226 | 23.2 | 248 (228 | 17.7 | 182 | 19.3 | 18.3 | 19.9 | 39.7 [ 30.2 | 36.5 | 30.2 | 30.1 | 25.0
Ge21 (113|158 | 115 | 145 | 18.0 | 13.0 | 194 | 153 | 13.6 | 11.2 | 21.6 | 25.2 | 23.8 | 27.2 | 224 | 17.6
Ge30 | 142 | 134|128 | 105 (101 | 74 | 138 | 116 | 8.7 | 109 | 18.6 | 22.4 | 23.0 | 22.1 | 245 | 14.9
Ge27 (118 |116.3 | 131 | 8.6 | 126 | 6.7 63 [ 154 | 69 | 173 | 36.0 | 22.2 | 25.7 | 28.7 | 26.9 | 17.0
Ge32 | 128 | 13.6 | 12.7 | 144 | 182 | 129 | 154 | 16.1 | 13.2 | 143 | 19.8 | 25.3 | 23.8 | 22.7 | 234 | 17.2
Ge30 | 146 | 144 | 138 | 168 | 194 | 153 | 176 | 139 | 17.4 | 164 | 116 | 24.3 | 20.7 | 22.1 | 22.7 | 17.4
Ge34 (118 [11.7 |100 | 96 | 96 | 169 | 9.1 9.6 54 1166 | 98 |30.2 | 28.3 | 27.6 | 25.7 | 155
Ge5 111 | 164 | 10.7 | 7.3 | 15.0 | 9.9 1.7 6.6 7.6 8.7 94 222|217 | 238 | 26.2 | 13.6
Ge36 | 17.8 | 19.2 | 18.7 | 18.7 | 17.3 | 13.8 | 188 | 184 | 18.2 | 146 | 22.8 | 26.8 | 22.6 | 20.0 | 26.7 | 19.6
Geld | 89 9.1 8.7 6.2 | 8.6 8.9 9.2 8.8 5.9 9.5 8.4 9.6 9.3 9.9 6.9 8.5
Ge38 | 146 | 16.4 | 12.7 | 11.0 | 122 | 19.0 | 15.2 | 153 | 18.4 | 125 [ 19.6 | 22.7 | 21.5 | 223 | 23.0 | 17.1
Ge39 189 |(19.2 | 176 | 17.1 | 157 | 148 | 141 | 157 | 16.3 | 154 | 11.2 [ 223 | 22.2 | 255 | 26.3 | 18.2
Ged40 | 8.2 86 |105 | 7.2 7.9 8.2 9.0 7.2 6.9 9.2 7.8 9.2 9.3 7.4 6.8 8.2
Mean | 15.6 | 16.4 | 15.6 | 156 | 16,5 | 13.5 | 13.7 | 13.2 | 12.4 | 140 | 22.0 | 23.8 | 22.9 | 235 | 24.1 | 17.5
SED 4.5 4.7 5.4 6.6 | 52 3.9 4.2 4.0 5.1 3.6 |103 | 58 6.6 6.2 6.5 4.3

NB: Winning genotypes in each environment is in bold.

ronment and genotypes, a polygon is first drawn Perpendicular lines are then drawn, starting each sector is the one located on the respective
on genotypes that are located away from the from the biplot origin, to each side of the polygon vertex. Gel7 was the winning genotype in F02
biplot origin so that all other genotypes are (Figure 7) . These perpendicular lines divide the and Ge28 and Gel were the winners in the rest of

contained in the polygon. biplot into sectors, and the wining genotype for the environments.
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Figure 4. Ranking of genotype based on ‘ideal’ genotype assessment.
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Figure 5. Bioplot of relationships of 15 environment based on 20 genotype of D. rotundata cvr Dente.
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Figure 6. Comparison of environments best in reference to an ideal environment.
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Figure 7. Biplot of winning genotype of 20 D. rotundata cvr “Dente” genotypes in 15
environments using the “which wins where or which is best for what” approach.




Conclusion

A local clone, Gel and an improved genotype, Ge28
were the best D. rotundata cvr dente genotypes based on
mean performance and stability. Wenchi environments
were the moderately discriminating than most repre-
sentatives of the studied environments. Fumesua envi-
ronments were useless with respect to D. rotundata cvr
dente evaluation. Generally, single mega environment
was identified for evaluation of D. rotundata cvs Dente
lines.
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